Activity 19: Deadly

Washington case study provided:

A newspaper article and report on how polluted water around
Aberdeen, WA affected salmon survival. A newspaper article
questioning the health of South Sound water for saimon.

Objectives:

* To identify variables in water quality monitoring for salmon
health

» To relate water quality for salmon to human impacts.

» To compare water quality in different estuarine systems.

Waters
- Aquatic WILD-

Critical Questions Addressed:
2. Endangered

Resources: (attached)

+ Differential Survival of Grays Harbor Basin Anadromous
Salmonids: Water Quality Implications. By Dave Seiler.
WDFW Fish Management.

* Articles on “What's killing the coho?” The Daily World,
Aberdeen, Washington, 16 December, 1986

* Article: Status of South Puget Sound. Olympian 1999

 Article: Status of Mexican Estuarine Waters. Seattle Times
1999

 Optimal Water Quality Standards for Aquatic Ecosystems
and Salmon

Directions:

* Read the article and newspaper report on how pollution
affected salmon in Grays Harbor?

» What substances were tested for their presence in the
Harbor by the researchers? '

»  What were the results of the water quality tests?

» What were the conclusions for the impact of water
pollution on salmon in Grays Harbor?

Extensions:

» Which government agencies need to know about the water
quality of the harbor waters.

* What was the response by the major user(s) of the waterin
Grays Harbor.

Directions:

* Read the newspaper article on South Sound Water Quality
and estuary Water Quality in Mexico.

* What are the similarities and differences in the water
quality situation. ,

Extensions:

» Why is the Sound water quality important to South Puget
Sound? Why is the situation different in the South Sound
compared to other places in the Sound? How can.we work
to improve the South Sound Water Quality?



DEADLY WATERS

OBJECTIVES

For Younger Students -
Students will name and describe different kinds of pol-
lution that can affect water as well as animals and
plants that live in water.

For Older Students

Students will: 1) identify major sources of aquatic pol-
lution; and 2) make inferences about the potential ef-
fects of a variety of aquatic pollutants on wildlife and
wildlife habitats. -

METHOD

Students analyze the poliutants found in a hypothetical
river. They graph the quantities of pollutants and make
recommendations about actions that could be taken to
improve the habitat.

BACKGROUND

All the water that has ever been available to our planet
is on or in the earth right now. On the entire planet
there are 326 miliion cubic miles of water. If the earth
were a globe 28 inches in diameter, all of the water
on the planet would fill less than one cup. Of that
amount, only .03% is in river systems and freshwater
lakes. This means that only slightly more than one
drop would fill all the rivers and lakes.

Age: Grades 3-12 . .
Subjects: Science, Social Studies, Health, Home Economics,
Industrial Arts

Skills: analysis, classification, comparing similarities and dif-
ferences, computation, description, discussion, identification,
Jinference, interpretation, matching, media construction, ob-
servation, psychomotor development, reading, recognition,
small group work

Duration: 30 to 45 minutes or longer

Group Size: small groups of three students each

Setting: indoors

Conceptual Framework Reference: VI.A., VI.A3., VLA4,,
VI.A.5., VL.B., VL.B.1., VI.B.2., VI.B.3., VI.BA4., VI.B.5.,
VILB.6., VIL.C,, VI.C.12,, VI.C.13., VIL.C.14,, VIL.C.15., VI.C.16.,
VI.D., VILA,, VILA1,, VILA.Z., VILA.3., VILAA4,, VILB.,
VII.B.1,, VIL.B.2., VI.B.3., VII.B.4., VIL.B.S., VIL.B.6., VIL.B.7.,
LA.,lLA2,1B, 1B.1.1C,1C1,1C2,1.C.3., 1.C4,, I.D.
Key Vocabulary: pollution; for oldér students: chemical,
thermal, organic, ecologica!, point and non-point source poliu-
tion, groundwater, toxic wastes

Appendices: None
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Waterways like rivers, lakes and streams are a vital ex-
pression of the water cycle. All the rain and snow that
falls on the land either seeps into the water table or is
carried to the sea. In addition, all along the way, water
evaporates or finds its way through plants and tran-
spires back into the atmosphere to form clouds and
precipitate again.

With this picture of the scale and interconnectedness
of our planet’s freshwater resources in mind, it is ap-
parent how fragile this vital substance is. Yet each day
water is being damaged by poliution—pollution that
stresses ecosystems beyond their capacities to support

-~ life.

Pollution is a complex topic. Most current resource
books include four definitions.

Chemical Pollution The introduction of toxic sub-
stances into an ecosystem, e.g., acid rain, contamina-
tion of water supplies by pesticides.

Thermal Pollution Varying temperatures above or
below the normal condition, e.g., power plant turbine
heated water.

Organic Pollution Oversupplying an ecosystem with
nutrients, e.g., fertilizer inflow.

Ecological Pollution Stresses ordinarily created by
natural processes; i.e.,

1) adding a substance that is not a naturally occur-
ring substance in the ecosystem (adding something
that is not usually there), e.g., extreme tides pour sait-
water into habitats ordinarily protected from sea
water;

2) increasing the amount or intensity of a naturally
occurring substance, e.g., abnormal increase in sedi-
ments in runoff water to produce silt;

3) altering the level or concentration of biological or
physical componenfs of an ecosystem (changing the
amount of something that is already there), e.g.,
introduction of aquatic plants via bird droppings, etc.
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Most of us view pollution dominantly as human
caused. In the definitions above, chemical poliution
through the introduction of toxic substances is clearly
human caused. Organic pollution in lakes and rivers
typically results when organisms living there are
enhanced by chemical fertilizers used in agriculture.
Thermal pollution is dominantly human caused
through nuclear power plants, fuel-based electrical
power production, and many industries. Some dams
also produce unnaturally cooled water with bottom
discharge of water.

Surprisingly, these three forms of pollution—chemical,
thermal and organic—can take place without human
intervention. When pollution takes place without
human intervention, it is most often ecological potlu-
tion. (At times, human activity can also increase pollu-
tion via naturally occurring substances. For example,
roadbuilding and some forest practices can increase
siltation.) Natural ecological pollution, in the larger
view of things, may be beneficial rather than harmful.
Whether beneficial or harmful or neither, ecological
pollution—which is dorninantly derived from natural
processes—does affect wildlife and wildlife habitat. -
Some acid rain results from volcanic eruptions.
Landslides and avalanches alter runoff patterns as well
as sometimes killing plant and animal life. Shifts in
oceanic currents affect water temperature as well as
weather patterns. Sometimes hot springs and geysers
can heat water above normal temperatures in lakes
and streams.

Obviously, many substances naturally occurring in
water are also beneficial as well as harmful to aguatic
life and habitats.

Yet all that is known points to humans as the greatest
source of damage to habitat. To understand pollution’s
effects and causes prepares us to be able to take con-
structive action now and in the future to protect and
maintain a healthy environment.

Documentation of human iliness and death due to pol-
lutants is overwhelming. Research shows that pollu-
tion also causes iliness and death in wildlife.

The way we feel about pollution has to do with the
attitudes and values we hold regarding the quality of
life. Issues of economic importance often affect human
reaction to poliution. One researcher called pollution
the “chosen disease.” Only in catastrophic circum-
stances like the disaster in Bhopal, India are we able to
see short-term effects of pollution. In the case of DDT,
it took years before we could see the effects. For the
most part, pollution is invisible; it often takes years to
display its toxic destructiveness. Since the effects of
most pollution are long term, we must develop long-
term views about its effects on wildlife and its habitat.

