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Outline

● Bull trout
● Uncertainty
● Predictions
● Validation

● eDNA sampling
● What is it
● Why use it

● bull trout + eDNA
● Basin surveys
● Spatial, probabilistic 

template
● Early results
● You



● Federally listed as threatened
● Presence dictates land 

management & planning
● Widespread in PNW
● Often rare
● Difficult to detect
● = worthwhile candidate for 

occupancy modeling to 
predict habitat

Bull trout issues



Identifying climate refugia 
for native trout –

the Climate Shield

● Climate to cold-water habitat

● Occupancy models
● Accurate & sufficient
● Address invasive species
● Empirical
● Broad-based

● Predictions and projections
● Address climate change
● Spatially precise
● Applicable range-wide



Isaak, D., M. Young, D. Nagel, D. Horan, and M. Groce. 2015. The cold-water climate shield: Delineating refugia for 
preserving salmonid fishes through the 21st Century. Global Change Biology 21 doi:10.1111/gcb.12879.

Google “cold-water climate shield”



Monitoring to match the model:
validating predictions and tracking occupancy

with high resolution at broad scales



● Environmental = “free”
● Mitochondrial
● Presence

● time-dependent
● environment-dependent
● ecologically dependent

What is eDNA?

Wilcox et al. 2015



● Simple
● Fast
● Portable
● Durable
● Cost: pennies on the dollar, 

minutes on the hour

Why sample eDNA?

An eDNA crew



● Multiple tests, similar answers
● Caged fish (Jane et al. 2014)
● Field v. electrofishing

● Species-specific

● Upshot: excellent tool for 
detecting rare & remote species

Is eDNA sampling 
sensitive?

Wilcox et al. (in review)

Carim et al. in prep

Wilcox et al. (2013)



The NGCWFC: fomenting the 
eDNA revolution

● Pioneering this approach for species 
detection since 2011

● Outreach
● Hands-on training
● Online protocol
● Equipment “library”

● Assay design
● Samples: ~4000 analyses & growing



Administration & infrastructure



eDNA assays & analyses 

● Bull troutM

● Brook troutM

● Rainbow troutM

● Westslope cutthroat troutM

● Yellowstone cutthroat troutM

● Brown troutMP

● Lake trout
● Dolly Varden
● Arctic charr
● Salmon: Chinook, chumMP, 

cohoMP, pink, sockeyeMP

● Arctic graylingMP

● Pacific  & brook lampreyMP

● Northern pikeMP

● Sculpin (several)
● Leatherside daceMP

● Loach minnowMP

● SpikedaceMP

● Siberian sturgeon
● Rocky Mountain tailed frog
● Opossum shrimpM

● Capniid stoneflies
● Western pearlshell musselMP

● Crayfish (several)
● River otterM

● Any fishMP

● ...and many others

Partners

● Nez Perce, Shoshone-Bannock, 
Kalispel, and Snoqualmie Tribes

● USFS Regions 1, 2, 3, 4, 10
● National Forests: Idaho Panhandle, 

Lolo, Helena, Beaverhead-Deer Lodge, 
Grand Mesa-Uncompahgre-Gunnison, 
Boise, Payette, Salmon-Challis, 
Sawtooth, Willamette

● Yellowstone National Park
● U.S. Fish and Wildlife Service
● U.S. Geological Survey
● Arizona Game and Fish Department
● California Department of Fish and 

Wildlife
● Idaho Department of Fish and Game
● Montana Fish, Wildlife and Parks
● Nevada Department of Wildlife
● New Mexico Department of Game 

and Fish
● Oregon Department of Fish and 

Wildlife
● Utah Division of Wildlife Resources
● Clark Fork Coalition
● Trout Unlimited
● Wild Fish Conservancy
● Wildlife Conservation Society
● Hart Crowser Consultants

*eDNA assay source
M = developed @ NGCWFC

MP = in development @ NGCWFC
Blank = in consideration @ NGCWFC

(or developed elsewhere)



Applications: 
Detecting invasive species

● Have non-native species arrived?
● Have they been eradicated?
● Does the non-native species barrier work?
● How long does eDNA persist?
● Where should one sample in the water?

