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Introduction 

This report documents the planning and implementation of a workshop conducted in John Day, 
Oregon in the Fall of 2017, to assess brook trout eradication and suppression strategies (and 
associated actions) in the Upper Malheur River Basin.  The workshop was conceived, planned 
and hosted by the Malheur Bull Trout Technical Advisory Committee (TAC) represented by 
members of the Burns Paiute Tribe, U.S. Forest Service, U.S. Fish and Wildlife Service, U.S. 
Bureau of Reclamation, and the Oregon Department of Fish and Wildlife.  This report is not a 
synthesis of the workshop and it does not provide analysis of workshop discussions or 
recommendations.  Instead this report documents the workshop by incorporation of the workshop 
agenda, pre-meeting readings, notes that capture key discussions and presentations by TAC 
members and subject matter experts, and maps and other handouts provided to workshop 
participants. 

The intent of the workshop was to engage subject matter experts in key areas of uncertainty 
regarding assessing, implementing, and monitoring a large-scale chemical control action along 
with installation of artificial barriers in the Upper Malheur River and tributaries to eradicate and 
suppress brook trout and promote long-term persistence of native species such as bull trout, 
redband trout, whitefish, suckers and sculpin.  Specific workshop objectives included discussion 
and informational sharing on topics such as the utility of feasibility assessments in planning large 
rotenone actions, the development of rotenone treatment strategies and pre-treatment 
requirements, and the pros and cons of installation, maintenance and operation of artificial 
barriers to aquatic migration for short and long-term fish management. Other topics included on 
the agenda to meet workshop objectives included discussion of post-treatment reintroduction 
strategies (restocking) and post-project monitoring and evaluation.  



AGENDA 

MALHEUR BULL TROUT EXPERTS WORKSHOP 
October 18-20, 2016 

Malheur National Forest Supervisor’s Office 
431 Patterson Bridge Road, John Day, OR 

Day 1: Background presentations (a.m.); Upper Malheur R. field tour (p.m.). 
Note: day 1 session will take place at the OR Dept of Forestry Building across the street 
from the Malheur NF Supervisor’s Office (415 Patterson Bridge Rd.) 

Day 2: Facilitated discussion on implementation plan uncertainties  
Day 3: Continued discussion and wrap-up. Adjourn by noon. 

Day 1 

9:00. Welcome, introductions, overview of workshop and agency perspectives (facilitator Amy 

Unthank) 

9:30. Malheur Basin overview (Kate Olsen, FS Malheur NF) 

9:50. Status of native and non-native fishes in the Malheur River Basin (Dave Banks, ODFW) 

10:10. Bull trout recovery planning and the Malheur River Basin (Chris Allen, USFWS) 

Break - 20 minutes 

10:50. Climate change projections and ramifications to bull trout (Joe Benjamin, USGS)  

11:10. Brook trout suppression efforts in the Upper Malheur (Kris Crowley, Burns Paiute Tribe) 

11:30. Prior and current planning for suppression and eradication of brook trout (Erica Maltz, 

Burns Paiute Tribe, Dave Banks, ODFW) 

11:50. Field Tour Overview (Erica Maltz, Burns Paiute Tribe) 

12:00p Lunch – bag lunches to go  

Afternoon (12:00-6:30 pm): Field trip to Logan Valley (Upper Malheur River and tributaries) 

7:00. Dinner – At The Outpost Restaurant (hosted by the Burns Paiute Tribe) 



Day 2 

Breakfast - on your own 

8:00. Opening remarks and introduction to day 2 of the workshop (Amy Unthank) 

Topic #1: Feasibility (8:15-10:00) 

Session Goal: Generate recommendations on approaches to assess project feasibility 

Presentation: Don Skaar (MT Fish, Wildlife and Parks). Experiences with implementing 
rotenone treatment projects with emphasis on feasibility assessments. 

Discussion: 
• Brainstorm critical elements of a feasibility assessment and identify those particularly

relevant to the Upper Malheur River project.
• Discuss “acceptable risk”, “probability of success” and approaches towards “managing

uncertainty”.

Morning Break 10:00 – 10:15 

Topic #2. Project Implementation 

A. Rotenone treatment strategies (10:15-12:15)

Session Goal: To draw out considerations for rotenone treatment in the Upper Malheur 

Presentation: Joe Maroney (Kalispel Tribe). The Kalispel Tribe’s application of rotenone 
treatments to meet native fish management goals. 

Discussion: 
• Given the complex habitat characteristic of the headwater streams and the large spatial

and temporal scale of the proposed project, what considerations or strategies should we
employ to ensure the greatest chance/probability of success?

• Given your experience, are there stream/river reaches within the proposed action area
with a low or no probability of success?  Identify areas of particular concern based on
field trip and discuss rationale for concern.

• Solicit panelist’s opinions on pretreatment actions such as baseline macroinvertebrate
collection; and, collection, placement and holding of native fish.



12:15-1:15. Lunch – Pizza delivered on-site. 

B. Installation and maintenance of artificial barriers (1:15-3:15)

Session Goal: To fully vet the following question: How do we construct and operate barriers in a 
way that minimizes risk of reinvasion but minimizes impacts to migratory native fish? 

Presentation: Mark Buktenica (NPS, Crater Lake NP) - The Sun Creek experience 

Discussion: 
• What are the biological/demographic risks to isolating fish populations above barriers?
• What type of engineering and hydrologic assessments need to occur prior to constructing

barriers in high elevation western U.S. streams?
• What can be done to minimize risk of failure caused by illegal stocking or by

constructing barriers that don’t work as intended?

Afternoon Break – 3:15-3:30 

Topic #3. Post-Treatment Translocation Strategies (3:30-5:00) 

Goal of this Session: Produce a list of key considerations relative to post-treatment translocation 
in the Upper Malheur Basin 

Presentation:  Chris Allen (USFWS) and Nik Zymonas (ODFW) – Strategies and approaches to 
Bull Trout translocation in the Willamette Basin (Clackamas, Middle Fork Willamette & 
McKenzie Rivers) 

Discussion: 
• Identify and rank questions to consider prior to implementing a translocation action.

Dinner 6:00p – BBQ at the ODFW Screen shop (Hosted by ODFW) 



Day 3 

8:00. Welcome to day 3 (Amy Unthank) 

Topic #4. Monitoring and Evaluation (8:15-10:00) 

Session Goal: Generate a prioritized list of recommendations for monitoring strategies 
considering costs, feasibility, scope and relevance. 

Presentation:  Mike Meeuwig (ODFW) – traditional and new technologies for monitoring bull 
trout and other fishes. 

Discussion 
• What questions do we need to answer with a long term monitoring program?
• What are the best methods to answer the questions identified in question one above.
• What course of action will be taken if brook trout are found in treated reaches?

Morning Break – 10:00-10:15 

Meeting wrap up (10:15-12:00) 

Discussion 
• Revisit items TAC or panelists felt weren’t resolved during discussions
• Conclude discussion about what would constitute a successful treatment project in the

Malheur? (This discussion was introduced on day 2 of the workshop)
• Workshop products:  Distribution of workshop report and presentations
• Next steps

12:00 Adjourn.  Thank you! 



Malheur Bull Trout Experts Workshop Background 

Assessing Brook Trout Eradication and Suppression Strategies and associated actions 
in the Upper Malheur River, Oregon 

Date and Location:   
October 18 (9:00-5:00 pm), 19 (8:00-5:00 pm), and 20 (8:00-12:00 pm) at the Malheur 
National Forest Supervisor’s Office, 431 Patterson Bridge Rd, John Day, Oregon.  

Problem Statement:   
Bull trout in the Upper Malheur are in poor condition due in part from loss of habitat quality 
and quantity as well as competition and hybridization with brook trout. Future climate change 
projections suggest water temperatures will further stress cold-water dependent native species 
like bull trout and redband trout. This workshop will assess strategies to minimize the 
occurrence and impact of non-native brook trout on native fish populations in the upper 
Malheur River (particularly bull trout), with a strong focus on the use of rotenone and 
artificial barriers as a management tool for brook trout to support long-term persistence of 
bull trout and other native fishes in the Malheur River. 

Background: 
There are two bull trout core areas in the Malheur Basin; the North Fork Malheur Core Area, 
which is not occupied by nonnative brook trout, and the Upper Malheur Core Area, in which 
brook trout are abundant and widely distributed.  Hybridization between bull trout and brook 
trout in the Upper Malheur Core Area is widely documented and recent capture data suggests 
brook trout outnumber bull trout in some tributaries roughly 60:1. The Burns Paiute Tribe has 
implemented a mechanical removal program (efishing & netting) for brook trout for multiple 
years with little impact on abundance and distribution.  As a result, the interagency 
Malheur River Bull Trout Technical Advisory Committee (TAC) has recommended 
implementation of a chemical treatment program along with the installation and maintenance 
of artificial barriers to eradicate and suppress brook trout in the Upper Malheur Core Area to 
meet recovery objectives for bull trout. 

Overall Workshop Goal:   
Engage subject-matter experts in key areas of uncertainty regarding assessing, implementing, 
and monitoring a large-scale chemical control action and installation of artificial barriers in 
the Upper Malheur River to eradicate and suppress brook trout and promote long-term 
persistence of native species such as bull trout. 

Specific Workshop Objectives: 
• Discuss the need and utility of feasibility assessments in large-scale rotenone actions
• Discuss and assess rotenone treatment strategies and pre-treatment requirements
• Discuss and assess the pros and cons of installation, maintenance and operation of

artificial barriers for short and long-term fish management



• Discuss post-treatment reintroduction (re-stocking) strategies
• Discuss and develop recommendations for post-project related monitoring and

evaluation

Workshop Host and Planning Team:  Malheur  Bull Trout Technical Advisory Committee 
(TAC) - USFWS, ODFW, USFS, BOR, Burns Paiute Tribe.  

TAC members:  Erica Maltz (BPT), Jason Kesling (BPT) Kris Crowley (BPT), Brandon 
Haslick (BPT), Dave Banks (ODFW), Ben Ramirez (ODFW), Kate Olsen (USFS), Hazel 
Owens (USFS), Steve Namitz (USFS), Dmitri Vidergar (USBR), Justin Martens (USFWS). 

Expert Workshop Participants:  Stephanie Gunckel (ODFW/USFWS), Mike Meeuwig 
(ODFW), Nik Zymonas (ODFW), Mark Buktenica (NPS Crater Lake), Nolan Banish 
(USFWS Klamath Falls), Joe Maroney (Kalispel Tribe), Dan Dauwalter (TU), Don Skaar 
(MT Fish, Wildlife and Parks), Joe Benjamin (USGS). 

Other Participants: Members of the Malheur Bull Trout Working Group of which the TAC is 
a subset. 

Lodging:  
Lodging is limited in John Day so advance reservations may be necessary. Our 
recommendations are: 

• Best Western John Day Inn – 315 W Main St.  541-757-1700
• Dreamer’s Motel – 144 N Canyon Road 1-800-654-2849

Food: 
The Outpost Pizza Pub & Grill – 201 W Main St 
1188 Brewing Company – 141 E Main St 
Squeeze-In Restaurant & Deck – 423 W Main St (Serves breakfast) 

o Breakfast will be on your own each day
o Lunch on day 1 and 2, as well as snacks & drinks each day will be provided by the

Burns Paiute Tribe
o Dinner on the 18th will be at The Outpost and will be hosted by the Burns Paiute Tribe
o Dinner on the 19th is TBD



Malheur Bull Trout Experts Workshop Final Notes 10/18 – 10/20 
 

 
Expert Panel: Nolan Banish (USFWS), Nik Zymonas (ODFW), Stephanie Gunckel (ODFW), Joe 
Benjamin (USGS), Dan Duawalter (TU), Mark Buktenica (NPS), Mike Meeuwig (ODFW), Joe 
Maroney (Kalispel Tribe), Don Skaar (MFWP) 
 
TAC Members:  Ben Ramirez (ODFW), Kris Crowley (BPT), Brandon Haslick (BPT), Erica 
Maltz (BPT), Kate Olsen (USFS), Steve Namitz (USFS), Dmitri Vidergar (BOR), Dave Banks 
(ODFW), Ben Ramirez (ODFW) 
 
Observers: Brady Allen (BPA), Siena Lopez-Johnston (BPA), Breanna O’Connor (BLM) 
 
Amy Unthank (USFS) – facilitator 
Chris Allen (USFWS) – note taker 
 
Day 1 – Morning Presentations and Afternoon Field Tour 
 
9:00. Welcome, introductions and overview of workshop (facilitator Amy Unthank, USFS) 
 a. Individual agency perspectives from TAC representatives 
 
Amy provided an introduction to the workshop by going over house-keeping, rules of 
engagement, the role of the panel, the TAC, and observers in the workshop, goals of workshop 
and a quick overview of the agenda.  Following introductions Amy asked each representative of 
the Technical Advisory Committee (TAC) to take a few minutes to describe their agency’s 
involvement in the draft project action (brook trout suppression/eradication) and what they hope 
to get out of this workshop.  The general purpose of this, like the day 1 presentations and 
afternoon field tour, is to provide context for the panelists and to help elevate the group’s 
common understanding of the interagency work that’s been done to date on planning a rotenone 
action in the Upper Malheur River. 
 
TAC Member Perspectives: 
 

• Chris Allen (USFWS) stated broad support for a rotenone action in the Upper Malheur. 
He mentioned bringing FWS State Office project leader Paul Henson out to hear about 
the potential project this past spring. Chris stated there’s not a decision point within the 
FWS regarding a rotenone action in the upper Malheur. A project proposal will not need 
State or Regional office approval. In regards to the workshop outcome Chris stated he’s 
hoping to bring robust scientific discussion forward regarding the various uncertainties 
and strategies for implementing an effective rotenone project and that he hopes the 
workshop will help the TAC make the best informed decisions in developing and 
implementing an action with a high probability of success. 

 
• Steve Namitz (USFS) expressed strong support for moving an action forward. He 

conveyed there’s still hoops to jump through in regards to working in the Wilderness 



Areas but there’s broad project support up through the Malheur National Forest 
Supervisor. 

 
• Dave Banks (ODFW) conveyed that the project in concept has general support in ODFW 

headquarters.  There’s been some concern expressed internally regarding isolation of 
populations by use of artificial barriers and concern about long-term persistence of bull 
trout in this basin given projections of climate change.  Dave stated there’s little or no 
funds for implementing projects like this (i.e. rotenone) especially construction and 
maintenance of artificial barriers. Any funds would have to come from standard “district” 
allocations.  Dave said most ODFW contributions towards a project like this would be via 
cost share (equipment and staff time).  While a proponent of the project, Dave did 
express a bit of concern about workload staffing in the district.   

 
• Erica Maltz (BPT) expressed strong support for moving an action forward. She stated that 

the Tribe has already invested an estimated 7.5 million in bull trout conservation.  The 
action in concept has full support from tribal council via an approved 25-year plan for 
bull trout conservation with the idea of rotenone as a foundational component. 

 
Morning Presentations.  
All presenters agreed to share copies of their presentations as part of the workshop notes. The 
FWS plans to upload pdfs of these presentations on their website and links will be made 
available via the notes. Notes were not taken on individual presentations. 
 
9:30. Malheur Basin overview (Kate Olsen, USFS)   
9:50. Fishes of the Malheur drainages (Dave Banks, ODFW)  
10:10. Overview of the bull trout recovery plan with emphasis on bull trout in the Malheur River 
(Chris Allen, USFWS)  
10:50. Climate change, bull trout, and the Malheur (Joe Benjamin, USGS)  
11:10. Mechanical removal of brook trout in the Upper Malheur River, Oregon – A feasibility 

study (Kris Crowley, BPT)  
11:30. Implementation Plan Overview (Erica Maltz, BPT),  
 Upper Malheur Treatment Plan (Dave Banks, ODFW)  
11:50. Field Tour Overview (Erica Maltz, BPT) 

Erica Maltz provided an overview of the afternoon site tour. The packet provided to 
workshop attendees, which included maps and brief summaries of fish composition and 
temperature info for each stream visited, will be incorporated into the overall workshop 
report. 

 
Afternoon Field Tour.  Sites visited included:  
 

Stop 1. Lake Creek (2 stops, one near edge of wilderness, and a second at Murray 
Campground). 
Stop 2. Meadow Fork at 1648 Rd. bridge crossing (crossed Big Creek on way to stop 3) 
Stop 3. Bosonberg Creek crossing at the 1648 Rd. 
Stop 4. Big Creek at 16 Rd (walked out to Tribal property) 

https://www.fws.gov/oregonfwo/Documents/Malheur%20Workshop/KOlsen%20(Malheur%20Basin%20Overview).pdf
https://www.fws.gov/oregonfwo/Documents/Malheur%20Workshop/DBanks%20(Fishes%20of%20the%20Malheur%20ppt).pdf
https://www.fws.gov/oregonfwo/Documents/Malheur%20Workshop/CAllen%20(Bull%20Trout%20Recovery%20Plan)%20ppt.pdf
https://www.fws.gov/oregonfwo/Documents/Malheur%20Workshop/JBenjamin%20(Climate%20and%20BTVA)ppt.pdf
https://www.fws.gov/oregonfwo/Documents/Malheur%20Workshop/KCrowley%20(Mechanical%20Removal%20of%20Brook%20Trout%20from%20the%20Upper%20Malheur).pdf
https://www.fws.gov/oregonfwo/Documents/Malheur%20Workshop/KCrowley%20(Mechanical%20Removal%20of%20Brook%20Trout%20from%20the%20Upper%20Malheur).pdf
https://www.fws.gov/oregonfwo/Documents/Malheur%20Workshop/EMaltz%20(Implementation%20Plan%20Overview).pdf
https://www.fws.gov/oregonfwo/Documents/Malheur%20Workshop/DBanks%20(Upper%20Malheur%20Treatment%20Plan).pdf


Stop 5. McCoy Creek at 16 Rd. crossing. 
Stop 6. Malheur River ford (Restroom stop) 

 Stop 7. Summit Creek (Sagehen Exclosure)Workshop Day 2  
 
After introducing day 2 of the workshop we started with a conversation about how Malheur fits 
in with statewide priorities for bull trout.  S. Gunckel provided some clarification from ODFW 
and so did M. Meeuwig.  Both talked about the decision support model Mike developed for use 
within ODFWs Conservation and Recovery Program. Mike clarified the decision support tool 
was more of a “program” support tool, not a state agency tool.  Mike reiterated that bull trout in 
the Malheur are not the highest priority for ODFW but characterizing them as “low priority” is 
not accurate either. 
 
A. Unthank introduced the workshop process that we’ll use for the day, again going over roles 
and responsibilities of the panelists, the TAC and observers, and noting that each major topic for 
discussion would be preceded by a presentation by one of the panelists. The idea behind this 
approach was to “warm up the panelists” and other workshop participants to a certain topic.  
Like the presentations from Day 1, these presentations from Day 2 will be made available on an 
FWS website via links provided in these notes. C. Allen conveyed he’ll be taking notes and that 
there will be a workshop report, a draft of which will be distributed to the participants within two 
weeks of the workshop conclusion.  C. Allen also noted that his preference would be to include 
workshop participants names within the notes (i.e., the notes won’t be anonymous). No panelists 
had issue with that strategy so that was the approach adopted. 
 
Topic #1: Feasibility (8:15-10:00) 
 
Session Goal:  Generate recommendations on approaches to assess project feasibility  
Presentation:  Assessing Project Feasibility (Don Skaar, MT Fish, Wildlife and Parks).  
Discussion Topics: 

• Brainstorm critical elements of a feasibility assessment and identify those particularly 
relevant to the Upper Malheur River project. 

• Discuss “acceptable risk”, “probability of success” and approaches towards “managing 
uncertainty”.   

Don’s presentation focused on components of a feasibility assessment.  His key slide presented a 
table that outlined factors that increase uncertainty of success and factors that increase risk of 
failure. For example, the left hand column in the table addressed project implementability, cost, 
public support, short-term effectiveness, permanence, and political will. Don’s presentation 
outlined “rules to live by or consider” prior to implementing rotenone projects to reduce risk and 
uncertainty and increase probability of success. These guidelines incorporate a bit of social, 
economic, biological, technical and political feasibility.  Much of Don’s presentation had to do 
with addressing and planning for the social aspect of implementing rotenone actions – how to do 
appropriate outreach to sell your project. 
 
Chris asked Don if he incorporates all the components from his ppt table into feasibility before 
each project he’s involved in?  Don confirmed that yes, he does try to do that. 

https://www.fws.gov/oregonfwo/Documents/Malheur%20Workshop/DSkaar%20(Assessing%20Project%20Feasibility).pdf


 
Joe Maroney said he likes to pick the low hanging fruit first in order to demonstrate success, gain 
public support and increase confidence of success internally and externally.  He said he’s rolled 
the dice a bit on projects he’s implemented, hoping the pilot phase will work so that he can go 
back and get support for the larger effort that’s often needed. Joe further stated that outreach was 
a huge component of the front-end work of developing a project. Joe referenced a project he’ll 
talk about later (in his afternoon presentation) that “tanked” because they didn’t implement the 
appropriate level of outreach. After the project tanked Joe said they hired the WSU extension 
center (third party that specializes in that field of outreach) that did the education and outreach. It 
turned into a year-long process of outreach and public meetings.  Joe said from his experience 
that people just want to “be informed”; they want transparency of process. 
 
Don Skaar said public outreach is an “art”, a way of diffusing concern, prevents escalation of 
concern/outrage. Don said the public often views the government putting chemicals in the water 
as the government “polluting” the water.  
 
Joe Maroney said part of outreach is talking about the ESA and negative impacts of nonnative 
species. And, that tools like rotenone promote healthy native species and prevent listings and 
more ESA regulations which the public can definitely understand. 
 
Don Skaar brought up the issue of cows drinking water from a treated stream. He conveyed that 
this can be a big concern to the public and that you need outreach around this issue.  In reality, 
Don said a cow would have to drink an awfully lot of treated water to have an impact but it’s 
more the issue of perception. 
 
Joe Benjamin noted that there’s plenty of other species to consider that are affected by rotenone, 
especially aquatic invertebrates. 
 
Joe Maroney said the NPDES permit (which is required for rotenone projects) requires some pre-
treatment monitoring of aquatic inverts. Joe said treatment pretty much wipes the stream clean of 
macroinverts but that those impacts only last a month or two at most. 
 
Kate Olsen said she did some research on this topic and though there’s not a lot of published 
studies, it appears on average that within two years you have complete recovery of the system 
from an invert perspective.  
 
Joe Maroney added that for one of his projects he has five years of pre and post project data on 
impacts and recovery of macroinverts and he hopes to publish a paper in the near future. Joe 
added that valuable pre-treatment information to collect should include macroinverts, stream 
flow, and where every spring and seep is in the area to be treated. 
 
Mark Buktenica noted that for most agencies it’s a requirement to collect pre-treatment 
information.  He agreed that there’s a lot of info out there but not much that’s been published. In 
his experience recovery of macroinverts happens pretty quick. It’s really more of a short term 
impact really.  
 



Don Skarr stated there’s tons of pre/post treatment info on macro inverts. Don reminded folks 
that if you have “sensitive” species you’ll need to make additional considerations. 
Mark Buktenic noted that there’s merit to judging the level of interest of the general public – test 
interest level with a public meeting. Perhaps you’ll find there isn’t much interest? Perhaps 
there’s lots of interest. In short, test the waters before you launch a full blown campaign as it 
might not be needed and might be a waste of time and resources. 
 
Dave Banks raised the question of how to prioritize areas to best demonstrate success. Or 
perhaps a strategy is to go somewhere else to initiate project where it’s potentially not so 
contentious (e.g., High Lake). 
 
Joe Maroney stated that from the information presented so far in the workshop that the chance of 
success in High Lake is probably very high thus maybe it’s a great spot to start the project and 
demonstrate early success. But there’s other things to consider too. It’s a very “loved” area and 
might raise the most concern initially.  Joe also noted that it is important to let the public know 
the timescale – if it’s going to be a multi-year project then let them know. If it’s only going to be 
a few months, then tell them that. 
 
Chris Allen asked if the group could steer the conversation back towards the topic of feasibility. 
 
Joe Maroney noted that looking for natural barriers is key, as is accessibility (right along a road 
is a huge consideration for priority).  Another important consideration is being able to predict 
man-power needed to implement an action for a chosen area. 
 
Don Skaar said one approach in the Upper Malheur could be to divide and conquer with one 
crew working one trib while another crew is tackling another trib. 
 
Mark Buktenica asked Don if there’s anything he saw yesterday on the field tour that’s not 
feasible? 
 
Don Skarr replied that he didn’t see anything not treatable from a size or volume perspective on 
yesterday’s tour.  Don said the streams he saw yesterday are very “treatable”;  technically it’s 
plausible to treat the entire area. 
 
Joe Maroney mentioned treatments of large rivers in Norway and said these rivers are huge, 
much much bigger than the Malheur. 
 
Kate Olson asked the group if we can get back to the main questions regarding “feasibility” 
although the current discussion is very good and valuable 
 
Stephanie Gunckel asked at what point do we decide an action is “feasible” or not “feasible”? 
 
Don Skaar replied that in his experience the “not feasible” is much more driven by the social 
acceptance side of things and not the technical feasibility. 
 



Amy Unthank, in reference to some of her experience in Arizona, said unintentional 
consequences downstream can really sink a project fast from a public support standpoint. 
 
Dan Duawalter asked if we have a good feel for any “interest groups” that would care about this 
project? Have we explored this yet and do we have a feel for who would weigh in? There didn’t’ 
appear to be a reply from the TAC to Dan’s questions. 
 
Dave Banks said his concern, looking at the table in Don’s presentation, was in the areas of 
“implementability” and “public support”. These represent his two major concerns with the 
action. 
 
Mike Meeuwig – on the topic of “implementability” how feasible is the project from a cost 
standpoint, including the cost of barriers? The TAC was interested in talking more about this. 
 
Nolan Banish talked about artificial barrier construction in the Klamath Basin. One barrier that 
costs $45 thousand to build is doing well but a $15 thousand dollar barrier has failed twice. 
Eventually a new 50K barrier was installed and finally seems to be working. 
 
Mark Buktenica noted that the lower barriers in Sun Creek (Klamath Basin) costs $50K each. 
 
Don Skaar noted that all the artificial barriers he’s been involved in are concrete and cost $100K 
or more. 
 
Joe Maroney noted the one’s he’s been involved in were 100K and 180K and they were also 
concrete. Fortunately many of the projects he’s been involved in (which he’ll talk about later) are 
above natural barriers so use of artificial barriers weren’t necessary. 
 
Dave Banks suggested maybe temporary barriers (less than 5 years) could be constructed for a 
lot lower cost. 
 
Joe Maroney responded that a lot of the cost is early engineering design/review, etc.. In WA 
barriers are supposed to be able to withstand a 100 year flood. 
 
Nik Zymonas changed the subject by asking what is the process for assessing technical 
feasibility here in the Malheur? Who’s going to develop the technical feasibility – what’s the 
next step? 
 
Dave Banks replied by saying this workshop will hopefully fill some of the holes in the draft 
implementation plan – that will be the document that provides information on “feasibility”. 
 
Steve Namitz asked where the project should actually “start”? Three areas float to the top, each 
has its own advantages and disadvantages. Steve talked a bit more about these three locations. 
Where do you want to make your initial investment?  High Lake? Big Creek? There’s social 
considerations to each location. 
 



Mark Buktenica said from what he saw yesterday his thought is that Meadow Fork should be a 
priority given the more favorable status of bull trout there.  Protecting this stronghold should be a 
priority. Try to stabilize this heritage population.  Mark also advocated for providing a refuge 
location. Is High Lake going to be suitable? Is there another tributary to establish another refuge 
in addition to Meadow Fork? 
 
Don Skaar asked about bull trout that might be put in High Lake. Would you put another 
gamefish in there along with the bull trout? 
 
Steve Namitz suggested consideration of including redband or some other trout stocked in High 
Lake in addition to bull trout post-treatment. 
 
Flip Chart Notes Taken by Amy include the following: 
 

• Should all feasibility factors be addressed upfront (biological, social, technical)? 
 

• Feasibility helps find the weak spots in an action 
 

• Filter all streams and start with low-hanging fruit to demonstrate success – this can help 
gain public support and more. 

 
• Public outreach and education is critical but be sure to use outreach experts. 

 
• Use ESA listing (potential threat of a listing, delisting, downlisting success stories) to 

help gain public support. 
 

• Be sure to keep cows away from work areas – work closely with ranchers. 
 

• Do appropriate pre-treatment data collection on macro inverts, and volume and flow 
measurements to collect info on travel time, ID of springs, seeps, etc.. 
 

• Feasibility can help identify opponents and proponents – good to know this upfront. 
 
Morning Break 
 
Topic #2. Project Implementation 
 
Session A. Rotenone treatment strategies (10:15-12:15) 
 
Session Goal: To draw out considerations for rotenone treatment in the Upper Malheur  
Presentation: The 3 R’s of Cee Cee Ah Creek…Rotenone, Reintroduction, and Recovery (Joe 

Maroney, Kalispel Tribe)  
Discussion Topics: 

https://www.fws.gov/oregonfwo/Documents/Malheur%20Workshop/JMaroney%20(The%203%20R's%20of%20Cee%20Cee%20Ah%20Rotenone%20Reintroduction%20Recovery).pdf


• Given the complex habitat characteristic of the headwater streams and the large spatial 
and temporal scale of the proposed project, what considerations or strategies should we 
employ to ensure the greatest chance/probability of success? 

• Given your experience, are there stream/river reaches within the proposed action area 
with a low or no probability of success?  Identify areas of particular concern based on 
field trip and discuss rationale for concern. 

