i HI-0035

FINAL ENVIRONMENTAL IMPACT STATEMENT ¢ = @
2 FEIS

1985

i wowrs  \Use Of The Insecticide SEVIN el
" To Control Ghost And Mud Shrimp ECOLOGY LIBRARY
)In Oyster Beds Of Willapa Bay And Grays Harbor

/ E'l/ﬂnd\
Tn? \
i Ny
(,,‘/ “ﬂ |
A Y

i \ " by
k:Cohassi? X
\ e M

£
sand
.o.g
N sdnd
w api Shn.lwahl g
¢ ILLARPA NATIONALY j - . f .
> WIYRLIFE REFUGE ! N- B o ) oo
{ - g . | S PR
Gy é” \ : {
o : . X
A A oo\ Willapa Harbi Raymol
nl H ni \\/6 : MY
s Ol \DZ T
sand - | . >
% \ i : Lo .
* o AN .
Y _ - .leadbatler Poini 4P .
A WILLAPA NATIONAL {3 §
sand hetis 4 \NILDLI E REFUGE } 2 § ! '
mud . b4
. \ Lo 154 : L
[ \ I |
4 / % B 13- 7
e H
o 2
d 6 1/ H (\0 l wio
d sand ( : \ 1
. )
and Y 1 {
. S ,
) ' ] i
i
!
i

, i WILLAPA NATIONAL s N TN Cep L
mud [ WILDLIFE REFUGE I 3 i o R o
’ *IipsanliBeat:l] ' . .

Washington Department of Fisheries
Washington Department of Ecology

June 1985



r ™
Accessibility Options
If you need this document in a format for the vEually impaired,
call Water Qudlity ot 360-407-6600. Persons with hearing loss
can call 711 for Washington Relay Service.

Persons with a speech disability can call 87 7-833-634 1 :

Ecology publication no. 85-10-201
FINAL ENVIRONMENTAL IMPACT STATEMENT

USE OF THE INSECTICIDE SEVIN
TO CONTROL GHOST AND MUD SHRIMP
ON OYSTER BEDS TN WILLAPA BAY AND
GRAYS HARBOR

Washington Department of Fisheries
Washington Department of Ecology,

June 1985

PROPERTY OF STATE OF WASHINGTON
DEPARTMENT OF ECOLOGY LIBRARY


khig461
Typewritten Text
Ecology publication no. 85-10-201

khig461
Typewritten Text

khig461
Typewritten Text


Booth Gardner
JEOOXOPRHERYRNXX

Governor

WILLIAM R, WILKERSON
Direclor

f\““qigﬁl}"ﬁ@ﬁ O
o I;‘
Ay, "
& n; 9 %
STATE OF WASHINGTON

DEPARTMENT OF FISHERIES

115 General Administration Building e  Olympia, Washington 98504 e (206} 753-6600 e  (SCAN) 234-660)

June 17, 1985

Dear Reader:

The attached final envirommental impact statement (EIS) is for the continued use
of the insecticide Sevin to control ghost and mud shrimp on prlvately owned
oyster beds in Willapa Bay and Grays Harbor. The draft EIS for the proposal was
issued in June 1984. During the 1984 treatment, we conducted further studies
and reviewed additional literature. We have revised the final EIS to include
the results of those efforts and to respond to needs outlined in the comment
letters on the draft EIS.

Under the shrimp control program, up to 300 acres in Willapa Bay and 100 acres
in Grays Harbor would be treated annually with Sevin to kill ghost and mud
shrimp. These animals burrow in oyster beds and make them too soft to support
oysters. Without control of the burrowing shrimp populatlons, oyster production
in the two bays would fall. ' ,

The major adverse impact from the burrowing shrimp control program is the
mortality of young Dungeness crab which are on the beds at the time of treatment
or which move onto the beds at high tide to feed on dead shrimp. Other
crustacea, such as amphipods (important to the food chain), are killed on the
treated beds. ‘In addition, some small fish trapped in tide pools on the beds
are killed during treatment. The mortalities to these organisms are not well
quantified. Studies are planned to provide a more detailed quantitative
evaluation of the extent of impacts and mortalities. A supplemental EIS will be
prepared when substantive information is available.

This final EIS will guide decisionmakers in the departments of Fisheries and
Ecology as they review applications for permits which would allow oyster growers
to spray Sevin on oyster' beds in Willapa Bay and Grays Harbor. In addition, it
will guide those planning future studies on impacts from the burrowing shrimp
control program. '

Sincerely,

Q_ ¢ fle_AAn

Duane Phinney, Chief
Department of Fisheries
Habitat Management Division

Dennis Lundblad, Supervisor

Department of Ecology
Operations Management Division
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1.0 SUMMARY

1.1. BACKGROUND

After the 1957-58 El Nino, burrowingvshrimp infestations in Willapa
Bay and Grays Harbor significantly expanded. Ghost and mud shrimp burrow
tunnels in oyster beds and generate large amounts of silt. Oysters planted
in heavily. populated beds sink into the mud or are smothered by the silt.

The expanded burrowing shrimp population threatened the multi-million
dollar oyster culture industry in the bays with reduced production.

The Washington Department of Fisheries (WDF) considered and
experimented with a variety of measures to reduce and control the burrowing
shrimp population. The carbamate insecticide Sevin (carbaryl) was selected
for use. The WDF also established procedures to regulate the use of Sevin
under the authority of the Washington Department of Agriculture (WDA).

Beginning about 1976, WDF prepared declarations of nonsignificance
eath year for the burrowing shrimp control program. Recently questions and
concerns have been expressed about the use of a pesticide’in the marine
" environment. Because of this, WDF and the Washington Department of Ecology
(WDOE) determined that an environmental impact statement (EIS) should be
prepared on the program. : ' I L '

1.2. DESCRIPTION OF PROPOSAL

Oyster growers propose to continue using Sevin to control burrowing
‘shrimp on oystér beds in Willapa Bay and Grays Harbor. Normally no more
than. 300 acres: per year would be treated in Willapa Bay and not more than
100 acres would be treated in Grays Harbor. o .

" Control of these shrimp is of significant benefit to the oyster
industry: as a worst case scenario, oyster growers estimate that -
production would be reduced by 70 to 80 percent without control of
burrowing shrimp. This would represent a $5 million annual loss to the-
economies of Pacific and Grays Harbor counties. : '

1.3. ALTERNATIVES

Alternatives to the present control program include:

o] Mechanical — use of machines to disrupt the beds
o Surfacing — use of plastic to cover the beds
o Insecticides — use of other insecticides

‘o Growing methods — use of methods that raise the

oysters off the beds

No action — no control of burrowing shrimp
Postpone - suspend program until methods with
fewer impacts are developed or more definitive
information is available

[e3e]



While some of these methods may be effective, they are expected to
have greater adverse envirommental impacts and cost more to implement than
the use of Sevin. Alternative culture methods involving structures to hold
the oysters off the bottom may be possible. However, they have unknown
impacts when used on the scale needed to meet the current level of oyster
production from Willapa Bay and Grays Harbor

The alternative of using Sevin at reduced concentrations will be
evaluated in the summer of 1985. It offers the p0551b111ty of less impacts
to crab, fish, and other organisms. However, nay not kill as many of the
burrow1ng shrlmp.

