
Bringing it All Together: Where to Prioritize Flow 
Restoration for an ESA Listed Fish?

• Bull trout ESA listed as threatened in 1997
• Occurs at low densities throughout PNW
• Is climate/drought sensitive & restricted to cold headwaters
• Requires large interconnected habitat networks to persist
• Distribution is contracting as droughts & temperature increase



A Seemingly Overwhelming Task
384,000 kilometer network of streams

Local occurrence of bull 
trout often uncertain

Thousands of small 
water diversions

Walters et al. 2013. 
Conservation Biology 

27:1179-1189



How to Maximize Returns on Investments

•Maintaining/restoring flow…
•Maintaining/restoring riparian…
•Restoring channel form/function…
•Prescribed burns limit wildfire risks…
•Non-native species control…
•Improve/impede fish passage…

Where to invest?



Step 1. Filter NHD to Match Species Range
(i.e., define the universe)

Well-known for popular species
Fuzzy for many others

Download NHD Streamlines
• NatureServe watershed polygons
• Peer-reviewed literature
• Agency surveys

Rainbow 
trout

Red-ear 
sunfish

Brook trout



Step 2. Filter NHD Based on Species Habitat 
Thresholds (i.e., refine the universe)

Bull trout don’t occur where:
• Reach slope > 15%
• Mean flow < 1 cfs
• Flows are intermittent (NHD 

Fcode = 46003)

Refined network: 158,000
km of potential streams

Initial network: 384,000 km of 
NHD streams in bull trout range



Step 3. Attribute Remaining NHD Reaches with 
Relevant Habitat Descriptors
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Step 4. Attribute NHD Reaches With Relevant 
Biological Data (species occurrence/abundance)

Existing databases 
(MFISH, MARIS, 
eDNAtlas, etc.)

Target species

But also invasive 
species / competitors

4,500 reach samples

512 streams

eDNA sampling 
campaign to collect 
new data



Step 5. Data Summaries and Visualization



Step 6. Model Building to Assess Covariate Effects 
and Develop Predictive Relationships
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Models types:
• SSNs
• MaxEnt
• GLMM
• GLM
• Random forests



Suitable habitat network size (km)

78% stream 
classification accuracy

4,500 reach samples

512 streams

Step 7. Model Response Curves Describe 
Relationships & Enable Sensitivity Analysis



Process is Repeatable With Many Species

Isaak et al. 2017. Big biology meets microclimatology. Ecological Applications. 27:977-990.



Step 8. Map Species Occurrence Probabilities Back 
to Stream Network

Habitat descriptors are geospatial

Isaak et al. 2015. The cold-water climate shield: Delineating refugia for preserving native 
trout through the 21st Century. Global Change Biology 21: 2540-2553



High-Resolution Maps at Broad
Scales Provide BioClimatic Context

5,332 >0.1 habitats
1,325 >0.5 habitats
348 >0.9 habitats

2000s

Stream 
population scale 

predictions



3,304 >0.1 habitats
641 >0.5 habitats
130 >0.9 habitats

2040sHigh-Resolution Maps at Broad
Scales Provide BioClimatic Context

Future “Drought” 
Flows 20-30% lower 
Temps 1–2 °C warmer



Step 9. Conduct Local Drought Sensitivity Analysis

2000s

Occupancy 
probability

2040s: Warmer & drier

Where does it make 
sense to invest?



Water rights 
and points of 
diversion 
database



Step 10. Interface Water Diversion Infrastructure
With Bull Trout Distribution Maps



Step 10. Interface Water Diversion Infrastructure
With Bull Trout Distribution Maps



• New sampling can be 
precisely targeted to 
refine distribution maps 
& refine habitat 
relationships

Framework Can be Updated with New Data



2016: 3,000 stream sites surveyed

2017: 2,000 stream sites surveyed

Project partners sampled…

>2018: ? additional sites surveyed

Crowd-Sourced Rangewide Bull Trout 
eDNA Project



Future: Multispecies Datasets and Map Capabilities to 
Enable Community/Biodiversity Based Assessments

Macroinvertebrates Fish

Aquatic 
biodiversity maps

Lessmann et al. 2016. Freshwater vertebrate and invertebrate diversity patterns in an Andean-
Amazon basin: implications for conservation efforts. Neotropical Biodiversity 2: 99-114.



GIS analysts

Scientists
Database 

experts

Ecological Modelers

Managers

Challenges: Teams of People With 
Complementary Skillsets are Essential



Trajectory is Clear: NHD, New Sensing 
Technologies, and Precise Datasets Can Reduce 
Uncertainty & Increase Restoration Efficiency



The End