• Solicit panelist’s opinions on pretreatment actions such as baseline macroinvertebrate 
collection; and, collection, placement and holding of native fish. 

Discussion following presentation: 

Dave Banks asked the panelists their thoughts on how well rotenone will disperse in complex 
stream habitats, especially those in the burn areas? 
 
Don Skaar replied that you can put dye in your drip stations to better track the movement of the 
application. 
 
Mark Buktenica replied that you can manipulate flow through certain areas during treatment to 
better distribute rotenone. This is often a task for the folks with the backpack sprayers as they 
move down their reaches. 
 
Joe Maroney talked a bit about the advantages of rotenone balls in key areas although Don Skaar 
said the rotenone ball/sand mixtures are meant for, and more effective in, areas of upwelling. 
 
Kris Crowley – asked how far up a system should you begin drip station if you think you’re 
above fish bearing zone.  
 
Joe Maroney replied “as far as you can go upstream. Err on the side of caution.” Joe emphasized 
solid data collection ahead of treatment so you know the full distribution of fishes, even 
upstream of dry sections (Joe gave an example of a section of stream with went sub- surface but 
there were two small tribs upstream that had brook trout that conceptually could disperse 
downstream following treatment even through the subsurface area or seasonally when it may 
hold water. Joe also brought up the idea of using eDNA to help identify which small tribs need 
or don’t need treatment. 
 
The discussion shifted back to public outreach briefly. 
 
Mike Meeuwig said most agencies have experts on public affairs/outreach and these programs 
may suffice for meeting outreach needs for a project like that proposed in the Upper Malheur. 
 
Joe Maroney replied that he still thinks the third-party aspect is key; there’s a perception of bias 
if you don’t go this route.  
 



Joe Maroney provided an unrelated point that said some private landowners didn’t want dead 
fish in the stream reaches through their property so he had his staff collect the fish and bury them 
on site.  
 
Joe Maroney and Mark Buktenica both suggested each drip station attendant keep good notes 
about when treatment started, when sentinel fish started showing signs of stress and death, and 
when dead fish started to show. This type of rigorous note taking can really help refine future 
applications. 
 
Mark Buktenica strongly suggested 2 or 3 years of treatment because it’s likely in year one 
you’re going to miss some fish, especially young of year. This happened in Sun Creek rotenone 
project. 
 
Joe Maroney and Don Skaar both said they’d treat the Malheur tribs the same way as the streams 
that Joe highlighted in his talk, although the Malheur tributaries will require increasing the 
amount of rotenone used. 
 
The group as a whole talked about the challenges of Logan Valley’s low gradient areas.  
 
Joe Maroney said yes, these areas will be super challenging.  
 
Steve Namitz brought up McCoy Creek for example.  Steve said this challenge is mitigatable 
with proper private landowner cooperation and isolating these areas. Also, mentioned the need to 
deal with illegal diversions and simplifying the system for treatment time period (i.e. shutting off 
ditches long enough for them to dry up). 
 
Joe Maroney suggested applying dye upstream and tracking flow down into the valley via use of 
drone technology. Others thought this was a great idea. 
 
Dave Banks pointed out McCoy Creek is pretty low on the list of priorities – perhaps it’s not 
even included in the 10 year plan due in part to landowner concerns. 
 
Steve Namitz replied that so much of this effort, especially in the Logan Valley, is about getting 
landowner support. If the support is not there, it’s probably not worth pursuing.  Steve suggested 
there are a lot of diversions/ditches in Logan Valley that are on USFS that need/could be 
removed or closed off permanently thereby simplifying the overall effort. 
 
Dave Banks touched on his priorities stating that in his opinion Meadow Fork and Big Creek 
should be second priority with an action in Lake Creek and High Lake being first priority.  Dave 
thinks High Lake could serve as a refuge for bull trout during and after treatment. These would 
be pure bull trout from Lake Creek captures as part of salvage prior to treatment. 
 
Steve Namitz – suggested we have several alternatives in place instead of just moving bull trout 
to High Lake, such as hatchery holding, or moving fish to Big Creek or Meadow Creek. I.e., let’s 
not put all our eggs in one basket. 
 



Dave Banks talked a bit about ODFW’s concern with bringing wild fish into a hatchery 
environment and then outplanting back in the wild. This is not often done due to concerns with 
disease transmission from the hatchery environment to the wild. 
  
Mark Buktenica replied that for the Sun Creek project they moved some wild YOY to hatchery 
environment in part because they couldn’t tell if they were brook trout or bull trout at that age. 
 
Dimitri Vidergar said High Lake seems like a good plan but what if they don’t stay in High 
Lake? There’s uncertainty about whether they would stay or go. 
 
Mike Meeuwig brought up the point that bull trout are so vulnerable to angling that even with 
another species in High Like (for anglers) the bull trout may be extra vulnerable to being caught. 
Mike suggested considering other alternatives like keeping them in a hatchery environment. 
 
Nik Zymonas said as a general principle, try to keep as many fish from a particular area, in the 
same area cause if you don’t they have a greater possibility of leaving. I.e. keep Meadow Fork 
fish in Meadow Fork and Lake Creek fish in Lake Creek. 
 
Dave Banks replied we need to plan for fish being removed from treatment reaches for at least a 
2 year period, maybe even 3 years. 
 
Kris Crowley stated that above Meadow Fork Falls may be a site we could put bull trout because 
it’s a fish-free reach (no brook trout).  Perhaps there are other areas too but most areas above 
natural falls generally have little flow and may completely freeze in the winter – not good areas 
for overwintering. 
 
Dave Banks. On the subject of pre-treatment actions he would propose salvaging all native fish. 
Any non-bull trout (native species) would be moved into neighboring streams. These same 
streams would be used for restocking treated streams. 
 
Amy’s flip chart notes reflect the following: 
 

• What do we do with braided sections of streams? Use bucket drip and back pack 
sprayers. Put dye in backpack sprayers to help look for areas not in the main flow. Also 
consider using piscicide balls. 

 
• Diversions and low gradient areas and complex areas – like McCoy Creek. What needs to 

be done for prework? I.D. ditches, talk with landowners, do necessary homework. May 
be easiest to shut off ditches and desiccate areas rather than to try and treat with rotenone. 

 
• Fall River hatchery (ODFW) probably has the best temps for keeping bull trout in a 

hatchery environment. Klamath hatchery has isolation units. 
 
Lunch:   
 
Session B. Installation and maintenance of artificial barriers (1:15-3:15) 



 
Session Goal: To fully vet the following question: How do we construct and operate barriers in a 

way that minimizes risk of reinvasion but minimizes impacts to migratory native fish? 
Presentation:  Installation and Maintenance of Artificial Barriers to Exclude Non-Native Trout: 

The Sun Creek experience (Mark Buktenica, NPS, Crater Lake NP)  
Discussion topics: 

• What are the biological/demographic risks to isolating fish populations above barriers? 

• What type of engineering and hydrologic assessments need to occur prior to constructing 
barriers in high elevation western U.S. streams? 

• What can be done to minimize risk of failure caused by illegal stocking or by 
constructing barriers that don’t work as intended? 

Discussion following presentation: 
 
Joe Maroney started the discussion by noting that creating a fish barrier in Oregon and 
Washington is against the law. A fish passage waiver is required in order to construct a barrier. 
Joe also posed the question “can you construct a barrier that will limit passage of small fish but 
not impede larger migratory fish? That’s the challenge” 
 
Mark Buktenica noted that in Sun Creek (Crater Lake NP) the log barriers were cheap and 
effective. The vinyl sheet barriers were effective too but some maintenance issues are involved.  
Mark also noted that their installation of a fish trap in the barrier design eased the process of 
getting a fish waiver. This idea is definitely something to consider if it can be afforded. 
 
Dave Banks stated he’s definitely concerned about limiting movement of native migratory fish – 
bull trout and redband in particular. 
 
Dan Duawalter asked if you can design a barrier that allows passage once you have additional 
barriers constructed downsteam – i.e., a barrier with passage that can be opened and closed? 
 
Nolan Banish recommended padding your project budget because often barrier construction 
requires follow-up retrofit. Several of the Sun Creek barriers required follow up maintenance. 
 
Mark Buktenica asked the question “do bull trout and brook trout or other fish move much in 
winter?” 
 
Dmitri Vidergar said his experience is fish don’t move much once they’ve moved to their 
overwintering areas. 
 
Don Skaar said most of the barriers he’s been involved in in Montana are meant to be permanent 
and thus are bigger and more expensive. 
 

https://www.fws.gov/oregonfwo/Documents/Malheur%20Workshop/MBuktenica%20(Sun%20Creek%20Experience).pdf
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Joe Maroney expressed frustration in trying to get the FWS to commit to a position on creating a 
barrier and isolating a single life history form.  Joe thinks the Service should be more explicit in 
a statement about barriers as a valuable fish recovery tool and be more open to the use of 
barriers. 
 
Mark Buktenica noted that if you get a migratory component returning to the Upper Malheur, 
then there’s an opportunity to remove the lower barriers – coexistance with brook trout is more 
possible with larger migratory bull trout. 
 
Steve Namitz responded that he doesn’t think bull trout in the Malheur will ever be migratory 
enough to compete with brook trout. 
 
Erica Maltz said, in reference to Meadow Fork – it’s the only known area of fluvial use. Are we 
at the point of being okay with just resident bull trout? Erica stated that she would like to know 
what the panel thinks. 
 
Steve Namitz noted that we generally know the life history of these Malheur bull trout but what 
are the subadults doing? Are they overwintering lower in the basin? Logan Valley? Is this a data 
need?  
 
Dmitri Vidergar suggested PIT tagging a bunch of adults and subadults to track whether they’re 
moving into lower gradient areas in the winter. This technology would allow us to determine the 
degree to which they are using Logan Valley or lower areas for overwintering. 
 
Mark Buktenica noted that they’ve done lots of telemetry (fixed and mobile) in Sun Creek and 
most of the bull trout stay put fall through spring. He said a few fish move a lot but most move 
very little.  PIT information supports this statement. 
 
Nolan Banish mentioned that in the Klamath (Gearhart/Sprague) the evidence is that bull trout 
move very little spring through late fall. 
 
Dave Banks suggested it may be good to PIT tag redband trout as well if we’re going to do any 
of that type of monitoring work. 
 
Dmitri Vidergar said that if a barrier is put in, it wouldn’t exclude that life history. It would 
exclude bull trout from the isolated habitat but those migratory fish may find other habitat that is 
accessible and suitable. 
 
Joe Benjamin stated that in modeling land, excluding the migratory life history leads to a 
decrease in long-term persistence.  Assisted migration may be a good alternative. Trapping fish 
below the barrier and moving them above. 
 
Dave Banks said personnel will change in the future and priorities will change. As a result 
there’s no guarantee that assisted migration will be possible as a long term strategy for 
promoting migratory life history. 
 



Nik Zymonas brought up the point that bull trout pops in the Malheur are so small that we 
probably don’t want to lose additional diversity afforded by multiple life histories like the 
migratory life history.  Nik suggested careful consideration around this topic. 
 
Dan Duawalter had a comment on genetics noting that, according to workshop discussion, bull 
trout in Meadow Fork apparently maintain a migratory population.  Dan asked if everyone is 
contributing equally or is it a small number of fish?  Dan suggested more science towards this 
would be great. 
 
Kris Crowley noted that if we have a good resident component into the future, we can always 
remove those barriers and that migratory life history form would or could likely be re-expressed.  
 
Nik Zymonas said he doesn’t understand why you wouldn’t want to incorporate a trap and to try 
to move these fish when migrating. 
 
Kris Crowley noted that snow lingering until June some years might be a problem. 
 
Dmitri Vidergar noted that migratory bull trout in Buelah (North Fork Malheur) are typically 
done migrating upstream by June. 
 
Erica Maltz noted that access is variable year to year – snow can be a real problem.  Erica 
expressed concern with limited capacity (personnel and funding) for long-term management of 
barriers. Erica stressed the logistics are tough in the Upper Malheur and it’d be a big 
commitment to run multiple traps for long periods of time. 
 
Steve Namitz said in terms of timing, migrating bull trout are moving early – late June/July due 
to water temperatures.  Steve suggested not waiting until Fall to start moving fish over barriers to 
access spawning habitats. 
 
Mark Buktenica said he hasn’t heard whether TAC thinks this population (Upper Malheur bull 
trout) is stable, declining, almost gone? Mark further stated that if there’s time to do more 
research, great.  If there is maybe only 100 or 200 left, you probably don’t have time and need to 
move out soon on a conservation action. 
 
Dave Banks said the population estimate this year didn’t work out but it was good 
reconnaissance. The last real population estimate was 1994/95.  Dave conveyed that he’d really 
like to do a population estimate in Meadow Fork. 
 
Don Skaar said it’s notable that there’s no consensus on the status of bull trout in the upper 
Malheur.  He suggested the TAC maybe consider more mechanical removal of brook trout to buy 
more time until there’s a better understanding of the status of bull trout in this core area. 
 
Nik Zymonas said in terms of barriers he suggests not having a pool immediately at the base 
since that would tend to collect your undesirable fish and it would be very easy for people to 
manually move a fish up. If there’s no holding habitat for a certain distance below barrier it 
would minimize risk of illegal stocking. 



 
Dave Banks said public outreach about the value of native fish restoration is a good strategy to 
minimize the threat of illegal stocking. 
 
Joe Maroney echoed those sentiments by saying the pendulum has really swung to a more 
positive place.  There’s a lot less resistance to native fish restoration by eradication of 
nonnatives. 
 
Dave Banks said highlighting the benefits towards redband trout will help with the overall 
messaging as well. 
 
Amy’s flip chart notes reflect the following: 
 

• Vinyl “ODF” barriers are an option instead of concrete. Fish traps can be built into ODF 
barriers. 

 
• The question is how to not impact other native aquatic species that migrate? 

 
• TAC needs to address specific tributary barrier scenarios. 

 
• One data gap is we don’t know what sub adult bull trout are doing movement wise.  

Should we pursue a PIT tag study? 
 

• Is more genetic information needed? 
 

• Is more work needed to understand population status? 
 

• Redd counts aren’t real reliable indicators given similarity to brook trout redds  
 
 
Afternoon Break 
 
Topic #3. Post-Treatment Translocation Strategies (3:30-5:00) 
 
Goal of this Session: Produce a list of key considerations relative to post-treatment translocation 
in the Upper Malheur Basin 
Presentations:  Bull Trout Reintroduction in the Clackamas River (Chris Allen, USFWS); and, 

Bull Trout Reintroduction Efforts in the Upper Willamette Basin (Nik Zymonas, 
ODFW) 

Discussion: 
• Identify and rank questions to consider prior to implementing a translocation action. 

At this point Amy asked workshop participants (panel, TAC and observers) for key questions 
they would ask when considering a translocation. These were individually captured on a flip 
chart and posted on walls in the conference room.  All participants were then provided 4 sticky 

https://www.fws.gov/oregonfwo/Documents/Malheur%20Workshop/CAllen%20(Clackamas%20Reintroduction%20Strategies%20ppt).pdf
https://www.fws.gov/oregonfwo/Documents/Malheur%20Workshop/NZymonas%20(Willamette%20Bull%20Trout%20Reintroductions).pdf


dots to distribute how they wanted on the flip chart pages based on the questions they felt were 
most important. The goal of this exercise what to gauge the relative importance of each question 
to the workshop participants based on the number of dots stuck beside each question.  
 
Questions developed by workshop participants and results (in order of the questions receiving 
the greatest # of dots to questions receiving the least # of dots): 
 

• Do you have enough genetic info in Malheur (or out of basin) to answer above questions? 
9 dots 

• Is captive rearing needed? Appropriate? Feasible? 8 dots 
• What criteria are identified for the donor stock? 7 dots 
• Is there commitment and resources available to see the project through? 6 dots 
• Do you have enough fish to take from a donor without hurting the donor population? 5 

dots 
• What are the measures of success? 5 dots 
• Is translocation needed? 4 dots 
• Should pathogens (disease) be considered? 4 dots 
• Is there willingness to translocate introgressed individuals and what level of introgression 

is acceptable? 4 dots 
• How will or should translocation be documented? 3 dots 
• Do different life stages matter? Is a diversity of life stages necessary? 3 dots 
• Will recolonization happen naturally? 2 dots 
• When and how do you decide when to supplement small donor sources – is there a 

minimum # of individuals to start with? 2 dots 
• What are the stocking density goals? 2 dots 
• Will the recipient stream support presence of bull trout year-round? 1 dot 
• How is inbreeding avoided or is it a concern with donor populations? 1 dot 
• Are there other actions that may affect success of translocation in the basin? 1 dot 
• How long will translocation occur? 1 dot 
• How will translocated populations be monitored? 1 dot 
• Where are the best release sites? 1 dot 
• Regarding the donor population, when should you stop removing individuals? 1 dot 
• Have regulatory requirements been met?  0 dots 
• Are only bull trout being translocated? 0 dots 

 
 
Workshop Day 3 
 
Amy Unthank introduced this day as one to catch anything not addressed on previous days and to 
talk M&E. 
 
Mark Buktenica and Nik Zymonas both strongly felt a survey to develop relative abundance 
(preferably by snorkeling) or shocking would be important information to have in hand to guide 
future action.  Their recommendation was for relative abundance survey effort rather than a 
precise population estimate. 



 
Kris Crowley asked for recommendations for methodology to use for such a survey? 
 
Nik Zymonas responded that it depends how much precision you want. 
 
Mark Buktenica said he’d be willing to provide future input to ODFW, BPT or USFS on 
methodology for developing relative abundance estimates. 
 
Steve Namitz reiterated his previous comments regarding nervousness towards putting all eggs in 
one basket (i.e., moving salvaged bull trout to High Lake only).  Steve would rather see a multi-
pronged approach.  Steve also conveyed that it makes him nervous to consider writing off the 
migratory life history form. 
 
Dave Banks replied that if you install a barrier is the bigger issue wiping out the migratory life 
history form or just excluding them from spawning habitat?  Regarding barriers, wherever they 
are we’ll have to make decisions about how to manage them.  The conversation is different if the 
barrier is up high vs lower in the system where you’re impacting migratory fish. 
 
The group talked a bit about introgression – a question was asked if the FWS has policy that 
speaks to the relative value of introgressed bull trout.  Do hybrids and introgressed bull trout 
count towards recovery? Both Nolan Banish and Chris Allen confirmed that the FWS does not 
have a position on introgressed species. The FWS policy on hybrids is case by case. 
 
Don Skaar commented on the issue of coexistence, stating that even if you have barriers that 
prevent brook trout from being in upper basin spawning areas for bull trout, it seems there’d be 
impacts even in overwintering areas from brook trout from a competitive standpoint (talking 
about migratory populations here).  Don doesn’t feel like coexistence isn’t a good strategy in the 
Malheur Basin from what he’s seen and heard the last few days. 
 
Nik Zymonas mentioned that one idea is the use of barriers to make all tributaries upsteam of 
Logan Valley spawning reserves for bull trout. 
 
Stephanie Gunckel brought up the new research on development of YY males of brook trout – 
studies and research in ID.  The idea is to introduce YY males into the population and eventually 
the population becomes all male and the population dies out. Stephanie suggested this new 
technology may work if we have barriers in place and you use this strategy for the middle and 
lower basin areas where we may have a more difficult time being successful with rotenone. 
 
Don Skaar commented that there’s risk of hybridization between bull trout and super male brook 
trout if bull trout are in the system. These potential ramifications (hybridization) haven’t been 
considered.  Mike Meeuwig stated that it is not so much that the strategy might not work with 
bull trout present, but more that it might not be advisable given you may get super male brook 
trout genes incorporated into your bull trout population if the two hybridize. 
 
Mark Buktenica asked what other fish would be most impacted by operation of barriers?  
 



Dave Banks said his biggest concern would be whitefish which seem to be pretty nomadic. He’s 
not super concerned with other species like suckers, redband, etc.., because they are so prevalent 
and ubiquitous.  He could always drop some in from other areas. 
 
Topic #4. Monitoring and Evaluation (8:15-10:00) 
 
Session Goal: Generate a prioritized list of recommendations for monitoring strategies 

considering costs, feasibility, scope and relevance. 
Presentation:  Mike Meeuwig (ODFW) – traditional and new technologies for monitoring bull 

trout and other fishes.  
Discussion 

• What questions do we need to answer with a long term monitoring program?  

• What are the best methods to answer the questions identified in question one above. 

• What course of action will be taken if brook trout are found in treated reaches?  

Discussion following Presentation: 
 
Chris Allen asked about riverscape-type surveys like those conducted in Olympic National Park 
in terms of a way to quickly collect data on relative abundance, species composition and 
distribution. 
 
Mike Meeuwig said it’s possible but may not be a good long-term monitoring strategy but may 
have application for pre-treatment surveys. All depends on what questions you’re trying to 
answer. 
 
Dave Banks said he feels there’s probably quite a bit of general info about species composition 
and distribution based on ODFW’s efforts in the 2000s and the BPT’s surveys.  He doesn’t think 
there needs to be much more baseline work done before fish salvage and treatment is initiated. 
 
Chris Allen asked Mike Meeuwig if he has enough confidence in eDNA for using it as the single 
tool for detection of brook trout presence post-treatment? 
 
Mike Meeuwig responded that nothing is 100% and he’d use several tools and not rely just on 
eDNA. 
 
Mark Buktenica backed that statement up with an example from Annie Creek (Klamath) where 
eDNA indicated no fish present but efishing afterwards found fish. 
 
Dan Duawalter said any monitoring strategy developed in the Malheur should be nimble and 
flexible. 
 
Dmitri Vidergar asked if eDNA can detect hybrids? 
 

https://www.fws.gov/oregonfwo/Documents/Malheur%20Workshop/MMeeuwig%20(Monitoring%20ppt).pdf
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Joe Benjamin replied that Mike Young (USFS, Boise) is investigating the ability to use eDNA to 
detect hybrids but the technology isn’t there at this time. 
 
Don Skaar said, regarding eDNA, that he’d have more confidence in using eDNA and getting a 
negative than getting a positive. With a negative he would feel pretty confident with the result. 
With a positive he’d definitely want to go back in and eshock. 
 
Morning Break 
 
At this point Chris Allen ran through a “What is your vision of successful fish management in 
the Upper Malheur” powerpoint that contained information from an exercise conducted the 
previous day where each participant was asked to write down their personal statement of what 
represents “successful fish management” in the Upper Malheur.  17 workshop participants, 
including the expert panel, TAC and observers, participated in this exercise. These were written 
anonymously on sticky notes throughout Day 2 and stuck on a wall of the room.  In no particular 
order the statements were as follows: 
 

1. Success is: Establishing a self-sustaining genetically pure native fish assemblage that will 
persist over time. 

 
2. Success is defined in 2 ways: 1. Preferred: Brook trout eradication in the entire Upper 

Malheur; and, 2. Compromised: Brook trout eradication in High Lake/upper Lake Creek; 
partial eradication elsewhere in the system. Flips the script and may allow bull trout the 
upper hand. Eliminates the seed source. Allows for study of a unique situation, but is 
risky with a higher chance of failure. 

 
3. Success = a self-sustaining bull trout population. Brook trout at undetectable levels, and 

no indication of hybridization within the treatment reach. 
 

4. Need: Secure Meadow Fork, including Big Creek to Logan Valley Meadow (remove 
brook trout and reestablish bull trout). Clean out High Lake and Lake Creek to Logan 
Valley meadow.  Nice: Remove brook trout and restore bull trout down to Lake 
Creek/Big Creek confluence I.e., complete upper section.  Gravy: Complete (removal of 
brook trout) Middle Section.  Extra Gravy: Complete (removal of brook trout) Lower 
Section  

 
5. Success = Brook trout eradication.  Solid plan with outreach, support and collaboration 

with the necessary entities. 
 

6. Success = Robust native fish populations unaffected by brook trout.  Bull trout 
populations healthy and expressing both life history strategies. 

 
7. Success = Public buy off. Treatments prioritize human safety. Less brook trout. More 

bull trout. Solutions that require NO long term human involvement.  System (population) 
that will be large and genetically diverse enough to sustain climate change. 
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8. Success = No brook trout detected in key habitat (not necessarily entire watershed). 
 

9. Steps of Success: 1. Removal of brook trout from Meadow Fork; 2. Removal of brook 
trout seed source; 3. Removal of brook trout above Rd 1648; 4. Removal of brook trout 
from Upper Action Area; 5. Removal of brook trout from Middle Action Area; 6. 
Removal of brook trout from Lower Action Area. 

 
10. Criteria for success: 1. Start with a TAC approved, agencies supported study plan that 

covers each stage of the project (adaptive management okay); 2. 100% eradication is not 
needed for long-term success IF there is a maintenance and monitoring plan in place; and, 
3. Increase in bull trout numbers to allow long term persistence, buy in by stakeholders, 
and follow through with study plan. 

 
11. Success is reducing brook trout competition as well as restoring habitat complexity and 

water quality to allow bull trout to persist and recover over time. 
 
12. Success = Target species (brook trout) successfully eradicated; non-target species 

negative effects minimized; post-treatment increase in distribution, abundance, and 
condition of bull trout. 

 
13. Success in the Malheur is securing several tributaries as native fish only (brook trout free) 

even if that means construction of permanent barriers. I believe long term maintenance of 
a migratory population in the mid-to lower Malheur is unlikely. 

 
14. Success = project agreement, implementation, and learning from results. 

 
15. Success = eradication of brook trout to the geographic point that hands-on management 

(e.g., manually passing native fish at barriers) is no longer necessary. 
 

16. Success = a self-sustaining and genetically secure bull trout population; and, an intact 
native fish species community. 

 
17. Success for me occurs in phases. Phase 1 includes rotenone treatment of Lake Creek, 

Meadow Fork of Big Creek, and Big Creek to the 1648 Rd or barrier closest to this road. 
Phase 2 and 3 may or may not be possible without large amounts of time and money. I 
remain on the fence regarding the feasibility and success of these phases. 

 
 
Observations and comments from workshop participants following viewing of the “Success” 
powerpoint: 
 
Dave Banks observed that most thought upper basin was feasible/possible but long-term 
commitment of personnel is a common concern expressed in many people’s statements. 
 
Steve Namitz commented that passage was a problem many people raised in their statements of 
success. 



 
Amy Unthank wondered if there could be an interagency funding pot to support personnel 
requirements for moving fish over barriers? 
 
Dave Banks noted that rotenone application requires everyone involved to be certified although 
there’s a trainee license that the State oversees ($50 bucks). 
 
Steve Namitz suggested putting together a regional approach working with Jim Capurso for a 
large rotenone/barrier project like here in the Malheur.  There would be benefits to developing an 
experienced team of “implementers” for a project like the proposed Malheur rotenone action. 
 
Dave Banks noted that some of things missing from the current planning effort, as heard over the 
last few days, are public outreach, and potential NEPA if BPA funding is involved in a rotenone 
and barrier action. 
 
Steve Namitz stated his assumption that the USFS would have no requirement to conduct NEPA 
for the actual eradication of brook trout but they may be on the hook for NEPA for the 
construction of barriers.  
 
BPA observers Brady Allen and Siena Lopez-Johnston said they were uncertain what NEPA 
process (i.e., level of NEPA - EIS/EA) would be required for BPA funding. This question 
warrants follow-up from BPA. 
 
Someone on the panel recommended talking with Joe Maroney (who could not be present for 
Day 3 of the workshop) regarding how the Kalispel Tribe dealt with NEPA triggered by the use 
of federal BPA project funds.  
 
Don Skaar noted that generally the overall cost of rotenone for a project like in the Malheur isn’t 
a big factor in the overall picture of costs. 
 
Steve Namitz asked if FWS would be willing to do NEPA? 
 
Chris Allen responded that FWS doesn’t have much experience with NEPA and would generally 
defer to an agency with more experience, especially if the federal action warrants development 
of an EIS. 
  
Getting back to peoples comments on the “success” powerpoint… 
 
Nik Zymonas said his definition of success was vague for a reason; he wants to be realistic. 
 
Stephanie Gunckel stated that success and feasibility are two different things. Incremental 
approaches make sense.  Stephanie said she wasn’t evaluating whether her idea of success was 
feasible.  She was hoping this exercise would help narrow down the idea of success and help 
focus the TAC. She thought it was great to see the diversity of perspectives. 
 



Kris Crowley noted that most everyone was in agreement that success included eradication of 
brook trout in the upper reaches above the Logan Valley.  The indecision expressed in people’s 
comments was in the construction, operation and maintenance of barriers. That was the 
mean/potatoes of this workshop. 
 
Mike Meeuwig stated that most of his bull trout experience is with migratory bull trout but some 
were smaller isolated populations.  He asked if there are examples of resident populations that 
have persisted for a long time without a migratory component. 
 
Chris Allen addressed his thought process on his definition of success, which deemphasized the 
likelihood of a healthy migratory bull trout population into the future.  He talked about Warner 
sucker parallels to the bull trout situation in the Upper Malheur in that the current recovery plan 
for Warner sucker calls for recovery of both a stream resident form and a lake (migratory) form.  
However, since the recovery plan was written research has led to a greater understanding of the 
system and constraints to maintaining a migratory lake population of suckers given the more 
frequent drying of the Warner Lakes and the presence of nonnative species like crappie, brown 
bull head and largemouth bass. Under this scenario it’s become clear that maintaining a lake 
population of Warner suckers, while desirable, is likely an unattainable recovery goal and that 
emphasis should probably be more on maintaining a healthy stream resident population that has a 
higher likelihood of long-term persistence. Although there is still recovery work occurring to 
support the persistence of a migratory population, there is less confidence in the ability to meet 
this recovery objective.  It is somewhat similar in the Malheur where the greater likelihood of 
return on investment (time and resources spent) is in the headwater areas utilized year-round by 
the resident life history form (or the “less” migratory form, acknowledging the species 
plasticity). 
 