1.4. MITIGATION

Mitigation measures have been implemented to minimize impacts to
nontarget organisms, to the extent possible. These have been developed by
the WDF in cooperation with the WDA and the EPA. Under these criteria,
treatment has been limited to 400 acres total in the state (300 @cres in
Wlllapa Bay and 100 in Grays Harbor). This limit was exeeded in 1984 under
a spe01a1 emergency exemption. No more than 50 acres can be treated.in one
~application and no aerial spraying is allowed within 200 feet of sloughs or
large bodies of stand1ng water. Oyster growers submit applications for
treatment to WDF whose staff 1nspects the beds and determ1nes if treatment
is warranted.

_ Application is only allowed on dry oyster beds at low tide and may
not exceed 10 pounds of Sevin per acre. Treatment is only allowed during
the months of July and August when the abundance of crab and most 1mportant
fish is at its seasonal low. All treatment is under the direct supervision
of WDF personnel at the site. WDF may terminate or delay: treatment to
prevent adverse impacts. In addition to pre-treatment observations, all
tracts are re-inspected within 24 hours to determine the effect on -crab.

The specific criteria for treatment are presented in Section 2.3.

Sevin is applied during the sumier months, which probably mitigates
impacts because the chemical degrades more rapidly at the higher summer
temperatures than it would during other seasons.

‘Studies are being conducted on the use of bait to attract crab awayi
from the treated oyster tracts. This measure has appeared promising in
early tests. :

1.5. IMPACTS

The proposed burrowing shrimp control program would result in short-
term impacts from immediate acute toxicity and long-~term.changes from
removal of burrowing shrimp and planting with oysters. Based on over 20
years of observation by WDF, adverse impacts from the treatment program
have been minimal. Observed impacts are limited to the treated ground and
are temporary. Impacts off of the treated plots have not been observed but
this lack of effect has not been documented.



The major adverse impact is to young Dungeness crab which are on the
beds at the time of treatment or which move onto the beds at high tide to
feed on the dead shrimp. On average, about 29 crab are killed per treated
acre. This figure provides a relative index of the crab losses on treated
‘tracts from year to year. The crab counts do not provide an estimate of
the total crab killed or their relation to the total crab populations of
the two bays. Studies are planned which would provide a more quantitative
measurement of crabs in the bays and on the treated beds.

Smell fish (including juvenile lingcod) trapped in tidepools and
‘exposed to a direct application of Sevin may be killed. Detailed records
of these fish losses have not been kept due to the low numbers observed.
No dead adult fish have been observed. However, additional study is
necessary to identify the effects of possible feeding by fish on dead
shrimp, crab, and other organisms.

Other arthropods inhabiting the oyster beds and the sediments may be
killed when tracts are treated. The extent of the losses and the time
required to re-establish the populations is unknown. Recolonization
appears to begin shortly after treatment; but rate of recolonization is
not well known. The presence of burrowing shrimp may reduce the abundance
and diversity of certain of these organisms and may provide habitat for
others. Due to the elimination of burrowing shrimp, overall species
- ‘abundance and diversity may increase as the result of Sevin treatment;
however additional confirmation is necessary.

Birds and fish could be affected if a significant portion of their
important food chain organisms are killed. The application of Sevin would
not be toxic to birds directly. Currently, the impact of such reductions
is minimized by the limited acreage sprayed and by spraying during a period
of low bird and fish abundance.

Sevin degrades rapidly in the enviromment. In water Sevin decomposes
to non-lethal concentrations within an hour while in sediment, Sevin
persists for several weeks under summer conditions.’

Treatment of the burrowing shrimp may have long-term beneficial
impacts. Burrowing shrimp have been observed to inhibit other species
(Posey 1985) and the presence of oysters on treated beds probably provides
enhanced habitat for juvenile crab and small fish. This may or may not
mitigate for those animals killed during treatment. In connection with a
proposed channel dredging project, the University of Washington is
conducting studies of crab habitat in Grays Harbor but additional studies
are needed. :

No significeant, long-term, adverse impacts have been identified.
However, additional studies are needed to better identify and quantify the
extent and nature of the impacts and to assure that they are minimized as
much as possible. Studies are being planned.



1.6. . NON-MITIGATABLE IMPACTS

The objective of the Sevin treatment program is to eliminate the
burrowing shrimp from the oyster culture beds. This allows the beds to
become firm again and to be returned to aquaculture. The effects of this
elimination are viewed by many as beneficial, while others view them as
adverse because they alter a natural process. : )

Incidental mortalities to crab, invertebrates, and some fish are
unavoidable. Additional efforts are being made to minimize crab
mortalities and to better assess the effects of treatment on fish and other
organisms. The extent of the impacts from these losses is not well know.
However, the area treated each year is less than 0.4% of Willapa Bay and
0.2% of Grays harbor. ' . o
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FINAL ENVIRONMENTAL IMPACT STATEMENT.

USE OF THE INSECTICIDE SEVIN TO
CONTROL GHOST AND MUD SHRIMP ON OYSTER BEDS .
IN WILLAPA BAY AND GRAYS HARBOR

2.0 DESCRIPTION OF THE PROPOSED ACTION

The Draft Environmental Impact Statement (DEIS) on the Sevin program
was issued in June 1984. Following this date a large quantity of
information on existing conditions and the effects of Sevin in Willapa Bay
and Grays Harbor became available. These included observations from the
1984 spraying program, reports of fish use in Willapa Bay and Grays Harbor,
descriptions of burrowing shrimp ecology, and information provided by or
referenced by reviewers. Consequently, the EIS has been extensively
revised. ' : ' o

The Willapa Bay and Grays Harbor oyster growers propose to use the
carbamate insecticide Sevin (1-naphthyl-N-methylcarbamate) manufactured by
the Union Carbide Corporation to control ghost shrimp (Cal
californiensis) and mud shrimp (Upogebia pugettensis) on oy
Wiililapa Bay (Pacific County) and Grays Harbor (Grays Harbor County). The
Washington Departments of Ecology (WDOE) and Fisheries (WDF) are co—lead

‘agencies under the State Environmental Policy Act (SEPA) for this

Environmental Impact Statement (EIS). ' The purpose of this EIS is to
identify the impacts of the treatment program and assess the probable,

‘significant environmental impacts. :

Since 1973, the Willapa Bay and Grays Harbor oyster growers annually
treated oyster beds under special pest-control permits issued by WDF. The
WDF permits are specifically exempt from provisions of the SEPA Rules (WAC
197-10-175 and 197-11-835). However, since 1976, environmental checklists
have been prepared for each treatment and Declarations of Non—Significance
(DNS) issued. Recently, WDOE has required that ' oyster growers obtain a
short—term modification to the water quality standards, which requires
compliance with SEPA. '

‘Concern and controversy has developed over the use of Sevin, or any

‘pesticide, in the marine and estuarine environments. Consequently, WDF and

and WDOE determined that an EIS was an appropriate tool to review and re~
evaluate the Sevin treatment progrem and to provide a public forum for
discussion of the issues surrounding the program.