Groundwater is continually being affected by toxins we
cannot see. Some pollutants enter water from a local-
ized source, like a chemical discharge from a factory.
This is called a point source pollution. Other pollu-
tants enter from a variety of less easily identified
sources; for example, when rain washes motor oi} left
from dripping cars in store parking lots into city drains
1o re-enter the water supply. This is called a non-
point source pollution.

In its many journeys, water may be contaminated by
thousands of different substances and conditions. For
the most part, these substances and conditions alter
water in such ways that it becomes a hazard to
wildlife, wildlife habitat and humans as well. Some
effects are direct. Others are indirect.

The major purpose of this activity is for students to
increase their understanding of water pollution and its
potential effects on human and wildlife habitats.

'MATERIALS

nine different colors of construction paper (2 sheets
each); writing or graph paper; scotch tape or glue;
paper punch; Pollutant Information Sheets (one for
each student); 1/4 teaspoon measure (for paper punch
tokens); 1 tablespoon (for 1/2” square tokens)
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PROCEDURE

1. Before the activity begins, make 100 tokens of
each of the nine colors of construction paper. The
construction paper may be folded in quarters to speed
up the process of cutting or punching. For younger
students, cut the construction paper into 1/2” squares
using a paper cutter. For older students, punch out
construction paper tokens with a paper punch. Put all
the tokens, either 1/2” squares or punched tokens, in
a container. Stir them so the colors are thoroughly
mixed. Make one copy of the Pollutant Informatlon
Sheet for each student.

2. List the four major categories of pollution on the
chalkboard and discuss each. They are: chemical,
thermal, organic and ecological. Refer to the back-
ground for a description of each. NOTE: The first
three are dominantly caused by humans, although
there are rare cases where natural processes can cause
them. Ecological pollution is typically natural, although
there are cases where it is caused by humans.

3. Pass out the Pollutant Information Sheets. Review
each kind of pollution with the students. Talk about
how some of these can fit into more than one of the
four kinds of pollution. Color code each with a differ-
ent color of the construction paper.- Write a short
description of the pollution on a piece of paper of the
color to which it is coded. (Some teachers have simply
copied the Pollutant Information Sheets, cut the
descriptions apart, and pasted the appropriate para-
graphs on each of the colored sheets of paper.) Post
each sheet of colored paper with its corresponding
description of the kind of pollution it represents in a
row in a convenient place. '

4. Once all the kinds of pollution have been dis-
cussed, and the students understand that, each kind of
poliution will be represented in this activity by one
color of paper, tell the students that they are to divide
into teams of three. These will be research teams;
each team will analyze the pollution content of a hypo-
thetical river. Distribute the colored paper tokens that
have been cut or punched from the construction paper.
Pass the container with the colored paper tokens for
each research team to measure out for themselves 1/4
teaspoon of the paper-punched tokens, or one table-
spoon of the 1/2" square tokens. Also provide each
team with a piece of graph paper.
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5. The teams must separate the colored tokens into
piles; using the color key, they should identify each
type of pallutant. Once this is done, they should count
the number of each kind of pollutant they have identi-
fied and then use graph paper to construct a simple
bar graph showing the whole array of pollutants.
Arrange the pollutants in the same order as they are
displayed in the color key that is posted in the class-
room. This makes it easy to compare each team’s find-
ings. Remind them that each has a different river.
Their results are not likely to be the same!

6. When they have the bar graphs completed and
have compared the teams’ results, tell them that any
quantity above two units of each kind of:pollutant is
considered damaging to wildlife habitat. In their hypo-
thetical rivers, what pollutants would be likely to cause
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the most damage to wildlife and wildlife habitat? Give
examples and discuss the kinds of damage that could
be caused.

7. OPTIONAL: Invite the students to match the pollu
tants with the four categories of pollution listed at the
beginning of the.activity. Some seem to fit rather easi-
ly; others could fit in more than one category, depend-
ing on the source of the pollution. For example, is the
thermal pollution human or naturally caused (power
plant water effluent or thermal hot springs)?

EXTENSIONS

1. List five things you can do—starting today—in
your own life to reduce the number of poliutants you
add to the environment.

2. Conduct a field trip to a local waterway and
attempt to identify what, if any, kinds of pollution are
affecting it.

3. Get information about current national and state
laws protecting water quality in the United States.
Write a short history of the U.S. Clean Water Act.

4. Is DDT still being used, and where? Find out the

-current status of this pesticide use in the U.S. and

other parts of the world.

EVALUATION

1. Describe the effects that large quantities of the
following things might have on an aquatic environ-
ment. Consider short term and long term effects: hot
water, fertilizer, soil (silt), heavy metals, etc.

2. Water is taken from a river, treated, used by peo-
ple of a community, sent to a city sewage treatment
plant, and put back into the river. Is this aquatic pollu-
tion? Defend your response.

e ——
M~ T
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POLLUTANT INFORMATION SHEET

SEDIMENTS

Particles of soils, sand, silt, clay and minerals wash
from land and paved areas into creeks and tributaries.
In large unnatural quantities, these natural materials
can be considered a pollutant. Construction projects
often contribute large amounts of sediment. Certain
lumbering practices affect sediments in runoff. Sedi-
ments may fill stream channels and harbors that later
require dredging. Sediments suffocate fish and shell-
fish populations by covering fish nests and clogging
the gills of bottom fish and shelifish.

PETROLEUM PRODUCTS

Oil and other petroleum products like gasoline and
kerosene can find their way into water from ships, oil
drilling rigs, oil refineries, automobile service stations
and streets. Oil spills kill aquatic life (fish, birds, shell-
fish and vegetation). Birds are unable to fly when oil -
loads the feathers. Shelifish and small fish are poi-
soned. If it is washed on the beach, the oil requires
much labor to clean up. Fuel oil, gasoline and kerosene
may leak into ground water through damaged under-
ground storage tanks.

ANIMAL WASTE

Human wastes that are not properly treated ata
waste treatment plant and then released to water may
contain harmful bacteria and viruses. Typhoid fever,
polio, cholera, dysentéry (diarrhea), hepatitis, flu and
common cold germs are examples of diseases caused
by bacteria and viruses in contaminated water. The
main source of this problem is sewage getting into the
water. People can come into contact with these mi-
croorganisms by drinking the polluted water or
through swimming, fishing, or eating shelifish in pol-
luted waters. Often unexpected flooding of barnyards
or stock pens can suddenly increase the toxic effects of
animal waste in water. Animal waste can-also act as a
fertilizer and create damage by increasing nutrients.
(see Fertilizers) .

ORGANIC WASTES

Domestic sewage treatment plants, food processing
plants, paper mill plants and leather tanning factories
release organic wastes that bacteria consume. If too
much waste is released, the bacterial populations in-
crease and use up the oxygen in the water. Fish die if
too much oxygen is consumed by decomposing organic
matter.

INORGANIC CHEMICALS

Inorganic chemicals and mineral substances, solid mat-
ter and metal salts commonly dissolve into water. They
often come from mining and manufacturing industries,
oil field operations, agriculture, and natural sources.
These chemicals interfere with natural stream purifica-
tion; they destroy fish and other aquatic life. They also
corrode expensive water treatment equipment; and in-
crease the cost of boat maintenance.

