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Executive
Summary

Pacific salmon are in serious trouble.
The enormous runs of migratory salmon of
the past have slowly diminished to the
trickle of adult spawning salmon that
presently inhabit western rivers.   Although
salmon recovery efforts are underway,
scientists, policy makers, and interest
groups have thus far given insufficient
attention to the role that pesticide contamina-
tion of our watersheds may play in salmon
decline.  Accordingly, the purpose of Dimin-
ishing Returns:  Salmon Decline and Pesticides is
to review scientific literature on the effects of
sublethal concentrations of pesticides on
salmonids (see full report for documenta-
tion and references).  The report places
special emphasis on how pesticides can
alter the biology of fishes in subtle ways
that decrease their chances for reproduction
and survival.

Dynamics of Pesticides in the
Environment

Pesticides include a broad class of
chemical and biological agents that are
purposefully introduced into the environ-
ment to kill or damage organisms, includ-
ing insecticides, herbicides, and fungi-
cides.  Once applied, pesticides move into
streams and rivers throughout water-
sheds and may pose problems far from
the site of application.  Movement often
occurs through the medium of water,
thereby exposing all aquatic organisms
during this transport.  Where water qual-
ity monitoring has been done, a great
variety of pesticides are typically found in
salmon habitat.  Federal and state agen-
cies have established few criteria or stan-

dards for the protection of aquatic life
from short-term (acute) and long-term
(chronic) exposure to pesticides.

Pesticides do not necessarily disappear
with time.  They transform into other com-
pounds that may be less toxic, of equal
toxicity, or of greater toxicity than the
original compound.  The toxicity of these
breakdown products is not well under-
stood, and in general how they affect
aquatic life has not been studied.  All the
while, fish and other aquatic organisms
must continue to cope daily with pesticides
(and their breakdown products), some of
which are no longer used but remain in
watersheds.

Although pesticides are diluted by
transport in rivers and streams, a number
of mechanisms concentrate the chemicals,
often to toxic levels.  In a process known
as bioaccumulation, pesticides absorbed
into plant and animal tissues may become
concentrated and reach levels many
times higher than those in surrounding
water.
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Fish Kills and Acute Toxicity of
Pesticides to Salmon

Pesticides are capable of killing salmon
and other aquatic life directly and within a
short period of time.  For example, in 1996
the herbicide acrolein was responsible for
the death of approximately 92,000 steel-
head, 114 juvenile coho salmon, 19 resi-
dent rainbow trout, and thousands of
nongame fish in Bear Creek, a tributary of
the Rogue River.  Deaths of threatened
and endangered species from accidental
contamination of waterways are of grave
concern.  The loss of each individual in a
sensitive population makes recovery
efforts that much more difficult.  Fortu-
nately, these deaths are relatively
infrequent.

Behavioral Effects of Pesticides
at Sublethal Concentrations

In contrast to dramatic fish kills, the
effects of sublethal concentrations of pesti-
cides are more subtle and go largely unseen
and unregulated.  Sublethal concentrations
of pesticides do not cause immediate death,
but can interfere with the biology of the
organism in other ways and can ultimately
impact the survival of the species.  Labora-
tory studies show that sublethal concentra-
tions of pesticides can affect many aspects
of salmon biology, including a number of
behavioral effects:

•  Long-term exposure to certain
pesticides can increase stress in juvenile

Pesticide detections in the western United States as measured by the
U. S. Geological Survey NAWQA program.

State, region # Pesticides  # Pesticides # Exceeding # For Which
Examined Detected Aquatic Life Aquatic Life

Criteria1 Criteria
Are Available

_______________________________________________________________________________________________

Oregon
         Willamette Basin2 86 36 4 22
Washington
         Puget Sound Basin3 NA 23 4 NA
         Central Columbia 84 45 5 18
             River Plateau4

California
         San Joaquin Basin5 83 49 7 16
Idaho
         Snake River Basin6 80 36 2 17
______________________________________________________________________________________

NA, not available.

1 Aquatic life criteria set by the National Academy of Sciences and National Academy of Engineering or by
the Canadian Council of Resources and Environment Ministers.

2 Data from Anderson et al. (1997).
3 Data from Bortleson and Davis (1997).
4 Data from Wagner et al. (1996).

5 Data from Dubrovsky et al. (1998).
6  Data from Clark et al. (1998).
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salmonids and thereby render them more
susceptible to predation.