2.1. BACKGROUND OF SEVIN USAGE

Sevin has been used on oyster beds in Washington since 1963 to
control ghost and mud shrimp (Appendix A). These shrimp are crustaceans
which burrow into intertidal mud flats. Dense infestations of burrowing
shrimp inhibit the culture of Pacific oysters (Crassostrea gigas) by




suspending silt which smothers oyster seed. Also, the shrimp activities
soften the ground causing adult and seed oysters to sink and die (McCrow
1972). Excessive concentrations of these shrimp threaten the viability of
the coastal oyster industry.

After 1958, an unusually warm year, large numbers of burrowing shrimp
colonized new areas (Lindsay 1961). Oyster growers and WDF conducted
studies to find suitable methods to control these shrimp. The pesticide
Sevin was finally chosen based on its special effectiveness on arthropods,
short persistence in the environment, and limited toxicity to other
animals (Sayce 1970, Sayce and Chambers 1970, Chambers 1970). Figures 1
and 2 show areas of oyster culture and where Sevin has been used annually
since ]96? in Willapa and Grays Harbor.

Annual treatment has been limited to 300 acres in Willapa Bay and 100
total acres for the remainder of the state. The only exception was in
1984 when an emergency exemption was allowed for treatment of additional
acreage. According to Westley (1984) and Tufts (1984a), the 300 acre
limit was established in 1976 when spraying criteria were set. This was
the most land, at that time, that the oyster growers could economically -

leave fallow in any one year.
2.2.  CONTROL OF SEVIN USE

Sevin is one of the most widely used pesticides in the United States.
It is used extensively to control insects on fruit and vegetables, and in
forests. It is also applied to pets and livestock to control insect pests
(Appendix B). Sevin is applied to infested oyster beds in a powder form
_either by hand or by helicopter. Because Sevin is toxic to other marine.
invertebrates, WDF, in cooperation with the Washington Department of
- Agriculture (WDA) and the U.S. Environmental Protection Agency (EPA),
developed a review and approval policy for its use. This policy resulted
in criteria for permit issuance and application of Sevin (see Section 2.3).

Under the Washington Administrative Code (WAC) 220-20- 010(16), WDF
authorizes and regulates treatment of pests on oyster beds to protect
oyster growing habitat and the fish and shellfish of the area. The use of
Sevin for burrowing shrimp control complies with the provisions of
Washington State Special Local Needs Pesticide Registration No. WA-760021,
issued by the EPA through the WDA under authority of Section 24(c) of the
Amended Federal Insecticide, Fungicide, and Rodenticide Act (Westley
1981). . ,



2.3. CRITERIA FOR USE AND APPLICATION OF SEVIN

The use of Sévin for ghost and mud shrimp control is supervised
by WDF following the criteria below:

1. The WDF shall inspect all tracts of oyster ground proposed for
spraying and assess the need for treatment. Only tracts
demonstrating sufficient need, as determined by WDF, will be
authorized for spraying. Assessment of the need is based on the
density of shrimp burrow entrances and the judgment and experience of
the WDF biologist and the oyster grower. Generally, ground having
over 10 holes (shrimp burrow entrances) per square yard is usually
approved f0ﬁ treatment.

2. Under EPA gufdelines (Appendix C and D), no more than 300 total
acres will be sprayed in any one year in Willapa Bay. No more
than 400 acres, total, will be treated in any one Yyear in the
State, and no more than fifty acres will be sprayed in any one
treatment. A "treatment" is the sprayed application of Sevin to
a given plot of oyster ground.

3. No aerial application is allowed within 200 feet of sloughs or
channels or near large areas of standing water, or within 50 feet if
applied by hand. '

4. Sevin may only be applied at low tide when the beds are dry, and
application must be completed by one-half hour after low tide.

5.  All tracts must be re—inspected by WDF within 24 hours after
' spraying. ' :

6., All tracts to be sprayed must be marked and flagged.

7. Sevin application shall not exceed 10 pounds of active
ingredient per acre. '

8. A tract may be treated over two consecutive years, but then may
not be treated for at least three years.

9. Wind velocity over the oyster flat being aerially sprayed shall
not exceed 10 miles per hour.

10. Treatment is permitted ohly in July and August.

11. A representative of the oyster grower responsible for the
specific tract shall be present on the tract during spraying.

12. All spraying activities shall be under the control of WDF
personnel at the site who shall halt operations if wind velocity
exceeds 10 miles per hour or if unforeseen problems should
oceur.



2.4. RELATION TO EXISTING LAND USE PLANS

All land proposed for treatment has been classified or zoned for
shellfish production. According to the planning departments and
shoreline programs of both Pacific and Grays Harbor counties, the use of
Sevin in commercial oyster growing is a normal aquacultural practice and
is not considered a development (Kimura 1984, Mark 1984). Thus,
neither county requires any permits for its use. : »

3.0. EXISTING ENVIRONMENTAL CONDITIONS

Sevin is used to  control ghost and mud shrimp in both Grays Harbor
and Willapa Bay, where Pacific oysters are commercially grown. Both bays
are discussed in this section. ’ '

3.1. WILLAPA BAY

3.1.1. Physical Environment. Several descriptions of Willapa Bay, its
geography, physical processes, and fisheries are available. These are
reviewed and summarized by the U.S. Army Corps of Engineers (COE 1976),
Hedgpeth and Obrebski (1981), Shotwell (1977), and Sayce (1976). The
following physical and biological descriptions are drawn from these
reviews and from fishery landings data and studies by WDF.

3.1.1.1.  Geography. Willapa Bay encompasses about 100 square miles or
79,000 acres at mean high water. It is separated from the open Pacific
Ocean by a long barrier spit to the north of the Columbia River. The
connection between bay and ocean is a broad, shallow pass about six miles
wide at the bay’s northwestern corner separating Cape Shoalwater on the
north and Leadbetter Point on the south (Fig. 1). Most of this entrance
area contains shifting sand bars with the most consistent channel near

.Cape Shoalwater.

Willapa Bay is oriented north and south with a length of about 25
miles and a maximum width of about six miles in mid-bay - above Long
Island. To the north is a short eastward arm containing the mouth of
the Willapa River. In addition to the Willapa, several other rivers
(the North, Cedar, Nemah, and Palix) drain into the bay forming a
complex estuary. The total area draining into the bay encompasses about
720 square miles. : :

The bay contains extensive areas of tidal flats. More than 50
percent of the total area covered at high tide is exposed at low tide. A
large portion of the remainder is only 1 to 6 feet below mean low tide.
Bordering these shallow and intertidal areas are a number of deeper
channels. Most of these channels are caused primarily by tidal action and
secondarily by stream runoff. Maximum depths in these channels reach 75
. feet below mean low water. The relationship between channels, shallower
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connecting sloughs, and the tidal flats is highly dynamic. The best

evidence of this situation is the constantly shifting bars at the bay
entrance and the ongoing erosion or accretion at Cape Shoalwater and

Leadbetter Point (COE 1976). '

3.1.1.2. Water Quality. Willapa Bay is generally considered to be among
the most biologically productive estuaries of the Pacific Coast of the
United States (Hedgpeth and Obrebski 1981). Unpolluted water and good
circulation encourage biological productivity and the resulting commercial
and recreational benefits. Agriculture, logging, and some industry on the
surrounding uplands may influence water quality; but for the most part
human activities have much less influence on the quality of Willapa Bay
water than do natural factors.