DETERGENTS, PESTICIDES AND FERTILIZERS

Many of these substances are toxic to fish and harmful
to humans. They cause taste and odor problems and
often cannot be treated effectively. Some are very poi-
sonous at low concentrations. The major source of pol-
lution from agriculture comes from surplus fertilizers in
the runoff. Fertilizers contain nitrogen and phosphorous
that can cause large amounts of algae to grow. The
large algae blooms cover the water’s surface. The algae
die after they have used all of the nutrients. Once dead,
they sink to the bottom where bacteria feed on them.
The bacterial populations increase and use up most of

" the oxygen in the water. Once the free oxygen is gone,

many aquatic animals die. This process is called eutroph-
ication.

HEATED OR COOLED WATER

Heat reduces the ability of water to dissolve oxygen.
Electric power plants use large quantities of water in
their steam turbines. The heated water is often re-
turned to streams, lagoons, or reservoirs. With less
oxygen in the water, fish and other aquatic life can be
harmed. Water temperatures that are-much lower
than normal can also cause habitat damage. Deep
dams often let extra water flow downstream. When
the water comes from the bottom of the dam, it is

much colder than normal.

ACID PRECIPITATION

Aquatic animals and plants are adjusted to a rather
narrow range of pH levels. pH is a measure of the
acidity of a solution. When water becomes too acid,
due to inorganic chemical poliution or from acid rain,
fish and other organisms die.

PESTICIDES, HERBICIDES, FUNGICIDES

Agricultural chemicals designed to kill or limit the
growth of life forms are a common form of pollution.
This pollution results from attempts to limit the nega-
tive effects of undesirable species on agricultural crop
production. Irrigation, groundwater flow and natural
runoff brings these toxic substances to rivers, streams,
lakes and oceans.
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Deadly Waters - Aquatic WILD-
Student Worksheet Page 1

Resources: (attached)

o Differential Survival of Grays Harbor Basin Anadromous Salmonids: Water Quality
Implications. By Dave Seiler. WDFW Fish Management.

* Articles on “What’s killing the coho?” The Daily World, Aberdeen, Washington, 16
December, 1986

 Optimal Water Quality Standards for Aquatic Ecosystems and Salmon

Directions:
 Read the article and newspaper report on how pollution affected salmon in Grays
Harbor?

» What substances were tested for their presence in the Harbor by the researchers?

« What were the results of the water quality tests?

e What were the conclusions for the impact of water pollution on salmon in Grays
Harbor?

Reflections:

* Which government agencies need to know about the water quality of the harbor
. waters.

r

» What was the response by the major user(s) of the water in Grays Harbor.



Deadly Waters - Aquatic WILD-
Student Worksheet Page 2

Resources: (attached)
* Article: Status of South Puget Sound. Olympian 1999

e Article: Status of Mexican Estuarine Waters. Seattle Times 1999

» Optimal Water Quality Standards for Aquatic Ecosystems and Salmon

Directions:
« Read the newspaper article on South Sound Water Quality and estuary Water Quality
in Mexico.

e What are the similarities and differences in the water quality situation.

Reflections:

e Why is the Sound water quality important to South Puget Sound? Why is the
situation different in the South Sound compared to other places in the Sound? How can
we work to improve the South Sound Water Quality?
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Differential Survival of Grays Harbor Basin Anadromous Salmonids:
: Water Quality Implications

David Seiler

Resource Assessment and Development Division,
Washington Department of Fisheries, Olympia, WA 98040, USA

Abstract

SEILER, D. 1989. Differential survival of Grays Harbor basin anadromous salmonids : water
quality implications, p. 123-135. In C. D. Levings, L. B. Holtby, and M. A. Hen-
derson [ed.] Proceedings of the National Workshop on Effects of Habitat Alteration
on Salmonid Stocks. Can. Spec. Publ. Fish. Aquat. Sci. 105.

Coded wire tagging experiments were conducted utilizing Grays Harbor wild and hatchery
coho salmon (Oncorhynchus kisutch) over four broods (1980-83). Results demonstrate that
Chehalis River coho smolts survive to adult recruitment at one half the rate of coho smolts
from the nearby Humptulips River. Low survival of wild coho has resulted in under escape-
ment in the Chehalis River in 3 of the last 5 yr despite severe harvest restrictions. These
results have serious implications for other Chehalis River anadromous saimonid stocks. Poor
post sinolt survival prevents realization of substantial fish production potential and results
in a major resource loss that exceeds one million dollars per year. Historically, severely
degraded water quality in inner Grays Harbor, caused by pulp mill discharges, seriously
impacted anadromous salmonid stocks. Despite significant improvements in effluent treat-
ment, impaired water quality remains the most probable cause of continued low survival.
A state funded, cooperative study involving industry, universities and various county, state
and federal agencies is currently investigating the cause(s) of poor survival.

Résumé

SEILER, D. 1989. Differential survival of Grays Harbor basin anadromous salmonids: water
quality implications, p. 123-135. In C. D. Levings, L. B. Holtby, and M. A. Hen-
derson [ed. ] Proceedings of the National Workshop on Effects of Habitat Alteration
on Salmonid Stocks. Can. Spec. Publ. Fish. Aquat. Sci. 105.

Des expériences de marquage au fil de fer codé ont été effectuées avec des saumons cohos
(Oncorhynchus kisutch) sauvages et d’élevage de quatre générations (1980-1983) dans le
havre Grays. Les résultats démontrent que le taux de survie jusqu'au recrutement a 1’age
adulte des smolts de coho de la riviere Chehalis ne représente que 50 % de celui des smolts
de coho dans la riviere Humptulips, située a proximité. En raison du faible taux de survie
des cohos sauvages, les échappées ont aussi été faibles dans la riviére Chehalis pendant trois
des cing dernires années, en dépit des restrictions de capture rigoureuses. Ces résultats lais-
sent présager de graves répercussions pour d’autres stocks de salmonidés anadromes de la
riviere Chehalis. Le faible taux de survie pendant la période de post-smoltification réduit
considérablement le potentiel de production piscicole, ce qui se traduit par une importante
perte de ressources, représentant plus d'un million de dollars par année. Au fil des ans, la
forte dégradation de la qualité de ’eau au centre du havre Grays, causée par les rejets des
usines de pates, a fortement perturbé les stocks de salmonidés anadromes. En dépit de nettes
améliorations apportées au traitement des effluents, 12 pidtre qualité de I'eau demeure la cause
la plus probable du faible taux de survie qui persiste. Une érude conjointe subventionnée par
I'Etat 2 laquelle collaborent I'industrie, les universités et divers pays ainsi que des organismes
de I'Etat et du Fédéral est actuellement en cours pour déterminer les causes du faible taux
de survie.

r

Introduction : impacted by overfishing and habitat degradation result-

ing from logging, agriculture, gravel mining and other

Low adult returns of coho (Oncorhynchus kisutch) development, the particularly poor returns to this sys-
and chinook (O. tshawytscha) salmon and steelhead tem have long been blamed on pollution in inner Grays
trout (Salmo gairdneri) to the Chehalis River have been  Harbor, the Chehalis River’s estuary. Although many
evident for over 50 years. While these stocks have been  investigations into the harbor’s water quality conditions
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vival to adults by up to 50 % or more (WDF unpubl.
data). Cerrection of the groups released into the Hump-
tulips River by this factor would result in an average
difference in survival of four times. To many, the
results of these experiments affirmed the ‘‘pollution
block’’ theory ; that severe pollution in the inner harbor
was causing the low returns of fish to the Chehalis River
(Deschamps and Senn 1969).