Dave Banks commented on this and generally agreed. Used the term “providing opportunity” if 
the habitat and fish want to express that desire, which is a term used often in the Warner Basin as 
well. 
 
Erica Maltz conveyed that the TAC developed this workshop because we didn’t’ know how to 
move forward.  Erica expressed concern about ending the workshop without a more clear path 
forward. Her point here seemed to be that this discussion is helping the TAC focus more on path 
forward.  She observed that the conversation is coalescing on a few key points. Erica brought up 
the draft implementation plan and suggested a great path forward would be to incorporate 
workshop information into the Plan and then send out to the experts for review. This should 
probably be an action item from the workshop if there’s interest by the panel. 
 
Dave Banks brought up that the TAC has discussed moving forward with implementation in 
2017 or 2018 and that the public outreach piece should probably move forward soon (3rd party 
entity). 
 
Nolan Banish noted that instead of a big outreach effort, maybe ODFW/USFS should consider a 
small open house regarding an outline of the plan in order to judge public interest. 
 



Amy Unthank concurred, mentioning that was the approach they used in AZ for several rotenone 
projects she was involved in. 
 
Dan Duawalter stated that it sounds like High Lake is the obvious first step. Would public 
meetings possibly change that? 
 
Dave Banks brought up another concern; there may be a contingent that doesn’t like pollutants in 
wilderness. If so, this may cause us to shift to another area to initiate a rotenone action. 
 
Steve Namitz agrees but doesn’t really think the area matters, whether it’s High Lake or another 
stream. There’s likely to some concerns raised regardless of the area of focus. 
 
Don Skaar said technically the agencies could probably get things together in time to implement 
by next year, but in regards to outreach, be aware of mission creep if you don’t have the big plan 
in place. People don’t like to receive a partial story; they should know the bigger picture plan. 
 
Steve Namitz expressed his opinion that the key to success is to stress in the implementation plan 
and in public outreach the adaptive nature of action into the future. Steve further stated that in his 
opinion the workshop has been helpful but he thinks this group (i.e. TAC) needs a little “push off 
the cliff” and this workshop will help do that. Some action items noted by Steve include: NEPA 
process in wilderness – needs some more attention and the USFS should move forward on that.  
Other action items include: finish wilderness management approval; education/outreach strategy; 
applicator training/ workforce planning; NEPA decisions (talk with FWS/BPA etc..). 
 
Steve Namitz asked Mark Buktenica if he had any advice on how to “get the group off the cliff”? 
 
Mark responded that in his opinion the technical answers aren’t that hard.  However, he thinks 
the group really needs someone to drive the process.  Successful projects he’s seen have 
generally had one strong leader (a champion for the project) or one strong agency.  
It takes persistence.  He thinks the technical solutions are generally easy. 
 
Don Skaar agreed with Mark’s statement above.  Don referenced a big project implemented the 
previous year and noted that development of an MOU helped move the process along. 
Collaborative approaches, like what has occurred to date in the Malheur with the proposed 
Implementation Plan is good but it often requires something like an MOU or one key person to 
make something finally happen. 
 
Dmitri Vidergar asked if once the Implementation Plan is done, would that be the time to 
develop an MOU or is that something that should be done now? 
 
Chris Allen stated that he really liked Don and Mark’s points about needing an agency or a 
“champion” for the project.  Chris talked about Dan Shively’s (Former USFS Fish Program 
Manager for the Mt. Hood National Forest) role in the planning phase of the Clackamas bull 
trout reintroduction project and how the project may not have moved forward without his 
leadership and facilitation.  Chris also spoke a bit about the value of forming an interagency 
“Manager’s Forum” group to help guide the process.   



 
Mark Buktenica reiterated his earlier statement that people want a champion.  Mark encouraged 
members of the TAC to consider taking on that role. 
 
Amy Unthank suggested several ideas for an interagency manager’s forum that would include 
the Malheur NF Forest Supervisor, Gary Miller (FWS La Grande, Field Office supervisor), Tribe 
and ODFW. 
 
Steve Namitz again advocated for moving off the cliff.  
 
Erica Maltz replied that the Tribe has already jumped off the cliff, they just want others to join.  
 
Steve Namitz clarified that “off the cliff” for him represents implementation. 
 
Dave Banks stated that he doesn’t think the TAC’s “there” in regards to completion of the 
Implementation Plan/public outreach, etc.. Definitely some more work to do head of 
implementation. 
 
Steve Namitz expressed that he thinks the Draft Implementation Plan could be finished pretty 
quickly but thinks we’re way behind on the public outreach side of things. 
 
Erica Maltz conveyed her thoughts that the Implementation Plan could be finished this winter 
realistically. 
 
Joe Benjamin recommended that hiring an outside facilitator soon for public outreach could 
move that piece forward pretty quickly. 
 
Dave Banks stated that articulating success will require monitoring to “inform” success. 
 
Joe Benjamin pointed out that if group is planning to implement next year there’s quite a long 
list of things to tackle between now and then. 
 
Kris Crowley agreed, saying they’ve done a lot but still a lot to do. 
 
The group talked a bit about High Lake stocking following treatment and viability of native 
redband as a potential replacement for brook trout (for anglers to pursue). 
 
Dave Banks provide his thoughts on cultivating redband trout, along with associated costs and 
space; sounds like triploid (sterile) rainbow may be the best bet.  
 
Chris Allen recommended the TAC talk more about other options than putting bull trout in High 
Lake.  Chris expressed concern with angler impacts given the popularity of fishing in High Lake 
and the vulnerability of bull trout to angling.  He also noted there’s a decent amount of 
uncertainty about whether bull trout would stay in High Lake or emigrate down into Lake Creek 
and, from a forage standpoint, how they’d do in High Lake. 
 



Erica Maltz asked if the panel would be willing to review the draft Implementation Plan 
following incorporation of information from the workshop. Most of the panel responded 
favorably.  Erica stated that the TAC will send out the draft Implementation Plan to all the 
panelist at some point this winter. 
 
 
Amy Unthank asked the TAC to reflect on any concerns, comments, summary of thoughts about 
the workshop discussions: Amy’s flip chart notes reflect the following  
 

• Given enough data to treat High Lake, what info is needed to determine if additional 
translocations should occur? (e.g., what might be needed to protect the Lake Creek 
population?). 

 
• Can management continue with just keeping brook trout populations low (not 

eradicated)? We partly need to know bull trout population status to answer that question. 
Last decent estimate was in 1993/1994. 

 
• Mark Buktenica noted that trend tracking may be better use of staff and time than 

population estimates. 
 

• Have population estimates been made with genetics? (sample size low and spread out). 
Not a good method for this Upper Malheur population. Mike Meeuwig provide this 
statement. 

 
• Need stratified plan to spread risk of where fish are held, though High Lake seems a no-

brainer. 
 

• Group doesn’t like idea of writing off the fluvial (migratory fish). 
 

• Barriers will cause hard discussions depending on where they are (ODFW comment) 
 

• Eradication versus coexistence? Are there fish past F2? At Crater Lake the hybrids are 
female bull trout and male brook trout – robs the female contribution. Do maintain 
coexistence do you need bigger waters? 

 
• Can there be a spatial mix of eradication and coexistence? Brook trout don’t persist in the 

N. Fk. Malheur. Is that because of the migratory component? 
 

• Is there a better approach other than eradicating brook trout in High Lake? 
 

• In ID there’s experiments/research underway exploring the use of YY males – can this 
potentially be a tool to explore in the Malheur? 

 
• Where do the geneticists recommend getting fish for translocation? 

 
 



Additional TAC Needs, Ideas, Concerns, Next Steps (as captured on Amy’s flip chart notes): 
 

• Still need to work on the idea of fish passage at barriers (staff time, needs to be more than 
just the Burns Paiute Tribe). 

 
• If there’s not potential of brook trout passing a barrier then migration for other native fish 

will be an issue. 
 

• Are traps incorporated into a barrier worth it? 
 

• Need to understand redband trout use a bit more. 
 

• Can/will/how does additional data help? Is it needed before passage decisions can be 
made? 

 
• Don’t have a good bull trout population estimate. 

 
TAC next steps/timeline (as captured on Amy’s flip chart notes): 
 

• Answer the NEPA nexus question 
 

• Finish wilderness management approval process 
 

• Applicator training/workforce needs 
 

• Finish draft Implementation Plan (March/April 2017) – use workshop notes to help 
identify next steps 

 
• Figure out a “driver” to get the TAC “off the cliff” 

 
• Consider an MOU to document roles/responsibilities and timelines (After 

Implementation Plan gels) 
 

• Clackamas model for feasibility – USFS (Feasibility lead) & ODFW/FWS 
(implementation lead) 

 
• Investigate establishing a Manager’s Group – who? ID a chair of group 

 
• Need to move forward with a public outreach plant 

 
• 2017 – need more baseline/pre-treatment work 

 
 
Several closing comments by panelists: 
 



Mike Meeuwig suggested establishing quantifiable goals. I.e., number of stream miles by X date. 
He also expressed that he favors the idea of a phased approach to the basin treatment. 
 
Joe Benjamin emphasized that the TAC celebrate milestones, document process and successes. 
 
Nolan Banish agreed, noting that it’s important to document the process.  This is particularly 
important for staff turnover.  Nolan stated that the workshop was valuable to him particularly 
because he’s investigating a lot of the same stuff in the Klamath Basin and, as noted in Chris’ 
recovery plan presentation, the Klamath Recovery Unit needs 7 more local populations to 
achieve recovery goals. 
 
Meeting Adjourned 
 
 
Nik Zymonas sent in the following “closing comments” based on thoughts he had on the drive 
home from the workshop.  Chris Allen asked if they could be incorporated into the notes and Nik 
provided his okay for that.   
 
Post-script from Nik: 
 
Ideal situation is that the entire watershed can be treated, all brookies permanently removed.  
But… 
  
1) Is that likely to be successfully accomplished?  If that is not possible/likely (due to incomplete 
effectiveness of piscicides, high degree of accessibility and possible angler re-introduction), then 
the project needs to be parted out.  I’m sure that treatment could minimize the brookie 
population in the entire watershed for some period of time, and it seems likely that treatment 
could eliminate brookies entirely from some of the upper reaches.  
  
2) It would be helpful to have the bull trout life history spatiotemporally delineated: where is the 
critical spawning and rearing habitat?  
  
3) It would be helpful to specifically identify the conservation needs for long-term persistence 
(how many individuals in how many populations, what level of interchange). 
  
Here’s my strawman for a minimal conservation scenario: 
- Establish permanent spawning/early rearing reserves for pure bull trout, treating the upper 
reaches and establishing barriers to prevent brookies from moving upstream: 
- Big Cr (Meadow Fk), establish a barrier somewhere below Corral Basin Cr.  This is the 
stronghold population. 
- Lake Cr, establish barrier near head of Logan Valley 
    …this one seems risky because of human activity…may be better to move barrier above the 
campground (again, where is the necessary spawning habitat?); 
- Bosonberg Cr, establish barrier at head of valley…seems like an easy place to establish 
another relatively small bull trout reserve; 



- Summit Cr. – Given the grazing/habitat issues, start with a small population in the upper 
reaches.  The fact that this stream is set off from the others makes it attractive as potential 
insurance for long-term persistence.   
  
- Provide some opportunity for upstream passage at barriers, minimally in mid-August to mid-
September.  Temperature data indicates that downstream water cools down by late August 
enough that mature adults residing somewhere downstream of the barriers could move up in 
their drive to spawn…and those are the most important fish to move up.  Either run traps or 
conduct active capture events near the barriers (e.g., night-snorkeling or electrofish into trapnet 
once a week or so).  Potentially put barriers at sites with sufficient length of stream below having 
cool enough water for subadult /adult bull trout to survive the summer (maybe a few hundred 
meters or more).  Capturing and tagging (radio or PIT) bull trout in the main stem upper 
Malheur could be useful to identify movements of ‘migratory’ fish and any potential transport 
needs or other management issues. 
  
- Given these bull trout spawning/early rearing reserves, the hybridization and early rearing 
competition/predation threats posed by brookies could be essentially eliminated from some 
critical habitat and the pressure on these populations greatly alleviated.  Bull trout abundance 
should increase substantially in response. 
  
- Then, evaluate what else is needed and feasible. 
  
- I would think that some genetics-based work (and additional abundance data) should precede 
making any decisions on translocations.  If necessary, I would think that the priority would be to 
use the most local source possible (especially since there are existing populations there) and 
avoid captivity. 
  
Of course, reality may intervene, and there are probably substantial holes in my understanding 
of the situation. 
 
-Nik 
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Abstract Hybridization with introduced species repre-

sents a serious threat to the persistence of many native fish

populations. Brook trout (Salvelinus fontinalis) have been

introduced extensively throughout the native range of bull

trout (S. confluentus) and hybridization has been docu-

mented in several systems where they co-exist and is seen

as a significant threat to the persistence of bull trout pop-

ulations. We identified a group of diagnostic microsatellite

loci to differentiate bull trout and brook trout and then used

these loci to examine the spatial distribution of hybrids in

the Malheur River basin, Oregon USA. In random samples

of approximately 100 fish from each of three creeks we

identified 181 brook trout, 112 bull trout and 14 hybrids.

Although bull trout, brook trout and hybrids were found in

all three creeks, they were not evenly distributed; brook

trout were primarily found in the lower sections of the

creeks, bull trout further upstream, and hybrids in the areas

of the greatest overlap. One creek with a population of

brook trout in a headwater lake provided an exception to

this pattern; brook trout were found distributed throughout

the creek downstream of the lake. Several post-F1 hybrids

were identified suggesting that hybrids are reproducing in

the Malher River Basin. Mitochondrial DNA analysis

indicated that both female bull trout and brook trout are

involved in hybridization events. Analysis of population

structure suggested that brook trout have established mul-

tiple spawning populations within the Malheur system.

Data presented in this study suggest that relative abundance

of brook trout and habitat quality are important factors to

consider when evaluating the threat of hybridization to bull

trout populations.

Keywords Hybridization � Bull trout � Brook trout �
Introgression � Salvelinus

Introduction

Hybridization with nonnative species poses a serious risk of

extinction for many native species (Rhymer and Simberloff

1996). Among fish species, hybridization between native

and nonnative species has been documented within several

families (Scribner et al. 2001). Hybridization among fishes

raises several concerns, especially in instances where one

(or both) of the species involved is a species of conservation

concern. For example, the formation of hybrid swarms

between westslope cutthroat trout (Oncorhynchus clarkii

lewisi) and introduced rainbow trout (O. mykiss) and

Yellowstone cutthroat trout (O. c. bouvieri) has been

responsible for the loss of several westslope cutthroat trout
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populations (Leary et al. 1995). The threat of hybridization

between native and nonnative salmon and trout is of par-

ticular concern; many species have been widely introduced

outside of their native range and are now in contact with

historically isolated but closely related native species

(Allendorf et al. 2001).

Bull trout (Salvelinus confluentus) and brook trout

(Salvelinus fontinalis) are two species of salmonids that

evolved allopatrically and frequently hybridize when they

occur sympatrically. Previous analyses of mitochondrial

DNA have demonstrated 4–7% sequence divergence

between these two species (Grewe et al. 1990; Taylor et al.

1999). Bull trout are native to northwestern North America,

historically ranging from northern California to the Yukon

Territory and from the Pacific Coast as far inland as the

headwaters of the Saskatchewan River (Cavender 1978;

Hass and McPhail 1991). Bull trout have experienced

substantial declines in abundance throughout their native

range and they are currently listed as threatened in the

United States under the US Endangered Species Act (US

Fish and Wildlife Service 1999). Brook trout are native to

eastern North America, historically ranging from Eastern

Manitoba, Ontario, Minnesota and Iowa to the Atlantic

Coast (MacCrimmon and Campbell 1969). Since the late

1800s brook trout have been introduced extensively outside

their native range. As a result of these introductions brook

trout have established naturalized populations throughout

the native range of bull trout (MacCrimmon and Campbell

1969). In systems where the two species co-occur, bull

trout typically occupy headwater habitats while brook trout

typically occupy habitats further downstream with some

overlap taking place (Paul and Post 2001; Rieman et al.

2006). When brook trout are introduced into headwater

lakes, they are often found more widely dispersed

throughout a stream (Adams et al. 2001).

Hybridization between bull trout and brook trout has

been documented in several watersheds where the two

species co-occur (Leary et al. 1993, 1995; Kitano et al.

1994; Kanda et al. 2002) and is seen as a major threat to the

persistence of bull trout populations (Rieman et al. 1997).

The degree of hybridization between the two species varies

among watersheds (Leary et al. 1995; Kanda et al. 2002).

Genetic studies utilizing allozyme markers indicated the

majority of bull 9 brook hybrids appeared to be first

generation (F1) and suggested that bull 9 brook hybrids

were mostly sterile (Leary et al. 1993, 1995). More recent

evidence from nuclear DNA markers has revealed

increased numbers of post-F1 hybrids (F2 and backcrossed

fish) although F1 hybrids still appear to be the dominant

class (Kanda et al. 2002).

Previous studies of hybridization between bull trout and

brook trout focused primarily on genetic species identifi-

cation of individuals identified in the field as hybrids and

did not address the extent of hybridization in specific

streams or the spatial distribution of bull trout, brook trout

and hybrids in those streams. Recent studies of hybridiza-

tion between other native and introduced salmonids have

demonstrated that oftentimes the pattern of hybridization

within a stream network is not random and that the extent

of hybridization within a stream can be influenced by a

number of biotic and abiotic factors (Weigel et al. 2003;

Bettles et al. 2005; Rubidge and Taylor 2005; Boyer et al.

2008; Gunnell et al. 2008). Given these results, a more

thorough examination of the spatial patterns of hybridiza-

tion between bull trout and brook trout is warranted.

Information on spatial patterns of hybridization will be

important for identifying systems that may be more vul-

nerable to invasion by brook trout as well as guiding

management actions (e.g. placement of barriers, selective

removal of brook trout, habitat restoration) for protection

or restoration of habitats and local populations of bull trout.

We studied patterns of hybridization between native bull

trout and nonnative brook trout in the Malheur River basin

in Eastern Oregon, USA. Recent bull trout population

surveys in the upper Malheur River documented a number

of individuals with intermediate phenotypic characteristics

suggesting that hybridization is occurring in this river

system. Given the concerns associated with bull trout

hybridization, we wished to investigate the degree of

hybridization in this system. There were two main objec-

tives of this study. First, we wanted to identify a suite of

nuclear microsatellite DNA markers that could be used to

distinguish bull trout and brook trout and identify hybrids

between the two species. Genetic confirmation of species

identification will be useful for verifying the phenotypic

characteristics that were used to perform species identifi-

cation at the time of capture. Secondly, we wanted to use

these markers to examine the spatial patterns of hybrid-

ization in three tributaries within the Malheur River Basin.

Specifically, we were interested in determining the relative

abundance of bull trout, brook trout and hybrids and

whether the two species constitute separate populations or

if there is random mating among the two species. Results

of this work will be important for identifying areas where

hybridization is most prevalent and establishing manage-

ment and conservation strategies to benefit bull trout.

Methods

Study location

The Malheur River is a tributary to the Snake River in

Eastern Oregon (Fig. 1). There are two populations of bull

trout in the Malheur River; one in the headwaters of the

North Fork Malheur River and one in the headwaters of the
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upper Malheur River. Both of these populations are located

above impassable dams and therefore isolated from one

another. Brook trout are thought to have been introduced

into the Malheur River system in the 1930s (Schwabe et al.

2004). Presently, naturalized populations of brook trout

exist above a waterfall that prevents all upstream move-

ment in Lake Creek, a tributary to the upper Malheur River,

and in High Lake, the headwaters for Lake Creek (Fig. 1).

These two areas are thought to provide a periodic source of

brook trout recruitment for downstream habitat within the

upper Malheur River. Recently, fish with intermediate

phenotypic characteristics to those of bull and brook trout

have been observed in tributaries of the upper Malheur

River suggesting that hybridization between native bull

trout and introduced brook trout may be occurring (Markle

1992; Schwabe et al. 2004).

Previous population assessments in the upper Malheur

River Basin have documented local populations of bull

trout in Big Creek, Meadow Fork (a tributary of Big

Creek), and Lake Creek (Fig. 1) with both resident and

migratory individuals observed (Bowers et al. 1993;

Schwabe et al. 2004). Historically bull trout were also

observed in Snowshoe Creek but the species was extirpated

from this tributary following a wildfire in 1989 and now

only brook trout are observed. Radio telemetry has shown

that migratory adult bull trout collected downstream of

spawning areas in the upper Malheur River primarily uti-

lize the Big Creek system for spawning (Big Creek and

Meadow Fork; Schwabe et al. 2001; Fenton et al. 2006). It

is suspected that bull trout in Lake Creek are primarily

resident fish that are isolated due to current land use

practices. Bowers et al. (1993) identified the lower reaches

of Lake Creek as a potential thermal barrier to fish passage

and irrigation water withdrawals also affect summer rear-

ing bull trout in Lake Creek and disrupt migratory con-

nectivity (Fenton et al. 2006). Recent population surveys

found that bull trout outnumbered brook trout 15:1 in

Meadow Fork, and a small number of hybrids were

believed to be present. In Lake Creek however, brook trout

are the dominant species outnumbering bull trout 8:1.

Hybrids are believed to be much more prevalent in Lake

Creek (Schwabe et al. 2004).

Sample collection

In order to identify a suite of markers that would distin-

guish bull trout and brook trout, we collected a total of 100

‘learning samples’: 33 fish that were identified in the field

as bull trout, 33 fish that were identified in the field as

brook trout and 34 fish that were identified in the field as

Fig. 1 Study location; the

Malheur River Basin, Oregon

USA. A Shows the location of

the Malheur River in Oregon. B
Shows the location of the upper

Malheur River where samples

for this study were collected. C
shows the location of the upper

Malheur tributaries that were

sampled for this project
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putative hybrids. These fish were all collected from Lake

Creek. Samples were collected via electrofishing during

July 2003 and field biologists identified species using basic

phenotypic observations:

Bull trout—bright spotting on a dark back with clear or

uniform colored dorsal fin

Brook trout—light green or creamy wavy lines on back

with banding present on dorsal fin

Putative hybrid—white spotting present on dorsal fin

that extends up C50% of the total height of the dorsal fin

or bright spotting on a dark back with banding present

on dorsal fin

We also collected bull trout and brook trout from areas

where the two species were allopatric. Thirty bull trout

were collected from the upper North Fork Malheur River

(Fig. 1) and 30 brook trout were collected from South Pine

Creek, in northeastern Iowa, USA.

To examine the spatial patterns of hybridization in the

Malheur River Basin we collected approximately 100 fish

from each of three creeks: Lake Creek (n = 108), Big

Creek (n = 95) and Meadow Fork (n = 111) (Fig. 1).

Each creek was divided into an equal number of sites that

represented the lower, middle and upper reaches. Sampling

start locations were determined by public ownership of

land. From the start location, 50 m sites were measured and

sampled. One-hundred percent of the wetted channel was

sampled upstream of the start location. In this case, sam-

pling efforts did not target specific numbers of pure bull

trout, pure brook trout or putative hybrids, but rather rep-

resented a random collection of the Salvelinus sp. present

in each reach of the creeks sampled. A minimum of 30 fish

was collected from each reach. In Big Creek, the lower

reach was 600 m longer than the middle and upper reaches

in order to obtain the minimum requirement of 30 fish per

reach. Individuals were collected via electrofishing during

July and August 2003 and 2004. Fin clips were taken from

all fish collected and preserved in 100% non-denatured

ethanol.

Laboratory analyses

We first extracted DNA from the 100 learning samples from

Lake Creek, the 30 bull trout from the North Fork Malheur

and the 30 brook trout from Pine Creek using a Chelex 100

(Sigma Chemical Co.) resin solution as described by Miller

and Kapuscinski (1996). We screened a total of 46 micro-

satellite markers developed in bull trout, brook trout, rain-

bow trout (O. mykiss) and Dolly Varden (S. malma) to

identify loci that appeared to distinguish bull trout and

brook trout and identify hybrids (Online Appendix). PCR

reactions were carried out in 15 ll volumes containing 1X

PCR buffer (10 mM Tris–HCl, 50 mM KCl, 1% Triton

X-100), 0.2 mM dNTPs, 0.5 lM forward and reverse pri-

mer, 1.5 or 2.0 mM MgCl2, and 0.2 U of Taq DNA poly-

merase (Promega Co.). PCR conditions were as follows: an

initial DNA denaturation at 94�C for 3 min, followed by 38

cycles of 94�C for 30 s, 30 s at the primer specific annealing

temperature, and extension at 72�C for 30 s, and a final

annealing and extension at 72�C for 7 min.

Following PCR amplification, reactions were pooled and

automated electrophoresis was carried out on an ABI

3130xl Genetic Analyzer (Applied Biosystems Inc., Foster

City California) using the GeneScan-500LIZ size standard

(Applied Biosystems, Inc.). Electropherograms were ana-

lyzed and genotypes were determined for each individual at

each locus using the program GENEMAPPER v4.0

(Applied Biosystems, Inc.). We examined the quality of

amplification, the distribution of alleles and the allele fre-

quencies for all 46 loci and selected a group of loci that

consistently amplified in both species and showed no

overlap in allele size between species (i.e. diagnostic

markers).

We then extracted DNA from the individuals collected

in each of the three creeks to analyze the spatial patterns of

hybridization. DNA was extracted from all samples using

the Chelex method described above. All samples were then

genotyped following the procedures described above using

a sub-set of 11 loci we identified to distinguish the two

species (see Appendix 1 for PCR conditions). The use of

multiple microsatellite loci allowed us to classify hybrid

individuals as either F1 hybrids, later generation hybrids

(e.g. F2) or as backcrossed individuals with either of the

two parental species.

In addition to microsatellite DNA markers, we also

amplified a region of the mitochondrial cytochrome B gene

for all fish identified as hybrids to determine the direction

of hybridization. PCR reactions for mtDNA analysis were

conducted in 15 ll volumes and contained 1X PCR buffer

(10 mM Tris–HCL, 50 mM KCl, 1% Triton X-100),

0.5 mM dNTPs, 0.5 lM of forward primer 765F (Brown

and Thorgaard 2002), 0.5 lM of reverse primer 766R

(Brown and Thorgaard 2002), 2.5 mM MgCl2, and 0.2 U

of Taq DNA polymerase (Promega Co.). PCR conditions

were as follows: 38 cycles of 95�C for 45 s, 54�C for 40 s

and 70�C for 2 min 30 s, followed by a final extension at

72�C for 3 min. PCR products were then digested over-

night with the restriction enzyme Rsa I (New England

Biolabs) according to the manufactures’ instructions.

Fragments were separated on 2% agarose gels stained with

ethidium bromide and visualized using UV light. Fragment

banding patterns produced by each sample were then

compared to samples of known bull trout and brook trout

from allopatric populations to confirm the diagnostic nature

of this marker and to determine the mtDNA lineage for

each hybrid fish. Bull trout produced bands of 550, 400,
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250 and 50 base pairs and brook trout produced bands of

500, 400, 200, and 150 base pairs (Schriever et al. 2004).

To determine our genotyping error rate, 10% of the

samples analyzed plus all individuals genetically identified

as hybrids were re-analyzed (i.e. DNA was re-extracted and

samples were re-genotyped). A total of 95 samples were

re-analyzed for error analysis.

Statistical analyses

We used a simple hybrid index (Campton and Utter 1985;

Rubidge and Taylor 2004) to classify individuals as pure

bull trout, pure brook trout or bull trout 9 brook trout

hybrids. For each individual the number of brook trout

alleles present was summed and divided by the total

number of alleles. Individuals possessing all bull trout

alleles (hybrid index score of 0.0) were considered pure

bull trout and individuals possessing all brook trout alleles

(hybrid index score of 1.0) were considered pure brook

trout. Individuals with some combination of both bull trout

and brook trout alleles were classified as hybrids. Indi-

viduals that were heterozygous for a bull trout and a brook

trout allele at each locus were considered to be first gen-

eration (F1) hybrids (hybrid index score 0.5). Individuals

that possessed both bull trout and brook trout alleles and

had at least one locus that was homozygous for each

parental genotype were considered later generation hybrids

(Fn). Individuals that possessed both bull trout and brook

trout alleles and had loci that were homozygous for only

one of the parental species were considered backcrosses

with the parental species (BC_Brook or BC_Bull). These

methods were used to classify all of the learning samples as

well as the random collections from the three creeks.

For the random collections from each creek, we con-

ducted a chi-squared contingency table analysis to deter-

mine if bull trout, brook trout and hybrids were evenly

distributed among the three sections of each creek. Because

very few individuals of a certain class were observed in

some sections of the three tributaries (e.g. 1 hybrid

observed in upper Meadow Fork), we performed a Fisher

exact test to determine if there were significant differences

in species distribution among the three sections of each

creek (Zar 1999). We used tests for gametic disequlibrium

to determine if the sample of fish from each creek repre-

sented multiple spawning populations or if a single Salv-

elinus mating population was present in each creek. Forbes

and Allendorf (1991) suggest hybridized populations con-

taining two distinct spawning populations (e.g. bull trout

and brook trout) should show evidence of gametic dis-

equilibrium at a high number of loci whereas hybridized

populations containing a single mating population (i.e.

hybrid swarm) should not show evidence of gametic

disequlibrium. Tests for gametic disequilibrium were

conducted using the program GENEPOP v4.0 (Raymond

and Rousset 1995) and significance values were adjusted

for multiple comparisons using a Bonferroni adjustment

(Rice 1989).

