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Pacific Salmon
• Many stocks in steep decline in the 

western U.S. and Canada 

• Loss or deterioration of critical habitat 
is a contributing factor

• Impacts of non-point source pollution 
are a key uncertainty

• Efforts to restore or improve salmon 
habitats are underway

• > $1 billion expended by the US 
government on habitat to date (CRB 
alone)

• Various entities have invested >$25 
million on urban stream restoration in 
Seattle area alone

WASHINGTON

From Salmon Nation, 1999, 
Ecotrust Publishers

Coho salmon 
range



Stream Restoration
• Many Puget Sound 

area streams restored 
to enable fish passage 
in 1990’s

Pre-Restoration (1999)

Post-Restoration (2000)

• Post-restoration 
monitoring efforts 
revealed adult coho 
salmon pre-spawn 
mortality phenomenon



Symptomatic coho, Piper’s Creek, Seattle, Fall 2000



Study Objective
Carefully document the overall rates of coho pre-spawn 
mortality in a representative urban stream and a reference 

(non-urban) stream via continuous daily surveys.

Longfellow Creek
(urban)

West Seattle

Fortson Creek
(reference)

NF Stillaguamish R.



Methods
• Conduct daily spawner surveys

• Record location, species, gender, 
length/weight, spawning condition, 
and % egg retention in females

• Collect tissue (brain, blood, gills, bile, 
liver, pyloric caeca, intestine, heart, 
kidney) from live symptomatic males 
and females and dead females

• Screen samples for evidence of 
disease, vitamin deficiency, pesticide 
exposure, and hydrocarbon exposure

• Test water quality for conventional 
contaminants (PAH’s, metals, 
pesticides, etc.)



Documented pre-spawn mortality in 
Longfellow Creek, Fall 2002
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Overall rates of pre-spawn mortality for 
2002-06 (all females): 
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*Low sample size and abnormal weather patterns in 2006
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Coho PSM is recurrent

Des Moines Creek 2004Longfellow Creek 2003

Longfellow Creek 2005 Piper’s Creek 2006



Coho PSM is recurrent

Longfellow Creek 2005

Longfellow Creek 2002



Are other salmon species affected?

Piper’s Creek 2006: Coho and chum salmon in stream simultaneously



Pre-spawn mortality
Results to date:

• PSM consistently observed in Puget Sound 
coho over the past 5 years.

• Conventional water quality parameters 
(temperature, dissolved oxygen, sediment, 
etc) do not appear to be causal.

• PAH’s, metals, pesticides present, but at 
levels unlikely to cause acute mortality.

• There is no evidence of disease or 
pathology, and dying fish appear to be in 
good physical condition (ocean bright, good 
condition index).

• All affected fish exhibit neurological 
symptoms before they die.

• Current research suggests coho are the 
only species of salmon affected.



Ongoing Studies

Longfellow Creek

2004
n=9

2002
n=57

2005
n=75

2003 
n=18

y = -0.48x + 45.24

R2 = 0.944

0

5

10

15

20

65 70 75 80 85 90

%PSM

How do weather patterns affect PSM among years?

Continued daily spawner surveys in Longfellow Creek: 2002-present

*rainfall measured 1 week before first fish arrival to last fish



Ongoing Studies
Embryo toxicity studies (John Incardona NOAA-F)

– Developing coho embryos exposed to filtered and unfiltered urban stream water



Ongoing Studies
Embryo toxicity studies(John Incardona NOAA-F)

Embryos exposed to unfiltered stream water:
– Higher rates of developmental defects
– Higher rates of mortality 
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Ongoing Studies
Population modeling (Julann Spromberg, NOAA-F)

1
survival

reproduction
PSM

2 3
survival

Basic coho models incorporating PSM 
demonstrate the potential for rapid loss of 
localized populations in urban streams from 
nonpoint and stormwater sources.
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Possible interpretations of existing data:

• Something important (i.e. a particularly toxic chemical) is being 
missed in conventional analyses of urban stormwater quality

OR…

• Adult coho are much more sensitive to a familiar contaminant 
than we might expect from existing acute lethality (LC50) data

OR…

• There is a negative and interactive effect of mixtures of pollutants 

OR…

• Some combination of all of the above

OR…
• Coho salmon are dying for reasons unrelated to water quality



The case for water quality:
• Pre-spawn mortality is closely associated with 

small streams that are receiving waters from 
urban stormwater discharges.

• Symptomatic fish show signs of acute neurological distress, and coho 
die within hours of entering spawning habitat.

• Fish only survived to spawn after several rain events.

• Dead fish show no signs of disease or pathogens that might be 
expected to be lethal.

• The fall of 2002 was particularly dry.  As might be expected, pre-spawn 
mortality in Longfellow Creek was relatively severe.



For more information, visit:

http://coastalstorms.noaa.gov/stormwater/