To more directly investigate the effects of pollution
in inner Grays Harbor on juvenile saimon, the WDF
conducted live box studies from June to August of 1969
and 1970 (Deschamps and Phinney 1971). On five
occasions in 1969 and three in 1970, 20 chinook finger-
lings were placed in five live boxes that were located
upstream and downstream of the pulp mills. Results
demonstrated that mortality was directly related to
proximity to the pulpmills and with operation of the
mills. The station closest to the pulp mills had 100 %
mortality within 16 h. while the mills were operating,
whereas the station farthest upstream of the mills
(located in the mouth of the Wishkah River) had the
lowest mortality during operation of the mills (2040 %
after 22 h) and zero mortality after 22 h when the pulp
mills were not operating. DO levels during these studies
generally were above the then minimum standard of
4.5 mg/L. Deschamps and Phinney concluded that a
toxic condition existed in the inner harbor and strongly
implicated pulp mill discharges as the cause.

To verify these studies and to measure the change in
water quality resulting from some improvements in
waste water treatment that had been made at the pulp
mills, WDOE conducted in situ live box studies on
three occasions in 1972 (June 28, July 5 and August 9).
Methods and locations were nearly identical to those
employed in the 1969 and 1970 studies. While mortality
remained high, results indicated that toxicity had
decreased, from 97 to 67 %. This improvement was
attributed to the new waste water treatment facilities
(Jeane 1973). )

Results of these studies increased the pressure to cor-
rect the pollution problem in the inner harbor. In
response, the pulp industry, in 1974, proposed a second
joint agency-industry study to investigate water quality
in Grays Harbor and its effect on juvenile salmonids.
Participants included the Weyerhauser Company, ITT
Rayonier, WDOE and WDF. An earlier cooperative
study, conducted from 1964 to 1966 (but not reported
until 1971) concluded that ‘‘the water quality in Grays
Harbor must be improved if the aquatic resources of the
area are to be protected and enhanced”’ (WDF 1971).
This study failed, however, to accomplish a major
objective of evaluating the effect of the water quality
on aquatic organisms.

" In the second series of cooperative studies, in situ
bioassays were performed with chinook and coho in
conjunction with water quality monitoring. While mor-
tality in the live box tests in the inner harbor decreased

when the pulp mills shutdown for four days, some of
the mortality observed during plant operation also was
attributed to disease (vibrio), naturally poor water qual-
ity, physiological stress from capture and handling, and
the live box design. Consequently, results of the bioas-
says were judged inconclusive by industry. Agency
investigators maintained that ‘‘effluent toxicity
appeared to be a causative factor in the live box mortali-
ties based on the fact that mortalities decreased during
the shutdown of the pulp mills’’ (WDOE 1974).
Despite the preponderance of other evidence indicating
poor fish survival, the disparate interpretations of the
results of these studies served to defuse the pollution
block theory.

In June 1973 (just prior to the second cooperative
investigation), WDF conducted a coded wire tagging
experiment (Jefferts et al. 1963) utilizing fall chinook
to further assess survival through the inner harbor. Two
groups of 1972 brood fall chinook (100 000 per group),
were reared at SH and tagged. One group was released
from SH and the other was transported and released in
the Humptulips River. The latter group contributed to
ocean fisheries at 18 times the group that emigrated
through inner Grays Harbor (Fuss et al. 1981). As with.
the earlier coho fin-mark experiments, if transport
stress was accounted for, this difference would be even
greater.

The outcome of this experiment, however, received
little attention, because by the time results were avail-
able (1979), major advances in wastewater treatment,
as required by the U.S. Environmental Protection
Agency, had been implemented. While past pollution
problems were acknowledged, it was widely assumed
that the advances in effluent treatment had resolved the
survival problem. Verification of this assumption,
however, was delayed.

Methods

In 1980, the WDF’s Freshwater Production Evalua-
tion Program, a long-term research project designed to
improve management of naturally spawning salmon
stocks, was expanded to include a coastal station (Seiler
et al. 1981 and 1984). Directed primarily at coho, this
program’s basic study plan involves enumeration of
adult escapement and resultant smolt production via
upstream and downstream migrant trapping, respec-
tively. Survival from smolts to adult recruitment is
measured by coded wire tagging. Harvest is estimated
through existing coastwide ocean and terminal fisheries
sampling programs (PMFC 1982). Escapement is
measured by returns of tags to the upstream trapping
facilities.

Bingham Creek, a tributary to the East Fork Satsop
River (Fig. 1), was selected as the coastal study stream
because an existing barrier dam and fishway trap
provided the means to enumerate escapement. In 1981,
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TABLE 1. Estimated contribution rates to ocean fisheries of wild Grays Harbor Basin coded wire tagged coho, brood
years 1980-83. ;

Basin/ Tag Number ' Estimated ocean recoveries ( %)
stream code tagged CA OR WA B.C. AK Total

1980 Brood

Chehalis Basin

Bingham 632358 26040 —_ 0.07 0.07 1.01 0.05 1.21
Black 632336 5086 = 0.04 0.67 1.26 L 1.97
Beaver 632415 8487 2= 0.18 0.46 2.39 — 3.03
Stillman 632548 2744 =2 0.18 0.47 2.33 - 2.99
M. New. 632414 3589 — 0.06 0.56 1.78 == 2.40
N. New. 632549 1242 - 0.16 — 0.64 = 0.81
Pooled 47275 — 0.09 0.26 1.41 0.03 1.80
Humptulips Basin ’
Stevens 632357 11063 — . 0.14 0.33 3.07 0.05 3.59
1981 Brood
Chehalis Basin :
Bingham 632726 23824 = 0.04 - 0.04 0.78 0.02 0.87
Black 632230 9382 - 0.09 = 1.00 0.07 1.16
Black 632728 32013 - 0.13 0.07 1.20 0.05 1.45
Stillman 632418 5844 - 0.09 — 0.72 0.05 0.86
Newaukum 632559 7599 — 0.04 0.20 0.66 — 0.89
Pooled 78662 EE 0.08 0.06 0.96 0.04 1.14
Humptulips Basin '
Stevens 632719 20578 - 0.18 0.07 1.81 0.07 2.13
1982 Brood
Chehalis Basin ‘
Bingham 633027 31602 = — 0.05 0.30 = 0.35
Beaver 633046 10760 = = 0.06 0.54 - 0.60
Beaver 633061 10717 - — 0.02 0.27 = 0.29
Beaver 633062 7663 L — - 0.10 = 0.10
Black 633047 20910 - 0.01 0.20 0.61 L 0.82
Black 632453 7424 - 0.05 Ln 0.09 = 0.14
Stillman 632547 9166 - 0.10 = 0.31 = 0.41
Newaukum 632910 10272 - 0.07 0.18 0.18 = 0.43
Elk 632911 858 — L - — = =
Pooled 109372 == 0.02 0.06 0.34 - 0.44
Humptulips Basin
Stevens 633048 18055 - 0.07 0.14 0.68 == 0.88
Stevens 633107 4415 L_ . 0.05 0.23 0.20 = 0.48
Pooled 22470 m= 0.06 0.16 0.58 o= 0.80
1983 Brood
Chehalis Basin
Bingham' 633035 21369 - 0.06 0.04 0.71 — 0.81
Waddell 633209 4830 - = 0.04 0.62 - 0.66
Beaver 633423 23998 - 0.06 0.05 0.85 . 0.96
~ Black 633425 28142 = 0.03 0.05 1.45 0.01 1.54
Newaukum 633444 10942 — — 0.02 1.06 — 1.08
Stillman 633443 7242 - - 0.03 1.13 = 1.16
Pooled 96523 = 0.04 0.04 1.03 — 1.11
Humptulips Basin
Stevens 633424 21914 0.01. 0.13 0.14 2.19 0.01 2.48
Stevens 633010 3530 — 0.48 0.14 3.26 0.11 3.9
Pooled 25444 0.01 0.18 0.14 2.34 0.03 2.69

