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Urban Stream Syndrome
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Physical Habitat Restoration

Longfellow Creek Fortson Creek

(urban - restored) (non-urban)
West Seattle Stillaguamish River



Stream Restoration

Pre-Restoration (1999)

Many Puget Sound area
streams restored to
enable fish passage
starting in 1990’s

Post-Restoration (2000)

Post-project monitoring efforts
revealed adult coho salmon pre-
spawn mortality phenomenon in fish
returning to spawn in restored urban

streams



Coho salmon dying in urban streams

Longfellow Creek 2002 Longfellow Creek 2005
















Coho spawner mortality is widespread and
recurrent in urban creeks

67% 63%

Longfellow Creek 2003 Des Moines Creek 2004

2% 84%

Longfellow Creek 2005 Longfellow Creek 2012



Unexpected Findings
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Draining into Puget Sound
~28,862 stormwater outfalls

Source: WA Stormwater Center Source: Granquist and James






Coho salmon as sentinels
for urban stormwater runoff






Impact of stormwater on
coho salmon



Field Observations



Impact of stormwater on
coho salmon

_ adult

spawners
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Coho pre-spawning mortality
(Urban Runoff Mortality Syndrome)

Pipers Creek, 2017 Lower Duwamish, 2017










Coho pre-spawning mortality

Mortality associated with motor vehicles

e Surveyed 51 coho spawning sites
along an urban gradient

e Impervious surfaces associated
with pre-spawning mortality

e Motor vehicles probable agents

Indicators of impervious surfaces

Traffic intensity |

Local roads

Collector arterial - | —

Minor arterial 4 —] [ —

Principal arterial - —] I -

Interstate 4 — | —

1 2 3 4 5 6
Association with pre-spawning mortality

Feist et al. 2017, Ecol Appl



Experimental Studies



Runoff Collection



Highway stormwater runoff

Downspout from highway



Grovers Creek Facility, Suquamish Tribe

THE SUQUAMISH TRIBE



Grovers Creek facility, Suquamish Tribe




Coho pre-spawning mortality
Highway runoff is toxic to coho

Runoff Control

Spromberg et al. 2016, JAE
Mclintyre et al. Submitted



Exposure to urban runoff is sufficient to cause

adult coho pre-spawn mortality










Primary Question:
How does urban runoff affect

juvenile coho?

Photo credit: Morgan Bond



Main Objectives:

1. Identify the behavioral and
physiological effects of
urban runoff to juvenile coho
salmon

2. Compare between life
history stages (compare
juvenile response to adults)

Photo Credit: Morgan Bond



Juvenile coho in urban streams

Longfellow Creek 2012

Video credit: NOAA Fisheries










Objective One:
Behavioral characterization

Cameras
—p

N

WSU Puyallup Research and Extension Center



Progression of behavioral symptoms

Stage 4

Surface
behavior

Time in urban runoff

Stage 0: Presymptomatic from the surface

Stage 1. Discrete surfacing events .

Stage 2: Short episodes of continuous surface
swimming

Stage 3: Sustained continuous surface swimming*
Stage 4: Loss of equilibrium

Stage 5: Loss of buoyancy

Stage 6: Moribund










Urban runoff was acutely toxic to juvenile coho

Proportion moribund
(Stage 6)
=)
3
o

Control Runoff



Objective One findings:
Behavioral characterization

1.
2.

Urban runoff is acutely toxic to juvenile coho
Similar behaviors as previously observed in adults

Consistent progression of behavioral stages

— Variability in time to effect

Transferring to clean water did not reverse the
mortality effect

— Symptomatic fish are on a “one-way” trip



Objective Two:
Physiological impacts



Methods:
Exploring blood profiles

Source: Khan Academy



Principal Component Analysis (PCA)

e 11 blood variables
o pH
o Gases (pO,, pCO,)
o lons (Na*, K*, iCa?")
o  Glucose and lactate
o Hematocrit

o Total protein
e Post hoc analysis to determine treatment

differences



PCA: Is there a treatment difference?

PC2 (12.68%)
PC2 (12.68%)

PC1 (52.86%) PC1 (52.86%)



PCA:
Blood profile of runoff-exposed coho

e Stage 4 (loss of equilibrium)

e Runoff-exposed fish loaded
significantly different along
PC1 compared to controls

PC 2 (12.68%)

e Some variables were more
correlated with PC1

T

PC 1 (52.86%)



PCA:

Blood profile of runoff-exposed coho

Runoff-exposed fish:

*

» @« » »

Glucose

Total plasma protein
Osmolality

Na*

Hematocrit

- Osmoregulatory disturbance

PC 2 (12.68%)

PC 1 (52.86%)



Can juveniles be used as a model to
study the adult spawner effect?




Objective Three:
Comparing life history stages

e Acute mortality from highway runoff

« Similar behavioral symptoms in both the field and

experimental exposures

 |s there an osmotic disturbance present in spawners?



: : : Control
Comparing life history stages: (time-matched)

Consistent osmotic disturbance B Runoft stage 4)

Blood [Na*] Hematocrit .

* *
% |

60 1

130 1

mmaol/L
%PCV

120 .

110 -
20 -




Osmoregulatory-related blood
metrics

No difference was
observed between life
history stages (i.e. the
runoff effect was
similar)



Conclusions:
1. Urban runoff is acutely toxic to juveniles

2. lon and osmoregulatory disturbance observed in
runoff-exposed coho

3. Similar effect on juveniles compared to adults (i.e.
good surrogates to study the phenomenon)

— acute mortality
— behavioral symptoms
— physiological impacts
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Stormwater Science: a Regional Collaboration
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Questions?
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