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• How do we define and measure success in the Malheur 
associated with future chemical treatment actions? What 
about partial eradication, loss of life history variation, etc.? 

• How do we measure population response by bull trout and 
other native species? I.e., metrics and methods. 

• What monitoring methods should occur to maintain 
confidence brook trout remain absent from treated reaches? 

• What course of action will be taken if brook trout are found in 
the treated reaches at any point in time. 
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Traditional and new technologies for monitoring 
bull trout and other fishes 

 

• Traditional (commonly performed) abundance estimate 

• Occupancy modeling 

• eDNA 

• Genetic assessment and monitoring 

• Capture-recapture models 



• Visit sample sites based on some type of probability sampling 
design 
• Random, stratified random, cluster, GRTS., etc. 

• Sample fish using some appropriate method 
• Electrofishing, snorkeling 

• Estimate abundance at the site-level using some appropriate 
method 
• Mark-recapture (Chapman 1951), depletion (Zippin 1958) 

• Extrapolate abundance based on the sampling design 
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• Gold-like standard 
• Time consuming to measure precisely 

• Possibly problematic for rare or patchily distributed species 

Traditional (commonly performed) 
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• Visit sample sites based on some type of probability sampling 
design or not 
• Amenable to design-based or model-based framework 

• Extrapolation based on statistical design or statistical model 
• Sample fish using some appropriate method 

• Electrofishing, snorkeling, eDNA* 
• Estimate capture probability and occupancy probability 

• Requires spatial or temporal revisits 
• Estimate occupancy at various scales 

• Possibility for nested designs, etc. 
• Gaining popularity 
• Can be implemented relatively quickly (relative to abundance est.) 
• May be well suited for rare species with patchy distributions 
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Occupancy modeling 



• Environmental DNA (eDNA) 
• DNA that originates from feces, saliva, urine and skin cells of 

animals 
• Can be extracted from an environmental sample such as soil, 

sediment, water, or snow 
• GREAT deal of interest in this technology/methodology 

• Including bull trout range-wide eDNA surveys 
• Some kinks to work out 

• Degradation, detection probabilities, etc. 
• Likely valuable for detection of rare or patchily distributed species 
• Likely valuable for detecting small numbers of brook trout 
• Low-cost 

• Limited personnel requirements 

eDNA 
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Genetic assessment and monitoring 

• Influence of sample 
design and intensity on 
estimates of effective 
number of breeders (Nb) 
• Index of abundance 

• Optimum sampling 
design was sampling 75 
individuals from 3 
sample sites 



Genetic assessment and monitoring 

• Effective number of 
breeders (Nb) may be 
used to approximate 
population size (N) 



• Can you obtain other relevant population genetic information while 
estimating Nb? 

Genetic assessment and monitoring 



Schwartz, M.K., G. Luikart, and R.S. Waples. 2007. Genetic monitoring as 
a promising tool for conservation and management. Trends in 
Ecology & Evolution 22:25-33. 

Genetic assessment and monitoring 
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• Previous published studies have shown promise, BUT 
• Nb may not be a great tool for tracking trend 
• Nb  may not be a great tool for estimating population of ‘large’ 

populations 
• ODFW efforts in Jack Creek and Long Creek have shown promise 
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• Previous published studies have shown promise, BUT 
• Nb may not be a great tool for tracking trend 
• Nb  may not be a great tool for estimating population of ‘large’ 

populations 
• ODFW efforts in Jack Creek and Long Creek have shown promise 
• Efforts in Malheur Basin and John Day Basin have identified 

limitations 
• Sample size requirements 
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• Closed or open population models 
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• Model-based method 
• Extrapolation of estimator based on statistical model 

• Closed or open population models 
• Closed population models 

• Examples: Lincoln-Petersen, Schnabel, Huggins, etc. 
• Estimate: capture probability and abundance 

• Open population models 
• Examples: Recovery models, Cormack-Jolly-Seber models, multi-

state models, reverse-time models, Link-Barker  models, etc. 
• Estimate: capture probability, survival, recruitment, exploitation, 

movement 
• Robust design: hybrid open/closed population model 

• Abundance 

Capture-recapture models 



• Measure covariates 
• Will likely help you with your estimates 

 
• Monitor temperature 

• Consider developing your own basin-specific temperature 
model 

Other considerations 



Relative cost guestimates 

Low Medium High 

Traditional 
abundance estimate 

X X 

Occupancy X X 

eDNA X 

Genetic assessment X 

Capture-recapture X X X 
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