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Major Threats to Our Oceans:

• Non-point source pollution
• Point source pollution

• Invasive species

• Aquaculture

• Coastal development

• Overfishing

• Habitat alteration

• Bycatch

• Climate change







Pacific Salmon Life Cycle
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Twenty six salmon and steelhead  
population segments, or Evolutionarily
Significant Units (ESUs), are currently
listed as either threatened or 
endangered under the U.S. 
Endangered Species Act (ESA).

ESA-listed species include:

• coho (Oncorhynchus kisutch)
• chinook (O. tshawytscha)
• chum (O. keta)
• sockeye (O. nerka)
• steelhead (O. mykiss) 



Factors leading to the decline of salmon and steelhead…

Habitat loss or degradation

Invasive species

Pollution

Population growth (human)

Overharvest
adapted from E.O. Wilson, SETAC, 2004



Relevant Federal statutes (water quality)

Chemical-centric:

Federal Insecticide, Fungicide, and Rodenticide Act (FIFRA)

Clean Water Act (CWA) 

Species-centric:

Endangered Species Act (ESA)

Magnuson-Stevens Act (Essential Fish Habitat; EFH)



Key considerations under ESA

• Impacts on salmon Habitat

• Impacts on salmon Health



Salmon in their natural laboratory exposure habitat



Salmon habitat - aquatic community structure 



Salmon-centric toxicological endpoints of potential concern
Assessment Endpoints Assessment Measures
Juvenile growth Foraging behav ior

Growth rate
Condition index

Reproduction Courtship behavior
Number of eggs produc ed
Fertilization success

Early development Gastrulation
Organogene sis
Hatching success

Smoltification Anion exchange  (i.e. gill Na+/K+ ATPase
activity)
Blood hormone (i.e. thyroxin)
Salinity tolerance

Disease-induced mortality Immunocompetence
Pathogen prevalence in tissues
Histopathology

Predation-induced mortality Predator detection
Shelter use
Schooling or shoaling behavior

Migration or distribution Use of juvenile rearing habitats
Adult homing behavior
Selection of spawning sites



The Ecotoxicology and Environmental Fish Health
Program at NWFSC

ecological 
monitoring

mechanistic
research 

risk
assessment 



Evaluating the impacts of pollution on fish health 

The importance of inter-
relationships between scales 
of biological complexity



Urban growth and impervious surfaces =
non-point source pollution





Seattle Post-Intelligencer
April 5, 2003

Copper (traffic volume):

34.2 µg/L (low)
53.8 µg/L (medium)
58.5 µg/L (high)



olfactory nerve
olfactory bulb

telencephalon

olfactory rosette

The salmon olfactory nervous system

Gillermo Munro/Seattle Post-Intelligencer



Why focus on the salmon nose?

The nose is directly exposed to pollutants.

Receptor neurons are very sensitive.

Basic biology is well understood.

Neurophysiological recordings are straightforward.

Olfaction is linked to survival and reproduction.

Olfaction guides imprinting and homing behaviors.  





The olfactory organ (rosette) of coho salmon

Age 0 Age 1+

Scanning electron micrographs by Carla Stehr, NOAA Fisheries

= electrode location for neurophysiological field potential recordings



In vivo olfactory recordings
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Odor-evoked extracellular field potentials (coho)
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Sublethal copper neurotoxicity in juvenile coho (30 min exposures)

EO
G

 a
m

pl
itu

de
 (r

el
at

iv
e 

to
 p

re
-e

xp
os

ur
e)

10 s

1 mV

post-exposure

Copper exposure (10 µg/L, 30 min)

pre-exposure

(57% reduction)

A B

1
2
5
10
20

copper, µg/L

exposure

0 30 60 90
time, minutes

120
0

0.2

0.4

0.6

0.8

1.0

1.2

10 -5 M L-serine

Baldwin. et al., 2003, Environ. Toxicol. Chem. 22:2266
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Salmon habitat - aquatic community structure 
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Computer-aided analysis of juvenile coho behaviors



QuickTime™ and a
Photo - JPEG decompressor

are needed to see this picture.

QuickTime™ and a
Video decompressor

are needed to see this picture.

QuickTime™ and a
Video decompressor

are needed to see this picture.





Relative impacts of dissolved copper on juvenile coho
olfactory neurophysiology and predator-avoidance behavior



Task 1 - Direct in vivo measures of neurotoxicity
in the salmon olfactory system.

- Toxicity thresholds for dissolved copper
- Extent of neural injury and recovery
- Impacts on critical behaviors

Task 2 - Quantifying the effects of copper on salmon
survival and reproductive success.

- Predator-induced mortality in juveniles
- Spawning behavior and fertilization success
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Task 3 - Modeling the impacts of copper on natural 
salmon populations.

- Homing and straying in wild and hatchery fish
- Limits on the productivity of wild populations



0 µg/L

50 µg/L

Copper-induced loss of apical 
cilia from lateral line neurons

Arrows: stereocilia

Arrowheads: kinocilia

Linbo et al., 2006, Environ. Toxicol. Chem. 25:597
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