Water conditions are influenced mostly by the large tidal exchange.
Most of the bay is shallow, with about 55 percent of the bay area drained
at mean lower low water (MLLW). Of the total bay volume of 56,585,900
cubic feet, (the tidal prism) is 25,416,000 cubic feet (COE 1978).
Approximately 45 percent of the water in the bay is emptied into the
Pacific Ocean on a tidal cycle from mean higher high water to MLLW.

The large tidal prism does not always cause rapid flushing of the bay
water (COE 1976). Conditions in the ocean, with which the bay waters mix,
determine how much of the water leaving the bay will return on the next
- incoming tide. In the summer, strong northwesterly winds bring upwelled
water from the ocean into the bay, promoting a rapid turnover. - Storms and
high wave action also promote mixing. At other times, the Columbia River
plume, as a discrete water mass, prevents extensive mixing from occurring
and reduces complete flushing. The successful setting of oyster larvae,
which drift with the water for 2 to 3 weeks, indicates that complete
flushing may take more than 20 days (COE 1976).

The annual temperature in the bay exhibits trends that can be .
expected in a shallow estuarine situation. Water temperatures in the
Willapa River ranged from less than 3°C (February 1969), to 20.4°C the
following August (COE 1976). Temperatures cover a smaller range closer to
the ocean at Toke Point. These ranged from 7.20C in January to 17.4° in
July, due to the moderating effect of the ocean on estuarine waters. At the
WDF Shellfish Laboratory in Nahcotta, a high temperature of 21.4°C was
recorded during August, 1984. There is little variation in temperature
between surface and bottom waters, indicating a high degree of mixing
throughout the bay up to the Willapa River. The upper temperature limit
for Class A, Excellent, waters in the state water quality standards for
Willapa Bay is 18.3°C. However, the shallowness of the bay and the extreme

low tides during the daytime in the summer combine to warm the water
beyond this limit. ’

The level of dissolved oxygen in the water is important in
determining both the species and the abundance of finfish and
invertebrates inhabiting the bay or passing through it. The state water
quality standards specify a minimum dissolved oxygen level of 6 milligrams
per liter (mg/l) for Class A waters. Generally, waters in Willapa Bay
remain well above 6 mg/l. Occasionally levels of 5 mg/1 have been
recorded in the Willapa River near Raymond (COE 1976).



11

In Willapa Bay, dissolved oxygen appears to be influenced most

- strongly by physical factors such as wind and and ocean waves which
"increase dissolved oxygen concentrations through surface agitation. Water
temperature also affects the water’s ability to hold dissolved oxygen.
Maximum dissolved oxygen levels occurring locally in the bay are 15 mg/l.
This extreme is not representative throughout the bay, but shows the
influence that low winter temperatures and wind and wave action can have.
‘Representative winter levels of 8 to 11 mg/1 continie through May or June.
Summer levels are 6 to 9 mg/l. Autumn brings an upturn in the seasonal
curve. :

Salinity in the Willapa River ranges from 7.5 parts per thousand
(o/00) on the surface to 25 o/oo at the 20-foot depth at the same time and
place. Higher salinity occurs near the central bay and entrance where
intruding ocean water is diluted less by river water. Oceanic salinities
can reach 30 o/co or more. '

- Turbidity or suspended sediment result from both natural and human:
influences. Wind and wave action suspends bay sediments while upland
erosion. contributes sediments to increase turbidity in Willapa Bay.
Turbidity is highest during winter when frequent storms agitate bottom
gsediments and increase upland erosion. The bay is usually clearer than the
Willapa River where turbidity ranges from three JTU (Jackson Turbidity
Units) to 100 JTU at South Bend. River turbidity averages 10.1 JTU on the
surface and 19.3 JTU at 20 feet. In comparison,: turbidity in the open bay
ranges from 2 JTU to 30 JTU and averages 6.6 JTU on the surface and 8.0
JTU at 20 feet. Turbidity changes over the seasons with January through
March having the highest turbidity on the surface. Surface turbidity is
higher than at depth, indicating upland runoff as. the source. During the
sunmer, bottom turbidity often exceeds surface turbidity, probably as the
result of wave action.

Sevin was not detected in analyses of water, mud, and oyster samples
taken from tidal flats before the use of Sevin (Westley 1970). If Sevin
persisted in the environment, residual or background concentrations should
have been detected because of past use of Sevin in upland forests adjacent
to Willapa Bay and the annual application of Sevin by oyster growers.

3.1.1.3. Estuarine Sediments, WDF data from sediment analyses of oyster
flats near Leadbetter Point (Fig. 1) show that oyster bed sediments
consist of 78 percent medium to fine sands with low percentages of silt,
organics, volatile solids, etc. (Tufts 1984b). This is the only available
information on sediments of commercial oyster beds.

3.1.2. Estuarine Biota. Sevin is sprayed at low tide well away from
channels and sloughs, and decomposes rapidly. However, if it persisted and
was picked up by the incoming tide, Sevin could affect plankton, benthic
(bottom dwelling) organisms, finfish, and marine birds and mammals either
through direct contact, ingestion of organisms containing Sevin, or
through loss of food resources.-
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3.1.2.1. Plankton. Other than studies conducted by WDF on declining
productivity in Willapa Bay (Westley 1962, Westley and Tarr 1962), little
information is available on plankton’ in the bay. However, information
from Grays Harbor and the Columbia River estuary may be applicable. The
phytoplankton, planktonic algae, is ~probably composed of diatoms,
dinoflagellates, and microflagellates. - Phytoplankton is especially
important as the source.of food for commercially important oysters and
clams and also for the zooplankton which feeds bait fish, juvenile
salmonids, and gray whales, etc. Dissolved nutrients largely limit
phytoplankton abundance in Willapa Bay, especially nitrates (Westley 1962,
Westley and Tarr 1962). The occurrence of higher concentrations of
important nutrients may partially control the timing of phytoplankton
blooms. When offshore conditions such as an El Nino inhibit nutrient-rich -
upwellings,  phytoplankton populations suffer decllnes which in turn slow
oyster growth (see Sectlon 3. 1 3.2. 1. ) -

The'zooplankton contains larvae of many benthic organisms, as well as
species that are planktonic their entire lives. Dungeness crab (Cancer
magister) larvae appear in the zooplankton throughout the spring (Kyte
1981). Oyster larvae may be present when hlgh water temperatures
stimulate spawning. Copepods, several species of other small planktonlc
crustacea, arrow worms, jellyfish, and comb jellies make up the rest of
the zooplankton. Haertel and Osterberg (1967) found that the copepod
Eurytemora hirundoides dominates the Columbia River estuarine zooplankton.
In addition, small planktonic annelid polychaetes, tunicates, and large
crustaceans such as mysids and euphau31ds may. be carr1ed into the bay from
the open ocean on flood tides.

3.1.2.2. 'Benthic Biota. The organisms living in the benthic communlty in
the Willapa Bay estuary are strongly influenced by a number of factors.
These include salinity changes which progress upstream, the sediment
characteristics, and the tide. Intertidal =zonation is not readily
apparent in much of Willapa Bay, because the extensive areas of tidal
flats have 1little vertical relief. Vertlcal zonation is only noticeable
where steeper slopes occur.