•  Certain pesticides can alter swim-
ming ability, which in turn can reduce the
ability to feed, to avoid predators, to defend
territories, and to maintain position in the
river system.

•  Many pesticides interrupt schooling
behavior, a critical tactic for avoiding pre-
dation during salmon migration.  Disrup-
tion of schooling behavior is thought by
some researchers to be a classic method for

examining sublethal effects of pesticides
because the effect is so common.

•   Several pesticides (and other pollut-
ants) have been shown to cause fish to seek
suboptimal water temperatures, thus sub-
jecting them to increased dangers of disease
and predation.

•  Some herbicides have been shown
to inhibit normal migration to the sea,
resulting in severe disruption of the life
cycle.  There is a dearth of research looking
at this effect for common insecticides.

Sublethal effects of selected pesticides found in the Willamette
River Basin Study by USGS.1
__________________________________________________________________________________________________________

                                                     Herbicides                                                 Insecticides
Atrazine Simazine Malathion Chlorpyrifos Carbaryl

____________________________________________________________________________________________________________
Negative Effects on:

Food Supply +2 +3 +4 +5

Growth +2 +6 +7 +8

Reproductive success +2 +9 +10

Bone Abnormality +11 +12 +13

Endocrine Disruptor +14 +13,14

Immune System +15

Behavior +16 +17,18 +12,17 +12

Schooling +19

Predator Avoidance +20 +18

____________________________________________________________________________________________________________________

Plus indicates a detectable response from sublethal concentrations of pesticide.  Blanks indicate that
studies were not found analyzing these effects.  Superscripts are references.

1.  Anderson et al.  1997.
2.  Macek et al.  1976.
3.  Naqvi and Hawkins 1989.
4.  Washino et al.  1972.
5.  Burdick et al.  1960.
6.  Hermanutz  1978.
7.  Brazner and Kline.  1990.
8.  Arunachalam and Palanichamy  1982.
9.  Jarvinen et al.  1983.
10.  Carlson 1971.

11.  Weis, P. and J. S. Weis.  1976.
12.  Holcombe et al.  1982.
13.  Weis, J. S. and P. Weis.  1976.
14.  Bruckner-Davis 1998.
15.  Plumb and Areechon.  1990.
16.  Dodson and Mayfield.  1979b.
17.  Hansen  1969.
18.  Hansen  1972.
19.  Weis, P. and J. S. Weis.  1974.
20.  Lorz et al.  1979.
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•  Several studies suggest that certain
pesticides can impair salmonid’s ability to
transition from freshwater to seawater.
There is a need for further research in this
area, placing particular emphasis on the
critical period of transition that takes place
in the estuary.

•  Adult salmon adjust their migration
patterns to avoid polluted areas, resulting
in delayed spawning.

Compromised Immune Systems

In addition to changes in behavior,
exposure to relatively low concentrations of
pesticides can disrupt the immune system
of salmon.  Evidence for these effects in
salmonids is not as extensive as for disrup-
tion of behavior, but the data available
suggest that pesticides can have serious
negative impacts on the immune system.
Such disruption results in the onset of
disease and even death.

Endocrine Disruptors

Fish and other organisms are especially
vulnerable to endocrine-disrupting effects
during the early stages of development.
Pesticides at low concentrations may act as
mimics or blockers of sex hormones, caus-
ing abnormal sexual development, femini-
zation of males, abnormal sex ratios, and
unusual mating behavior.  The unique
plasticity of sex differentiation in fish sug-
gests that these animals may be very sus-
ceptible to disruption of sexual characteris-
tics by pollutants.  Pesticides can also inter-
fere with other hormonal processes, such as
thyroid functioning and bone development.

Indirect Effects of Pesticides on
Salmon

Pesticides can indirectly affect fish by
interfering with their food supply or alter-
ing the aquatic habitat, even when the
concentrations are too low to affect the fish
directly.  Such indirect effects greatly reduce
the abundance of food organisms which in
turn reduces the growth and probability of
survival of the fish.  In addition, removal of

During early development, fish are especially
vulnerable to pesticides that can mimic natural
hormones.
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Pesticide exposure at the fry stage can cause
feminization of male fish or even sterility.
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aquatic vegetation can decrease habitat
suitability and increase the salmon’s sus-
ceptibility to predation.  These indirect effects
are subtle, but evidence suggests that in
complex ecosystems indirect effects can be
even more important than direct effects.