? Includes 87 smolts tagged at Waddell Creek; none of these were recovered.
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TABLE 4. Estimated contribution rates to ocean fisheries and Grays Harbor gillnet fisheries of tagged hatchery
coho smolts released at Simpson Hatchery (on-station) and outplanted (off-station) into tributaries of the Chehalis

River, brood years 1980-83. :

On/ Brood Release - Tag No. Contribution

Off year date code tags Ocean Harbor Total
Off 1980 3/31-4/26 632403 51883, 0.15 0.02 0.17
Off 1980 4/2-4/6 632455 53934 0.07 0.02 0.09
On 1980 5/20 632408 52465 0.70 0.14 0.84
Off 1981 4/11-4/14 632648 51230 0.30 0.11 0.41

Off 1981 3/10-3/15 632736 51945 0.11 0.02 0.13
On 1981 4/30-5/9 632647 47734 1.25 0.16 1.41

Off 1982 3/26-3/29 632862 50231 0.03 — 0.03

Off 1982 3-22 632743 48935 0.14 0.03 0.24
On 1982 5-2 632861 45404 0.50 0.28 0.78
Off 1983 3-29 —a 50856 0.41 0.40 0.81

Off 1983 3-27 —b 49021 0.10 0.14 0.24

Off 1983 4-3 —¢ 50796 0.07 0.03 0.10
On -1983 5-13 —d 51319 1.10 0.63 1.73

 Two replicate groups; 633032 and 633033.

b Three replicate groups; 632829, 632830 and 632831.
< Three replicate groups; 632820, 632821 and 632822.

¢ Two replicate groups; 633345 and 633346.
Contribution estimates are based on replicates pooled.

TABLE 5. Estimated contribution rates to ocean fisheries of replicated coded wire tagged coho from a 1983 brood
transfer experiment involving release of Humptulips Hatchery stock into lower Chehalis River tributaries, a transfer
control group and an overall control group. Both control groups were released into the Humptulips River.

Estimated ocean recoveries ( %) -

Tag Number

Treatment code tagged CA OR WA B.C. AK Total
Control; 632823 16210 — 0.24 0.06 1.36 - 1.66
released 632824 16564 — 0.36 0.05 2.05 — 2.46
at hatchery 632825 16967 — 0.24 0.10 1.57 0.01 1.92

Pooled 49741 0.28 0.07 1.66 — . 2.01
Transported 632826 17252 — 0.12 0.16 1.07 0.03 1.38
1.5 hours; 632827 17094 — 0.29 0.08 1.45 — 1.82
released 632828 16530 - 0.12 0.15 1.07 — 1.34
at hatchery Pooled 50876 — 0.18 0.13 1.20 0.01 1.51
Offstation 632820 16742 — 0.02 0.01 0.10 — 0.13
release into 632821 17469 c— - 0.05 — 0.05
Chehalis 632822 16585 — — 0.03 — 0.03
River tribs.  Pooled 50796 — 0.01 — 0.06 — 0.07

mated the combined effects of these two variables at
approximately 45.5 % by comparing contribution rates
of 1983 brood coho released from HH at different times
in conjunction with results of the transport study (HH
production released May 15 and the transport study
groups released April 3 (Tables 2 and 5, respectively)).
The substantially lower than expected contribution
rates of the outplants relative to releases at SH is further
evidence that emigration through inner Grays Harbor
is inimical to survival.

Comparison of the contribution rate of the outplanted

group from the 1983 brood transfer experiment
(0.10 %) to those of the other 1983 brood outplanted
groups (0.81 % and 0.24 %) (Table 4) provides more
evidence that the survival problem is not related to
stock or migratiof distance from the estuary. The
former group was released in tributaries to the lower
Chehalis River while the latter two groups were
released into the upper Chehalis. These results also tend
to counter one local theory ; that predation by squawfish
(Ptychocheilus oregonensis) and or birds in the main-
stem Chehalis River is responsible for the low survival.
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Not only has the Chehalis River’s capacity to produce
coho smolts been empirically verified by this investiga-
tion, but the ongoing production studies at the Bingham
Creek station also have found the production per
spawner to be equivalent to rates measured elsewhere
in the state (Seiler et al. 1984). At an average produc-
tion rate of 50 smolts per female, an average survival
to escapement rate of 4 % is required to return two
adults to spawn at the replacement level. Survival to
return of the Bingham Creek wildstock has been well
below this rate in three of the last five seasons
(Table 6). Bingham Creek has received adequate
escapement each year only because of its proximity to
SH which annually releases 1 to 2 million coho smolts
(hatchery returns contribute to the spawning escape-
ment).

These low return rates demonstrate how poor sur-
vival results in underescapement, a condition which
further depresses production. Even severe restrictions
on harvest have not insured adequate escapements. The
total survival (catch plus escapement) of wild coho in
the Chehalis, as indicated by the tagged Bingham Creek
coho, has been below the critical four percent level in
three of the last five years (Table 6). Not only has the
low survival devastated the health of Chehalis River
coho stocks, but fishermen, particularly harbor gillnet-
ters and river sportsmen have foregone considerable
harvest opportunities as a consequence.

As the largest watershed in the state, outside the
Columbia River, the Chehalis Basin’s substantial
anadromous fish production potential provides strong
incentive to identify and if possible, solve the survival
problem affecting Chehalis Basin stocks. The following
illustrates the annual estimated cost of the poor survival
in coho alone.

Differential Marine

Smolt Estimated no.
Stock production  mortality survival adults lost
Hatchery 2 million x 50% X 5% = 50 000
Wild 2 million X 50% X 9% = 90 000
Total 140 000

This lost harvest represents an annual cost of one to
two million dollars per year or more using conservative
values of $10 to $20 per fish. Addition of the values
of the foregone chinook and steelhead harvests may
double this annual cost.

Resolution Efforts

Water quality and its impact on aquatic resources is
a major concern in Washington State. Consequently,
. the survival problem documented herein has generated
considerable interest and some controversy. As a
res::t, a cooperative effort comprised of industry, fed-
erai, state and local government agencies, academic

and other interest groups has been formed to address

the issues involved. Within this group, consensus has

been reached that a significant survival problem affects

Chehalis Basin anadromous fish stocks. Agreement ¢

the causative factor(s), however, has not been reachea.