3.1;2.2.1. Plants. In much of the bay, sand and mud substrates support

eelgrass (Zostera marina and Z. japonica). The eelgrass forms large, dense
. beds. There root-like rhizomes stabilize the substrate, while the blades
dampen wave action creating a distinct habitat for bay organisms. The
eelgrass shelters juveniles of many species including Dungeness crab
(Cancer magister), flatfish, perch, and Pacific herring (Clupea harengus)
Herring also spawn on the blades and its roots provide habitat for various
invertebrates. The blades also are substrate for 9p1phyt1c diatoms, other

algae, hydroids, bryozoans, and anemones.

WDOE lists the tidal flats east of the North Beach Peninsula, north
and west of Long Island, and surrounding the Nemah River channel as "Areas
of Major Biological Significance" (AMBS) for the eelgrass Z. marina
(Gardner 1981). According to Gardner (1981), an AMBS is an area that
supports a major reproducing population of a species that also provides
recruitment to the surrounding region. In addition, an AMBS may prov1de

some necessity for a cr1t1cal life stage of an organisms.
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In addition to sea grasses, an unidentified filamentous red macroalgae
(Rhodophyta; probably Polysiphonia sp.) is present, attached to oyster
shell and other hard objects on the flat. The only other macro-algae that
has been observed associated with oyster beds is the sea lettuce Ulva sp.

(Tufts 1984b). However, no complete inventory of benthic flora has been
conducted in Willapa Bay.

3.1.2.2.2. Invertebrates. Benthic invertebrates living in the tributary
river estuaries of Willapa Bay are subjected to widely varying salinities.
These range from no measurable salinity during times of low tide and heavy
runoff to greater than 30 o/0o at high tide in the summer. This condition
limits the fauna to those species tolerant of these changes. A small
species of clam (Macoma balthica) inhabits the bottom in these areas,
feeding on the abundant supply of detritus washed in from nearby
saltmarshes. The eastern soft shell clam (Mya arenaria) is also found in
these tributary estuaries. These clams tolerate brackish water but are
unable to survive in areas of high wave action. Blue mussels (Mytilus
edulis) and barnacles (Balanus spp.) are attached to solid substrates such
as rocks, sunken logs, oyster shell, and pilings, while amphipods and
burrow1ng polychaetes feed on bottom detritus.

In the bay, the benthic community is largely determined by sediment
distribution (COE 1976). In the limited gravelly areas, littleneck
(Protothaca staminea) and butter clams (Saxidomus giganteus) are found.
Many polychaete worms also inhabit these areas, while mussels and
barnacles attach to stones and pilings. In subtidal channels, horse clams
(Tresus capax) are numerous down to 15 or 20 feet below MLLW. Cockles

(Clinocardium nuttallii) and native oysters (Ostrea lurida), occur as deep
as 15 feet below MLIW.

Alleillépa Bay tide fiats and shallow channels, seaward of the
highway river crossings are AMBS for Dungeness crab and Pacific oysters
(Kyte 1981). Crab are discussed in detail in Section 3.3.2.

The WDF sampled benthic invertebrates associated with commercial
oyster beds in 1982, 1983, and 1984 (Tufts 1984b, Hurlburt 1985).
Although data is prellmlnary, a tentatlve species list is presented in
. Appendix E.

3.1.2.3. Finfish. Limited quantitative sampling of flnfish has been
conducted in Willapa Bay (COE 1976, Bucknell and Phinney 1975, Buckley, et.
al 1984). The tributaries of Wlllapa Bay prov1de spawning grounds for

salmon, steelhead (Salmo gairdneri); and searun cutthroat trout (S

clarkl) P1nk salmon (0. gorbuscha) may stray in from the ocean.

operated hatcheries in the Willapa, Nemah, and Naselle river drainages (WDF
1975, Castoldi 1983). In 1982, these hatcheries produced a total of
5,275,515 fall chinook; 1,572,532 chum; and 11,798,183 coho. Most were
released into Willapa Bay tributaries (Castoldi 1983). These salmon
contribute to the commercial and recreational fisheries in the bay apd
ocean. '

d?
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Salmon migrate through the bay at various times of the year, and use
it as a nursery area much of the year (Table 1). During their residence in
the bay, juvenile salmon undergo physiclogical changes associated with
adaption to a salt water existence. Following these changes the young fish
migrate into the northeast Pacific Ocean. Feeding behavior or residence
time of salmonid species in Willapa Bay have not been studied. However,
they are probably similar to behavior in other West Coast estuaries.
Studies have been conducted in Grays Harbor (Section 3.2.2.3).

Adult salmon from other drainages such as the Columbia River feed in
the Willapa Bay and have been found in adjacent tributaries. Thus, the bay
appears to be be more important to salmon than is indicated by the
commercial catch (COE 1976). : .

Herring, smelt, and anchovies also use Willapa Bay and are a source
of food.for salmon and other larger fish. Pacific herring spawn on
eelgrass in thé southern part of the bay ih late January and early '
February (Gardner 1981). The south arm of the - bay near Oysterville and
the west side of Long Island are listed as an AMBS for Pacific herring
spawning (Gardner 1981). Juveniles are present from spring through fall.
Anchovies (Engraulis mordax) are in the bay during the summer but spawn in
the ocean. Longfin smelt (Spirnichus thaleichthys), an anadromous fish,
spawns in the tributaries of the bay between October and December and
depend on the estuary for survival.

_'VThe'DEIS,reported that surf smelt (Hypomesus pretiosus) spawn near
Tokeland during most months (COE 1976, Gardner 1981). The WDF, however,
has not been able to confirm smelt spawning anywhere in Willapa Bay.

Information on the food or habitat requirements of these bait fish in
Willapa Bay is not available. However, baitfish feeding studies have been
conducted in Puget Sound and Grays Harbor (Section 3.2.2.3). These
species do not directly support significant fisheries, but as prey of
Pacific salmon they are important to the salmonid fisheries. Bait fish
feed on plankton including small crustaceans and larvae of various
invertebrates.

Green sturgeon (Acipenser medirostris) and white sturgeon (A.
transmontanus) are found in Willapa Bay (COE 1976, Gardner 1981).
Sturgeon feed on smaller fish and benthic invertebrates such as ghost
shrimp, amphipods, and molluscs (Gardner 1981). They are long-lived and
mature after 11 years at the earliest. Sturgeon spawn in tributary streams -
in spring and early summer. WDOE has designated the deeper channels of
southern Willapa Bay, the Willapa River and the Naselle River as AMBS for
spawning sturgeon. Although sturgeon support a commercial fishery in

" Willapa Bay, their long maturation time limits the volume that such a

fishery can sustain. WDF reports 30,839 pounds of white sturgeon and

25,816 pounds of green sturgeon landed in 1983 from Willapa Harbor.

In 1980 through 1982 WDF conducted trawls to collect juvenile lingcod
(Ophiodon elongatus) for transplant experiments (Buckley et al. 1984,
Hueckel 1984). While these trawls were not quantitative, they were
standardized so catch per unit effort may estimate relative abundance. In
Willapa Bay, most fish were caught in June (four per trawl) while less than




Table 1. Timing of Salmonid Presence in Willapa Bay and Tributaries.

Months

JTFIWT AT W] J]JTATSTOT N D

Chinook.