Although a self sustaining population of brook trout

exists in High Lake and Lake Creek, it was unclear if the

other two creeks contained additional brook trout spawning

populations or if brook trout collected in Big Creek and

Meadow Fork were individuals that originated in Lake

Creek. We used the Bayesian clustering method of

STRUCTURE v2.2 (Pritchard et al. 2000) to investigate

the population structure of brook trout in the upper Mal-

heur system. We applied the admixture model that assumes

gene flow among populations and allows for correlations of

allele frequencies across clusters. This admixture model

assigns a proportion of each individual’s genome to each of

the clusters pursuing solutions that maximize Hardy–

Weinberg equilibrium (HWE) and linkage equilibrium

within clusters. Using data from all individuals collected

during the random sampling efforts that were genetically

identified as pure brook trout, 20 replicated unsupervised

STRUCTURE runs were performed for each K from 1 to 7.

All runs had a burn-in of 30,000 iterations followed by

100,000 iterations. We used the method of Evanno et al.

(2005) to infer the correct value of K for the dataset.

Evanno et al. (2005) suggested that the method of Pritchard

et al. (2000) often leads to an over estimate of K and

recommended using the second order rate of change

between K and K ? 1 clusters, Delta K, as a more effective

identifier of the correct K for the dataset.

The symmetric similarity coefficient (SSC) was used to

determine the similarity of outcomes among the 20 repli-

cate STURUCTURE runs for each K. Using the LargeK-

Greedy algorithm of CLUMPP (Jakobsson and Rosenberg

2007) with 1,000 random input sequences we determined

the number of distinct modes among the 20 runs at each K

by grouping pairs of runs that had a SSC [0.9. Graphical

displays of STRUTURE results were generated based on

each individual’s mean membership in each cluster over

the replicate runs.

Following the STRUCTURE analysis, brook trout were

grouped into one of three putative clusters (the most likely

outcome of the STRUCTURE analysis; see below) based on

the cluster they had the greatest level of ancestry from (i.e.

maximal q value). Putative clusters were tested for confor-

mance to HWE expectations using an exact test imple-

mented in the program GENEPOP and significance values

were adjusted for multiple comparisons using a sequential

Bonferroni adjustment (Rice 1989). We estimated measures

of genetic variation including mean number of alleles per

locus and expected and observed heterozygosity within each

putative brook trout population using the program FSTAT

v2.9.3.2 (Goudet 2001). To account for differences in
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samples size among brook trout populations, we also used

FSTAT to estimate allelic richness based on a minimum

sample size of 49 individuals. We conducted Wilcoxon’s

signed rank tests (Zar 1999) to test for significant differences

in allelic richness and expected and observed heterozygosity

among the putative clusters. FSTAT was also used to esti-

mate the overall level of genetic variation among clusters

and the associated 95% confidence level based on 1,000

bootstrap replicates as well as the level of genetic variation

among pairs of clusters (FST; Weir and Cockerham 1984).

The microsatellite markers used in this study were

chosen for their ability to distinguish bull trout and brook

trout and most of the loci chosen showed little variability

within bull trout (Appendix 1). Because of this we did not

perform a STRUCTURE analysis to determine the number

of bull trout populations present in the upper Malheur

River.

Results

Error analysis

A total of 95 samples were re-analyzed for the error

analysis. When we excluded missing genotypes due to

failed PCR, we found 67 alleles that did not match between

the original genotype and the error analysis genotype

resulting in an overall error rate of 3.3%. Approximately

33% of these errors were due to allele dropout and 67%

were due to genotyping errors. The majority of the geno-

typing errors occurred in two individuals. These two fish

were removed from subsequent analyses. Re-genotyping

confirmed the genotypes and classifications of all hybrid

individuals.

Selection of loci and analysis of learning samples

Of the 46 microsatellite loci screened, we selected a subset

of 11 loci that were easily amplified and scored and

exhibited diagnostic differences between bull trout and

brook trout (i.e. no overlap in the distribution of alleles).

Diagnostic differences were consistent across allopatric

and sympatric sampling areas. Our set of loci included:

Omm1128, Sco102, Sco104, Sco202, Sco204, Sco215,

Sco216, Sco217, Sco218, Sfo18 and SfoC88 (see Appendix

1 for PCR conditions and measures of diversity). Six of the

learning samples failed to amplify at more than five loci

and were excluded from further analysis. Using these loci

we identified 26 pure bull trout and 35 pure brook trout in

the group of learning samples. The remaining 33 individ-

uals had a combination of bull trout and brook trout alleles,

indicating that hybridization was indeed taking place in

Lake Creek. Several of the learning samples had hybrid

index scores consistent with backcrossed individuals and

later generation hybrids (Fig. 2) and examination of the

genotypes of these individuals confirmed the presence of

Fn hybrids (hybrid index score 0.71), BC_Brook (hybrid

index scores 0.68–0.90) and BC_Bull (hybrid index scores

0.22–0.40).

Of the 33 fish that we identified as hybrids in the group

of learning samples, 24 were identified as F1 hybrids, five

of which had brook trout mtDNA genotypes and 19 of

which had bull trout mtDNA genotypes. Two of the

learning samples were identified as a backcross with a bull

trout and both of these fish had bull trout mtDNA geno-

types. Six of the learning samples were identified as a

backcross with a brook trout and all six had brook trout

mtDNA genotypes. One of the learning samples was

identified as a later generation hybrid and this individual

had brook trout mtDNA. Analysis of the allopatric bull

trout and brook trout samples confirmed that the mtDNA

marker was diagnostic between the two species.

Overall we found that the field identification based on

the phenotypic characteristics described above corre-

sponded to the genetic identification 89% of the time. All

of the brook trout in the group of learning samples were

correctly identified as brook trout in the field. Of the 31 fish

we analyzed that were identified in the field as bull trout,

25 were genetically identified as bull trout and 6 of them

were genetically identified as hybrids. Four of these six

hybrids were identified as F1s and the remaining two were

identified as BC_Bull. Of the 31 fish we analyzed that were

identified in the field as hybrids, 27 of them were geneti-

cally identified as hybrids (F1 and post-F1), four were

genetically identified as brook trout and one was geneti-

cally identified as a bull trout. In summary, 100% of the

brook trout were correctly identified in the field, 80% of the

bull trout were correctly identified in the field and 87% of

the hybrids were correctly identified in the field.

Spatial distribution of species

Two samples from each creek failed to amplify and were

excluded from further analysis. When we examined the

species distribution in each of the three creeks, genetic

analyses showed that brook trout, bull trout and hybrids

were present in all three of the creeks surveyed. In Lake

Creek the majority of the fish sampled (89 out of 106) were

genetically identified as brook trout and their distribution

was nearly equal among the 3 sections of the creek. Bull

trout and hybrids were only found only in middle and upper

Lake Creek Lake, however (Table 1; Fig. 3). The greatest

number of hybrids (n = 10) was observed in Lake Creek.

The majority of the fish sampled in Big Creek were

genetically identified as brook trout (74 of 93). Unlike

Lake Creek, the majority of the brook trout in Big Creek
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were found in the lower and middle sections. There were

18 bull trout in Big Creek, 16 of which were found in the

upper section. One fish from upper Big Creek was genet-

ically identified as a hybrid (Table 1; Fig. 3). The majority

of the fish sampled in Meadow Fork were genetically

identified as bull trout (100 of 109) and were distributed

nearly equally among the three sections of the creek

(Table 1; Fig. 3). Six fish in Meadow Fork were geneti-

cally identified as brook trout and three fish were geneti-

cally identified as hybrids (Table 1; Fig. 3).

Of the 14 fish identified as hybrids in our random sample

of the three creeks, five were classified as F1 (one from

Meadow Fork, four from Lake Creek), six were classified

as Fn (two from Meadow Fork, four from Lake Creek) and

three were classified as BC_Brook (one from Big Creek,

two from Lake Creek; Fig. 3). All of the F1 hybrids had

bull trout mtDNA, three of the Fn hybrids had bull trout

mtDNA and three had brook trout mtDNA and all of the

BC_Brook hybrids had brook trout mtDNA.

Chi-squared contingency table analysis revealed a non-

uniform distribution of species classes (bull, brook, hybrid)

among the three sections (lower, middle, upper) of all three

creeks surveyed (Table 1). In each of the three creeks we

observed the following number of locus pairs (out of 55)

that showed evidence of gametic disequilibrium: Big Creek

52 pairs of loci, Meadow Fork 53 pairs of loci, and Lake

Creek 22 of pairs of loci (P \ 0.001).

Five clusters (i.e., K = 5) had the highest mean proba-

bility in the brook trout STRUCTURE analysis (LnP(D) =

-5,253.94). However, estimates of DK indicated that a K

of 3 (DK = 8.82) was the appropriate value for the number

of brook trout clusters with a second most likely K of 4

(DK = 4.60). We plotted proportional membership for

individuals assuming a K of 3 (Fig. 4). Results for the 20
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Fig. 2 Hybrid index scores for

94 learning samples collected in

Lake Creek. A score of 0.0
indicates that an individual is a

pure bull trout and a score of 1.0
indicates an individual is a pure

brook trout. The distribution of

scores suggests that

hybridization does occur and

does proceed beyond the F1

generation

Table 1 Chi-squared contingency table analysis of the spatial distribution of bull trout, brook trout and hybrids for each of the three Malheur

River tributaries

Lake Creek* Big Creek*** Meadow Fork*

Bull Brook Hybrid Bull Brook Hybrid Bull Brook Hybrid

Lower 0 (2.11) 32 (26.87) 0 (3.02) 1 (6.19) 31 (25.46) 0 (0.34) 25 (28.70) 4 (1.44) 2 (0.86)

Middle 3 (2.58) 32 (32.75) 4 (3.68) 1 (6.19) 31 (25.46) 0 (0.34) 35 (33.33) 1 (1.67) 0 (1.00)

Upper 4 (2.31) 25 (29.39) 6 (3.30) 16 (5.61) 12 (23.08) 1 (0.31) 40 (37.96) 1 (1.90) 1 (1.14)

In each cell the first value represents the observed number of each type and the value in parentheses represents the expected values. Significance

levels were evaluated using a Fisher’s exact test

* P \ 0.05; *** P \ 0.0001
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replicate STRUCTURE runs with K = 3 showed a high

degree of consistency (SSC = 0.968). Brook trout with

membership to cluster 1 were found almost exclusively in

Lake Creek. Individuals with membership to cluster 2 were

found in all sampling locations. Fish with membership to

cluster 3 were found primarily in Big Creek/Meadow Fork

and to a lesser extent in the lower section of Lake Creek

(Fig. 4).

When brook trout were grouped into three putative

clusters, all three clusters conformed to HWE expectations

at all loci. Estimates of variation within the three clusters

were similar (Table 2) and we observed no significant

differences in any of these measures among the three

clusters (Wilcoxon’s signed rank tests P [ 0.05). The

overall level of genetic variation among brook trout clus-

ters (i.e. FST) was 0.055 (95% CI 0.029–0.083). We

observed the greatest amount of genetic divergence among

clusters 1 and 3 (FST = 0.064; P \ 0.05) and the least

amount of divergence among clusters 2 and 3 (FST =

0.046; P \ 0.05). The level of divergence among clusters 1

and 2 was 0.055 (P \ 0.05).

Discussion

Genetic markers have been used to document hybridization

between bull trout and brook trout in multiple river systems

where the two species co-occur (Leary et al. 1993, 1995;

Spruell et al. 2001; Kanda et al. 2002). While some earlier

studies were limited by the number and types of markers used

(e.g. allozymes, Leary et al. 1993; PINES, Spruell et al. 2001),

the use of multiple microsatellite loci in this study allowed us

not only to identify individuals with hybrid ancestry, but also

to classify individuals as F1, backcross and later generation

hybrids, and determine the extent of hybridization in the

upper Malheur River. Our analyses demonstrated that

hybridization does proceed beyond the F1 generation in the

upper Malheur River. Furthermore mtDNA analyses of F1

and Fn hybrids suggest that hybridization events involve both

male and female bull trout. Although the two species co-occur

in each of the three streams we surveyed, in our random

sample from the three streams we documented relatively few

hybrids overall (14 hybrids out of 307 fish analyzed) and the

species appear to remain genetically distinct.

Fig. 3 Spatial distribution of bull trout, brook trout and hybrids in the Malheur River system. Horizontal lines through the streams show the

approximate boundaries of the different sampling strata (lower, middle, upper). The number of fish sampled in each strata can be found in Table 1
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Identification and classification of hybrids

Our analyses showed that there was a high correlation

between phenotypic (field) and genetic methods of species

identification. Among the learning samples from Lake

Creek, we found that the genetic identification corre-

sponded to the field identification 89% of the time. This

suggests that the criteria established for identifying the

different species in the Malheur River Basin are fairly

accurate. It is important to consider, however, that this study

only tested these identification criteria in the Malheur River

Basin and the same criteria may not be as effective when

dealing with bull trout and brook trout in other geographic

locations. For example, Baumsteiger et al. (2005) found that

the percentage of cutthroat trout, steelhead trout and hybrids

correctly classified in the field varied substantially among

three watersheds where these two species were sympatric.

Hybridization among members of the genus Salvelinus

is not uncommon (Hammar et al. 1991; Wilson and Hebert

1993; Baxter et al. 1997). While the majority of hybrids

documented among Salvelinus have been F1s, post-F1

hybrids have been produced for aquaculture (Anderson and

Collins 1995) and observed in the wild (Baxter et al. 1997).

Previous studies of bull trout 9 brook trout hybridization

documented primarily F1 hybrids between these two spe-

cies (Leary et al. 1993, 1995). Although post-F1 hybrids

have been documented (Kanda et al. 2002), it has been

suggested that the majority of the bull trout 9 brook trout

hybrids are sterile (Leary et al. 1995). Between the learning

samples and the random samples from each of the three

creeks, we identified 47 fish with hybrid ancestry, 18 of

which were identified as post-F1. These data indicate that a

number of hybrids in the Malheur River system are capable

of successful reproduction.

Oftentimes hybrids express phenotypic characteristics

that are intermediate to those of the parental species;

however, this is not always the case, especially for post-F1

hybrids (Rhymer and Simberloff 1996; Allendorf et al.

2001). Previous studies that examined hybridization

between bull trout and brook trout focused on the genetic

identification of fish phenotypically identified as hybrids

and documented primarily F1 hybrids (Leary et al. 1993,

1995). The fact that our collection efforts targeted not only

individuals with intermediate phenotyes but also pheno-

typic bull trout and brook trout is one possible explanation

for the increased number of post F1 hybrids we observed.

A number of post-F1 hybrids in this study were mistakenly

identified in the field as one of the parental species. Col-

lection efforts that specifically targeted fish with interme-

diate phenotypes may have missed post-F1 hybrids that

phenotypically resembled one of the parental species.

Based on our data, it seems that to truly understand the

Upper Lower LowerMiddle Middle Upper

Lake Creek Big Creek 

Meadow
Fork

Fig. 4 Output from the program STRUCTURE assuming three

(K = 3) populations of brook trout in the upper Malheur River

system. Each vertical bar on the graph corresponds to an individual

and the different shaded regions represent the proportional member-

ship in each of the three clusters. Individuals are grouped by sampling

locations and sampling locations are arranged with increasing

distance from High Lake (at the headwaters of Lake Creek), the

original source of brook trout introduction. Because only five brook

trout were observed in Meadow Fork, they were combined into a

single group on the graph

Table 2 Estimates of genetic variation (based on 11 microsatellite

loci) within the three upper Malheur brook trout clusters identified by

the program STRUCTURE

Cluster n A AR Hexp Hobs

1 62 6.909 6.662 0.605 0.612

2 56 7.273 7.194 0.664 0.663

3 50 6.909 6.884 0.656 0.648

Mean 7.030 6.913 0.642 0.641

n Number of individuals; A Mean number of alleles per locus; AR

Allelic richness based on a minimum sample size of 49 individuals;

Hexp Heterozygosity expected; Hobs Heterozygosity observed
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extent and degree of hybridization in a population, it is best

not to limit collections only to individuals that phenotyp-

ically appear to be hybrids.

The increased number of post-F1 hybrids we observed

in this study may also be related to the sheer abundance of

brook trout in the upper Malheur system, specifically in

Lake Creek. Recent population surveys found that brook

trout outnumber bull trout in Lake Creek by a ratio of 8:1

(Schwabe et al. 2004), presumably due to periodic down-

stream recruitment from a population of brook trout in a

headwater lake. Given the abundance of brook trout and

the paucity of bull trout in Lake Creek, spawning oppor-

tunities for bull trout would likely favor hybrid matings and

backcrosses. It is worth noting that Lake Creek was the

only location where we observed individuals classified as

BC_Bull and the learning samples also contained a number

of BC_Brook. In a study of hybridization in five streams in

Montana, Kanda et al. (2002) also observed greater num-

bers of post-F1 hybrids in a stream where brook trout

significantly outnumbered bull trout.

Spatial distribution of species

In our random sample of 307 fish from the three creeks, we

found that bull trout, brook trout and hybrids were present

in all three creeks; however we observed only 14 hybrid

individuals total, the majority of which came from Lake

Creek. Although brook trout have been present in the

Malheur River system for over 70 years, these data suggest

that although the two species co-occur in all three creeks,

some isolating mechanism(s) exists that allow the two

species to maintain their genetic integrity and distinctive-

ness. The greatest overlap between the two species was in

upper Big Creek where we observed 16 bull trout and 12

brook trout yet only one hybrid. The substantial number of

loci that were out of gametic equilibrium in each creek

provides further evidence that separate spawning popula-

tions exist in these three creeks; i.e. we observed no evi-

dence of a hybrid swarm. These results were similar to

those of Leary et al. (1995) and Kanda et al. (2002) who

also found that overall the two species appear to maintain

their genetic distinctiveness when they co-occur.

Spatial segregation of species in different habitats may

facilitate a degree of reproductive isolation between non-

native brook trout and native bull trout. In a study of

sympatric populations of Dolly Varden and bull trout,

Hagen and Taylor (2001) suggested constrained gene flow

between these two species was the result of differential

habitat use. Studies of spatial segregation between bull

trout and brook trout have found when the two species

occur sympatrically, brook trout generally occupy the

lower regions of the stream and bull trout generally occupy

the upper regions (Paul and Post 2001; Rieman et al. 2006).

Contingency table analysis showed that the species were

not equally distributed in any of the three creeks we sur-

veyed. In Big Creek the dominant species shifted from

brook trout in the lower reaches of the stream to bull trout

in the upper reaches. In Meadow Fork the majority of the

brook trout are also found in the lower reaches of the

stream (Table 1; Fig. 3). Bull trout populations are highly

sensitive to temperature (Selong et al. 2001; Dunham et al.

2003) as well as habitat modifications (Rieman et al. 1997;

Baxter et al. 1999) and laboratory studies have found that

brook trout can have a competitive advantage at warmer

temperatures (McMahon et al. 2007; Rodtka and Volpe

2007). The upper reaches of all three streams are located at

higher elevations within a designated wilderness area and

water temperatures and habitat remains relatively pristine,

presumably areas that are more favorable for bull trout.

Recent surveys of the physical stream conditions in the

upper Malheur River basin classified the upper sections of

Big Creek and Lake Creek and all of Meadow Fork as

nearly 100% of historic conditions. Habitat in the lower

reaches of Big Creek was classified as 77% of historic

conditions and habitat in lower Lake Creek was classified

as 65% of historic conditions (Malheur Watershed Council

and Burns Paiute Tribe 2004). Habitat degradation in the

lower reaches of the streams we surveyed is another likely

cause for the species distribution pattern we observed.

The distribution of species in Lake Creek was some-

what different however; although bull trout were found

only in the middle and upper sections (in relatively small

numbers), large numbers of brook trout were also found

in the upper section of the creek (Table 1; Fig. 3). The

difference we observed in the species distribution in Lake

Creek is likely due to a self sustaining population of

brook trout that exists in the headwaters of the creek (i.e.

High Lake; Fig. 1). Adams et al. (2001) found that when

brook trout are introduced into a stream via a headwater

lake and disperse downstream they tend to be more

widely distributed throughout the watershed. Additionally,

habitat in the lower reaches of Lake Creek has been

modified for irrigation and agricultural purposes (Fenton

et al. 2006) and it has been suggested that increased water

temperature in the lower section of Lake Creek acts as a

thermal barrier for migratory bull trout (Bowers et al.

1993). The combination of these factors may be excluding

migratory bull trout from historic spawning grounds in

Lake Creek (Schwabe et al. 2004) and preventing bull

trout spawning necessary to maintain the population in

Lake Creek.

Although High Lake at the headwaters of Lake Creek

was the original source of brook trout in the upper Malheur,

our results indicate the presence of multiple brook trout

populations/clusters within the system. Individuals from

one cluster were found primarily in upper and middle Lake
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Creek (cluster 1), individuals from a second cluster were

found in lower Lake Creek and Big Creek (cluster 2) and

individuals in a third cluster were found primarily in Big

Creek and Meadow Fork (cluster 3; Fig. 4). Levels of

genetic variation among clusters suggested that the least

amount of gene flow occurs among clusters 1 and 3 and

greater levels of gene flow occur among adjacent clusters.

Although we are unaware of physical barriers that would

prevent migration of brook trout among upper Malheur

River tributaries, thermal barriers and degraded habitat in

the lower reaches of Lake Creek that presumably limit bull

trout migration may limit brook trout migrations among

Lake Creek and Big Creek/Meadow Fork as well. Analysis

of brook trout from the original source population in High

Lake will be important to fully understand the pattern of

brook trout invasion and population structure in the upper

Malheur River. Our results illustrate that brook trout in Big

Creek and Meadow Fork are not necessarily migrants from

upper Lake Creek. Conservation efforts aimed at control-

ling brook trout in the system should take into account that

multiple spawning populations are present and not focus

solely on High Lake and upper Lake Creek.

Direction of hybridization

In cases where hybridization is observed between naturally

sympatric salmonids, it is often unidirectional (Redenbach

and Taylor 2003; Baumsteiger et al. 2005; Kozfkay et al.

2007). Previously Kitano et al. (1994) observed smaller,

resident brook trout males ‘‘sneaking’’ fertilizations with

larger, migratory bull trout females. Mitochondrial DNA

data suggest that this behavioral mechanism is not solely

responsible for hybridization in the Malheur River. We

observed F1 and Fn hybrids with both bull trout and brook

trout mtDNA genotypes illustrating that hybridization

proceeds in both directions in the Malheur system. These

results were similar to other studies involving hybridization

between native and introduced salmonids, including bull

trout and brook trout (Kanda et al. 2002; Rubidge and

Taylor 2004; Gunnell et al. 2008). Kanda et al. (2002)

reported that hybridization between bull trout and brook

trout was unidirectional (male brook trout with female bull

trout) in three populations, but they observed reciprocal

hybridization between bull trout and brook trout in another

population that had a higher proportion of brook trout.

When two species evolve separately and behavioral iso-

lating mechanisms are weak, demographic factors seem

to influence the direction of hybridization (Forbes and

Allendorf 1991; Gunnell et al. 2008). The results of our

study and others (Kanda et al. 2002) suggest that this is the

case for bull trout and brook trout hybridization events,

particularly in streams such as Lake Creek where brook

trout significantly outnumber bull trout.

Conservation implications

Bull trout are currently listed as a threatened species under

the United States endangered species act and hybridization

with brook trout is viewed as a major threat to their per-

sistence (US Fish and Wildlife Service 1999). Extinction of

local bull trout populations presumably due to hybridiza-

tion has been documented in systems where large numbers

of brook trout were present (Leary et al. 1993; Kanda et al.

2002). In our survey of Lake Creek, brook trout outnum-

bered bull trout in our random sample by a ratio greater

than 10:1 (89 brook trout vs. 7 bull trout). These numbers

were consistent with previous population surveys in Lake

Creek that found brook trout outnumbered bull trout by a

ratio of 8:1 (Schwabe et al. 2004). We also observed

greater numbers of hybrids in Lake Creek (n = 10) than

the other two streams we surveyed. Given that brook trout

may display a competitive advantage in some cases when

the two species are sympatric (Gunkel et al. 2002;

McMahon et al. 2007), interspecific competition has likely

contributed to the low abundance of bull trout as well. The

likely threats posed by brook trout in Lake Creek suggest

that active measures (e.g. construction of barriers to

exclude brook trout, selective removal of brook trout;

Buktenica 1997) may be needed to ensure long-term per-

sistence of bull trout in this tributary.

In addition to species abundance, there are other

important factors that may influence hybridization between

bull trout and brook trout. Although brook trout were the

predominant species in Big Creek as well, we found only

one hybridized individual in Big Creek and three hybrids in

Meadow Fork. As mentioned above, habitat in the lower

section of Lake Creek has been highly modified and tem-

peratures in sections of Lake Creek are thought to be

unsuitable for bull trout. Although habitat in lower Big

Creek has also been somewhat degraded, upper Big Creek

and Meadow Fork likely provide a refuge for bull trout

where habitat remains relatively pristine and, unlike upper

Lake Creek, few brook trout are present. The persistence of

migratory bull trout has also been recognized as an

important factor for the persistence of bull trout popula-

tions (Northcote 1997; Rieman and Dunham 2000; Nelson

et al. 2002). Although migratory bull trout spawn in Big

Creek and Meadow Fork, they are absent from Lake Creek

presumably due to seasonal thermal barriers downstream of

spawning habitat. In conclusion, the variable pattern of

hybridization we observed in the Malheur River can be

attributed both to differences in the relative abundance of

brook trout and bull trout as well as environmental con-

ditions that may favor one species at the expense of the

other. A clear understanding of these different influences

can help to guide restoration actions to benefit native bull

trout. In the Malheur River, controlling brook trout alone
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may not be sufficient to benefit bull trout. An emphasis on

restoring environmental conditions that favor bull trout

may be equally important over the long-term.
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Abstract: Conservation biologists often face the trade-off that increasing connectivity in fragmented land-

scapes to reduce extinction risk of native species can foster invasion by non-native species that enter via

the corridors created, which can then increase extinction risk. This dilemma is acute for stream fishes, espe-

cially native salmonids, because their populations are frequently relegated to fragments of headwater habitat

threatened by invasion from downstream by 3 cosmopolitan non-native salmonids. Managers often block these

upstream invasions with movement barriers, but isolation of native salmonids in small headwater streams

can increase the threat of local extinction. We propose a conceptual framework to address this worldwide

problem that focuses on 4 main questions. First, are populations of conservation value present (considering

evolutionary legacies, ecological functions, and socioeconomic benefits as distinct values)? Second, are popu-

lations vulnerable to invasion and displacement by non-native salmonids? Third, would these populations be

threatened with local extinction if isolated with barriers? And, fourth, how should management be prioritized

among multiple populations? We also developed a conceptual model of the joint trade-off of invasion and

isolation threats that considers the opportunities for managers to make strategic decisions. We illustrated use

of this framework in an analysis of the invasion-isolation trade-off for native cutthroat trout (Oncorhynchus
clarkii) in 2 contrasting basins in western North America where invasion and isolation are either present

and strong or farther away and apparently weak. These cases demonstrate that decisions to install or remove

barriers to conserve native salmonids are often complex and depend on conservation values, environmental

context (which influences the threat of invasion and isolation), and additional socioeconomic factors. Explicit

analysis with tools such as those we propose can help managers make sound decisions in such complex

circumstances.

Keywords: biological invasions, corridors, habitat fragmentation, isolation, salmonids, stream fish

Invasión versus Aislamiento: Pros y Contras del Manejo de Salmónidos con Barreras al Movimiento Ŕıo Arriba

Resumen: Los biólogos de la conservación a menudo enfrentan el hecho de que el incremento de la conec-

tividad en paisajes fragmentados para reducir el riesgo de extinción de especies nativas puede fomentar

la invasión de especies no nativas que entran v́ıa los corredores creados, lo cual también incrementa el
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riesgo de extinción. Este dilema es agudo para peces de arroyo, especialmente salmónidos nativos, porque

sus poblaciones frecuentemente son relegadas a fragmentos de hábitat amenazado por invasión desde ŕıo

debajo de tres salmónidos no nativos cosmopolitas. Los manejadores a menudo bloquean estas invasiones

con barreras, pero el aislamiento de salmónidos nativos en arroyos pequeños puede incrementar el riesgo

de extinción local. Proponemos un marco conceptual para abordar este problema mundial que enfoca cua-

tro preguntas principales. Primera, ¿hay presencia de especies de valor para la conservación (considerando

legados evolutivos, funciones ecológicas y beneficios socioeconómicos como valores distintos)? Segunda, ¿las

poblaciones son vulnerables a la invasión y desplazamiento por salmónidos no nativos? Tercera, ¿estaŕıan

amenazadas de extinción local estas poblaciones śı se aı́slan con barreras? Y, cuarta, ¿cómo debe priorizarse

el manejo entre múltiples poblaciones? También desarrollamos un modelo conceptual de los pros y contras de

las amenazas de invasión y aislamiento que considera las oportunidades para que los manejadores tomen de-

cisiones estratégicas. Ilustramos el uso de este marco en un análisis de la compensación invasión-aislamiento

del salmón nativo Oncorhynchus clarkii en dos cuencas contrastantes en el occidente de América del Norte

donde la invasión y el aislamiento están presentes y fuertes o lejanos y aparentemente débiles. Estos casos

demuestran que las decisiones de instalar o remover barreras para conservar salmónidos nativos a menudo

son complejas y dependen de valores de conservación, contexto ambiental (que influye en la amenaza de

invasión y de aislamiento) y factores socioeconómicos. El análisis expĺıcito con herramientas como las que

proponemos puede ayudar a que los manejadores tomen decisiones sensatas en circunstancias tan complejas.