Utah DWR 2014: 
chemical treatment
to remove brook trout



McKelvey et al. In press

● Federally listed as 
threatened

● Dictates land management 
& planning

● Widespread in PNW
● Often rare
● Difficult to detect
● = ideal candidate for eDNA 

sampling

● Test: Montana 2014
● Confirmed known habitats
● Discovered new ones

Using eDNA sampling 
to detect bull trout



● Scope
● All 4th-code U.S. basins in the 

historical range (pending full 
funding)

● Sampling template
● Cold-water habitats that are 

part of the Climate Shield
● USFWS-designated critical 

habitat for bull trout spawning 
& rearing

● Habitats about which recent 
occupancy is unknown

● Timing
● 2015: two 4th-code watersheds
● 2018: the rest of the range

Scaling up: the range-wide 
eDNA-based inventory of 
juvenile bull trout habitat



St. Joe River, Idaho

A naive sampling 
template

• Thousands of sites
• Expensive
• Time-consuming



St. Joe River, Idaho

An informed sampling 
template

• Hundreds of sites
• Strategic
• Feasible



Bull trout eDNA survey
St. Joe River (266 sites)

Detection
No detection



St. Joe River 
(Upper portion)

● Confirmed expectations
● New populations

Detection
No detection

Heller & Sherlock

Quartz

WF Bluff

Copper

Gold

Beaver-
Bad Bear Red Ives

SimmonsFly



7-9 July 2015
Mean daily temperature 22 °C

23 October 2015
Mean daily temperature 9 °C

Quartz

Gold

Gold

Quartz

St. Joe River
(thermal refugia)



Middle Clark Fork
(St. Regis River portion)

● Confirmed expectations
● Re-discovered population

Little Joe

Ward

Big

Twelvemile



Upper Clark Fork

Geological fish barriers common

Private lands dominate

Brook trout abundant & widespread

Legacy of mining



Bull trout eDNA 
survey

Upper Clark Fork River 
(264 sites)

Detection
No detection



Bull trout eDNA survey
Upper Clark Fork River 

(264 sites)

Detection
No detection



Upper Clark Fork
(Warm Springs portion)

● Confirmed presence
● Complex patterns

Twin Lakes

Foster

Barker

Warm Springs

Mill



Ontario

Little Blackfoot

Upper Clark Fork
(Little Blackfoot River)

● Confirmed “hopes”
● Temporally stable



The expanding universe of 
eDNA-based sampling in bull 

trout natal habitat
(shout out to early adopters)

● Herb Roerick, Boise NF
● Caleb Zurstadt, Payette NF
● Scott Vuono, Sawtooth NF



SF Gold Fork River

Big Creek

North Fork Payette
(SF Gold Fork River, Big Creek)

● No detections (despite CH designation)



Upper Salmon
(Pole Creek)

● All sites with detections



Want to get involved?



The range-wide inventory of 
bull trout natal habitats:

how to participate

● Contact us

● Reserve a pump set & filter kits

● eDNA point map & file

● Sample entire patches!

● Funding



The bull trout eDNA survey: 
growing range-wide (800+ sites)

Fully funded
(R1 2018)

Funding
proposed

Partly funded
(GNLCC 2016)
• Prioritize
• Matching $



Other options
● eDNA assay development

● $5K/taxon
● 2–3 months*

● Sample analysis
● $70, 1st species
● $25, all other species
● 56-hour turnaround
● All gear provided

● Coming soon(?)
● Abundance
● Hybridization (sort of)
● Multi-species assessments



For more information, contact:

● Mike Young (mkyoung@fs.fed.us)
● Kevin McKelvey (kmckelvey@fs.fed.us)
● Mike Schwartz (mkschwartz@fs.fed.us)
● Dan Isaak (disaak@fs.fed.us)

● Visit our websites
● NGCWFC
● Climate Shield