In an effort to determine the cause(s) of this poor sur-
vival, WDF requested and obtained the assistance of
federal and university fisheries scientists to design a
study plan. This plan simultaneously evaluates four
hypothesis that have been developed to explain the poor
survival of salmonids following emigration from the
Chehalis River. These hypotheses are as follows:

1) The Chehalis River produces smolts that have an
impaired ability to adjust to seawater (i.e. smoltifi-
cation).

2) Pathogens present in the Chehalis system mduce
delayed mortalities, possibly by preventmg suc-
cessful smoltification.

3) The water quality of the lower Chehalis River and
inner Grays Harbor induces chronic physiological
stresses which prevent successful smoltification,
reduce the competancy of the immune system to
such an extent that the fish succumb to disease and
or become more susceptible to predation.

4) Populatlons of natural predators (birds and squaw-
fish) in the Chehalis River are great enough to
account for some or all of the poor survival.

The study, which will be conducted in 1988 and
1989, 1s compnised of three major parts. One evaluatr
predator impacts, another addresses the smoltification
status, health and stress levels of coho juveniles in
freshwater and in the estuary, while the third examines,
via bioassay protocols, the effects of pulp mill and sew-
age treatment effluent and Chehalis River water on
smolting coho salmon. The overall approach of the
study is to compare various parameters measured on
Chehalis River coho against those of Humptulips River
coho which serve as a natural control. Funding for this
investigation has been provided by a $400,000
appropriation from the state legislature. The U.S.
Environmental Protection Agency and the WDOE have
developed and will conduct a detailed water quality

- assessment integrated to the survival study.

As these investigations are presently underway,
forthcoming results will provide the basis for further
discussion concerning the impact of Grays Harbor
water quality on Chehalis River anadromous salmonid
stocks. The Grays Harbor case history, however, has
important generic implications to solution of water
quality related fish survival problems. First, the scien-
tific burden of proofis extremely large when attempting
to establish links between water quality and its impacts
on fish stocks. The socioeconomic inertia created by
fears of costly water pollution controls is great and,,
this case demonstrates, an overwhelming body our
empirical evidence is required to instigate ‘‘decisive
action”’. For Grays Harbor, ‘‘decisive action’’ entails
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What’s kilig the coho?

A

= !

How heaithy the harbor?

Part Uil in a series
By Scott North
& Bob Wodnik
of The Daily World

State Fisheries biologist Dave
Seiler watched the young coho
salmon swirl around in the steel
holding tank, their indigo and
silver bodies flashing in the
clear water.

By all appearances, the three-
inch satmon had everything
going for them: successful par-
ents, plenty of food, an upbring-
ing in the right kind of neigh-
borhood — Bingham Creek, a
pristine Olympic Mountain
stream.

But if the data Seiler has been
collecting over the past several
years is correct, the young coho
of Bingham Creek don't stand
half a chance.

The biologist has documented
that silver saimon from this and
other Chehalis River tributaries
are surviving at only one-half
the rate of fish from other
coastal rivers, including the
nearby Humptulips.

That's the poorest survival'’
rate in the state, and it proba-
bly applies for chinook salmon
and other anadromous fish spe-
cies as well, Seiler says.

The lost coho alone are worth
an estimated $1 million per
year.

The problem becomes even
bigger when one considers that
fish survival appears to be af-
fecting runs from throughout
the 2,500-square-mile Chehalis
basin — a watershed that’s
second only to the Columbia
River system in size, Seiler
says.

What's killing the coho?

Seiler believes Chehalis basin
tish aren’t surviving at normal
levels because they have to
swim through inner Grays Har-

State fisheries biologists Dave Seiler, left, and Pat Hanratty, examine coho salmon
smolts that will be tagged. (Daily World photo by Kathy Quigg)

bor. The area rece:ves roughly
45 million gallons of pulp mill
effluents every day. and Seiler
believes that is the problem.
That theory. floated in a draft
report last summer. has trig-
gered one of the hottest environ-
mental debates on the Harbor

in years.
Pulp mill officials are out-
raged. They say the theory

amounts to shooting from the
hip at the tallest smokestack.
They don’t dispute that salmon
survival rates are poor in the

Chehalis or that pollution once
killed fish here. But they say
Seiler is ignoring the substan-
tial investment industry has
made in pollution control over
the past decade and the resuit-
ing improvements in water
quality.

State Department of Ecology
officials also look at the theory
with varying degrees of skepti-
cism, some questioning the way
Seiler gathered his fish survival
data. They say the mills have
come a long way in improving

water quality here. However,
the ecology department's own
investigation of the problem so
far has only-looked at pulp mill
pollution as a possible cause.
Seiler’'s own boss, outgoing
state Fisheries Director Bill
Wwilkerson, has been reluctant to
publicly endorse the soft-spoken
biologist's draft report. He’s lik-
ened it to Columbus saying that
the world was round when the
popular wisdom held otherwise.

Please turn to A-3

‘We’re not culprits,” mill officials declare

Dee Johnson’s spine stiffened.

‘“We are guilty until proven
innocent,” muttered Erick To-
kar, a research associate at
Rayonier’s Sheiton lab.

‘““No way!” replied Johnson,

stake in this,”’ the mill manager
said. **Our futures are inter-
twined.”’

The mill has spent $84 million
in the last 12 years building,
maintaining and operating
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Fisheries biologist latest
to document problem here

Continued from A-1

But Seiler is just the latest in
a long line of biologists who
have documented the fish sur-
vival problem and linked it to
inner Grays Harbor pollution
and pulp mill discharges.

In fact, the relationship be-
tween poor fish runs and pulp
mills has been one of the most
studied environmental issues on
Grays Harbor, with at least 20
separate studies and scientific
investigations made of the issue
since the late 1930s. Many of the
reports have shown a link be-
tween industrial pollution and
fish survival., Others only re-
sulted in lingering questions.

Still, Seiler said his data pro-
vides an important new chapter
in what amounts to an old story.

Grays Harbor industry, state
officials and other experts have
over the past decade repeatedly
said that the improvements in
industrial and municipal waste
treatment have eliminated fish
survival problems here. But
Seiler says those assumptions
were never really tested.

“'People say ‘that was then
and this is now,”’ the biologist
said. "*This recent tagging infor-
mation shows that ‘now' we still
have a problem."”

And whal's happening now
appears to be the key

Although Wilkerson hasn't en-
dorsed the water pollution theo-
ry. one of his final acts at the
helm of the (isheries depart-
ment was to forge a working
group or task force comprised
of industry, Indian tribes and
resource agencies to tackle the
problem,

The group's first meeting
Dec. 4 was arranged by state
fisheries biologist Mary Lou
Mills. She says everyone has to
layv their cards on the table and
come up with a (air deal. The
emphasis will be on action, she
said, adding “‘we don’t want to
spin our wheels, spend a lot of
money, and not come up with
anything at the end of it.”

Although Seiler feels that wa-
ter quality is the chief cause of
fish survival problems, Mills
isn’t ready to make that leap.

“*Water quality was Dave's
prime suspect, and that is still a
valid suspect at this point,” she
said. But “in terms of actual
proof at this point, that we don't
have. We don't have proof that
it is water quality, we don't
have proof that it isn't water
quality. We don’t have proof
just what is going on.”

There’s certainly proof that
something is going on.

Mills said Seiler’'s data on fish
survival rates provides com-
pelling evidence that a problem
exists. She said there have been
numerous studies done on other
watersheds throughout the state
comparing survival rates, but
she’'s found none that show such
a marked difference in mortali-
ty between nearby river sys-
tems.