Juvenile emigration ——— e —t—

Residence in bay NSRS SRR IR DENNOUN (U NN SIpy ANSUN NI QU SIS M

Adult migration , I Y S

Coho

Juvenile emigration e b Bk

Residence in bay SRS NP SN P | SR SR S U S U S S——

Adult migration - - . , ——t——

Chum

‘Juvenile emigration ——f e e

Residence in bay —_

, Adu]t'migrétion 1. e ]

Steelhead (winter only)"

Juvenile emigration ] — — — ]
Residence in bay ., - e e e e —
Adult migration S S R e

Sea Run Cutthroat

Juvenile emigration

Residence in bay =T

e e poms s | e smed

Adult migration _ —|—t

Sources: USACE 1976 and Phinney and Bucknell 1975,

*

-20-






15

two fish were caught per trawl in July or August. Most lingcod in Willapa
Bay were caught near Grassy Island (Fig. 1). Trawls were also made near
Bay Center and the east gside of Long Island (Hueckel 1984). Many of the
trawls were made over intertidal areas during high tide. 1In addition, WDF
biologists monitoring Sevin applications occasionally find a few juvenile
lingcod trapped on oyster beds by the out-going tide. Although these
observations indicate that juvenile lingcod use Willapa Bay, no estimates
of juvenile abundance are available. '

The WDF also analyzed stomach contents of juvenile lingcod from
Willapa Bay, Grays Harbor and the Pysht River in the Strait of Juan de
Fuca (Buckley et al. 1984). - The most important food items were fish (86
percent) and crustacea (12 percent). Species found in lingcod stomachs
included mysids, crangonid shrimp, unidentified crustacea, sandlance,
herring, and rockfish.

Incidental observations made during Sevin treatments and studies in
other estuaries indicate that flounder and sole use Willapa Bay as a
nursery area. No commercial fishery exists for these species inside the
bay, but they contribute to ocean fisheries after maturing (COE 1976).
These flat fish feed on benthic invertebrates transferring productivity
from the benthic to the pelagic. (organisms in the water column).
communities. The Willapa River between Range Point and South Bend is
designated as an AMBS for starry flounder (Gardner 1981).

The American shad (Alosa sapidissima), a species introduced from the
Atlantic coast, has spread into Willapa Bay. The shad feed on planktonic
‘crustaceans and occasionally on small fish. It spawns in the freshwater
tributaries of the bay, eats food similar to that of juvenile salmonids
" and may be a competitor for the ecological niche now occupied by

salmonids.

3.1.2.4. Birds. Appendix F contains a list of birds known to use the
Willapa Bay estuary (Wahl and Paulson 1981, Widrig 1980, "Willapa Bay
National Wildlife Refuge Checklist"). Willapa Bay includes the Willapa
National Wildlife Refuge which contains 9,600 acres of Federal land and

open water and 10,000 acres of state tidelands and water (COE 1976) (Fig.
1.

Willapa Bay is an important feeding and resting area for herons,
waterfowl, eagles, shore birds, gulls, terns, and alcids and, on occasion,
for sooty shearwaters. A large percentage of these birds are migrants.
Willapa Bay is one of the four major estuaries along the Pacific flyway
which provide important resting and feeding habitat. Habitat losses in San
Francisco Bay and other coastal estuaries on the flyway have apparently
caused increased usage of Willapa Bay and Grays Harbor in recent years,
particularly by black brant and canvasback ducks.

Willapa National Wildlife Refuge was established in 1937 to provide a
protected wintering area for Pacific black brant (Branta bernicla). The
extensive beds of eelgrass in Willapa Bay supply these birds with food.
Black brant winter on the refuge from October through May. Winter
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populations peak at about 2,000 birds and the spring migration in mid-
April peaks between 5,100 and 5,790 brant (Hidy 1984). Counts done by the
U.S. Fish and W11d11fe Service in 1982 and 1983 indicate all brant are
gone from the bay by June 1.

Willapa Bay also serves as an increasingly important wintering
habitat for the canvasback (Aythya valisineria) in the western United
States. These birds migrate to their northern breeding grounds in April
and May and are only occasionally sighted during the summer (Hidy 1984).

In addition to the waterfowl that use Willapa Bay, 38 species of
shorebirds have been recorded. About 31,000 shorebirds were observed near
Leadbetter Point one April. The most abundant species seen is the western
sandpiper (Widrig 1981). The red knot is seen in April and May during its
spring migrations. ' ' ' ' :

The birds in Willapa Bay use both open water and tidal flats for
resting and feeding. While observed numbers provide information on resting
use and population levels, little information is available on feeding
habits in Willapa Bay. Several intensive studies on shorebird and
waterfowl feeding have been conducted in Grays Harbor (Section 3.3.2) and
probably describe feeding habits of birds in Willapa Bay. No quantitative
information exists fotr either bay on the bird use of oyster beds.

Many areas in Willapa Bay have been mapped as AMBS during. fall,
winter, and/or spring for mallard, pintail, American ‘wigeon, brant, Canada
goose, red knot, least sandpiper, and dunlin (Jordan 1981). Near
Leadbetter Point is an AMBS for black bellied plover and white-fronted
geese. Important areas (not designated as AMBS) have also been mapped for
canvasback, bufflehead, long-billed dowitcher, and western grebe. The
only summer AMBS is for the snowy plover on Leadbetter Point (Jordan
1981). : '

Raptors in Willapa Bay are discussed in Section~3;3.

'3.1.2.5., Mammals. Harbor seals (Phoca vitulina) and gray whales ..
(Eschrichtius robustus) have been observed in Willapa Bay. Several areas
within the bay are important harbor seal haulout grounds designated as
AMBS (Gardper 1981). These AMBS are isolated sand bars distributed
throughout the bay. These change location frequently due to erosion and
deposition (Gardner 1981).

Based on qlghtlngs by residents of the area, 31ng1e gray whales
occasionally enter the bay and remain for varying periods. In April and
May 1984, a single whale was frequently observed in the ‘southern part of
the bay (L. Weigardt 1984) No sightings of gray whales are known June
through August. ' '

. 3.1.3, Willapa Bay Fisheries. Willapa Bay is probably the most

productive bay on the Pacific Coast (Hedgpeth and Obrebski 1981). - Because
of its excellent water quality (see Section 3.1.1.3), excellent
circulation, abundant wetlands, and prolific biota, the bay is an optimum
environment for several commercially important species. As a result, the
Willapa Bay supports a number of commercial and recreational fisheries.
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It also serves as a nursery area for immature crab and finfish which
contribute .to the fisheries. The largest and most valuable fisheries are
oysters, Dungeness crab, and salmon. The recreational and commercial
harvest of salmon is not discussed because no impacts are anticipated.

The Dungeness crab fishery is one of Pacific
County’s most important industries along with forest products,
cranberries, oysters, and salmon. Annual crab landings from Willapa Bay
and their landed values are presented in Table 2. Crab prices per pound
vary widely during the season. Prices are low at the start of the season
in December, and increase as the harvestable stocks decline. Data _ ‘
presented in Table 2 compares landings from Willapa Bay and the entire
Washington coast. Also listed in Table 2 is the percent that Willapa Bay
catches contribute to the coastal total.