Palabras Clave: aislamiento, corredores, fragmentación de hábitat, invasiones biológicas, peces de arroyo,
salmónidos

Introduction

It is now well known that habitat destruction and bio-
logical invasions are the leading causes of species decline
and loss worldwide (Vitousek et al. 1997; Dirzo & Raven
2003). When confronted by both problems, conservation
biologists often face the trade-off that managing ecosys-
tems to address one problem precludes solving the other.
Human enterprise has fragmented habitats, isolating pop-
ulations and increasing their risk of extinction (Caughley
1994), so some researchers have proposed connecting
habitat fragments with corridors to restore function and
ameliorate these effects (Beier & Noss 1998; Dobson et al.
1999). Nevertheless, others argue that enhancing connec-
tivity increases invasions by non-native species and dis-
eases, which also increase extinction risk, and opt for iso-
lating habitats instead (Simberloff et al. 1992; Hess 1994).
Although conservation biologists acknowledge this trade-
off as an important issue, it has not been widely discussed,
and there are few well-documented cases or proposed so-
lutions, even in the burgeoning literature on landscape
connectivity (Bennett 1999; Crooks & Sanjayan 2006).

One group for which this invasion-isolation trade-off
is acute is stream biota, because both native organisms
and non-native invaders can access habitat only through
the stream corridor, not through the terrestrial matrix.
This feature makes habitat in dendritic stream systems
highly prone to fragmentation (Fagan 2002). For exam-
ple, movements or migrations of native fishes and other
native aquatic biota to use complementary habitats or
recolonize segments where populations have been lost
can be stopped by a single dam, diversion, or impassi-
ble culvert (Fausch et al. 2002). Nevertheless, managers
may also consider retaining or constructing such barri-

ers to prevent invasion from downstream by non-natives.
Hence, biologists face a clear trade-off because the bar-
riers designed to protect native populations from inva-
sions may also hasten their extinction by creating small
populations isolated in habitat fragments (Novinger &
Rahel 2003; Fausch et al. 2006). This dilemma will be-
come more prevalent globally as barriers are constructed
to limit the spread of non-native fishes, amphibians, and
associated parasites and diseases.

Although the literature contains examples of the con-
sequences of invasions and isolation for other fishes
(Smith & Jones 2005), the problem has been stud-
ied most for salmonids (e.g., trout and charr). Native
salmonids have declined throughout the world due to
habitat loss, invasions, and overfishing (Behnke 2002),
and are increasingly relegated to small pieces of their na-
tive ranges in protected headwater streams (e.g., Shep-
ard et al. 2005). Ironically, 3 salmonid species—rainbow
trout (Oncorhynchus mykiss), brook trout (Salvelinus

fontinalis), and brown trout (Salmo trutta)—are among
the most widely introduced fishes worldwide (Fausch
et al. 2001; Cambray 2003; Kitano 2004). These now cos-
mopolitan species often invade upstream and displace
native salmonids and other biota from these protected
habitats, resulting in calls for “isolation management” to
conserve native species (Dunham et al. 2004; Fausch et al.
2006).

We reviewed this problem for native stream salmonids
and propose a framework for decisions about installing
or removing barriers to conserve these fishes. We first
define the problem, and then outline 4 questions to
guide analysis of the trade-off. We also develop a simple
conceptual model of opportunities for strategic decisions
given the joint trade-off of invasion and isolation threats.
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We then illustrate use of the framework by applying
it to contrasting examples for native cutthroat trout
(O. clarkii) in the western United States.

A Widespread Problem

Managers of salmonids and their habitats throughout
the world are often faced with the invasion-isolation
trade-off. For example, native brook trout from New
England to the southern Appalachian Mountains (U.S.A.)
are restricted to headwater streams that are fragmented
by dams and degraded by human development (Hudy
et al. 2004). These same watersheds have been invaded
by non-native rainbow and brown trout that displace
brook trout from downstream habitats (Larson & Moore
1985; Fausch 2008). In Japan many populations of native
charr (Salvelinus spp.) are isolated in headwater streams
highly fragmented by erosion-control dams (Morita &
Yamamoto 2002), whereas downstream populations are
being displaced by non-native rainbow and brown trout
(Morita et al. 2004). Similar circumstances confront na-
tive brown trout in Switzerland (Peter et al. 1998) and na-
tive stream fishes throughout the Southern Hemisphere
(e.g., Cambray 2003; McDowall 2006).

This invasion-isolation dilemma is especially acute for
native salmonids in inland western North America, in-
cluding cutthroat trout, bull trout (Salvelinus confluen-

tus), and some subspecies of rainbow trout. Extensive
water development, mining, logging, grazing, and over-
fishing have fragmented many populations and restricted
them to headwater streams (Young 1995). For example,
there are an estimated 77,000 “large” dams (those ≥2 m
high that store ≥62,000 m3 of water; U.S. Army Corps
of Engineers 2006) in the conterminous United States,
and countless impassable smaller dams, diversions, and
road culverts in the region. Many of the remnant native
salmonid populations have been invaded by non-native
trout that exclude, or hybridize with, the natives (Behnke
1992; Dunham et al. 2002). This has led managers to con-
sider either more barriers to block invasions or convert-
ing temporary barriers, such as impassable culverts, into
permanent structures.

A Framework for Analyzing Trade-Offs

Biologists charged with conserving native salmonids of-
ten disagree over the relative merits of building new bar-
riers to limit upstream invasions versus removing barriers
to allow recolonization, demographic support, or move-
ment to complementary habitats to enhance population
persistence (Shepard et al. 2005; Peterson et al. 2008).
This is primarily because the outcomes of invasion and
isolation differ among locations and among populations

of non-native and native salmonids, probably because of
differences in evolutionary history, habitat and other abi-
otic factors, and time since isolation. For example, fish-
eries biologists charged with conserving westslope cut-
throat trout (O. c. lewisi) east of the Continental Divide in
Montana (U.S.A.) argue strongly for isolating these popu-
lations with barriers because of concerns about invasion
by brook and rainbow trout, whereas biologists west of
the Continental Divide argue as strongly for removing bar-
riers to restore connectivity because of concerns about
the importance of movement for population persistence.
Biologists in different regions or different agencies have
tended to focus on only one strategy, leaving new biolo-
gists and administrators who lack direct experience con-
fused about how to proceed. Therefore, we developed a
conceptual framework to analyze the trade-off, based on
4 key questions: (1) Is a native salmonid population of im-
portant conservation value present? (2) Is the population
threatened by invasion and displacement by non-native
salmonids? (3) Would this population be threatened with
local extinction if isolated? (4) How does one prioritize
among several populations of conservation value?

Conservation Value

Considering the trade-offs of managing trout invasions
with barriers involves a form of risk assessment (Francis
& Shotton 1997). Risk includes both the probability of an
undesirable event associated with a threat (e.g., local ex-
tinction caused by invasion) and the conservation “value”
that would be lost. If there is little value, there is little
risk. Therefore, the first step is to consider whether the
stream of interest supports a native salmonid population
of important conservation value. The elements of conser-
vation value can be complex (Noss 1990; Young 2000;
Groves 2003), but we suggest that 3 general types emerge
(e.g., Angermeier et al. 1993): evolutionary, ecological,
and socioeconomic. Evolutionary values encompass the
traditional goals of conservation biology and focus on the
elements of biological diversity including native species,
phenotypes, and genes (Young 2000). For example, the
U.S. Endangered Species Act (ESA) protects “evolutionar-
ily significant units” and “distinct population segments”
of listed species that represent adaptation to unique
and varied environments (Waples 1995; McElhaney et al.
2000). The value of these populations increases as they
become rare and decreases as diversity is lost through re-
stricted expression of life histories, genetic bottlenecks,
or hybridization and introgression (e.g., Allendorf et al.
1997).

Ecological values focus on ecological patterns, pro-
cesses, and functions at the population, community, or
ecosystem levels and have become an important focus
of restoration ecology (Young 2000; Noss et al. 2006).
These values can be distinct from evolutionary values
(Callicott 1995), and many have been recognized only
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recently. Examples of important ecological processes in-
clude dispersal of salmonids in metapopulations, which
allows persistence despite disturbance or changing envi-
ronments (Rieman & Clayton 1997), and translocation of
nutrients and energy upstream and into adjacent terres-
trial ecosystems by migratory fishes and their predators
(Willson & Halupka 1995; Koel et al. 2005). Populations
that provide these important ecosystem services, and are
resilient and self-sustaining with minimal management,
embody more ecological values than those that are vul-
nerable to extinction or that threaten the persistence
of other important communities or ecosystems (Fausch
et al. 2006).

Socioeconomic values include other ecosystem ser-
vices, such as commercial and sport fishing or tourism
from wildlife viewing. These values are the most obvi-
ous to the public and often influence budgets and prior-
ities of management agencies. Nevertheless, Tear et al.
(2005) argue that to avoid subverting conservation to po-
litical expediency, conservation objectives should not be
dictated strictly by socioeconomic values. Indeed, native
salmonid populations also have intrinsic values (Callicott
2006), which are partly embedded in the 3 values de-
scribed above. Moreover, biologists should recognize that
decisions to use barriers to manage fishes vulnerable to
invasion may be influenced by a broad range of societal
interests beyond conservation and restoration (Wilhere
2008).

Conservation of all 3 values simultaneously may be
possible in some large wilderness river networks, such
as those in Idaho, Montana, and Alaska (U.S.A.), because
most trout populations may support all 3 values (Fig. 1).
In systems disrupted by habitat degradation and non-

Figure 1. A Venn diagram showing relationships

among fish populations that embody different

conservation values in natural versus disrupted

ecosystems (after Fausch et al. 2006). Circles represent

all populations with significant evolutionary,

ecological, or socioeconomic values.

native species invasions, however, only a few popula-
tions of native trout in remnant wilderness can retain all
three values. Genetically pure trout populations isolated
in small headwater fragments conserve primarily evolu-
tionary values, but may have limited ecological functions.
Conversely, hybrid trout and wild non-native trout may
retain significant ecological and socioeconomic values,
but have limited or no evolutionary value. Put-and-take
hatchery trout provide only socioeconomic values. Other
values are possible (e.g., isolated pure trout may also have
socioeconomic values), but disrupted systems have much
less potential to support all values simultaneously than
natural systems.

As a specific example, main-stem river populations of
cutthroat trout may have hybridized with non-native rain-
bow trout and be introgressed, reducing their evolution-
ary value (Allendorf et al. 2001). Nevertheless, these pop-
ulations may still include large migratory fish that fulfill
ecological functions, such as translocating nutrients and
feeding eagles and bears (Koel et al. 2005), and provide
substantial socioeconomic value because they are highly
prized by anglers. In contrast, small populations of small
native cutthroat trout isolated above barriers in headwa-
ter streams may have important evolutionary values but
currently express little of the other 2 values. Therefore,
conservation biologists often will need to define what
sets of values to conserve in which locations and select
those of highest value for analysis of the invasion-isolation
trade-off.

Threat of Invasion and Displacement

For each native salmonid population of conservation
value selected for analysis, the next question is whether it
is vulnerable to invasion and displacement by non-native
salmonids. The invasion process can be divided into 4
main steps: transport, establishment, spread, and impacts
(Kolar & Lodge 2001). We consider transport and spread
together because they have the same effect of bringing
non-natives in contact with natives.

Transport of non-native species depends on human
interest in them for angling or food and the distances
from source populations (Fausch et al. 2006). Manage-
ment agencies now evaluate stocking more carefully (Ra-
hel 1997), but unauthorized introductions by the pub-
lic are burgeoning. Rahel (2004) calculated that unau-
thorized introductions in 7 U.S. regions accounted for
90% of new introductions during 1981–1999, but only
15–43% during all previous periods. Populations of non-
natives just downstream from barriers, or easily accessed
by roads, provide source populations, and disgruntled
anglers may translocate non-natives back to their favorite
fishing sites after removals (Dunham et al. 2004). Once
established, non-native salmonids often quickly spread
upstream throughout watersheds because they can have
high population growth rates and move long distances,

Conservation Biology

Volume 23, No. 4, 2009



Fausch et al. 863

which fosters invasions via jump dispersal (Peterson &
Fausch 2003). Waterfalls and high-gradient reaches can
hamper upstream invasions, but stocking non-natives
in headwater lakes allows them to spread downstream
throughout large watersheds (Adams et al. 2001).

Establishment of non-native salmonids can be influ-
enced by environmental resistance, biotic resistance,
and repeated introductions (Moyle & Light 1996). Inva-
sions are often limited mainly by abiotic factors that pro-
vide environmental resistance, such as temperature, flow
regime, stream size, and habitat factors correlated with
stream gradient (Fausch et al. 2006). For example, Fausch
et al. (2001) report that rainbow trout establishment in
several Holarctic regions is most successful where flood-
ing regimes match those in their native range. In some
cases, non-natives may establish because they are better
adapted, by chance, to abiotic conditions such as flood-
ing regimes than the natives because of their respective
evolutionary histories (Fausch 2008). Nevertheless, bi-
otic resistance from native pathogens can also hamper
establishment by non-native salmonids (Fausch 2007). A
main predictor of establishment for various organisms is
propagule pressure, which is the number and frequency
of non-natives released. Propagule pressure for the widely
introduced rainbow trout may be among the highest for
any vertebrate (Fausch 2007).

Impacts from displacement of native salmonids by non-
natives are common (Dunham et al. 2002; Peterson et al.
2004), probably because the species are similar and bi-
otic interactions like competition and predation can be
intense in these simple assemblages. In other cases, how-
ever, the invasion may stall or the species may coexist
(Shepard 2004; Rieman et al. 2006), most likely because
of abiotic factors that hamper demographic rates, such
as low temperatures that reduce growth and fecundity
(Adams 1999; Benjamin et al. 2007). Finally, non-natives
may also hybridize with natives or transmit diseases or
parasites throughout watersheds, both of which are usu-
ally irreversible. Nevertheless, both effects can be mod-
ified by local abiotic factors and so remain difficult to
predict (Hitt et al. 2003; Weigel et al. 2003). In sum-
mary, whether non-native salmonids successfully invade
and displace native salmonids depends strongly on en-
vironmental context, so specific information about abi-
otic environments and the evolutionary history of na-
tive salmonids often will be needed to make accurate
predictions.

Threat of Extinction if Isolated

If the population of interest is at risk of invasion and dis-
placement, then managers may consider the intentional
use of barriers to isolate it. Barriers can pose problems
for salmonids because individuals often move among
complementary habitats required for breeding, rearing,
feeding, and refuge from harsh conditions (Schlosser &

Angermeier 1995). Isolation by barriers also disrupts gene
flow among populations (Neville et al. 2006). Barriers
may select against migratory behavior (Morita et al. 2000),
which can include partial migration in which only a por-
tion of the population migrates (Hendry et al. 2004). Nev-
ertheless, there is also evidence that migratory life histo-
ries can be re-expressed given the opportunity (Pascual
et al. 2001).

The consequences of isolation may include increased
risk of extinction due to genetic effects or the stochastic
demography of small populations, reduced resilience due
to loss of migratory life histories, and the loss of recolo-
nization, demographic support, or dispersal among pop-
ulations (Rieman & Dunham 2000; Rieman & Allendorf
2001; Letcher et al. 2007). Studies of local populations
upstream of movement barriers in Japan and the western
United States provide empirical evidence of the negative
effects of isolation on persistence and genetic diversity
(e.g., Harig & Fausch 2002; Morita & Yamamoto 2002;
Neville et al. 2006). Watershed areas predicted to en-
sure high probability of persistence for 50 years vary
widely, however, probably due to climate, geology, and
species characteristics. In addition, population models
(e.g., Morita & Yokota 2002; Letcher et al. 2007), have
extended a general theoretical understanding of the ef-
fects of fragmentation to salmonids.

One of the most important theoretical and empirical
predictors of persistence following isolation has been the
length of the resulting stream network, rather than sim-
ply watershed area. For example, Young et al. (2005)
used extensive surveys of cutthroat trout density in long
segments of Colorado and Wyoming (U.S.A.) streams to
calculate that about 10 km of stream are needed to sustain
an effective population size of 500 fish. This threshold
is thought sufficient to maintain long-term evolutionary
potential (Allendorf et al. 1997) rather than simply short-
term persistence. These larger networks may include not
only greater population size, but also more internal com-
plexity and diversity of habitats, which reduces vulnera-
bility to catastrophic events (Fausch et al. 2006).

Priorities among Multiple Populations

So far, we have addressed the invasion-isolation trade-
off for individual streams and local populations, but
biologists must often consider multiple populations dis-
tributed throughout watersheds that represent different
opportunities and competing objectives. Different stake-
holders may hold different values, so managers need to
define which values they hope to conserve and where.
These priorities are important because constructing or
removing barriers is expensive and logistically difficult.
Reconciliation can be challenging, but spatially extensive
analyses may allow managers to satisfy different objec-
tives simultaneously (Noss et al. 2006). Native salmonids
often occur as local populations in patches of suitable
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habitat nested within larger patch networks, subwater-
sheds, and regions (Rieman & Dunham 2000). Thus, the
final step in our framework is for managers to consider all
populations of sufficient conservation value collectively,
how they interact via movements and migration, and the
factors that threaten them. Our process follows from the
general concepts of conservation planning.

Conservation planning involves decisions on the num-
ber, distribution, and characteristics of populations to
conserve, along with the actions required to mitigate
threats (e.g., installing or removing barriers). Common
guidelines for prioritization include representation, re-
dundancy, resilience (i.e., the “3 Rs”; McElhany et al.
2000; Groves 2003; Tear et al. 2005), and feasibility.
Representation traditionally refers to selecting popula-
tions that include the full range of ecological and evolu-
tionary diversity within a region, including unique alle-
les, life-history types, and species assemblages (Allendorf
et al. 1997). Here it also includes representation of values
deemed important by managers and the public. A reserve-
design algorithm may help optimize this selection on the
basis of multiple criteria (Ruckelshaus et al. 2003). Man-
agers often lack detailed information for such analyses,
so they may seek instead to conserve diverse habitats that
support the expression of distinct life histories (Beechie
et al. 2006; McGrath et al. 2009), evolutionary legacies
(Allendorf et al. 1997), or key production areas for im-
portant fisheries.

Redundancy is important because no local population
is immune to extinction. Accordingly, it is prudent to
conserve multiple populations to minimize the chance
that all will be lost simultaneously and to provide a source
for recolonization if some are lost. One strategy is to select
widely distributed populations to minimize vulnerability
to the same disturbance (Good et al. 2008).

Resilience refers to populations that persist despite
natural or human-caused disturbance or environmental
change (Gunderson 2000). Small populations or those in
habitats that are degraded or prone to catastrophic dis-
turbance are less likely to persist than large populations
or those in productive, complex habitats with adequate
refugia. Migratory individuals can also contribute to re-
silience through increased fecundity and high population
growth rates.

Feasibility means conservation actions should be cost
effective, sustainable, and socially and environmentally
acceptable. Constructing barriers, or removing them by
replacing impassible road culverts, is costly. Therefore,
projects that provide the greatest benefits for the least
cost will be favored, if all else is equal. Similarly, erad-
ication or control of non-native salmonids is expensive
and not always successful (Meyer et al. 2006a), so each
project should be carefully evaluated (Peterson et al.
2009). Moreover, barriers to non-natives also block other
aquatic organisms that may need to move to persist and
maintain productive aquatic and riparian communities

(Willson & Halupka 1995), so these ecological services
also must be considered.

Conceptual Model of the Trade-off

Based on the framework above, the logical conclusion in
some cases may be to isolate native salmonid populations
because the invasion threat is imminent and the effects
strong. In others, the decision may be to reconnect popu-
lations because the invasion is far away or the effects are
weak. Here we combine considerations about the degree
of invasion threat with those for the degree of isolation to
propose a conceptual model that allows biologists to con-
sider the joint trade-off for their particular basin and set of
salmonid populations of conservation value (Fausch et al.
2006). This model can help biologists understand where
their populations lie in the trade-off space, and why other
biologists in other regions with populations that lie else-
where in the space may have different management pri-
orities. Most importantly, it is intended to help managers
consider their available options, make strategic decisions,
and justify these to stakeholders.

The trade-off space is defined by two axes, the degree
of invasion threat and the degree of isolation (Fig. 2).
If most native salmonid populations in a given basin
are remnants in headwater habitats and invaders are ad-
vancing upstream rapidly and displacing them (Fig. 2,
upper left), the main focus of management will be to
intentionally isolate populations above barriers to pro-
tect them and to translocate these populations in other
patches to replicate them. For managers in this situation,
strategic decisions for conserving the remaining evolu-
tionary legacy involve optimizing the number, size, and
spatial distribution of patches to buffer against local ex-
tinctions and correlated catastrophic disturbances (Rie-
man & McIntyre 1993). Other strategic decisions include
removing or controlling invaders, and restoring habitat
quality to enhance population resilience.

At the opposite end of the spectrum, if native trout
occupy a large stream network of interconnected habi-
tats and the invasion threat is distant or invader effects
are weak (Fig. 2, lower right), then options include pre-
venting invasions at their source, preventing fish move-
ment barriers and management activities that fragment
habitat, monitoring the spread of non-natives and habitat
degradation, and maximizing the opportunity for natu-
ral ecological processes to create and maintain habitat.
For example, managers could minimize sources of non-
native fishes (e.g., streamside ponds) for unauthorized or
accidental introductions and vectors such as roads that
foster introductions (Trombulak & Frissell 2000).

Other circumstances will require different strategies.
Some basins are under little threat from invasion or the
effects are weak because the native salmonids resist in-
vasion, but the habitat is fragmented by many barriers
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Figure 2. A conceptual model of

the opportunities for strategic

decisions when managing the

joint invasion-isolation trade-off

for native salmonid populations

of conservation value (after

Fausch et al. 2006). Examples of

strategic decisions to maximize

conservation of remaining

populations under different

degrees of invasion and isolation

threat are shown. Arrows

pointing toward the lower right

show the overall goal of

management, which is to

conserve interconnected

populations in stream networks

free of invaders.

that restrict movement (Fig. 2; upper right). Here, strate-
gic decisions include restoring habitat quality in the
small patches to minimize local extinctions, and remov-
ing barriers or providing fish passage to restore con-
nectivity and ecological function, perhaps by allowing
large spawning fish to migrate into tributaries. In con-
trast, other basins may have large networks of relatively
intact habitat, but non-native trout have invaded and
are widespread (Fig. 2, lower left). Strategic decisions
here involve prioritizing subbasins for the difficult task
of removing non-native trout, which may require con-
structing temporary barriers and working successively
downstream. Therefore, within this trade-off space the
overall goal should be to move toward the lower-right
corner, where interconnected populations can function
and evolve in intact stream networks free of invaders,
and to keep from being pushed into the upper-left cor-
ner, where only a few small populations remain in habitat
fragments at risk of invasion and options for managing
them are limited.

Unauthorized introductions above barriers require
other strategic decisions not considered in this trade-
off space. If native populations are restricted to many
small patches above barriers (Fig. 2, upper left), man-
agers could construct several barriers spaced near the
downstream end of the most accessible ones and moni-
tor these buffer zones to guard against invasions, but the
original stream fragments are usually too short to justify
other measures. In contrast, in large remote basins with
intact habitat (Fig. 2, lower right), it would be strategic
to place barriers in inaccessible locations some distance
upstream from access points to minimize unauthorized
introductions.

Although each combination of threats from isolation
and invasion favors particular actions, managers may se-
lect a mixed strategy to hedge against uncertainty. For
example, many cutthroat trout subspecies consist of mul-
tiple small populations isolated above barriers to prevent
invasion, each at relatively high risk of extinction from
stochastic environmental factors (e.g., Hirsch et al. 2006;
Meyer et al. 2006b). The current management strategy
is to find and conserve these many small populations,
translocate fish to found new populations or restore those
lost to local extinctions, and simultaneously work to de-
velop networks of interconnected metapopulations in
larger basins that are remote or protected. In the worst
case, if downstream barriers that protect these metapop-
ulations from invasions are breached and invasions pro-
ceed quickly, fish from the smaller replicate populations
can be used to refound them.

Two Examples

We used examples from 2 different subspecies of cut-
throat trout in 2 different geographic regions to illus-
trate analyses based on our framework and opportunities
for strategic decisions for contrasting cases in different
portions of the trade-off space. Each example included
constraints that make addressing the invasion-isolation
dilemma challenging.

Colorado River Cutthroat Trout
in the Little Snake River

Colorado River cutthroat trout (O. c. pleuriticus) oc-
cupy only about 13% of their historical range, occurring
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primarily in small isolated populations above barriers
that prevent invasions of non-native brook and rainbow
trout (Hirsch et al. 2006). One basin with substantial
high-quality habitat is the Little Snake River in southern
Wyoming and northwestern Colorado (Fig. 3). Here, the
goal of management has been to retain evolutionary val-
ues because Colorado River cutthroat trout are the focus
of a long-term multistate conservation effort to prevent
listing under the ESA. In this basin Colorado River cut-
throat trout have been reduced to 15–20 remnant popula-
tions occupying 160–190 km of up to 38 streams (Young
et al. 1996; Hirsch et al. 2006). In many cases occupied
stream segments are fragmented by natural or artificial
barriers or the true distribution of cutthroat trout is in-
completely known. Several populations are introgressed
with rainbow trout or Yellowstone cutthroat trout
(O. c. bouvieri), but others remain pure. Loss of migratory
fish that probably once inhabited the main-stem rivers has
eliminated important ecological values. Socioeconomic
values are also low because angling for cutthroat is inci-
dental given the scattered populations, difficult access,
small size of adult fish, and regulations prohibiting or
limiting harvest.

Figure 3. Headwaters of the Little Snake River and

Muddy Creek in Colorado and Wyoming showing

current estimated distribution of Colorado River

cutthroat trout populations (thick black line; after

Hirsch et al. 2006; Fausch et al. 2006). Arrows from

stream names point to estimated original

downstream limits of native trout before invasions by

non-native trout.

Cutthroat trout populations in the basin are subject to
a high degree of threat from both invasion and isolation.
Many headwater tributaries in Wyoming are disrupted by
transbasin water diversions, several of which fragment
once-contiguous populations of cutthroat trout. Never-
theless, these and other artificial or natural barriers also
block invasions of non-native salmonids that were first
introduced in the 1930s and now occupy most of the
basin. Only 4 cutthroat trout populations occupy >10
km of connected habitat and probably contain enough
individuals to afford security against long-term loss of ge-
netic variation (Young et al. 2005). Most others inhabit
isolated stream segments <3 km long and consist of a few
hundred fish, placing them at risk of extirpation from en-
vironmental disturbances.

Given these constraints, this example falls primar-
ily within the upper left corner of the trade-off space
(Fig. 2), where strategic decisions involve selecting the
best patches available for conserving isolated popula-
tions. Genetic structure is unknown, so the priority has
been to conserve as many remnant populations as pos-
sible to maximize redundancy and representation of any
remaining biodiversity. Maintaining a broad distribution
of populations throughout the basin would also mini-
mize the threat of simultaneous extinction. Persistence
of existing populations is being enhanced by extending
their distribution downstream, which involves building
or modifying barriers and using chemical treatments or
repeated intensive electrofishing to remove non-native
species. Additional priorities include restoring connec-
tivity by providing fish passage around water diversions,
and extending cutthroat trout distribution downstream to
connect adjacent fragments and reduce local extinction
risk. Although our framework would not likely alter most
current management priorities, the trade-off space does
allow managers to justify isolation management, main-
tenance of a broad distribution of remnant populations,
and future expansion of the network downstream.

Westslope Cutthroat Trout in the Upper Coeur d’Alene River

In contrast to the restricted distribution of Colorado
River cutthroat trout, westslope cutthroat trout persist
in about 59% of their native range, including large in-
terconnected wilderness basins in the northern Rocky
Mountains (Shepard et al. 2005). Nevertheless, in many
basins non-native invasions and habitat fragmentation
pose important threats. One such basin is the North Fork
Coeur d’Alene River in northern Idaho (Fig. 4), where
mining, stream dredging, clearcut logging and log drives,
extensive road building, and overfishing have degraded
habitats and depressed fish populations.

Ecological and socioeconomic conservation values are
the primary focus of cutthroat trout management in the
basin. Local populations and natal habitat for cutthroat
trout are found in small to moderate sized tributary
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Figure 4. Headwaters of the North Fork Coeur d’Alene

River, Idaho, showing opportunities to install or

remove barriers to conserve native westslope

cutthroat trout (after Fausch et al. 2006). Outlined

segments show where non-native brook trout have

become established. Thick black bars show where

large barriers might be used to prevent upstream

invasion by brook trout and rainbow x cutthroat

trout hybrids (which occur in the lower main-stem

rivers). Filled circles show culverts that could be

converted to permanent barriers to conserve a

broadly distributed representation of genetically pure

native cutthroat trout in headwater segments,

although 4 would not be needed if large barriers were

installed. Open circles show culverts that could be

removed to expand isolated networks or to restore

connectivity for ecological and socioeconomic values

linked to migratory fish.

streams, but generally not in the main-stem rivers. Large
migratory fish that spawn in tributaries support an im-
portant sport fishery in the main-stem rivers, but most
populations are heavily introgressed with rainbow trout
that became established 30–60 years ago. Evolutionary
values are less important to residents and managers, but
will be conserved if they do not compromise important
fisheries.

Cutthroat trout in this basin are subject to moderate
but uncertain degrees of threat from both invasion and
isolation. Nonnative brook trout are well established in
some lower tributaries, but remain patchily distributed,
despite having been established >60 years (Fig. 4). The
basin is vulnerable to winter rain-on-snow floods from
maritime storms, which may hamper brook trout inva-
sions because their eggs incubate in streambed gravel
through winter (Dunham et al. 2002; Fausch 2008), un-
like spring-spawning cutthroat and rainbow trout. Genet-

ically pure cutthroat trout still persist in the upper basin
and in small resident populations above impassable road
culverts in some lower tributaries.