But some in the ecology de-
partment still have questions.

Dick Burkhailter, the engineer
who heads the section that mon-
itors industrial dischargers and

Sam Wright, a career fisher-
ies biologist and one of the most
respected research scientists
working for the state fisheries
department today, said he has
no doubts that Seiler's data is
sound, and that water quality
problems are in large part re-
sponsible for the disparity in
survival rates.

Wright was either directly in-
volved in or had some contact
with most of the studies made

here from the mid-1960s through
the mid-1970s. Although pollu-
tion loads were much higher at
that time and he feit the studies
clearly demonstrated the effect
mill discharges were having on
fish, the biologist said he still
found it difficult to build a rock-
solid case.

It won't be any easier this
time out, Wright speculated.

“Most of the time you are
dealing with things that don't
kill fish, but impair their per-
formance,” he said. '‘You are
also dealing with a species like
fingerling chinook, where 99
percent of them won't survive
anyway because of natural
causes, and you are lrying to
study somethin2 where 99.5 per-
cent are dying ’

Moreover, biologists run up
against substantial political op-
position when they begin to
suggest that a pulp mill or other
major employer is to blame,
said Bob Watson, who was the
Game Department's fisheries
biologist on the Harbor for 22
vears, and restored the historic
Hoquiam **Castle.”

Watson made numerous
studies of Grays Harbor pollu-
tion during his years here. and
was so convinced that pollution
was responsible for poor fish
runs that on his own he found a
company willing to pay for a
barge to transport steelhead
smolts from the rivers to clean-
er waters in the outer harbor.
The concept, currently being
used on the Columbia River to
move smolits around hydroelec-
tric dams, was deep-sixed here,
Watson said, because the barge
would have been paid for by a
beer company.

Watson, controversial be-
cause he seldom minces words,
is so convinced Seiler is right
that he has pledged to use his
own money to make sure this
time something is done about
the problem.

“I don't want to see this guy
used as a scapegoat,”’ he saiqa.
“We aren't going to let him
hang out to dry. He is right on.
What he says is the truth.”

Jim Nielsen, recently promot-
ed to head the game depart-
ment's anagromous fish pro-
gram after spending seven
years on the Harbor, said other
factors must be considered
when looking into the problem.
For example, the game depart-
ment found it could improve
survival rates for steelhead in
the Chehalis basin when it
planted native stock, he said.
Stock di{ferences need investi-
gation for salmon, too, he said.

On the other hand, ecology
department data showing envi-
ronmental improvement may

Retired
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Daily World senior writer
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have prool that it isn't water
quality. We don’t have proof
just what is going on.”’

There's certainly proof that
something Is going on.

Mills said Seiler’s data on fish
survival rates provides com-
pelling evidence that a problem
exists. She sald there have been
numerous studies done on other
watersheds throughout the state
comparing survival rates, but
she’s found none that show such
a marked difference in mortali-
ty between nearby river sys-
tems.

But some in the ecology de-
partment still have questions.

Dick Burkhalter, the engineer
who heads the section that mon-
itors industrial dischargers and
writes the permits that limit
their pollution, said there is no
question that water quality
problems in the past played a
role in poor fish survival rates
here. But the overall improve-
ments in the harbor's dissolved
oxygen levels, among other fac-
tors, are clear signs of an es-
tuary on the rebound, he said.

Burkhalter maintains that
Seiler’'s conclusions aren’t sup-
ported by recent history.

“In 1975 and 1976, 1 would
have told you that there should
be no more problems.” Burk-
halter said. ‘'l would feel that
way today, but (Seiler’s) data
throws some questions on it. I
have some questions about his
data, however.'’

Burkhalter said he doubts if
Seiler’s sampling method accur-
ately pgauged the salmon re-
turns to the Chehalis. But fish-
eries officials say the biologist’s
data is solid, and that his sam-
pling methods were state-of-the-
art.

OTHER FISHERIES biolo-
gists who have studied Grays
Harbor salmon and water quali-
ty issues in the past are even
more supportive of Seiler's find-
ings.

"1 aon Ut want Lo see tnis guy
used as a scapegoat.” he saia.
“We aren’t going to let him
hang out to dry. He is right on.
What he says is the truth.”

Jim Nielsen, recently promot-
ed to head the game depart-
ment’s anadromous fish pro-
gram after spending seven
years on the Harbor, said other
factors must be considered
when looking into the problem.
For example, the game depart-
ment found it could improve
survival rates for steelhead in
the Chehalis basin when it
planted native stock, he said.
Stock differences need investi-
gation for salmon, too, he said.

On the other hand, ecology
department data showing envi-
ronmental improvement may
not tell the whole story, he said.
Dissolved oxygen levels in the
harbqr, for example, are moni-
tored on a weekly basis and
some problems may be going
undetected, he said.

**You have to remember that
fish don’t live on a weekly
average,” Nielsen said. “Two
minutes and they are dead.”’

Regardless of the cause, there
Is a crying need to correct the
problem, said Dick Stone, the
fisheries department biologist
chiefly responsible for manag-
ing salmon runs on the coast.

Although Stone is careful to
point out that nobody has prov-
en who or what is to blame, he
and other fisheries workers at
the department’'s coastal lab at
Montesano know what it could
mean to resolve the problem.
He notes that fisheries biolo-
gists spend years on projects
that under the best circum-
stances may enhance salmon
runs by a fraction of a percent.

Here is an opportunity to cor-
rect a problem and potentially
double the runs of several anad-
romous fish species.

*“To lose half of your produc-
tion is mind-boggling.” Stone
said. ‘[t is really frustrating.”
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Fricke, PUD manager

The merit increas
distributed starting in
ary, and will cost ti
maximum of $25,823, F

Fricke’s salary isi
among those eligible
es.

*Commissioner Ralp
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Coho

From Page One

Fish and Wwildlife scientists also
noted that populations of marine
mammals. dogfish. ling cod and
gulls have increased while stocks ol
herring, rockfish. cod. pollack and
whiting have diminished.

Harmrul algae blooms are on the
rise while canopy kelp. which pro-
vides important habitat tor manv
marine species is on the decline.

“There seem to pbe a broad range
of signals coming out of south and
central (Puget) Sound that the entire
ecosvstem may have been altered in
a significant fashion.” said Bob
Francis. a University of Washington
fisheries professor.

The university, a tribal fish com-
mission and the Fish and Wildlife De-
parument are joining forces in a study
to examine, among other things:

& Trends in South Sound food
sources.

u Effects of hatchery programs.

m Coho and chinook productivirv
trends. ‘

While coho runs have declined. chum
salmon runs are on the rise. noted Billy
Frank Jc. chairman of the Northwest In-

dian Ficheries Commission

“We need to investigate what has -

changed in the productivity of this
region’s ecosystemn to allow one
salmon species to thrive while an-
other is declining,” Frank said.

There is plenty of data to show
coho are in trouble. For instance:

= Iin the mid-1980s. 20 percent to
30 percent of the coho produced in
the Deschutes River survived to be
harvested or spawn in the river. In
recent vears, the survival rate has
dr_ty:ped to 5 percernt. Koenings
said.

ABOUTCOHO °

Coho salmon average 6 to 8
pounds at maturity and. along with
chinook, are popular with sports an-
glers.