Table 2. Willapa Bay and Total Washington Coastal Crab
Landings. (Pounds and values in thousands. )

: Landings
Year Total Coastal Willapa Bay _
: '~ Percent
Pounds Value Pounds Value of Total
1975 6,617 $3,596 ' 446 $250 7
1976 6,924 4,110 239 123 3
1977 . 12,754 6,376 382 191 3
1978 5,869 3,808 485 316 8
1979 8,522 3,261 656 328 8
1980 5,963 3,876 413 269 7
1981 2,446 1,957 335 189 14
1982 2,797 2,517 209 327 8
1983 5,174 4,638 363 270 7
1984 3,405 5,108 210 315 6
10 year 7
ave: 5,999 4,025 374 258 6

Data provided by WDF.

After the DEIS was issued, information on Dungeness crab biology in
Grays Harbor became available (Armstrong et al. 1984). Extrapolations of
this data to Willapa Bay were made by Hulburt (1985). The results are
discussed here and in Section 4.2.2.1. '

_ Abundant immature crabs in shallow portions of Willapa Bay indicate
‘that the bay is an important nursery area for Dungeness crabs (Armstrong
et al. 1984, Hedgpeth and Obrebski 1981). In the spring, very small
young-of-the—-year (YOY) crabs on oyster flats hide in eelgrass, among .
shells, and in burrowing shrimp holes (Tufts 1984b, Hurlburt 1985). These
juveniles grow through successive molts, and usually move off the tidal
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flats into adjacent channels and subtidal habitats by July and August.

Many juveniles and adults move back into intertidal areas at high tide to
feed. Most young crabs probably migrate into the warmer open ocean during
“the winter and return to the bay in the spring (Armstrong et al. 1984).
Three to four year old male crab reach a width of 6.25 inches and a weight
of about 1.7 pounds. These males then enter fisheries in the bay and the
open ocean (Stevens 1982, Kyte 1981).

The natural mortality rate for adult crabs has been estimated at
about 20 percent per year (Stevens 1982). In addition, the commercial
fishery is approximately 80 to 90 percent effective. Together, natural
mortality and commercial fishing remove most adult males of each year
class. Females are not taken in the fisheries and continue to reproduce.
The death rate of YOY juveniles may be as much as 98 percent in their first
year, primarily due to predation (Stevens 1982, Armstrong et al. 1984,
Diamond 1983). Mortality rates of older juveniles are not known.

3.1.3.2. Oysters. Oyster culture has traditionally been Willapa Bay’s
principal marine fishery. Native aysters covered intertidal and shallow
subtidal areas before 1850. These stocks were drastically reduced by
.overharvesting and competition from introduced species (Hedgpeth and
Obrebski 1981, COE 1976, Shotwell 1977). Presently, only the Pacific
oyster from Japan is commercially cultivated extensively. TFor many years,
Japan was the only source of oyster seed, but local sources have been
developed in the Northwest. A number of oyster hatcheries operated in
Willapa Bay, and hatchery-reared foreign and ‘domestic seed is being tested
for growth and disease resistance (Wilspn 1984, Weigardt 1984). Also, WDF
manages 10,000 acres of oyster reserves in Willapa Bay which provide
natural oyster seed. The WDF shellfish laboratory at Nahcotta on the Long
Beach Peninsula manages and conducts research on oysters and other

shellfish species.

Approximately 37,000 acres, 85 percent of the tidelands in the bay,
are classified as oyster lands by Pacific County. Of this, only 2, 500
acres produces market-quality oysters to support the industry (Tufts 1985).
The industry and Pacific County classify this ground as high quality
"growing" and "fattening" ground. It is the only area where oysters will
fatten to market standards. Some oyster seed is planted on this ground and
grown to market size. Also, one or two year old oysters are moved here
from other ground to fatten prior to harvest. The annual Willapa Bay
oyster production requires harvest of 800 to 1000 acres of fattening ground
each year. To maintain production,  Sevin is used to control burrowing
shrimp on the fattening ground. Since the beginning of the Sevin program,
about 2,200 acres have been sprayed in the bay, excluding repeat ;‘
" treatments. OFf this, about 80 to 90 percent (1870 acres) are top quality
fattening ground (Tufts 1985). Thus about 75 percent. of the faftenlng
ground has been trealed at least once since 1963

As shrimp populations on an oyster flat increase, they slowly raise
the level of the flat, burying and smothering any seed or adult oysters
present. According to historical accounts (Sayce 1961, 1976; Shotwell
1977) these shrimp were not a significant problem until the 1957-58 El
Nino when shrimp populations increased markedly (Section 3.1.3.2.2). To
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meet this threat to the oyster stocks, methods to reduce shrimp populations
without harming the estuarine environment and biota were studied by WDF

(Westley 1970).

Oyster production' from Willapa Bay is compared with the total
Washington production. from 1975 through 1984 in Table 3. Willapa Bay
produces about 50 percent of washington’s total oyster harvest. ' :

Table 3. Willapa Bay Pacific Oyster Landings.
- (lLandings and values of oyster meats in thousands )

Landings

: A ' Percent
Year ~  Pounds Gallons Value * of Total
1975 2,301 263 $2,867 48
1976 2,459 281 ' 3,167 45
1977 2,997 344 4,317 49
1978 3,328 380 5,540 58
1979 3,080 352 5,924 50
1980 2,820 322 ' 5,593 ' 59
1981 3,135 358 - 5,513 55
1982 3,091 353 5,535 51
1983 2,351 269 4,932 42
1984 2,651 303 5,845 42
10 yr. ‘
Average 2,849 326 4,923 49

Data provided by WDF.

3.1.3.2.1 The Oyster Industry. Oyster culture is one of the major

industries in southwest Washington and has increased in relative importance
following declines in the timber and fishing industries. The broad
tidelands and rich waters of Willapa Bay and Grays Harbor offer ideal
conditions for culture of Pacific oysters. Oyster culture began in these
‘bays with harvest of Olympia oysters during the mid-1800’s. Pacific oyster
culture began in the 1930’s after introduction of Japanese oyster seed.
Annual harvest from the bays reached 1.2 million gallons during World War
I1. Total Washington production peaked around 1955 and declined through-
the mid-1970°’s. In 1976, Willapa Bay and Grays Harbor production reach its
historic low at only 263,000 gallons. This decline was due in part to
competition from imported oysters. Recently, production has increased
slightly and averages 350 to 400 thousand gallons per year from the coastal

bays.

As oyster production declined, growers reduced their operations and
concentrated on the most productive grounds. Currently the center of the
industry is the 2,500 or so acres of fattening ground. Consequently, large
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areas of potential culture ground remains available. Although productivity
in the bay has generally declined (Westley 1962), significantly increased
‘production is possible if market conditions improve. Most of this ground
would require treatment for burrowing shrimp before it could be used.

In 1984, Willapa Bay and Grays Harbor oyster production was 366,000
gallons of oyster meat with a wholesale value to $7.1 million. Twenty-
eight companies currently farm oysters in the two bays and employ over 400
people. The total payroll of these growers is around $3.9 million.
Additional jobs are created indirectly. WDF estimates that for every
person employed in the harvest of fish and shellfish, 1.5 to 5.0 additional
jobs are generated in support activities (or 1,000 to 2,400 total jobs).
Most of this employment is concentrated in Pacific and Grays Harbor

counties.