Different cutthroat trout populations in this example
fall in several regions of the trade-off space, so a mix of
strategies will be required to conserve a range of values
and hedge against uncertainty regarding future invasions.
Large barriers could conserve substantial portions all 3
values simultaneously if they isolated relatively large up-
stream networks of river main stem and tributaries where
pure populations and migratory life histories still persist
(Fig. 4). It is uncertain, however, whether the large, low-
head dams needed would be feasible, given their expense
and their potential to disrupt fish movements important
to a trophy fishery, as well as movements of other aquatic
biota. Other alternatives include the strategic placement
of barriers to conserve representative pure populations
in smaller networks of headwater tributaries and removal
of culverts that create barriers to provide access to migra-
tory (though likely hybridized) populations that support
a productive fishery and important ecological functions.
Culverts far upstream would be lower priorities for re-
moval because limited habitat would be gained above
them. Because genetic inventories are lacking, popula-
tions selected for conservation should be widely dis-
tributed to represent both a range of environments and
as much genetic, phenotypic, and ecological diversity as
possible. Initially, biologists from 2 agencies that man-
age these habitats and fisheries tended to disagree about
the use of barriers. Our framework helped focus discus-
sion that clarified values each hoped to conserve, and
provided an objective process to prioritize management
of native fish populations and invasions across the basin
rather than focusing on individual streams.

Conclusion

In our experience isolation management of native
salmonids with barriers has been largely subjective. Of-
ten the trade-offs are relatively clear to biologists with
experience in a particular region, and they focus on one
action, but in a different region biologists consider differ-
ent trade-offs and select an alternative action. Other biol-
ogists with limited experience may base decisions on per-
sonal philosophy or simply what has worked elsewhere.
When these different decisions cannot be clearly articu-
lated and supported, the process appears inconsistent to
the public or administrators controlling funding, and be-
comes contentious. Our goal is to provide a framework
and conceptual model that can improve communication
and generate more objective decisions. With appropri-
ate information, the process can be quantified further.
In Peterson et al. (2008) we developed a Bayesian be-
lief network (BBN) that formalizes the framework and
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provides an objective evaluation of the alternatives for 2
well-studied species, native westslope cutthroat trout and
invading brook trout. That work could easily be extended
to other well-studied salmonid species and ecosystems.

Our approach is also likely to be applicable else-
where. Biologists face invasion-isolation trade-offs in
many ecosystems, terrestrial and aquatic, due to increases
in both non-native invasions and habitat fragmentation.
For example, in terrestrial ecosystems along the south-
ern California coast, patches of native coastal scrub em-
bedded in the suburban matrix provide important habi-
tat for communities of mammals, birds, reptiles, and in-
vertebrates that interact in closely connected food webs
(Crooks & Soule 1999). Analysis of extinction risk, based
on patch size and isolation, has been the focus of several
studies aimed at reserve design (e.g., Bolger et al. 1997;
Crooks et al. 2001). Creating corridors and narrow gaps
across the suburban matrix that promote movements by
native species may prevent local extinctions, but also al-
lows non-native red fox (Vulpes vulpes) to invade (Lewis
et al. 1993). The fox can have strong predation effects on
rare species, creating an invasion-isolation trade-off sim-
ilar to the one we describe for stream salmonids. More-
over, the corridors also allowed October 2007 wildfires
to spread more quickly among houses, raising contro-
versy over their ecological importance (K. Crooks, per-
sonal communication). As habitats become increasingly
fragmented and species become dependent on move-
ment through narrow corridors for population persis-
tence, these trade-offs will become more critical. Thus,
explicit analyses with frameworks and tools such as those
we applied to stream salmonids will become increasingly
important as human pressures conflict with conservation
values.
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1 

Upper Snake Recovery Unit 

Implementation Plan 

[This document was originally written as the Implementation Plan for the entire Mid-Columbia Recovery 
Unit, a portion of the USFWS Bull Trout Recovery Plan.  To make the primary threats, conservation 
actions and implementation schedule more accessible to working groups and local biologists in each core 
area, this version only contains portions of the original RUIP that pertain to the Malheur River Core 
Areas.  Please visit https://www.fws.gov/pacific/bulltrout/Planning.html for copies of the full recovery 
plan and associated RUIPs.]

Introduction 
This recovery unit implementation plan (RUIP) describes the threats to bull trout and the 

site-specific management actions necessary for recovery of the species within the Upper Snake 
Recovery Unit, including estimates of time required and cost.  This document supports and 
complements the Recovery Plan for the Coterminous United States Population of Bull Trout 
(USFWS 2015a), which describes recovery criteria and a general range-wide recovery strategy 
for the species.  Detailed discussion of species status and recovery actions within each of the six 
recovery units are provided in six RUIPs that have been developed in coordination with State, 
Federal, Tribal, and other conservation partners.  This document incorporates our responses to 
public comment on the Draft Upper Snake RUIP (USFWS 2015b) received during the comment 
period from June 4 to July 20, 2015 (Appendix II). 

The Upper Snake Recovery Unit includes portions of central Idaho, northern Nevada, and 
eastern Oregon.  Major drainages include the Salmon River, Malheur River, Jarbidge River, 
Little Lost River, Boise River, Payette River, and the Weiser River.  The Upper Snake Recovery 
Unit contains 22 bull trout core areas (Figure E-1) within 7 geographic regions or major 
watersheds: Salmon River (10 core areas, 123 local populations), Boise River (2 core areas, 29 
local populations), Payette River (5 core areas, 25 local populations), Little Lost River (1 core 
area, 10 local populations), Malheur River (2 core areas, 8 local populations), Jarbidge River (1 
core area, 6 local populations), and Weiser River (1 core area, 5 local populations) (Table E-1).  
The Upper Snake Recovery Unit includes a total of 206 local populations, with almost 60 percent 
being present in the Salmon River watershed.   

https://www.fws.gov/pacific/bulltrout/Planning.html
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Three major bull trout life history expressions are present in the Upper Snake Recovery 
Unit, adfluvial1, fluvial2, and resident3 populations.  Large areas of intact habitat exist primarily 
in the Salmon drainage, as this is the only drainage in the Upper Snake Recovery Unit that still 
flows directly into the Snake River; most other drainages no longer have direct connectivity due 
to irrigation uses or instream barriers.  Bull trout in the Salmon basin share a genetic past with 
bull trout elsewhere in the Upper Snake Recovery Unit.  Historically, the Upper Snake Recovery 
Unit is believed to have largely supported the fluvial life history form; however, many core areas 
are now isolated or have become fragmented watersheds, resulting in replacement of the fluvial 
life history with resident or adfluvial forms.  The Weiser River, Squaw Creek, Pahsimeroi River, 
and North Fork Payette River core areas contain only resident populations of bull trout.  

Current Status of Bull Trout in the Upper Snake Recovery Unit 
The breakdown of core areas by geographic region and the overall status of bull trout 
populations within the Upper Snake Recovery Unit are summarized in Tables E-1 and E-2.  A 
description of bull trout status within each geographic region follows below; descriptions of 
current bull trout status and distribution for each individual core area are given in Appendix I 
below 

 Malheur River 

The Malheur River basin contains major dams that are impassable to fish.  The largest are 
Warm Springs Dam, impounding Warm Springs Reservoir on the mainstem Malheur River, and 
Agency Valley Dam, impounding Beulah Reservoir on the North Fork Malheur.  The dams result 
in two core areas that are isolated from each other and from other core areas.  Local populations 
in the two core areas are limited to habitat in the upper watersheds.  The Malheur River basin 
contains 2 of the 22 core areas and 8 of the 206 local populations in the recovery unit.  Fluvial 
and resident populations are present in both core areas while adfluvial populations are present in 
the North Fork Malheur.  This basin contains less than 3 percent of the occupied habitat in the 
recovery unit, and approximately 60 percent of lands in the two core areas are federally owned.  
Trend data indicates that populations are declining in both core areas. 

.

1 Adfluvial:  Life history pattern of spawning and rearing in tributary streams and migrating to lakes or reservoirs to 
mature. 
2 Fluvial:  Life history pattern of spawning and rearing in tributary streams and migrating to larger rivers to mature. 
3 Resident: Life history pattern of residing in tributary streams for the fish’s entire life without migrating. 
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Table 1.  Bull Trout population summary for Malheur River geographic region. 

Geographic Region # Core Areas # Local 
Populations 

% Local Pops 

In Recovery Unit 

Occupied 
Habitat in 

Recovery Unit 

% Federally 
Managed 

(USFWS 
2002a, 2004a) 

Malheur River 2 8 3.9% <3% 60% 

Table 2.  Summary of bull trout status by core area within the Malheur River geographic region. 

Core Area 
Population 

Status 
(IDFG 2005) 

Population 
Status 

 (IDFG 2008) 

Population 
Status 

 (IDFG 2014) 
Trends 

# 
Local 
Pops 

% Local 
Pops 

Primary 
Threats 

Identified 

North Fork 
Malheur River No data No data No data 

Unknown –         
Likely Decreasing 

(per technical 
partners) 

5 2.4% Yes 

Malheur River 
(Upper) No data No data No data 

Unknown –         
Likely Decreasing 

(per technical 
partners) 

3 1.5% Yes 
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Changes to Recovery Unit 

Two notable changes to core area descriptions and boundaries within the Upper Snake 
Recovery Unit have occurred since the 2002 Draft Recovery Plan for Bull Trout.  These changes 
include the removal of the Lucky Peak core area and the splitting of the Malheur core area.  The 
Lucky Peak core area that was identified in 2002 has since been determined to be a population 
sink with limited reproduction.  Genetic testing has determined that the individuals in Lucky 
Peak are identical to individuals from Arrowrock, and review of information indicates that the 
current population in the Lucky Peak core area is sustained artificially through entrainment 
(USFWS 2008).  Thus, we have concluded it should no longer be identified as a core area.  In 
addition, based on updated genetic information (DeHaan et al. 2007), two genetically distinct 
groups of bull trout exist within the Malheur River basin.  Therefore, the former Malheur core 
area in Oregon was divided into two separate core areas, the Upper Malheur core area and the 
North Fork Malheur core area. 

Factors Affecting Bull Trout in the Upper Snake Recovery Unit 
Most threats to bull trout, as described in various documents including State plans (e.g., 

Montana Bull Trout Restoration Team 2000; Batt 1996), the draft recovery plans (USFWS 
2002a, 2002b, 2004b, 2004c), the critical habitat rules (USFWS 2002a, 2004a, 2010), the 
updated Bull Trout Core Area Templates (USFWS 2005b, 2008), the Bull Trout Core Area 
Conservation Status Assessment (USFWS 2005c), and the 2014/2015 technical partner meetings 
(see Appendix I of Draft Upper Snake RUIP [USFWS 2015b]), fall into the category of 
destruction, modification, or curtailment of habitat.  Most of these impacts (e.g., dewatering, 
sedimentation, thermal modification, and water quality degradation) are human-caused and are a 
consequence of specific land and water management activities.   

For the purpose of this RUIP, we are identifying three broad threat categories: 1) Habitat 
Threats, 2) Demographic Threats, and 3) Nonnative Fish Threats.  Habitat Threats are those that 
impact bull trout habitat (habitat fragmentation and degradation resulting from upland/riparian 
land management and instream impacts), Demographic Threats are those that impact individuals 
or populations (connectivity impairment and small population size), while Nonnative Fish 
Threats result from effects of introduced fish species or their management that impact 
individuals or populations (competition, predation, and hybridization).   

Habitat Threats and Demographic Threats are likely the major limiting factors for bull 
trout in the Upper Snake Recovery Unit.  These factors affect individuals and local populations 
as well as habitat for the species.  Although in some basins reservoirs formed by dams have 
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allowed bull trout to express adfluvial life histories, dams, irrigation diversions, and road 
crossings have also formed impassable barriers to fish movement within the basins, further 
fragmenting habitats and isolating bull trout.  Land management activities that degrade aquatic 
and riparian habitats by altering stream flows and riparian vegetation, such as water diversions, 
past and current mining operations, timber harvest and road construction, and improper grazing 
practices, have negatively affected bull trout in several areas of the recovery unit.  

Bull trout are also subject to negative interactions with nonnative brook trout in some 
streams.  Brook trout populations are prevalent throughout the Upper Snake Recovery Unit; this 
species has been identified as a significant threat to bull trout in some core areas.  In some local 
populations and core areas, bull trout abundance appears to be related to brook trout competition 
and hybridization.  Low abundance of bull trout appears to be related to high road density, 
sedimentation, passage barriers, and brook trout. 

Primary Threats 

In the final bull trout recovery plan (USFWS 2015a) we have updated the known threats 
identified in the previous draft recovery plans (USFWS 2002a, 2002b, 2004b, 2004c), with 
specific focus on threats at the individual core area level, where threats operatively impact bull 
trout local populations and limit their recovery potential.  A threat was considered a primary 
threat if the threat affected the persistence of a local population and eventually the persistence of 
a core area.  In December 2014, the Service also invited technical partners to several meetings to 
discuss the threats to bull trout in each of the 22 core areas in the Upper Snake Recovery Unit, 
with the intent of identifying primary threats (see summary of meetings in Appendix I of Draft 
Upper Snake RUIP [USFWS 2015b]). 

We evaluated whether a threat should be considered a primary threat by considering 
information from technical partners, the current status and distribution of populations, known 
trend information, and existing conservation measures.  We weighted information from technical 
partners heavily in our evaluations.  Core areas that all partners determined had no primary 
threats were identified as having no primary threats.  In certain core areas technical partners 
determined that there were no primary threats based on best professional assessment of core area 
condition and environment (e.g., remote wilderness regions with few known environmental 
impacts) although trend data may have been negative or not available.  For all other core areas 
we have identified the primary threats that are present, in cooperation with our technical partners, 
and incorporating information we have received in public comments.  A list of primary threats is 
provided in Table E-3 below.  Appendix I provides core area specific summaries of bull trout 
status, incorporating information received from partners.  
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Climate Change 

Global climate change, and the related warming of global climate, have been well 
documented (IPCC 2007, ISAB 2007, WWF 2003).  Evidence of global climate change/warming 
includes widespread increases in average air and ocean temperatures and accelerated melting of 
glaciers, and rising sea level.  Given the increasing certainty that climate change is occurring and 
is accelerating (IPCC 2007, Battin et al. 2007), we can no longer assume that climate conditions 
in the future will resemble those in the past. 

Patterns consistent with changes in climate have already been observed in the range of 
many species and in a wide range of environmental trends (ISAB 2007, Hari et al. 2006, Rieman 
et al. 2007).  In the northern hemisphere, the duration of ice cover over lakes and rivers has 
decreased by almost 20 days since the mid-1800’s (WWF 2003).  The range of many species has 
shifted poleward and elevationally upward.  For cold-water associated salmonids in mountainous 
regions, where their upper distribution is often limited by impassable barriers, an upward thermal 
shift in suitable habitat can result in a reduction in range, which in turn can lead to a population 
decline (Hari et al. 2006). 

Much of the region's water is stored naturally in winter snowpack in the mountains, and  
climate change will likely threaten this natural storage, with important consequences for the 
timing of runoff and amount of water available in streams and rivers (streamflow) throughout the 
year (EPA 2015).  It is anticipated that higher projected winter temperatures will cause more 
precipitation to fall as rain instead of snow which would reduce the available snowpack and 
possibly change streamflows.  This could result in changing stream flows, which would possibly 
impact water management in the area.  Reiman et al. (2007) concluded that the effects of climate 
change will be important and vary substantially across a basin.  Results of current models should 
be discussed at a regional level and information from various models may assist in the 
management of bull trout populations or habitats with consideration of local effects such as 
habitat degradation, hydrology and stream temperature, migration barriers, and nonnative 
species.  Falke et al. (2015) showed that local management can significantly reduce the 
vulnerability of bull trout to climate change given appropriate management actions.  

Climate change may exacerbate already identified threats to bull trout habitat such as 
warming water temperatures, but we are unaware of unique or different threats posed in the near-
term.  Our strategy for addressing climate change is to reduce or remove these already identified 
threats and to collaborate with partners to develop a range-wide climate vulnerability assessment 
to ensure we manage climate change impacts to bull trout with the greatest certainty.  The 
identification of core areas and watersheds that are most likely to maintain habitats suitable for 
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bull trout over the foreseeable future under probable climate change scenarios will also help 
guide the allocation of bull trout conservation resources to improve the likelihood of success. 

Recent Climate Shield models by Isaak et al. (2015) evaluated the threat from climate 
change in the watersheds occupied by bull trout across various drainages.  The model predicts 
peak summer temperature in watersheds throughout the range of the bull trout.  The Climate 
Shield model couples nearly 30,000 crowd-sourced summer water temperature measurements 
from a diverse array of agencies and institutions across over 10,000 unique stream locations to 
mathematically assess stream temperatures and forecast future scenarios (Isaak et al. 2015).  By 
analyzing these data sets, high-resolution networks of cold water refugia can be predicted. 

Evaluating data from the Climate Shield model by Isaak et al. (2015) indicate that 
suitable habitat in 2040 will be present in all core areas in the Upper Snake Recovery Unit 
though all core areas will have habitat that loses suitability.  Also, some core areas will have 
greatly reduced amounts of suitable habitat (Weiser, Squaw Creek, North Fork Payette, Middle 
Fork Payette, and Jarbidge).  The Jarbidge, Middle Fork Payette, and Squaw Creek core areas 
appear to change the most (baseline to 2040) and potentially will contain the least amount of 
persistent cold water habitat to support bull trout in the future.  Core areas in these lower 
elevation areas (including the Malheur, Little Lost, Jarbidge, Weiser, Squaw Creek, North Fork 
Payette, Middle Fork Payette, and little-lower Salmon drainages) are the core areas that would be 
most susceptible to future climate change.   

There is still a great deal of uncertainty associated with predictions relative to the timing, 
location, and magnitude of future climate change.  It is also likely that the intensity of effects 
will vary by region (ISAB 2007) although the scale of that variation may exceed that of States.  
There is little doubt that climate change is and will be an important factor affecting bull trout 
distribution.  As its distribution contracts, patch size decreases and connectivity is truncated, bull 
trout populations that may be currently connected may face increasing isolation, which could 
accelerate the rate of local extinction beyond that resulting from changes in stream temperature 
alone (Rieman et al. 2007).  Due to variations in land form and geographic location across the 
range of the bull trout, it appears that some populations face higher risks than others.  Bull trout 
in areas with currently degraded water temperatures and/or at the southern edge of its range may 
already be at risk of adverse impacts from current as well as future climate change. 
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Table 3.  Primary threats for the Malheur River Core Areas. 
Geographic Region 

Core Area – Complex 

Core Area - Simple 
Number of 

Local 
Populations 

PRIMARY THREATS1 

Habitat Demographic Nonnatives 

Malheur River Geographic Region 

North Fork Malheur River 5 
Upland/Riparian Land  
Management (1.1) 
Forest Management Practices, 
Livestock Grazing  

Instream Impacts (1.2) 
Water Management 

Water Quality: 
Forest Management Practices, 
Livestock Grazing  

Connectivity  
Impairment (2.1) 
Entrainment, Dewatering,  
Temperature Barriers  

Nonnative fishes (3.1) 
Potential for Invasion  

Upper Malheur River 3 
Upland/Riparian Land  
Management (1.1) 
Forest Management Practices 
(legacy and current), Livestock 
Grazing  

Water Quality: 
Forest Management Practices 
(legacy and current),  Livestock 
Grazing  

Connectivity  
Impairment (2.1) 
Entrainment, Fish Passage 
Issues, Dewatering, 
Temperature Barriers  

Small Population Size (2.3) 
Genetic, Demographic 
Stochasticity  

Nonnative fishes (3.1) 
Competition, Hybridization 

1 Primary Threat:  Factors known or likely (i.e., non-speculative) to negatively impact bull trout populations at the core area level, 
and accordingly require management actions to assure bull trout persistence to a degree necessary that bull trout will not be at risk of 
extirpation within that core area in the foreseeable future (50 years). 
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Ongoing Upper Snake Recovery Unit Conservation Measures  
Since the listing of bull trout, numerous conservation measures have been and continue to 

be implemented within the Upper Snake Recovery Unit.  These measures are being undertaken 
by a wide variety of local and regional partnerships, including State fish and game agencies, 
State and Federal land management and water resource agencies, Tribal governments, power 
companies, watershed working groups, water users, ranchers, and landowners.  In many cases, 
these bull trout conservation measures incorporate or are closely interrelated with work being 
done for recovery of salmon and steelhead, which are limited by many of the same threats. 

Many restoration projects have been implemented from local funds as well as Bonneville 
Power Administration funds in predominantly anadromous drainages.  Bonneville Power 
Administration has also funded projects in the Malheur River to support Tribal efforts in 
recovering bull trout.  The Bureau of Reclamation has been implementing various projects within 
the Malheur and Boise watersheds to better understand the impacts of their operations on bull 
trout populations. 

The numerous localized fish habitat restoration projects in the Salmon River basin that 
are implemented by Federal, State, and private partners (U.S. Forest Service, Bureau of Land 
Management, Upper Salmon Basin Watershed Program) should continue and be expanded if 
possible, to protect and maintain the currently robust population.  The Upper Salmon Basin 
Watershed Program has implemented over 500 projects since 1993 to increase instream flow and 
improve fish habitat across the Salmon River headwaters, Lemhi River, and Pahsimeroi River 
watersheds.  The program, coordinated by the Idaho Governor’s Office of Species Conservation, 
works with cooperating private landowners to develop restoration projects and obtain funding 
from Bonneville Power Administration and other agencies.  Projects have included removal of 
migration barriers to provide fish access to 75 miles (121 kilometers [km]) of stream, screening 
of 249 irrigation diversions, instream habitat improvement in 494 miles (795 km) of stream, and 
riparian habitat restoration over 352 miles (566 km) of stream (158 miles [254 km] fenced).  
Projects have benefited bull trout, salmon, and other salmonid species. 

The Forest Service and Bureau of Land Management have updated their Land and 
Resource Management Plans (LRMPs) and Resource Management Plans to incorporate 
conservation measures that protect both local populations and habitat used by bull trout.  Some 
Forests did not revise their LRMPs but amended them to include fish and riparian conservation 
strategies to protect inland native fish and anadromous fish habitat.  Numerous passage projects 
have also increased the amount of habitat as well as improved connectivity throughout the 
recovery unit.  Both these Federal agencies have areas within the Upper Snake with special 
designations such as Wild and Scenic River (Jarbidge River, Malheur River) or Wilderness 
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Designation (Frank Church Wilderness of No Return in the Salmon River and the Jarbidge 
Wilderness in the Jarbidge River).  Both of these designations afford protection for bull trout and 
its habitat.  Another designation that provides protection at a smaller scale are Wilderness Study 
areas that are dispersed throughout the Upper Snake with concentrations in southeast Oregon and 
central Idaho. 

Research, Monitoring, and Evaluation 
The Upper Snake Recovery Unit currently lacks trend data in most core areas and there is 

a need to collect more information to determine whether populations are stable or increasing.  
The Idaho Department of Fish and Game and Oregon Department of Fish and Wildlife have 
collected trend data in only 12 of the 22 core areas in the recovery unit.  For core areas that 
contained trend data, 8 of the 12 indicated either a stable or increasing trend and decreasing 
trends were observed in some core areas that we have otherwise identified as likely to be stable 
without primary threats (Middle Fork Salmon and Middle Salmon-Panther).  While many parts 
of the range are stable or increasing, other areas do not have any information regarding trends.  
Bull trout trends are unknown within the entire Payette River geographic region, while the 
Salmon River geographic region has a robust amount of information.  Based on discussions with 
technical partners and the existing trend data it is estimated that 13 of the 22 core areas in the 
Upper Snake Recovery Unit have either stable or increasing trends since 1995. 
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Recovery Measures Narrative 

The recovery measures narrative for each core area within the Upper Snake Recovery Unit is 
structured in a hierarchical step-down narrative under which specific recovery actions are 
grouped and listed to address identified primary threats.  We established three broad primary 
threat category classifications (Habitat, Demographic, and Non-Natives) which were further 
subdivided into more specific second-tier threat categories where applicable:   

• Habitat – Upland/Riparian Land Management, Instream Impacts, and Water Quality
• Demographic – Connectivity Impairment, Fisheries Management, Small Population Size,

and Forage Fish Availability
• Nonnatives – Nonnatives

Specific recovery actions are each listed under a third tier of individual threat descriptors
which were developed to more specifically characterize these second-tier threat categories for 
that particular core area.  If a second-tier threat category is not applicable to a particular core 
area, no third-tier threats are listed in the narrative and the second-tier threat is gray-shaded.  
Core areas and their specific recovery actions have been grouped by the seven major geographic 
regions shown in Table E-3 above.  In addition to third-tier recovery actions that address 
identified primary threats, we also identified and listed additional conservation recommendations 
within the recovery measures narrative.  These actions are considered beneficial for bull trout 
conservation and merit implementation, but do not address primary threats and are not 
considered necessary to meet recovery objectives within a core area. 

Malheur River Geographic Region 

North Fork Malheur Core Area 
1. Actions to Address Habitat Threats

1.1. Upland/Riparian Land Management 

Forest Management Practices 

1.1.1 Restore canopy and riparian cover and native vegetation in all bull trout 
spawning, rearing, and migration areas.  Horse Creek, Swamp Creek, 
Sheep Creek, Flat Creek, Elk Creek, Little Crane Creek, Crane Creek, 
and the North Fork Malheur River have suppressed woody vegetation and 
loss of effective shade.  Emphasis should also be put on the Little 
Malheur River as bull trout have been recently captured there and it has 
the potential to provide spawning and rearing habitat.  This component is 
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vital to restoring not only shade but also natural instream processes, 
hydrologic function, and thermal regimes.  

1.1.2 Implement stream restoration projects in degraded stream reaches.  
Review habitat information to identify and prioritize opportunities for 
stream restoration in Horse Creek, Swamp Creek, Sheep Creek, Flat 
Creek, Elk Creek, Little Crane Creek, Crane Creek, the North Fork 
Malheur River, and Little Malheur River.  Design and implement projects 
based on findings.   

1.1.3 Provide a reliable source of large hardwood beaver forage.  Beaver have 
disappeared from much of their historical range.  Beavers initiate and 
maintain critical watershed processes important to water retention, 
sediment sequestration, cold water storage, and flood plain connectivity.  
The re-establishment of these processes in the riverscape is critical to the 
recovery of bull trout and their habitat.  The current lack of hardwoods in 
riparian habitats and the necessary structure to support beaver dam 
construction are one of the factors limiting the recolonization of the 
Upper Malheur River by beaver.  Grazing pressure on riparian 
communities is detrimental to re-stablishing these critical riparian 
hardwoods.  Implement activities to encourage riparian shrub and 
hardwood communities to re-establish in an effort to encourage beaver to 
naturally recolonize and restore the riverscape.  Consider providing large 
support material to jump start beaver dam construction.  

1.1.4 Evaluate and implement actions to encourage beaver recolonization.  To 
assist in re-establishing functional riparian communities, Federal, Tribal 
and State resource managers should identify and implement measures to 
increase beaver abundance where feasible and biologically supportable.  
Reduction in beaver trapping pressures, increases in active releases, and 
utilization of beaver control structures should be considered where 
effective and appropriate.  

Livestock Grazing 

1.1.5  Reduce grazing impacts.  While recognizing that no livestock grazing 
would likely achieve recovery of habitat and populations more rapidly, 
the following measures would allow for livestock grazing occurring while 
habitat and populations recover at less than a near-natural rate of 
recovery.   Livestock grazing within riparian areas proximate to bull trout 
critical habitat should be limited to light utilization and minimal bank 
disturbance.  Based on current and best available science, threshold 
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indicators should be monitored utilizing the Multiple Indicator 
Monitoring Method (Burton et al. 2011).  Threshold indicators when 
measured for early to mid-season should not exceed: 

Indicator 
Foraging / 
Migration / 

Overwintering 

Spawning / 
Rearing 

Comments 

Bank 
Alteration 

Less than 20% Less than 15% 

• Monitor within a week of the
cows coming off the pasture.

• Burton et al. 2011

• Bengeyfield 2006

Stubble 
Height 

6” (Early season ) 

8” (Late season ) 

8” (Early season ) 

10” (Late season ) 

• Goss 2013 (MS Thesis)

• Clary and Webster (1989)

Browse Light (21 to 40%) Slight (0 to 20%) • Burton et al. 2011

To further aid in the recovery of bull trout and minimize the potential for 
redd trampling, no livestock grazing should occur within sections of 
streams that are designated as Spawning/Rearing (USFWS 2010) after 
August 15 to the following spring.  Removing livestock use after August 
15 should also aid in the recovery of woody shrubs which provide shade 
and stability to stream channels.  These streams include:  Horse Creek, 
Swamp Creek, Sheep Creek, Flat Creek, Elk Creek, Little Crane Creek, 
Crane Creek, and the North Fork Malheur River.  Little Malheur River is 
severely degraded and currently considered unoccupied during the peak 
of the summer due to stream temperatures.  Special emphasis should be 
placed on restoring this tributary to support bull trout. 

In conjunction with the above; other measures can be used to minimize 
grazing impacts which include fencing, changes in timing, rest, rest 
rotation, off-site watering and salting.  Federal land management agencies 
should implement PACFISH/INFISH (Pacific Anadromous Fish 
Strategy/Inland Fish Strategy) standards and guidelines for livestock 
grazing, as appropriate.  Priority sites within the North Fork Malheur 
River include the following Federal allotments: Spring Creek allotment, 
North Fork allotment, Flag Prairie allotment, and Ott allotment, all of 
which have some stream temperature, riparian habitat, and channel 
complexity problems.   
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1.1.6 Curtail unauthorized livestock use on U.S. Forest Service property. 
Implement regulations designed to reduce and eliminate violations of 
grazing permits and unauthorized grazing.   Any cattle, sheep, goat, hog, 
or equine not considered wild and free roaming that is grazing without a 
permit is considered unauthorized by 36 CFR 222.20(b)(13). 