Puget Sound coho are not listed
as threatened or endangered under
the tederal Endangered Species Act.
but they are a species of concern.

Wild coho spawn in small streams
in the fall. The eggs emerge from the
gravel in late winter and the fish stay
mn the treshwater environment for
about 14 months. As young fish, they
are vulnerable to drougnts, fioods.
pollution and loss of habitat. Hatch-
ery coho are held for similar lengths
ot ime pnor to release into saltwater.

Coho spend about 18 months at
sea, migrating into the north Pacitic
Ocean before starting their journey
home to spawn.

In marine waters, they are preyed
upon by marine mammals, birds and
other fish. They are harvested by
sport and commercial fishers. Puget
Sound coho harvest has dropped
sharply in recent years, from 1.26
million in 1980 to 299,000 in 1995.

® The Squaxin tribe’s five-year
harvest average for coho is 40,000
fish. This vear. wibal fishers have
landed 4,000 fish in a run well past
uts peak, Dickison said.

® I the Seattle-Bremerton area,
coho returns have dropped from 1
million fish in 1987 to fewer than
200.000 in recent vears.

Sports and commercial fishing ire
terests applauded the study.

“1 think the study is long overdue.”
said Ed Owens, director of the Coali-

: tion of Coastal Fisheries.

John Dodge covers the environ-
ment for The Olympian. He can be
reached at 754-5444.



Some mght call these “dead zomaes,

{ike the growing dead zone that
oceanographers are moniloring in

the Gulf of Mexico. They aren'’t

really dead once you consider the i

anaerobic bacteria living in the -

neighborhood without oxygen. But

several areas of Puget Sound have

such low levels of oxygen that fish

and other animals can't live there,

Susceptible to low oxygen levels
Low dissolved oxygen
(biological stress)

4 Prevalence of hypoxia

SACO, cau

Atan Branen / Tur Sgarrie Times

Jan Newton, a Department of Ecology
oceanographer, is tracking oxygen
depletion tn various parts of Puget Sound.

By ERic SORENSEN UQ/
Seattle Times science reportey
orrential tides and steady winds do their
I part to keep Puget Sound from hevioring 2 .
lifeless “dead zone” uhrge-md‘ :
Mexico's. But oceanographers have om‘oodssion =
found sevmldezdandm-dadwm-f

the area. - i.‘ {

Asmbmmdﬁmbgﬂ ;-‘-}
Iastyarfmmdlowoxygenmnmnﬂ-’“
at least part of the year in two dosent Jocat
around the Sound and said conditions wers 'Y
cially severe” in south Hood Casel, O
tions included Holmes Harbor, Belling
Budd Inlet, Commencement Bay and Hifie

The research could help scientists
on how oxygen deprived certain anms S s, .
what might be maling themn that w "'t_-\ BS o =
Newton, senior oceanographer for the Xall y
the report’s principal investigator. S -

."“We know that they’re nmllyﬂ“
wedon'tlmowthedegnetowhﬁh-"
affecting them,” she said. “That’s wﬁnm ¥
studying now.”

The main basin of Puget Sound is "lhd-
deep. That; combined with strong tides, beips
keepwam&omsepmﬂncmtohmdﬁﬂ gl
low oxygen.

The Great Bend area of Hood Canal nﬂ'
Hoodsport and Union, Mason County, is nasroe-
er, with less circulation. As a result, axygen levels
often drop below 5 milligrams per lites — a level
at which some organisms begin to be affected. For
much of the summer, the levels drop to less than
3 milligrams, the point where organisms attempt
to leave, Newton said.

Nutrient loading of the Sound is nothing on the
scale of the Gulf of Mexico's, Newton said But
the Sound is naturally low in dissolved axygen
because so much water comes from oxygen-
depleted ocean waters welling up through the
Strait of Juan de Fuca.

And with more people moving into the region,
there could be more nutrients getting into the
Sourd in the future, Newton said.

“The thing that will tip the balance is how
many people we have,” she said. “Because people
equal nitrogen input.”

Eric Sorensen’s phone message number is
206464-8253. His e-mail address is S UMWW"M
esorensen(@seatiietimes.com

Marx NOWLIN / THE SEATTLE TINES

o



West Virginia, Delaware and the District
of Columbtia; Long Island Sound, which
borders Connecticut and New York; and
Sarasota Bay in Florida.

Almost every month, Rabalais hits
the Gulf to check the nine stations that
collect data on the changing nature of
the Dead Zone. Prone to seasickness,
she battles rough seas to gather
research and dives to check the monitor-
ing sites.

Her research has shown that the
Dead Zone expands in the summer and
contracts in the winter. Weather sys-
tems such as cold fronts and hurricanes
can affect the cycle of expansion and
contraction.

Since she sounded the warning in 1993,
Rabalais has had to deal with her share of

criticism. To many agriculture-based
groups who oppose suggestions that farm
runoff is to blame, she has become the per-
sonification of the problem.

She recalls a group of farmers who
were not persuaded by her research
when they came on board the research
ship this summer.

Mounds of data and research papers
would not change their minds, she said,
but a computer screen did. Once they
saw the oxygen readings drop as the
gauges got closer to the ocean floor,
they grasped the concept.

“That's why I'm convinced, in the
end, the science will win out,” Rabalais
said.“The numbers don't lie. We didn't
make this up, and it’s a problem that’s
got to be dealt with.”

The dead zone in the Gulf of Mexico

Every summer, an 8,000-square-mile area of the gulf is deprived of oxygen essential to marine life. This
is the third-largest “hyposic” area in the world after the Baltic Sea and the northwestern shelf of the
Black Sea. Scientists believe that pollu!wn of the water and the proliferation of microorganisms s parﬂy
to blame for this blight on the nation’s most imporiant fishing waters.

A look at how it happens:
i Nitrogen from farms ~~ ~, ...which stimulates  _ --eventually dies or is consumed
runs off into the the growth of by zooplankton. Their fecal
river.. microscopic plants.  Pellets sink to the bottom.
The vegetation... The decompostion on

the ocean floor uses up

oxygen in the

water column.

Dead plant cells Fecal pellets
Nitrogen produced
by some crops
2%  Deposited by rain
Humqn sewage fresh water . Marine life forms that
_ are notmobxle enough

By the numbers: :
Farming Fishing
The Mississippi River Basin  Louisiana’s shrimp
contains more than half of fisheries alone account for
America’s farms. one third of the national catch.
Farming in this region - The value of commercial plus recreational
generates annual gross fishing in the guif is approximately $2.8 billion per yeac
receipts of over $98 billion. ,

Incidence of mid-summer hypoxia 1993-98

= o Hng
\‘-\-\ Low %‘e‘k\
MEXICO  Mexico A Lmthanzs% . ‘ ﬁ
Greater than 25% S——

Gulf of Mexico

U\ N

Sowrce: The Counail for Agricultural Sciencs and Tecknology

Greater than 50% Greater than 75%

THE ASSOCIATED PRESS
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Update Regarding “Deadly Waters”
Activity Articles...

In 1990 Weyerhaeuser spent millions of dollars upgrading its affluent
treatment process to improve the water quality in the harbor. Presently, the
extent to which the water quality improvements have helped is unclear.
Throughout the 1990’s, the marine survival of salmon was generally thought
to be low without the benefit of direct measurements. Scientists suspect this
is due to lower water temperatures as a result of El Nino.