Recommendations

From the evidence available at present,
there is a plausible basis for considering
pesticides to be one of the causes of declin-
ing salmon populations in the Pacific
Northwest.  Based on this review, we offer
several policy recommendations and iden-
tify areas for further research:

1.  Address the impacts of pesticides
on salmon when developing and imple-
menting recovery plans for threatened and
endangered species.  To date, efforts to
recover salmon have devoted insufficient
attention to pesticides as a contributing
factor in salmon decline.  We must act now
using available information to formulate
management strategies that will minimize
the potential danger from sublethal concen-
trations of pesticides.

2.  Conduct ecoepidemiological stud-
ies in critical salmonid habitat.  Most of
the effects of pesticides referred to in this
report have been determined in experimen-
tal laboratories.  In the field, however,
environmental conditions are not con-
trolled, and many factors interact to confuse
the determination of direct relationships.

Ecoepidemiological investigations in the
Great Lakes have established the relation-
ship between chlorinated hydrocarbons and
the decrease in lake trout populations.  An
ecoepidemiological approach for salmon in
the Pacific Northwest would be particularly
valuable because it is designed to attribute
causality to events occurring in real-world
situations.

3.  Create comprehensive pesticide
tracking systems in the Pacific Northwest.
To better understand the relationship be-
tween pesticides and salmon decline, we
must have accurate, site-specific data on the
patterns of pesticide use in the watersheds
of the Northwest.  State and provincial
governments need to collect data on which
pesticides are used where, when, and in
what amounts.  Such data can then be
combined with watershed-specific informa-
tion on indicators of salmon health.  (Cur-
rently, California is the only state with
Pacific salmon habitat where such informa-
tion is collected.)  Pesticide use information
will also enable efficient instream monitor-
ing for pesticide contamination.

4.  Establish instream monitoring
programs in critical salmon habitats.  A
systematic monitoring program for pesti-
cides and their breakdown products needs
to be undertaken.  Not all pesticides can be
tested for in all locations, but current testing
is woefully inadequate for understanding
the role of pesticides in salmon decline.
In conjunction with pesticide use data,
these analyses can be targeted to the
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Oregon’s
ocean-
going
salmon

compounds of most concern.  Such target-
ing can greatly improve the cost-effective-
ness of monitoring.

5.  Err on the side of caution when
setting water quality standards for pesti-
cides.  There are few established criteria for
the protection of aquatic life from pesti-
cides.  Moreover, evidence reviewed here
shows that sublethal effects on salmonids
have not been fully appreciated, that juve-
nile salmonids succumb more easily to
toxins in the water, that laboratory studies
do not reflect the natural life cycle of the
fish, and that little is known about how
pesticides affect aquatic ecosystems.  These
factors must be considered when setting
standards, and a precautionary approach
must be adopted.

6.  Prevent pesticide contamination of
salmonid habitat by reducing pesticide
use.  Once contaminated, water is difficult
if not impossible to clean up.  Therefore,
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pest management approaches that do not
depend on pesticide use in agricultural and
non-agricultural settings should be encour-
aged and further developed.  There is
ample evidence that ecologically sound and
economically viable methods can be suc-
cessfully implemented.  The adoption of
such alternatives can be encouraged
through technical assistance, financial
incentives and disincentives, demonstra-
tion programs, and information exchange
opportunities.

7.  Adopt state and provincial pro-
grams in the Pacific Northwest to phase
out pesticides that persist and
bioaccumulate in the environment.  Nu-
merous pesticides, including some that are
no longer used and many that are currently
used, are known to persist in the environ-
ment and to bioaccumulate in aquatic
systems.  Washington State’s Department
of Ecology is now considering a plan to
end the release of such toxins, including
certain pesticides, into the environment.
To ensure salmon recovery, all state and
provincial governments in the Pacific
Northwest should adopt similar
programs.



For more information…

Northwest Coalition for Alternatives to Pesticides
P.O. Box 1393

Eugene, OR 97440-1393
(541) 344-5044; fax (541) 344-6923

www.efn.org/~ncap

Oregon Environmental Council
520 SW 6th Ave., Suite 940

Portland, OR 97204
(503) 222-1963; fax (503) 222-1405

www.orcouncil.org

OSPIRG Foundation
1536 SE 11th Ave.

Portland, OR 97214
(503) 231-4181; fax (503) 231-4007

www.pirg.org/ospirg

Institute for Fisheries Resources
PO Box 11170

Eugene, OR 97440-3370
(541) 689-2000; fax (541) 689-2500

www.pond.net/~fish1ifr