1.2. Instream Impacts 

Water Management 

1.2.1 Maintain a conservation pool in Beulah Reservoir to provide adequate 
overwinter rearing habitat for adult and sub-adult migratory bull trout.  
Reduction in reservoir levels, sometimes to run-of-the-river, can 
negatively affect temperature and prey fish availability, greatly 
influencing growth and survival of adfluvial bull trout in the reservoir 
(Petersen and Kofoot 2002).  Implement Terms and Conditions from the 
2005 Service Biological Opinion to maintain a conservation pool in 
Beulah Reservoir minimizing the frequency and extent of a draw down 
during years in which snow pack and/or stream flow is insufficient to 
exceed irrigation needs.   

1.3. Water Quality 

Forest Management Practices and Livestock Grazing 

1.3.1 Maintain or improve effective shade to achieve water quality objectives 
as outlined in the TMDL (Total Maximum Daily Load) recommending no 
reduction of effective shade.  Management activities should allow for 
recovery of effective shade based on site potential vegetation.  The 
Oregon Department of Environmental Quality completed the Malheur 
Basin TMDL and Water Quality Management Plan in September 2010.  
The Malheur National Forest is slated to complete a water quality 
recovery plan in 2015.  Follow recommendations and measures presented 
in these plans.  Implement action 1.1.1 to help improve effective shade. 

Agriculture Practices 

1.3.2  Cool irrigation returns and run-off.  Diversions or runoff warmer than the 
receiving water should be cooled when possible before allowing it to 
enter the receiving system (e.g., subterranean pipes).     

2. Actions to Address Demographic Threats

2.1. Connectivity Impairment 
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Entrainment & Fish Passage Issues 

2.1.1 Install appropriate fish screens and passage structures around diversions 
and/or remove related migration barriers.  Complete an inventory of 
unscreened irrigation diversions within the basin.  Known high priorities 
for screening include diversions on the North Fork Malheur River.  
Diversions on Forest Service property have either been screened or 
closed; if re-opened install appropriate screens to prevent entrainment of 
bull trout.     

2.1.2 Reduce occurrence of spill at Agency Valley Dam to minimize 
entrainment of bull trout below the dam and provide upstream passage 
when entrainment occurs.  Bull trout are entrained over the spillway of 
Agency Valley Dam when spill occurs.  Once entrained, there is no 
existing facility for fish to return upstream to the reservoir.  Due to 
elevated summer stream temperatures and low flows caused by irrigation 
withdrawal habitat conditions downstream of the dam are not suitable for 
bull trout survival.  Implement the Terms and Conditions of the 2005 
Service Biological Opinion to continue all existing efforts to limit the use 
of the spillway, minimize duration and quantity of spill, and trap and 
return bull trout that are entrained when the spillway is used back to 
Beulah Reservoir or the North Fork Malheur River above the dam.  

2.1.3 Identify and remove barriers to juvenile and adult passage.  Log weirs, 
culverts, legacy structures and other aquatic organism passage barriers 
impede juvenile and adult passage and prevent movement between 
spawning, rearing and overwinter habitats.  Culverts for the National 
Forest road NF-13 where it crosses Swamp and Sheep creeks are a 
priority. 

Dewatering 

2.1.4 Improve and secure instream flows.  Restore connectivity and 
opportunities for migration by securing instream flows and/or water 
rights.  Improve irrigation efficiency.  In addition, implement stream 
restoration actions identified under Recovery Action 1.  Benefits of 
stream restoration will include raising the water table and restoring 
natural instream flow, providing more water during summer and late fall.  

Temperature Barriers 

2.1.5 Eliminate thermal barriers by maintaining or improving riparian 
vegetation communities, providing shade to streams, and increasing 
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instream flow.  Current bull trout distribution and movement is impeded 
by thermal barriers between spawning and rearing habitats.  During the 
summer months, water temperature in the North Fork Malheur River 
between Beulah Reservoir and Crane Creek is considered a barrier to 
movement, and additional thermal barriers upstream of Crane Creek may 
occur in some years.  Implement actions designed to cool warm water 
temperatures, increase flows, and improve hydrologic function as detailed 
under Recovery Action 1. 

2.2. Fisheries Management 

2.3. Small Population Size 

2.4. Forage Fish Availability 

3. Actions to Address Nonnative Fishes

3.1 Nonnative Fishes 

Potential for Invasion 

3.1.1 Survey and monitor the North Fork watershed for the presence of brook 
trout.  Currently, brook trout are absent in the North Fork Malheur River.  
The illegal introduction and subsequent invasion of brook trout into the 
North Fork Malheur River would negatively impact bull trout populations 
through competition and hybridization and could quickly become one of 
the most significant threats to bull trout in the basin.  Periodically and 
regularly survey the North Fork Malheur River watershed, within and 
outside the distribution of bull trout, for the presence of brook trout.  
Consider using e-DNA methodology as a low cost means to monitor the 
basin for brook trout occupancy.   

3.1.2 Prioritize the removal of brook trout in adjacent basins.  The presence of 
brook trout in high densities in the Upper Malheur River basin poses a 
direct threat to the bull trout in the North Fork Malheur core area.  The 
risk of illegal inter-basin transfer is potentially very high.  The removal or 
control of brook trout in the Upper Malheur River basin will decrease this 
risk considerably.   

3.1.3 Implement recovery actions that will ensure the expression of a migratory 
life history.  Impacts of brook trout to bull trout populations appear to be 
most significant for populations of primarily resident fish.  Bull trout 
populations containing large migratory individuals manage to maintain 
despite the presence of brook trout.  In addition, large fish are more 
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fecund, have great productivity, and can out-compete smaller brook trout 
for food and space resources.  Recovery actions specific to fostering a 
migratory life history include 1.2.1 and 2.1.2 (to ensure suitable 
overwintering habitat in Beulah Reservoir), and 2.1.1 through 2.1.3 (to 
maintain passable migratory corridors).   

3.1.4 Implement brook trout removal efforts when brook trout are detected in 
the North Fork Malheur core area.  Immediately conduct brook trout 
eradication efforts, when and if detected, in the North Fork Malheur 
Basin to prevent dispersal and colonization of the species. 

3.1.5  Develop and implement an educational effort to address problems and 
consequences of unauthorized fish introductions.  Target areas where 
inter-basin transfer of brook trout from adjacent systems would be most 
likely. 

4. Monitoring and Evaluation 

4.1 Habitat 

Monitoring 

4.1.1 Continue to monitor temperature, water quality, water quantity, and 
riparian condition to evaluate the effectiveness of habitat restoration 
actions and to provide the ability to detect trends in these metrics. 

4.2 Demographic  

Research 

4.2.1 Further define bull trout distribution and habitat use in the core area.  
Research is needed to determine the extent to which bull trout express a 
fluvial, and potentially adfluvial, life history in the North Fork Malheur 
River.   

Monitoring 

4.2.2 Continue maintenance and operation of fish screens on all diversions.  
Constant monitoring and maintenance is necessary to keep fish screens 
operating properly. 

4.2.3  Continue ongoing population monitoring efforts within the basin.  
Maintain current long term redd count datasets assessing abundance and 
distribution of spawning migratory bull trout.  If necessary, bolster the 
monitoring program with new protocols and methodologies consistent 
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with other programs statewide.  Continue to coordinate surveys among 
partner agencies.   

4.3 Nonnatives 

4.3.1  Implement bass and crappie monitoring efforts in Beulah Reservoir.  
Current data demonstrates multiple year classes of both nonnative 
species.  Implementation of a conservation pool will likely allow both 
species to expand.  Predation by bass could occur on bull trout and 
competition for prey would occur by both species.   

Conservation Recommendations 

• Promote interagency collaboration and coordination on bull trout recovery actions by
supporting existing bull trout working groups or the formation of new bull trout
working groups where they do not exist.  While working groups may be facilitated by
any interested stakeholder, most often they are organized and facilitated by the
Service, a State agency, U.S. Forest Service, or a Tribal entity.  Although the Service
has no guidelines for format or process, existing working groups are largely informal,
are organized at various scales (e.g., core area, river basin, geographic region, or
recovery unit) and generally meet at least annually.

• Identify and address sediment sources in North Fork Malheur Basin affecting bull
trout.   Identify road-related sediment problem areas in the North Fork Malheur River
core area prioritizing spawning and rearing streams.  Examine the ways roads capture
and channel runoff, and changes in surface runoff associated with soil compaction.
Stabilize roads, crossings, railroad grades, and other sources of sediment delivery;
remove and vegetatively restore unneeded roads and railroad grades.

• Increase information outreach to anglers.  Provide information on bull trout
identification, special regulations, methods to reduce hooking mortality of bull trout
caught incidentally, and the value of bull trout and their habitat.

• Investigate and implement actions to restore historic prey base by reintroducing
anadromous species from appropriate stocks.  Anadromous species such as steelhead
and spring Chinook salmon were historically present in the North Fork Malheur
River.  Feasibility of restoration of spawning populations of these species to increase
prey base and provide marine derived nutrients should be evaluated and implemented
where feasible and biologically supportable.
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Upper Malheur Core Area 
1. Actions to Address Habitat Threats

1.1. Upland/Riparian Land Management 

Forest Management Practices 

1.1.1 Restore canopy and riparian cover, and native vegetation in all bull trout 
spawning, rearing, and migration areas.  Crooked Creek, McCoy Creek, 
Lake Creek, Coral Basin Creek, Bosonberg Creek, Big Creek, Summit 
Creek, and the Malheur River downstream of Logan Valley have 
suppressed woody vegetation and loss of effective shade.  This 
component is vital to restoring not only shade but also natural instream 
processes, hydrologic function, and thermal regimes. 

1.1.2  Implement stream restoration projects in degraded stream reaches.  
Review habitat information to identify and prioritize opportunities for 
stream restoration, including increasing pool and gravel area, in Crooked 
Creek, McCoy Creek, Lake Creek, Coral Basin Creek, Bosonberg Creek, 
Big Creek, Summit Creek, and the Malheur River downstream of Logan 
Valley.  Design and implement projects based on findings. 

1.1.3 Provide a reliable source of large hardwood beaver forage.  Beaver have 
disappeared from much of their historical range.  Beavers initiate and 
maintain critical watershed processes important to water retention, 
sediment sequestration, cold water storage, and flood plain connectivity.  
The re-establishment of these processes in the riverscape is critical to the 
recovery of bull trout and their habitat.  The current lack of hardwoods in 
riparian habitats and the necessary structure to support beaver dam 
construction are one of the factors limiting the recolonization of the 
Upper Malheur River by beaver.  Grazing pressure on riparian 
communities is detrimental to re-stablishing these critical riparian 
hardwoods.  Implement activities to encourage riparian shrub and 
hardwood communities to re-establish in an effort to encourage beaver to 
naturally recolonize and restore the riverscape.  Consider providing large 
support material to jump start beaver dam construction.  

1.1.4 Evaluate and implement actions to encourage beaver recolonization.  To 
assist in re-establishing functional riparian communities, Federal, Tribal 
and State resource managers should identify and implement measures to 
increase beaver abundance where feasible and biologically supportable.  
Reduction in beaver trapping pressures, increases in active releases, and 
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utilization of beaver control structures should be considered where 
effective and appropriate. 

Livestock Grazing 

1.1.5  Reduce grazing impacts.  While recognizing no livestock grazing would 
likely achieve recovery of habitat and populations more rapidly, the 
following measures would allow livestock grazing to occur while habitat 
and populations recover at less than a near-natural rate of recovery.   
Livestock grazing within riparian areas proximate to bull trout critical 
habitat should be limited to light utilization and minimal bank 
disturbance.  Based on current and best available science, threshold 
indicators should be monitored utilizing the Multiple Indicator 
Monitoring Method (Burton et al. 2011).  Threshold indicators, when 
measured in early to mid-season, should not exceed: 

Indicator 
Foraging / 
Migration / 

Overwintering 

Spawning / 
Rearing 

Comments 

Bank 
Alteration 

Less than 20% Less than 15% 

• Monitor within a week of the
cows coming off the pasture.

• Burton et al. 2011

• Bengeyfield 2006

Stubble 
Height 

6” (Early season ) 

8” (Late season ) 

8” (Early season ) 

10” (Late season ) 

• Goss 2013 (MS Thesis)

• Clary and Webster (1989)

Browse Light (21 to 40%) Slight (0 to 20%) • Burton et al. 2011

To further aid in the recovery of bull trout and minimize the potential for 
redd trampling, no livestock grazing should occur within sections of 
streams that are designated as spawning/rearing (USFWS 2010) after 
August 15 to the following spring.  By removing livestock use after 
August 15 this should also aid in the recovery of woody shrubs which 
provide shade and stability to stream channels.  These streams include:  
Meadow Fork of Big Creek, Big Creek, Snowshoe Creek, Lake Creek, 
McCoy Creek, Crooked Creek, Bosonberg Creek, and Summit Creek.  
McCoy Creek, Crooked Creek, Bosonberg Creek, and Summit Creek are 
severely degraded and are currently unoccupied during the peak of the 
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summer due to stream temperatures.  Special emphasis should be placed 
on restoring these tributaries to support bull trout. 

 In conjunction with the above, further minimize grazing impacts with 
fencing, changes in timing, rest, rest rotation, off site watering, and 
salting.  Federal land management agencies should implement 
PACFISH/INFISH standards and guidelines for livestock grazing, as 
appropriate.  Priority sites within the Upper Malheur River include the 
following Federal allotments:  McCoy Creek allotment, Lake Creek 
allotment, Logan Valley allotment, Dollar Basin allotment, Star Glade 
Allotment, and Summit Prairie Allotment, all of which have some stream 
temperature, riparian habitat, and channel complexity problems. 

1.1.6 Curtail unauthorized livestock use on U.S. Forest Service property. 
Implement regulations designed to reduce and eliminate violations of 
grazing permits and unauthorized grazing.   Any cattle, sheep, goat, hog, 
or equine not considered wild and free roaming that is grazing without a 
permit is considered unauthorized by 36 CFR 222.20(b)(13). 

1.2. Instream Impacts 

1.3. Water Quality 

Forest Management Practices and Livestock Grazing 

1.3.1 Maintain or improve effective shade to achieve water quality objectives 
as outlined in the TMDL recommending no reduction of effective shade.  
Management activities should allow for recovery of effective shade based 
on site potential vegetation.  The Malheur Basin TMDL and Water 
Quality Management Plan were completed September 2010.  The 
Malheur National Forest is slated to complete a water quality recovery 
plan in 2015.  Follow recommendations presented in these plans.   
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Agriculture Practices 

1.3.2  Cool irrigation returns and run-off.  Diversions or runoff warmer than the 
receiving water should be cooled when possible before allowing to it to 
enter the receiving system (e.g., subterranean pipes).     

2. Actions to Address Demographic Threats

2.1. Connectivity Impairment 

Entrainment & Fish Passage Issues 

2.1.1 Install appropriate fish screens and passage structures around diversions 
and/or remove related migration barriers.  High priorities for screening 
include diversions on Lake Creek and Bosonberg Creek and the Drewsey 
Diversion.  An inventory on Upper Malheur River is incomplete.  

2.1.2 Provide passage at road-related barriers and culverts.  The U.S. Forest 
Service is currently developing watershed action plans for the core area.  
These action plans include an analysis of passage issues as they relate to 
bull trout.  Implement measures identified and prioritized in the U.S. 
Forest Service watershed action plans to provide passage at road related 
barriers including those on Corral Basin and Summit creeks.   

2.1.3 Identify and remove barriers to juvenile and adult passage.  Log weirs, 
culverts, legacy structures and other barriers impede juvenile and adult 
passage and prevent movement between spawning, rearing and 
overwinter habitats. 

Dewatering 

2.1.4 Improve and secure instream flows.  Restore connectivity and 
opportunities for migration by securing instream flows and/or water 
rights.  Improve irrigation efficiency.  Lower Lake Creek in particular 
becomes dewatered due to management actions taken on upstream private 
property.  In addition, implement channel restoration actions identified 
under Recovery Action 1.  Benefits of stream channel restoration will 
include raising the water table and restoring natural instream flow, 
providing more flow during summer and late fall. 

Temperature Barriers 

2.1.5 Eliminate thermal barriers by maintaining or improving riparian 
vegetation communities, providing shade to streams, and increasing water 
quantity.  Current juvenile and adult bull trout distribution and movement 
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is impeded by thermal barriers between spawning, rearing, and 
overwintering habitats.  Seasonal thermal barriers exist at the mouths of 
Lake, McCoy, and Summit creeks as well as the upper mainstem river.  
Implement actions designed to cool warm water temperatures, increase 
flows, and improve hydrologic function as detailed under Recovery 
Action 1.  Partnerships with private landowners may be necessary to 
eliminate thermal barriers, particularly on Lake Creek and McCoy Creek.    

2.2. Fisheries Management 

2.3. Small Population Size 

At this time, we expect the implementation of the recovery actions identified herein 
will be sufficient to increase population size and maintain gene flow among 
populations and will ameliorate any deleterious effects of genetic and demographic 
stochasticity in addition to recovering the migratory life history type.  Additional 
measures, such as population augmentation or reintroduction within historical 
distribution, should be considered in the event a demographic response to these 
actions is not observed. 

2.3.1  Investigate merits of developing a genetic management plan for the 
Upper Malheur core area given the extremely low population size and 
high abundance of brook trout.   

2.4. Forage Fish Availability 
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3. Actions to Address Nonnative Fishes

3.1 Nonnative Fish 

Competition and Hybridization 

3.1.1 Develop and implement a comprehensive watershed-wide brook trout 
eradication and control strategy.  In order to address the threat of brook 
trout long-term and over a biologically-supportable geographic scale, a 
watershed level plan must be developed and implemented so that 
eradication treatments can be evaluated in the context of overall long-
term suppression, and to actively or passively encourage bull trout 
recolonization into treated areas.  The strategy should prioritize stream 
reaches where success will be most likely and where threats to existing 
bull trout populations (i.e., hybridization rates, competition, etc.) are most 
significant.  Removal efforts should employ the use of tested and proven 
barriers to prevent re-invasion from adjacent reaches occupied by brook 
trout.  Continue to work collaboratively with partner agencies to develop 
and implement this control and eradication strategy.  

3.1.2 Implement actions that will ensure the expression of a migratory life 
history.  Impacts of brook trout to bull trout populations appear to be 
most significant for populations of primarily resident fish.  Bull trout 
populations containing large migratory individuals manage to maintain 
despite the presence of brook trout.  In addition, large fish are more 
fecund, have great productivity, and can out-compete smaller brook trout 
for food and space resources.  Actions specific to fostering a migratory 
life history include those under Recovery Action 1 to ensure suitable 
overwintering habitat in the Malheur River, and those under Recovery 
Action 2.1 to maintain passable migratory corridors.   

3.1.3 Develop and implement education and outreach efforts to address 
problems and consequences of unauthorized fish introductions.  Target 
areas where intra-basin transfer of brook trout from adjacent systems 
would be most likely. 
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4. Research, Monitoring, and Evaluation

4.1 Habitat 

Monitoring 

4.1.1 Continue to monitor temperature, water quality, water quantity, and 
riparian condition to evaluate the effectiveness of habitat restoration 
actions and to provide the ability to detect trends in these metrics. 

4.2 Demographic 

Research 

4.2.1 Further define bull trout distribution and habitat use in the core area.  
Research is needed to determine the extent to which bull trout express a 
fluvial, and potentially adfluvial, life history in the Upper Malheur River.  

Monitoring 

4.2.2  Continue ongoing population monitoring efforts within the basin.  
Maintain current long-term redd count datasets assessing abundance and 
distribution of spawning migratory bull trout.  If necessary bolster the 
monitoring program with new protocols and methodologies consistent 
with other programs statewide.  Continue to coordinate surveys among 
partner agencies.   

4.2.3 Continue maintenance and operation of fish screens on all diversions.  To 
prevent entrainment, consistent monitoring and maintenance is necessary 
to keep fish screens operating properly. 

4.3 Nonnatives 

Conservation Recommendations 

• Promote interagency collaboration and coordination on bull trout recovery actions by
supporting existing bull trout working groups or the formation of new bull trout
working groups where they do not exist.  While working groups may be facilitated by
any interested stakeholder, most often they are organized and facilitated by the
Service, a State agency, U.S. Forest Service, or a Tribal entity.  Although the Service
has no guidelines for format or process, existing working groups are largely informal,
are organized at various scales (e.g., core area, river basin, geographic region, or
recovery unit), and generally meet at least annually.
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• Provide long-term habitat protection through purchase of private property from 
willing sellers.  Potential candidates include the remaining privately-held parcels in 
the Upper Malheur River corridor including tracts on lower Big, Summit, Lake, and 
Bosonberg Creeks.   

• Identify and address sediment sources in Upper Malheur River basin affecting bull 
trout.   Identify road-related sediment problem areas in the Upper Malheur River core 
area prioritizing spawning and rearing areas.  Examine the ways roads capture and 
channel runoff, and changes in surface runoff associated with soil compaction.  
Stabilize roads, crossings, railroad grades, and other sources of sediment delivery; 
remove and vegetatively restore unneeded roads and railroad grades.  

• Increase information outreach to anglers.  Provide information on bull trout 
identification, special regulations, methods to reduce hooking mortality of bull trout 
caught incidentally, and the value of bull trout and their habitat.  Education and 
outreach designed to assist anglers in identifying and differentiating captured brook 
trout from bull trout is needed to reduce unintended take of bull trout.   Signage 
should be increased in Big Creek, Lake Creek, and access points along the main stem 
Upper Malheur River alerting anglers of bull trout presence in the streams. 

• Investigate and implement actions to restore historic prey base by reintroducing 
anadromous species from appropriate stocks.  Anadromous species such as steelhead 
and spring Chinook salmon were historically present in the Upper Malheur River.  
Feasibility of restoration of spawning populations of these species to increase prey 
base and provide marine derived nutrients should be evaluated and implemented 
where feasible and biologically supportable. 
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Implementation Schedule for the Upper Snake Recovery Unit 

The Implementation Schedule that follows describes recovery action priorities, action 
numbers, action descriptions, duration of actions, potential or participating responsible parties, 
total cost estimate and estimates for the next 5 years, if available, and comments.  These recovery 
actions, when accomplished in conjunction with implementation of recovery actions in the other 
bull trout recovery units, will lead to recovery of bull trout in the coterminous United States as 
discussed in the bull trout recovery plan (USFWS 2015). 

Parties with authority, responsibility, or expressed interest to implement a specific 
recovery action are identified in the Implementation Schedule.  Listing a responsible party 
does not imply that prior approval has been given or require that party to participate or 
expend any funds.  However, willing participants will benefit by demonstrating that their 
budget submission or funding request is for a recovery action identified in an approved 
recovery plan, and is therefore part of a coordinated effort to recover bull trout.  In 
addition, section 7(a)(1) of the Endangered Species Act (Act) directs all Federal agencies to 
use their authorities to further the purposes of the Act by implementing programs for the 
conservation of threatened or endangered species. 

Interrelated Costs of Recovery Actions 

The costs of recovery within the Upper Snake Recovery Unit vary among core areas.  
Cost estimates identified can be a reflection of specific recovery costs solely for the purpose of 
bull trout recovery, shared costs with other species, or costs for actions that benefit bull trout but 
are implemented due to other legal or management obligations already in place.  Recovery costs 
are directly related to the implementation of recovery actions identified to address primary 
threats to bull trout or to monitor bull trout populations within each core area.  These costs are 
the Service’s best estimate at the current time of those required to implement these actions. 

Core areas and FMO (foraging, migration, overwintering) habitat that contain both 
anadromous fish and bull trout reflect shared costs among all these species.  Areas within the 
Salmon basin are the only core areas in the Upper Snake that contain both bull trout and 
anadromous species.  The costs identified within those areas are costs that are shared with, or 
even driven by, salmon and steelhead recovery efforts.  Many actions that are implemented for 
the recovery of anadromous fish (e.g. fish screening, fish passage, connectivity, stream flow 
improvement, etc.) will also provide benefits to overlapping bull trout populations. 

The recovery costs identified within the remaining core areas or FMO habitat that only 
contain bull trout is directly attributed to bull trout recovery since no other listed fish species 
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occur within the remaining basins (Malheur, Jarbidge, Weiser, Payette, Boise, and Little Lost).  
But in all areas, including those within the Salmon basin, there may be recovery actions 
identified that need to be implemented due to other legal and management reasons beyond bull 
trout recovery implementation.  For example, these may include implementation of recovery 
actions related to obligations under existing section 7 consultations, Superfund restoration 
actions, Federal Energy Regulatory Commission dam relicensing, National Forest Management 
Act, Clean Water Act, State regulations, and/or conservation of other aquatic species, etc.). 

 
The implementation schedule includes the following components: 

 
Threat Factor:  Listing factor or threat category addressed by the recovery action.  

A. The Present or Threatened Destruction, Modification or Curtailment of Bull 
Trout Habitat or Range; 

B. Overutilization for Commercial, Recreational, Scientific, or Educational 
Purposes; 

C. Disease or Predation; 
D. The Inadequacy of Existing Regulatory Mechanisms; or 
E. Other Natural or Manmade Factors Affecting Its Continued Existence. 

 
Recovery Action Priority:   
 

Priority 1:  An action that must be taken to prevent extinction or prevent the species 
from declining irreversibly in the foreseeable future. 

 
Priority 2:  An action that must be taken to prevent a significant decline in 

species population or habitat quality. 
 
Priority 3:  All other actions necessary to meet the recovery objectives. 
 

For reference we also list additional conservation recommendations 
(marked Cons Rec).  These actions are potentially beneficial for bull trout 
conservation and merit implementation, but they are not considered necessary to 
meet recovery objectives within a core area and so are not classified as Priority 1, 
2, or 3.  Conservation recommendations are not included in recovery cost 
estimates. 

 
We evaluate recovery action priorities relative to the core area(s) where 

the action is targeted.  Recovery action priorities may reflect both the severity of 
the threat and the expected effectiveness of the action in addressing it. 
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Research, monitoring and evaluation (RM&E) actions necessary for 
recovery are those deemed critical for developing information for planning, 
implementing, monitoring, and evaluating effectiveness of recovery actions 
addressing management of primary threats.  Depending on the level of importance 
of this information, these RM&E actions may be classified as Priority 1, 2, or 3. 
Other RM&E actions, while possibly informative and potentially contributing to 
recovery, may not be deemed necessary and will thus be classified as 
conservation recommendations. 

Recovery Action Number and Description:  Recovery actions as numbered in the 
recovery outline.  Refer to the Narrative for action descriptions. 

Recovery Action Duration:  Indicates the number of years estimated to complete the 
action, or other codes defined as follows: 

Continual (C) – An action that will be implemented on a routine basis once begun. 
Ongoing (O) – An action that is currently being implemented and will continue 

until no longer necessary. 
To be Determined (TBD) – The action duration is not known at this time or 

implementation of the action is dependent on the outcome of other recovery 
actions. 

Responsible or Participating Party:  The following organizations are those with 
responsibility or capability to fund, authorize, or carry out the corresponding recovery 
tasks. 

BLM U.S. Bureau of Land Management 
BPT Burns Paiute Tribe 
ID irrigation districts 
NRCS Natural Resources Conservation Service 
ODA Oregon Department of Agriculture 
ODEQ Oregon Department of Environmental Quality  
ODFW Oregon Department of Fish and Wildlife  
OSP Oregon State Police 
OWRD Oregon Water Resources Department 
TAC Working Group Technical Advisory Committee 
SWCD Soil and Water Conservation District  
USBR  U.S. Bureau of Reclamation 
USFS United States Forest Service 
USFWS U.S. Fish and Wildlife Service 
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VOID Vale Irrigation District 
WC Watershed Councils  
WSID Warm Springs Irrigation District   

 
 

Bolded type indicates the agency or agencies that have the lead role for task 
implementation and coordination, though not necessarily sole responsibility. 
 

Cost estimates:  Estimated costs assigned to each action identified in the Implementation 
Schedule, both for the first 5 years after release of the recovery plan and for the total 
estimated cost of recovery (based on time to recovery, for Continual or Ongoing actions).  
Cost estimates are not provided for tasks which are normal agency responsibilities under 
existing authorities. 
 

An asterisk (*) in the total cost column indicates ongoing tasks that are currently 
being implemented as part of normal agency responsibilities under existing authorities.  
Because these tasks are not being done specifically or solely for bull trout conservation, they 
are not included in the cost estimates.  Some of these efforts may be occurring at reduced 
funding levels and/or in only a small portion of the watershed. 
 
Time to Recovery:   Estimated time before this recovery unit could meet recovery criteria, 
if recovery actions are successfully implemented. 
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Table 4.  Malheur River Core Areas Implementation Schedule. 

Core Area Threat 
Factor 

Recovery 
Action 

Priority 

Recovery 
Action 

Number 

Recovery Action 
Description 

Recovery 
Action 

Duration 

Responsible 
Parties Comments 

Estimated Costs (x $1,000) 
Total 
Cost 

FY 
16 

FY 
17 

FY 
18 

FY 
19 

FY 
20 

Malheur River Geographic Region 

North Fork Malheur Core Area 

North Fork 
Malheur 

A 1 1.1.1 Restore canopy and riparian 
cover, and native vegetation 
in all bull trout spawning, 
rearing and migration areas. 

