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
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A Seemingly Overwhelming Task

384,000 kilometer network of streams
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How to Maximize Returns on Investments

Where to invest?

*Maintaining/restoring flow...
*Maintaining/restoring riparian...
*Restoring channel form/function...
*Prescribed burns limit wildfire risks...
*Non-native species control...
*Improve/impede fish passage...
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Step 1. Filter NHD to Match Species Range
(i.e., define the universe)

Download NHD Streamlines

o * NatureServe watershed polygons
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Step 2. Filter NHD Based on Species Habitat
Thresholds (i.e., refine the universe)

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

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




Step 3. Attribute Remaining NHD Reaches with

Relevant Habitat Descriptors

Thermal metrics Flow metrics

Watershed
conditions
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Step 4. Attribute NHD Reaches With Relevant
Biological Data (species occurrence/abundance)

Existing databases ~ '2r&etspecies eDNA sampling

(MFISH, MARIS,
eDNAtlas, etc.)

campaign to collect
new data

But also invasive
species [ competitors

4,500 reach samples
512 streams
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Step 5. Data Summaries and Visualization
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Step 6. Model Building to Assess Covariate Effects

and Develop Predictive Relationships
Thermal metrics
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Models types:
* SSNs

* MaxEnt

* GLMM

* GLM

« Random forests ' :
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Step 7. Model Response Curves Describe
Relationships & Enable Sensitivity Analysis
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Species and model AUC AAIC
Longnose dace
Simple 0.86 37
Multivariate 0.87 0
Speckled dace
Simple 0.92 8
Multivariate 0.93 0
Redside shiner
Simple 091 33
Multivariate 0.93 0
Longnose sucker
Simple 0.81 65
Multivariate 0.86 0
Mountain whitefish
Simple 0.76 380
Multivariate 0.90 0
Cutthroat trout
Simple 0.56 37
Multivariate 0.56 0
Rainbow trout
> Simple 0.75 243
- Multivariate 0.83 0
Sum Chinook salmon
— Simple 0.62 63
£ Multivariate 0.73 0
[4+] Brown trout
Nea Simple 0.69 158
(@] Multivariate 0.73 0
£ Bull trout
o, Simple 0.60 474
Multivariate 0.75 0
v Brook trout
Vv . Simple 0.57 191
c Multivariate 0.63 0
v Slimy sculpin
e Simple 0.67 17
= Multivariate 0.73 0
v Rocky Mountain tailed frog
J Simple 0.65 4
o Multivariate 0.65 0
. . Columbia spotted frog
S Simple 0.63 0
3 Multivariate 0.64 3
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Step 8. Map Species Occurrence Probabilities Back
to Stream Network
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Isaak et al. 2015. The cold-water climate shield: Delineating refugia for preserving native
trout through the 215t Century. Global Change Biology 21: 2540-2553




High-Resolution Maps at Broad

2000s

Stream
population scale
predictions

yg,:; 1,325 >0.5 habitats
348 >0.9 habitats




High-Resolution Maps at Broad
Scales Provide BioClimatic Context
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" Future “Drought”

Flows 20-30% lower

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



Step 9. Conduct Local Drought Sensitivity Analysis

2000s =~~~ Wheredoes it make
' sense to invest?
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Step 10. Interface Water Diversion Infrastructure
With Bull Trout Distribution Maps




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

Close

IDAHO DEPARTMENT OF WATER RESOURCES
Water Riglut Repont

4212016

WATER RIGHT NO 75.7062

- Owoer Tape Name and Addres
Survent Owner MERIDIAN BEARTRACK CO
PO ROX 749

SALMON 1D 83467

GeNCIUNg Mape For VWaler Rights. Waler Permits. Adudicabon Claums Water ApIatond Of ACUGCITON Recommendatons (208)756-6300
Attormey HOLLAND & HART LLP
101 SOUTH CAPITOL BLVD STE 1300
Siate of sho BOISE. ID §3702-7714
i el ommepbivasiotad (208)342-5000
bigrcorlin e Original Owner HARRY 1 JOHNSON
3380 HANDLY AVLE
ViNwo 1IDAHO FALLS. 1D 83401
This s Gepecis B (BAce 0F L5 10 T Wi Lne 1000 B0V R0 DORE%) OF Beonion of Iis dgre 98 curnty
derived Sem nlerpretalons of he pager records and is used solely for lustralive puposes. Dbcreponces bedtwesn Ine .
COMEUIY reprosantItion and 6 PEOMTNENt G30MGN! 156 Wil DO FEGCIvDK I KVOF Of 170 SCLT1 WatDr FgIt CoCUmants Prionity Date 0530/1975
1B ot ight e Baus. Decieed
Searus: Active
Source TInbutary
NAPIAS CREEK PANTHER CREEK
MINING 03/15/1201'1.38 CFS 4089 AFA
Total Diversion 158 CFS




Framework Can be Updated with New Data

Occupancy Probability
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“Fpw Slope = 102 to 151

* New sampling can be
precisely targeted to
refine distribution maps
& refine habitat
relationships
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Crowd-Sourced Rangewide Bull Trout
eDNA Project

USDA Forest Service
Natioral Genomics
Center for Wilaiife
and Fish Conservation

Project partners sampled...

2016: 3,000 stream sites surveyed @:_‘Jr
2017: 2,000 stream sites surveyed
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Future: Multispecies Datasets and Map Capabilities to
Enable Community/Biodiversity Based Assessments
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Lessmann et al. 2016. Freshwater vertebrate and invertebrate diversity patterns in an Andean-
Amazon basin: implications for conservation efforts. Neotropical Biodiversity 2: 99-114.




Challenges: Teams of People With

Complementary Skillsets are Essential

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