













Conspicuous Changes
•Decreased forest cover
•Increased building structures
•Increased road networks
•Increased imperviousness



“Inconspicuous” Changes
• Water chemistry

– Temperature
– Oxygen
– pH

• Water quality
– Pathogens
– Contaminants
– Nutrients

• Ecological Consequences
– Homogenization
– Dramatic shifts in community structure, composition and health



• In the late 1990s, stream restoration 
monitoring personnel documented apparently 
healthy coho dying within hours of arriving in 
spawning reaches

• Symptomatic fish showed signs of acute 
neurological distress

Dying Before You Spawn












Dying Before You Spawn

When females were examined, they were full of 
healthy, ripe eggs that had not been released



Widespread 
phenomenon and 
coho are likely 
impacted across 
even larger 
geographic area

Coho population 
level consequences 
including local 
extinctions

Spromberg & Scholz 2011 Integr. Environ. Assess. Manag.

5 yrs



What is the cause?
• ~20 years of forensic evidence strongly suggests 

urban stormwater runoff as the culprit
• More likely than not that substances deposited by 

motor vehicles on roadways are lethal to coho

Tires

Scholz et al. 2011 PLoS ONE
Spromberg et al. 2016 J. Appl. Ecol.
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Nazca Lines, Southern Perú



“The Condor” from 140 m above the ground






Geoglyphs of Palpa from 6,500 m above the ground






Analysis
Overview

Spawner Mortality Data Landscape Data

Statistical
Analyses

• Correlated 
Variables

• Predictive 
Model of 
Spawner 
Mortality

Spatial
Analyses



Statistical Approach
In the interest of time…
…I’ll spare you the gory 
details of the excruciatingly 
complex statistical methods

,







Coho Mortality
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Coho Mortality Predictions



• WADOE Puget Sound 
Watershed Characterization 
Project basins

Coho Mortality Predictions



• WADOE Puget Sound 
Watershed Characterization 
Project basins

• Limit to coho basins

Coho Mortality Predictions



• WADOE Puget Sound 
Watershed Characterization 
Project basins

• Limit to coho basins
• Spatial analysis

Coho Mortality Predictions



• WADOE Puget Sound 
Watershed Characterization 
Project basins

• Limit to coho basins
• Spatial analysis
• Predict the probability of 

coho mortality in unsampled 
basins and the associated 
uncertainty in those 
predictions

Coho Mortality Predictions



Predicted Mean Mortality Uncertainty



What’s it good for?








650 m

Sultan



~22% mortalitySultan

650 m



Refined estimatesPopulation Growth 
and Future Threats

Puget Sound Regional Council

• Where will coho populations 
be most vulnerable in the 
future?

• Where is the tipping point for 
regional coho population 
extinction?



Future Development in Puget Sound
Bolte & Vache 2010 Envisioning Puget Sound Alternative Futures

Present
13%

2070
24%

NOAA 2013 Coastal Change Analysis Program



First Order Approximation of Future Mortality

• Generate an equation that represents the relationship between 
imperviousness and predicted coho mortality (current model)

• Apply that equation to basins using their predicted 
imperviousness in 2070 (3 scenarios):



Future Scenarios - Imperviousness

USGS 2014 National Landcover Database

Year 2070
Status Quo

Bolte & Vache 2010 Envisioning Puget Sound Alternative Futures

16% 12% 19%10%

Year 2070
Managed Growth

Year 2070
Unconstrained GrowthPresent



First Order Approximation of Future Mortality

• Generate an equation that represents the relationship between 
imperviousness and predicted coho mortality (current model)

• Apply that equation to basins using their predicted 
imperviousness in 2070 (3 scenarios)
– Status quo
– Managed growth
– Unconstrained growth

• Predict coho mortality in 2070



Bolte & Vache 2010 Envisioning Puget Sound Alternative Futures

2070: Status Quo 2070: Managed Growth 2070: Unconstrained

40% 2% 66% 6% 64% 5% 65% 11%

Future Scenarios – Predicted Mortality

Feist et al. 2017

Present



Bolte & Vache 2010 Envisioning Puget Sound Alternative Futures

2070: Status Quo 2070: Managed Growth 2070: Unconstrained Growth
2.0% 36%

Future Scenarios – Mortality Transitions

0.5% 1.4% 36% 0.2% 1.9% 34% 5.6%



Even with managed 
growth, things get worse 

for coho in the future



Game over, man, 
GAME OVER!!!



Pass stormwater through ordinary household 
materials and it’s no longer toxic to coho

Bioretention Column

mulch

60% sand
40% compost

gravel

Spromberg et al. 2016 J. Appl. Ecol.

Filtered Stormwater

100% survival






Green Roof

Emerging technologies for the built landscape may be 
less harmful to salmon and other aquatic animals

Pervious Pavement

Green Stormwater Infrastructure
Bioretention



Conclusions and Applications
• Coho salmon are sensitive to something in stormwater that 

washes into their spawning streams
• Landscape analyses suggest that degree of urbanization and 

amount of heavily used roads positively correlated with coho 
spawner mortality

• Predictive models from landscape analyses:
– can inform regional urban growth scenarios and identify coho 

populations at risk (currently and in the future)
– can be used to prioritize GSI placement, which can ameliorate 

stormwater toxicity
• Given human populations aren’t going to decline, removing 

toxics at their source or neutralizing them using GSI 
treatment are essential if we wish to reduce coho mortality
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Check out the Esri Story Map!
https://arcg.is/0SivbL





Postscript
• Online release of paper was intentionally 

synchronized with local and national media 
coverage







Postscript
• Online release of paper was intentionally 

synchronized with local and national media 
coverage

• Serendipitously synchronized with fall runs of 
Puget Sound coho

• Citizens keyed in on the newspaper coverage 
and noticed mortality phenomena themselves

• Currently developing a citizen science portal
– Outreach
– Data dissemination
– Citizen science data input
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