10 USFS, BLM, 
BPT, WC, 
landowners 

 250 25 25 25 25 25 

North Fork 
Malheur 

A 1 1.1.2 Implement stream 
restoration project in 
degraded stream reaches. 

10 USFS, BPT, 
NRCS, 
SWCD, 
landowners 

Ongoing.  Cost 
covered under 
existing 
programs 

*      

North Fork 
Malheur 

A 2 1.1.3 Provide a reliable source of 
large hardwood beaver 
forage. 

20 USFS, BPT, 
BLM, SWCD 

Costs to be 
determined 

TBD      

North Fork 
Malheur 

A 2 1.1.4 Evaluate and implement 
actions to encourage beaver 
recolonization. 

20 USFS, BPT, 
ODFW, 
SWCD 

Costs to be 
determined 

TBD      

North Fork 
Malheur 

A 1 1.1.5 Reduce grazing impacts. 5 USFS, BPT, 
NRCS, 
SWCD, 
landowners 

 500 100 100 100 100 100 

North Fork 
Malheur 

A 2 1.1.6 Curtail unauthorized 
livestock use on USFS 
property. 

5 USFS Ongoing.  Costs 
covered under 
existing 
programs. 

*      

North Fork 
Malheur 

A 2 1.2.1 Maintain a conservation 
pool in Beulah Reservoir to 
provide adequate overwinter 
rearing habitat for adult and 
sub-adult migratory bull 
trout. 

20 USBR, 
USFWS, 
VOID, WSID 

Ongoing.  Costs 
variable 
depending on 
water year. 

*      

North Fork 
Malheur 

A 
 

1 1.3.1 Maintain or improve 
effective streamside shade. 

10 DEQ, WC, 
ODA, NRCS, 
USFWS 

 200 20 20 20 20 20 
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Core Area Threat 
Factor 

Recovery 
Action 

Priority 

Recovery 
Action 

Number 

Recovery Action 
Description 

Recovery 
Action 

Duration 

Responsible 
Parties Comments 

Estimated Costs (x $1,000) 
Total 
Cost 

FY 
16 

FY 
17 

FY 
18 

FY 
19 

FY 
20 

North Fork 
Malheur 

A 3 1.3.2 Cool irrigation returns and 
run-off. 

10 SWCD, ID, 
landowners 

Costs to be 
determined 

TBD      

North Fork 
Malheur 

A 1 2.1.1 Install appropriate fish 
screens and passage 
structures around diversions 
and/or remove related 
migration barriers. 

10 ODFW, BPT, 
USFS, NRCS, 
BLM, 
SWCD, 
landowners 

 100 20 20 20 20 20 

North Fork 
Malheur 

A 2 2.1.2 Reduce occurrence of spill 
at Agency Valley Dam to 
minimize entrainment of 
bull trout below the dam 
and provide upstream 
passage when entrainment 
occurs. 

20 USBR, ID, 
ODFW, 
USFWS 

If spill occurs 
then spring time 
Trap and Haul is 
initiated. 

35 7 7 7 7 7 

North Fork 
Malheur 

A 2 2.1.3 Identify and remove barriers 
to juvenile passage.  

10 USFS, 
ODFW  

 TBD      

North Fork 
Malheur 

A,E 1 2.1.4 Improve and secure 
instream flows. 

25 ODFW, 
OWRD, BPT 

Partially covered 
by 1.1.2, 1.1.5 

100 20 20 20 20 20 

North Fork 
Malheur 

A 1 2.1.5 Eliminate thermal barriers 
by maintaining or 
improving riparian 
vegetation communities, 
providing shade to streams, 
and increasing instream 
flow. 

10 USFS, BPT, 
NRCS, 
SWCD, WC, 
landowners 

Cost covered in 
1.1.1 & 1.1.2 

      

North Fork 
Malheur 

E 2 3.1.1 Survey and monitor the 
North Fork watershed for 
the presence of brook trout. 

25 ODFW, 
BPT, 
USFWS 

Ongoing.  Costs 
covered under 
existing 
programs. 

*      

North Fork 
Malheur 

E 2 3.1.2 Prioritize the removal of 
brook trout in adjacent 
basins. 

25 ODFW, 
BPT, 
USFWS 

Costs covered in 
Upper Malheur 
Plan. 

*      

North Fork 
Malheur 

A 1 3.1.3 Implement actions that will 
ensure the expression of a 
migratory life history. 

25 ODFW, 
USFWS 

Ongoing.  Costs 
covered under 
existing 
programs. 

*      
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Core Area Threat 
Factor 

Recovery 
Action 

Priority 

Recovery 
Action 

Number 

Recovery Action 
Description 

Recovery 
Action 

Duration 

Responsible 
Parties Comments 

Estimated Costs (x $1,000) 
Total 
Cost 

FY 
16 

FY 
17 

FY 
18 

FY 
19 

FY 
20 

North Fork 
Malheur 

E 1 3.1.4 Implement brook trout 
removal efforts when brook 
trout are detected in the 
North Fork Malheur core 
area. 

25 ODFW, 
BPT, 
USFWS 

Costs to be 
determined 

TBD      

North Fork 
Malheur 

E 2 3.1.5 Develop and implement an 
educational effort to address 
problems and consequences 
of unauthorized fish 
introductions. 

1 ODFW, 
BPT, USFS, 
USFWS 

 10 10     

North Fork 
Malheur 

A 2 4.1.1 Continue to monitor 
temperature, water quality, 
water quantity and riparian 
condition to evaluate the 
effectiveness of habitat 
restoration actions and to 
provide the ability to detect 
trends in these metrics. 

25 USFS, BPT, 
BOR, ODEQ, 
SWCD 

Ongoing.  Costs 
covered under 
existing 
programs. 

*      

North Fork 
Malheur 

A 2 4.2.1 Further define bull trout 
distribution and habitat use 
in the core area. 

25 ODFW, BPT  25 5 5 5 5 5 

North Fork 
Malheur 

A 2 4.2.2 Continue maintenance and 
operation of fish screens on 
all diversions. 

25 ODFW, 
BPT, USFS,  

 50 2 2 2 2 2 

North Fork 
Malheur 

A 2 4.2.3 Continue ongoing 
population monitoring 
efforts within the basin.   

25 ODFW, 
USFWS 

Ongoing.  Costs 
covered under 
existing 
programs. 

*      

North Fork 
Malheur 

E 2 4.3.1 Implement bass and crappie 
monitoring efforts in Beulah 
Reservoir. 

25 BOR, ODFW Costs to be 
determined 

TBD      

Upper Malheur River Core Area 

Upper 
Malheur 

A 1 1.1.1 Restore canopy and riparian 
cover, and native vegetation 
in all bull trout spawning, 
rearing and migration areas. 

10 USFS, BLM, 
BPT, WC, 
landowners, 
USFWS 

 250 25 25 25 25 25 
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Core Area Threat 
Factor 

Recovery 
Action 

Priority 

Recovery 
Action 

Number 

Recovery Action 
Description 

Recovery 
Action 

Duration 

Responsible 
Parties Comments 

Estimated Costs (x $1,000) 
Total 
Cost 

FY 
16 

FY 
17 

FY 
18 

FY 
19 

FY 
20 

Upper 
Malheur 

A 1 1.1.2 Implement stream 
restoration projects in 
degraded stream reaches. 

10 USFS, 
USFWS 

Ongoing.  Costs 
covered under 
existing 
programs. 

* 

Upper 
Malheur 

A 2 1.1.3 Provide a reliable source of 
large hardwood for beaver 
forage. 

20 USFS, BPT Costs to be 
determined 

TBD 

Upper 
Malheur 

A 2 1.1.4 Evaluate and implement 
actions to encourage beaver 
recolonization. 

20 USFS, 
ODFW, BPT 

Costs to be 
determined 

TBD 

Upper 
Malheur 

A 1 1.1.5 Reduce grazing impacts in 
all bull trout spawning 
areas. 

5 USFS, BPT, 
NRCS, 
SWCD, 
landowners 

500 100 100 100 100 100 

Upper 
Malheur 

A 2 1.1.6 Curtail unauthorized 
livestock use on USFS 
property. 

5 USFS Ongoing.  Costs 
covered under 
existing 
programs. 

* 

Upper 
Malheur 

A 1 1.3.1 Maintain or improve 
effective shade. 

10 DEQ, WC, 
ODA, NRCS, 
USFWS 

250 25 25 25 25 25 

Upper 
Malheur 

A 3 1.3.2 Cool irrigation returns and 
run-off. 

10 SWCD, ID, 
landowners 

Costs to be 
determined. 

TBD 

Upper 
Malheur 

A 1 2.1.1 Install appropriate fish 
screens and passage 
structures around diversions 
and/or remove related 
migration barriers. 

10 ODFW, BPT, 
USFS, NRCS, 
BLM, 
SWCD, 
landowners 

100 20 20 20 20 20 

Upper 
Malheur 

A 2 2.1.2 Provide passage at road-
related barriers and culverts. 

25 USFS, 
ODOT, 
Counties 

Ongoing.  
Project cost 
unknown at this 
time. 

TBD 

Upper 
Malheur 

A 2 2.1.3 Identify and remove barriers 
to juvenile and adult 
passage. 

25 USFS, 
ODFW, 
BLM 

50 10 10 10 10 10 
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Core Area Threat 
Factor 

Recovery 
Action 

Priority 

Recovery 
Action 

Number 

Recovery Action 
Description 

Recovery 
Action 

Duration 

Responsible 
Parties Comments 

Estimated Costs (x $1,000) 
Total 
Cost 

FY 
16 

FY 
17 

FY 
18 

FY 
19 

FY 
20 

Upper 
Malheur 

A,E 1 2.1.4 Improve and secure 
instream flows.  

25 ODFW, 
OWRD, BPT 

Partially covered 
by 1.1.2, 1.1.5 

100 20 20 20 20 20 

Upper 
Malheur 

A 1 2.1.5 Eliminate thermal barriers 
by maintaining or 
improving riparian 
vegetation communities and 
providing shade to streams. 

10 USFS, BLM, 
BPT, WC, 
landowners 

Cost covered in 
1.1.1 & 1.1.2 

250 25 25 25 25 25 

Upper 
Malheur 

A 2 2.3.1 Investigate merits of 
developing a genetic 
management plan for the 
Upper Malheur core area. 

1 ODFW, 
USFWS, 
BPT 

Costs to be 
determined. 

TBD      

Upper 
Malheur 

E 1 3.1.1 Develop and implement a 
comprehensive watershed-
wide brook trout eradication 
and control strategy. 

25 ODFW, 
BPT, 
USFWS, 
USFS 

Costs to be 
determined. 

TBD      

Upper 
Malheur 

A 1 3.1.2 Implement actions that will 
ensure the expression of a 
migratory life history. 

TBD TAC Ongoing.  Costs 
covered under 
existing 
programs. 

*      

Upper 
Malheur 

E 2 3.1.3 Develop and implement 
education and outreach 
efforts to address problems 
and consequences of 
unauthorized fish 
introductions. 

1 ODFW, 
BPT,  USFS, 
USFWS 

 10 10     

Upper 
Malheur 

A 2 4.1.1 Continue to monitor 
temperature, water quality, 
water quantity and riparian 
condition to evaluate the 
effectiveness of habitat 
restoration actions and to 
provide the ability to detect 
trends in these metrics. 

25 USFS, BPT, 
BOR, ODEQ, 
SWCD 

Ongoing.  Costs 
covered under 
existing 
programs. 

*      

Upper 
Malheur 

A 2 4.2.1 Further define bull trout 
distribution and habitat use 
in the core area. 

25 TAC, 
ODFW,  
BPT 

 25 5 5 5 5 5 
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Core Area Threat 
Factor 

Recovery 
Action 

Priority 

Recovery 
Action 

Number 

Recovery Action 
Description 

Recovery 
Action 

Duration 

Responsible 
Parties Comments 

Estimated Costs (x $1,000) 
Total 
Cost 

FY 
16 

FY 
17 

FY 
18 

FY 
19 

FY 
20 

Upper 
Malheur 

A 2 4.2.2 Continue ongoing 
population monitoring 
efforts within the basin. 

25 TAC, 
ODFW, 
USFW, BPT, 
USFWS 

Ongoing. Costs 
covered under 
existing 
programs. 

* 

Upper 
Malheur 

A 2 4.2.3 Continue maintenance and 
operation of fish screens on 
all diversions. 

25 ODFW, 
BPT, USFS, , 
BLM 

Ongoing.  Costs 
covered under 
existing 
programs. 

* 

Estimated cost subtotal, Malheur River Geographic Region: $2,805,000 (over 25 years, minimum estimate) 
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Table 5.  Conservation Recommendations for the Malheur River Core Areas 

Core Area Threat 
Factor 

Action 
Priority 

Action 
Number Action Description Action 

Duration 
Responsible 

Parties Comments 
Estimated Costs (x $1,000) 

Total 
Cost 

FY 
16 

FY 
17 

FY 
18 

FY 
19 

FY 
20 

North Fork 
Malheur 

N/A Cons Rec  Promote interagency 
collaboration and 
coordination on bull trout 
recovery actions by 
supporting existing bull 
trout working groups or the 
formation of new bull trout 
working groups where they 
do not exist. 

 TAC        

North Fork 
Malheur 

N/A Cons Rec  Identify and address 
sediment sources in North 
Fork Malheur Basin 
affecting bull trout. 

 USFS, BLM, 
USBR, 
NRCS, 
SWCD 

       

North Fork 
Malheur 

N/A Cons Rec  Increase information 
outreach to anglers.  

 ODFW, 
BPT, USFS, 
USFWS 

       

North Fork 
Malheur 

N/A Cons Rec  Investigate and implement 
actions to restore historic 
prey base by reintroducing 
anadromous species from 
appropriate stocks. 

 ODFW, BPT, 
USFWS, 
NMFS 

       

Upper 
Malheur 

N/A Cons Rec  Promote interagency 
collaboration and 
coordination on bull trout 
recovery actions by 
supporting existing bull 
trout working groups or the 
formation of new bull trout 
working groups where they 
do not exist. 

 TAC        

Upper 
Malheur 

N/A Cons Rec  Identify and address 
sediment sources in Upper 
Malheur River Basin 
affecting bull trout. 

 USFS, BLM, 
USBR, 
NRCS, 
SWCD 
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Core Area Threat 
Factor 

Action 
Priority 

Action 
Number Action Description Action 

Duration 
Responsible 

Parties Comments 
Estimated Costs (x $1,000) 

Total 
Cost 

FY 
16 

FY 
17 

FY 
18 

FY 
19 

FY 
20 

Upper 
Malheur 

N/A Cons Rec  Provide long-term habitat 
protection through purchase 
of private property from 
willing sellers. 

 TAC        

Upper 
Malheur 

N/A Cons Rec  Increase information 
outreach to anglers. 

 ODFW, 
BPT, USFS, 
USFWS 

       

Upper 
Malheur 

N/A Cons Rec  Investigate and implement 
actions to restore historic 
prey base by reintroducing 
anadromous species from 
appropriate stocks. 

 ODFW, BPT, 
USFWS, 
NMFS 
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Appendix I.  Core Area Summaries 
 

Summary for:  North Fork Malheur River Core Area 

 

Geographic Description 

This core area is located in eastern Oregon, Grant, Baker, Malheur and Harney Counties.  
It includes the North Fork River from the headwaters and tributaries, downstream to and 
including Beulah Reservoir.  The North Fork Malheur River is the most important of the 
tributaries in terms of fish habitat and bull trout abundance.   

Current Distribution and Abundance 

The five bull trout populations in this core area include: 1) Elk Creek, 2) Little Crane 
Creek, 3) Swamp Creek, 4) Sheep Creek, and 5) Horseshoe Creek.  The North Fork Malheur 
River subpopulation was isolated by Agency Dam in 1934 (Buchanan and Gregory 1997).  
Buchanan and Gregory (1997) classified bull trout in the North Fork Malheur River as “of 
special concern”, which falls between a “low” and “moderate” risk level.   

The five populations in this core area are spread over an isolated, large geographical area 
with multiple age classes, containing both resident and migratory (fluvial) fish.  Bull trout were 
known to exist in the North Fork Malheur River watershed prior to 1992.  Distribution in the 
North Fork Malheur River above Agency Dam has remained unchanged since the species was 
first documented there (Buchanan and Gregory 1997).  In August 2010, two charr that looked 
like bull trout/brook trout hybrids were identified, through photos, in the Little Malheur River of 
the North Fork River.   

Threats:   

• brook trout 
• passage barriers 
• impaired stream habitat conditions 
• high stream temperatures  
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Summary for:  Upper Malheur River Core Area 

Geographic Description 

This core area is located in eastern Oregon in Grant and Harney Counties and includes 
the mainstem Malheur River from the headwaters and tributaries, downstream to the town of 
Drewsey.   

Current Distribution and Abundance 

The three local bull trout populations in this core area include: 1) Lake Creek, 2) Meadow 
Fork Creek, and 3) Big Creek.  The Upper Malheur River subpopulation was isolated by Warm 
Springs Dam in 1919 (Buchanan and Gregory 1997).  Buchanan and Gregory (1997) classified 
bull trout in the Upper Malheur River as “high risk” of extinction.   

The three populations in this core area are spread over a large geographical area with 
multiple age classes, containing both resident and fluvial fish.  Recent information indicates that 
there is a high proportion of brook trout in the Upper Malheur River, resulting in impacts 
through hybridization and competition for resources.  Brook trout have displaced bull trout from 
several historic tributaries (i.e., Summit, Bosonberg, McCoy and Corral Basin creeks) and affect 
over 60 percent of the bull trout population.   An estimate of adult abundance for the Upper 
Malheur River local population is not available because of the inability to distinguish between 
bull trout and brook trout redds when not occupied.   

Threats:  

• brook trout
• passage barriers
• impaired stream habitat conditions
• elevated stream temperatures
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Appendix II.  Summary of the Comments on the Draft Recovery Unit 
Implementation Plan for the Upper Snake Recovery Unit 

Background 

On June 4, 2015, we released draft recovery unit implementation plans addressing each 
of the six recovery units that comprise the coterminous United States population of bull trout for 
a 45-day comment period for Federal agencies, Native American Tribes, State and local 
governments, and members of the public.  The public comment period ended on July 20, 2015.   

This section provides a summary of general information about the comments received on 
the Draft Upper Snake RUIP (USFWS 2015b), including the numbers and breakdown of 
comments (letters) from various sources.   

We received 11 comment letters for the Upper Snake Recovery Unit.  Comment letters were 
received from the following:  

Federal Agencies (5)  

State Agencies (2)  

Native American Tribes (1)  

Environmental/Conservation Organizations (2) 

Individuals (1)  

Public comments ranged from editorial suggestions to providing new information.  As 
appropriate, we have incorporated all applicable edits and suggestions into the text of the final 
Upper Snake RUIP.  The following is a summary of substantive comments, and our responses to 
those comments and suggestions, that were either not incorporated into the Upper Snake RUIP or 
that were incorporated partially or fully but need additional explanation or justification.  General 
or global comments pertaining to rangewide recovery issues for bull trout are addressed in 
Appendix D of the final recovery plan (USFWS 2015a).    

1. Comment:  Numerous commenters suggested revisions or changes in the list of threats
and/or proposed recovery measures for the Upper Snake Recovery Unit Implementation Plan.
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Response:  We conducted a review of existing information and used the best scientific 
and commercial data available at the time to determine the list of primary threats and associated 
recovery actions within the Upper Snake Recovery Unit.  We also consulted with technical 
partners to gather information regarding what threats were present within core areas prior to the 
release of the draft RUIPs.  The final list of primary threats (Table E-3) represents our judgment 
based on the best available information.  We acknowledge that additional threats remain for bull 
trout, but the recovery plan focuses on addressing only primary threats.  When a primary threat 
was identified then respective recovery actions were identified to address those primary threats.  
Where no primary threat was identified, monitoring was the only recovery action; however, 
conservation recommendations were also added in some core areas to acknowledge that there are 
threats that currently impact local populations in some core areas. 

2. Comment:  Several comments indicated that Priority 3 Recovery Actions and
Conservation Recommendations are typically not associated with a primary threat.  An example
is monitoring.  Though monitoring is important, a commenter does not believe a lack of
monitoring constitutes a primary threat and should not be included as a recovery action and
should be removed from the RUIPs.

Response: We note that while Priority 3 Recovery Actions and Conservation 
Recommendations that were not associated with primary threats are not required to meet 
recovery criteria, they remain an important element of the recovery strategy for purposes such as 
assessing progress toward meeting recovery criteria, providing research data to inform effective 
application of recovery actions, and forestalling the exacerbation of minor threats.  Moreover, 
many of these actions are significant to our conservation partners.  Most monitoring actions are 
identified as priority 3 tasks which are “all other actions necessary to meet the recovery 
objectives”.  Monitoring actions are necessary to ensure that recovery objectives are being met or 
to demonstrate that we are at or moving towards the identified recovery objectives.  Thus, we 
have retained these actions in the RUIP as important supporting elements of the overall recovery 
plan. 

3. Comment: Various comments indicated that Table E-2 was confusing due to some trends
in core areas being identified as Stable-Increasing/Decreasing.  Some commenters argued that
some trends were increasing while being labeled as stable.

Response:  The table has been revised to only show either 1) stable 2) increasing 3) 
decreasing or 4) unknown.  The Service’s final determination of trends was based on the best 
available information as well as input from technical partners. 
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4. Comment: Various comments questioned why current conservation measures (INFISH,
PACFISH, RMPs, etc.) or existing consultation actions (Biological Opinions) were not identified
as recovery actions within the RUIPs.

Response:  We conducted a review of existing information and used the best scientific 
and commercial data available at the time to determine the list of primary threats and associated 
recovery actions for core areas within the Upper Snake Recovery Unit.  The Service also 
consulted with technical partners to gather information regarding what threats were present 
within core areas prior to the release of the draft RUIPs.  The final list of primary threats (Table 
E-3) represents our judgment based on the best available information.  The recovery actions
identified for each core area include those needed to address primary threats, as well as
monitoring actions that are important for assessing progress toward meeting recovery criteria
(identified as priority 3 recovery actions for all core areas).  In some cases project-specific
threats to bull trout may merit protective measures to minimize take at the scale of a particular
project area through section 7 consultation, yet may not rise to the level of being classified as a
primary threat at the scale of a core area.  Where appropriate, conservation recommendations
addressing other (non-primary) threats have been described for particular core areas.

5. Comment: Various commenters asked what conservation recommendations are.

Response:  We developed conservation recommendations for this recovery plan to
acknowledge the fact that threats that have not been identified as primary threats still affect bull 
trout across its range.  Although these non-primary threats may not rise to the level of being 
classified as a primary threat in a core area, implementing actions to address them can benefit 
bull trout conservation, particularly at the scale of local populations.  These are discretionary 
activities that can be completed to further the purposes of conserving bull trout.  We encourage 
our partners to implement the conservation measures identified in the recovery plan. 

6. Comment: Various commenters suggested that a conservation recommendation be
identified that promoted coordinating bull trout recovery efforts with listed anadromous fish
efforts in the Upper Snake Recovery Unit.

Response: We agree and developed conservation recommendations for those core areas 
that contain both bull trout and anadromous fish species.  These core areas were all within the 
Salmon basin.  

7. Comment: One comment noted that there was no justification for removing the Jarbidge
as either a distinct population segment or a separate recovery unit.
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 Response: Currently bull trout is only listed as a single entity in the coterminous United 
States (50 CFR 58910) and there is not a separate Jarbidge distinct population segment.  The 
former Jarbidge “population segment” was included as part of the larger entity identified in the 
1999 listing of bull trout in the coterminous United States.  In the recovery plan section 
“Previous Recovery Planning Efforts” we discuss the differences between the 2002/2004 draft 
recovery plans and the 2015 recovery plan.  In addition, there is a discussion on how the 
recovery units were determined under the section entitled “Recovery Units”.  In that section the 
Service evaluated 10 alternatives that explored from 2 to 69 potential recovery units, based on 
mitochondrial and microsatellite DNA analysis, and on biogeographical considerations, 
including geological establishment of major watersheds, isolation of portions of watersheds 
above major waterfalls, co-occurrence with other fish species, and occurrence in different 
ecological zones.  Based on that information the Jarbidge watershed was placed within the Upper 
Snake Recovery Unit. 

 

8. Comment: One comment indicated that the RUIP fails to provide the basis for prioritizing 
and implementing actions that will lead to delisting.   

 Response: The RUIPs do not preclude the ability to prioritize tasks in the future but that 
task (prioritization) was not required for the development of the RUIP.  The RUIPs are the 
Service's best attempt to identify primary threats for all core areas and identify actions to address 
those primary threats.  At a future date the Service intends to utilize the “Threats Assessment 
Tool” to determine when core areas are being effectively managed and to determine when the 
recovery criteria have been met.  Once recovery goals are reached or are close to being achieved 
the Service will consider conducting a 5 factor analysis to determine if listing is still warranted. 

 

9. Comment: One comment regarding population augmentation or reintroduction asked 
“How many years of population monitoring will be required before deciding that the desired 
demographic response is not occurring fast enough and augmentation or reintroductions are 
needed?” 

 Response:  These are decisions that we will make with our partners through working 
groups and technical committees at points where the evaluation of status, trends, and 
effectiveness are pertinent and relevant.  The recovery plan should be viewed as a living 
document that can be modified as needed in the future. 
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Appendix III.  Maps of Upper Snake Recovery Unit Core Areas, Core Area Bull Trout Distribution, 
and Critical Habitat 

Figure A3-1.  Map of the Upper Snake Recovery Unit for bull trout.
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Figure A3-2.  Bull trout distribution in Malheur River Core Areas. 
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Figure A3-3.  Bull trout critical habitat in Malheur River Core Areas. 



United States Department of the Interior

FISH AND WILDLIFE SERVICE
Oregon Fish and Wildlife Office
2600 SE 98th Avenue, Suite 100

Portland, Oregon 97266
Phone: (503) 231-6179 FAX: (503) 231-6195

File Name: Malheur workshop letter 8-19-16 (Dauwalter).doc
TS Number: [6-667

AUG 252016
Dan Dauwalter
Trout Unlimited
910 W Main St #342
Boise, ID 83702

Subject: Maiheur Bull Trout Experts Workshop

Dear Dr. Dauwalter,

Thank you for expressing interest in participating in the October 18 to 20, 2016, Maiheur Bull

Trout Experts Workshop to assist in developing bull trout recovery actions in the Maiheur River

basin. The results of this workshop will support various decision making processes associated

with recovery actions for Malheur River bull trout. This workshop will be held in John Day,
Oregon, at the headquarters of the Malheur National Forest beginning at 9:00 am October 18,
ending at 12 pm October 20. It is hosted jointly by the membership agencies of the Maiheur Bull

Trout Technical Advisory Committee (TAC) which includes the U.S. Fish and Wildlife Service

(Service), Burns Paiute Tribe, Oregon Department of Fish and Wildlife, U.S. Forest Service,

Bureau of Land Management, and the Bureau of Reclamation.

Bull trout in the Malheur are in poor condition due in part from loss of habitat quality and

quantity as well as competition and hybridization with non-native brook trout. Future climate

change projections suggest water temperatures will further stress cold-water dependent native

species such as bull trout and redband trout. Brook trout were identified in the recent recovery

plan as a primary threat in the upper mainstem Malheur core area. Accordingly, this workshop

will focus on strategies to minimize the occurrence and impact of non-native brook trout on

native fish populations in the Malheur, particularly bull trout, and management alternatives that

provide the best opportunity for long-term persistence of bull trout and other native fishes in the

Malheur River.

Specifically, local managers have identified the combination of rotenone and barrier installation

as the most appropriate tool for addressing this threat for the Upper Maiheur. In recognition that

Printed on 100 percent chlorine-free/100 percent post-consumer content recycled paper
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it is unlikely brook trout can be eradicated from all reaches in which they are currently present,

the workshop will focus on evaluating tradeoffs between complete eradication and segmentation

of portions of the headwaters.

We will follow this letter with a packet of background materials that will include a draft

workshop agenda and travel information, maps of the Maiheur Basin’s streams and fish

distribution, a draft planning document for implementing brook trout suppression and

eradication, and a list of key questions identified by the Maiheur bull troutTAC to serve as the

basis for discussion during the workshop. Although we intend to cover some of these items in

presentations at the front end of the workshop, we ask that you familiarize yourself with these

materials ahead of time.

Chris Allen, fisheries biologist with the Service and the Service’s Oregon lead for bull trout, will

facilitate the workshop, with assistance from members of the Malheur bull trout TAC which

include Erica Maltz (Burns Paiute Tribe), Dave Banks and Ben Ramirez (Oregon Department of

Fish and Wildlife), Kate Olsen, Steve Namiz (U.S. Forest Service), Justin Martens (Service),

Dmitri Vidergar (Bureau of Reclamation), and Lindsay Davies (Bureau of Land Management).

The general format for the workshop will be as follows:

Day 1: overview of workshop goals, objectives, and methods, followed by a series of short

background presentations. Following lunch there will be a field tour of the Upper Maiheur River

with focus on headwater reaches identified by the TAC as high priority for treatment. We will

host a group dinner on the evening of day 1.

Day 2 will consist of facilitated discussions walking through the key questions identified by the

Maiheur bull trout TAC.

Day 3 (morning session only) will focus on a structured brainstorming session and discussion of

potential scenarios for implementation

Thank you again for agreeing to participate in the workshop. If we can be of any assistance or if
you wish to discuss any aspect of the workshop process, please feel free to call Chris Allen of
my staff at (503) 231-6179 (chris_allenfws.gov) or Erica Maltz (Burns Paiute Tribe) at
541.573.8088 (Erica.maftzburnspaute-nsn.gov).

Sincerely, /
Paul Henson, hD
State Supervisor
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