3.1.3.2.2. The 1983-1984 E1 Nino Emergency. The growth and condition of
Pacific oysters and of estuarine biota in Willapa Bay is partially -
influenced by the influx of nutrients firom upwellings of cold oceanic
waters that are well-documented features of the southern Washington Coast.
These upwellings are frequent but unpredictable. However, El Nino events
may periodically interfere with this upwelling, reducing the nutrients in
the bays. These are related to extraordinary meterological changes in
equatorial weather involving a significant weakening of the trade winds.
This causes the sea water to warm and the sea level to rise over large
areas of the Pacific (Reed 1984). One manifestation of an El Nino in the
Northeast Pacific is an extended period of warmer water (+1 to 2°C) off the
coast (Reed 1984). This warmer water inhibits cold water upwelling which
limits the amount of nutrients available to nearshore and estuarine biota.

In 1982, an El Nino in the eastern tropical Pacific Ocean
ulgnlflcantly affected conditions on the Washington coast (Reed 1984)
This event apparently reduced Pacific oyster growth because nutrients were
not available for phytoplankton production upon which the oysters depend.
Also, populations of burrowing shrimp increased in the bay. This increase
also occurred after the 1957-58 E1 Nino. Ancther result of the El Nino may
be the increased recruitment of young Dungeness crab to Willapa Bay and

Grays Harbor.

Because of this decreased oyster condition and growth, twice the
normal number of oysters had to be harvested to maintain production,.
revenues, and markets (Hurlburt 1985). This bared and removed from
production almost twice the normal amount of oyster land by spring 1984.
Some of this bare ground was immediately planted with oyster seed to
attain an additional season’s growth.

3.2 GRAYS HARBOR

Grays Harbor differs from Willapa Bay in several important aspects.
These include geography, water quality, the extent of oyster cultivation,
the presence larger human populations, and the presence of heavy
industry. Because of the greater use by industry and humans, Grays Harbor
has been the subject of substantially more environmental research. The
recent harbor and channel dredging activities of the U.S. Army Corps of
Engineers (COE) have generated considerable environmental research.
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The following account of existing conditions in Grays Harbor is based
primarily on research conducted under the auspices of the COE and WDOE in
relation to both dredging and an "estuary management plan." Where
conditions are similar to those in Willapa Bay, reference is made to 7
Section 3.1. Common biological elements of the two bays are discussed in

Section 3.3.

Pacific oyster culture in Grays Harbor is limited to North and South
bays and their immediate vicinity (Fig. 2) because of unsuitable water
quality in the eastern part of the harbor. Thus, the discussion of
existing conditions in Grays Harbor is generally limited to these areas.

3.2.1. Physical Environment. Grays Harbor is one of the Pacific Coast’s
six major estuary systems. Located on the southern Washington coast, this
bay lies 110 miles south of the Strait of Juan de Fuca, about 45 miles
north of the mouth of the Columbia River, and 8 miles north of Willapa
~Bay. The estuary is approximately 13 miles across at its widest point and
narrows to less than 100 yards in its upper reach nearly 32 miles from the
estuary’s ocean entrance (WDOE 1983). The three corners of the bay are
defined by the Chehalis River which flows into the eastern portion of the
harbor; North Bay, which receives the waters of the Humptulips River; and
South Bay, into which the Elk and Johns rivers flow (Fig. 2). At MHHW,
Grays Harbor occupies about 91 square miles or 54,708 acres (WDOE 1983).
Of this area, 53 square miles (33,606 acres) are exposed at mean lower low

water (MLIW) .

Geologically, the estuary is a drowned portion of the Chehalis River
Valley and is continually filled by with riverborne sediments and oceanic
materials. The predominant physical feature of the estuary is the vast
amount of intertidal mud and sandflats (WDOE 1983). These flats are
broken by numerous shallow channels created by ebbtide flows and river
discharges. Historically, three main channels ran east to west — the
North, Middle, and South channels - all with depths of 17 to 20 feet MLLW
with areas of shoaling. North Channel has been dredged for navigation and
is the major ship channel to Aberdeen and Cosmopolis. Meanwhile the other
two channels have shoaled to shallow depths (WDOE 1983). '

3.2.1.1. Water Quality. The estuary is a partially mixed system in which
tides dominate over river flows causing nearly complete mixing of fresh and
salt water. In summer, the low fresh water inflow and the large estuary
volume contribute to poor circulation in the central portion of the bay.
Pollutants entering this area are not flushed rapidly and reduce the water
quality in the basin. The mid-reach of the estuary from Cosmopolis to a
line between Point New and Markham has historically had poor water quality

(WDOE 1983). | .

Substandard water quality in Grays Harbor comes from both point and
nonpoint sources. The major point sources are municipal and industrial
discharges which adversely affect dissolved oxygen levels, turbidity,
color, and bacterial levels. The wood products industry discharges the
largest volume of oxygen demanding wastes, particularly sulfite liquors.
These are considered the primary water quality problem in the estuary.
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Nonpoint source contamination includes runoff from urban development,
garbage and wood waste land fills, septic tank leachates, dredging, and
log storage wastes (WDOE 1983). The overall water quality of Grays Harbor
is seriously affected by the estuary’s declining capacity to assimilate
wastes. The level of past and present industrial discharges has had a
major effect on water quality. Accumulated wastes, heavy sedimentation
from the Chehalis River and upwellings of low oxygen water contribute to
low oxygen levels in the water (WDOE 1983).

3.2.2. Estuarine Biota.

3.2.2.1. Plants. Subgtantial areas of native vegetation remain in and
around the Grays Harbor estuary. Vegetation provides habitat (nesting and
shelter) and food (seeds and detritus or decaying organic matter),
stabilizes soils (minimizing erosion and siltation), helps to filter toxic
substances from surrounding waters, and absorbs organic and mineral .

nutrients.

‘ Extensive tidai marsh areas are located from the central portion -of
the estuary below Aberdeen throughout North and South bays. These marsh
areas border much of the harbor and occupy about 4,800 acres (WDOE 1983).

Eelgrass occurs throughout the estuary below Aberdeen at -tidal
elevations between -3 feet (ft) MLIW and +6 to +7 ft MLIW. As in Willapa
Bay two species of eelgrass occur in Grays Harbor: common eelgrass (Zostera
marina) and European eelgrass (Z. noltii) (WDOE 1983). A large area in

western North Bay around Oyhut ~Channel and another between Point New and

Hoquiam is designated an AMBS for- the eelgrass Z, marina (Gardner 1981).

With twenty-nine species, the algae community of Grays Harbor appears
more diverse than that found in Willapa Bay (WDOE 1983, Thom 1984), -
however, considerably more research has been conducted in Grays Harbor
(Section 3.1). -Among the most abundant and conspicuous algae are three
species of green algae (Enteromorpha spp.), a brown algae (Fucus
distichus), two red algae (Polysiphonia hendryi and Porphyra
sanjuanensis), and a complex of tube dwelling and filamentous diatoms.
Macroalgae distribution is limited by availability of stable hard
substrate (e.g., logs, roots, boulders, oyster shell) for attachment. No
emergent vegetation exists on mudflats, and the predominant flora is
restricted to epibenthic green and blue-green algae with diatoms
dominating the phytoplankton. No attached vegetation exists and
epibenthic algal production is low on bare sandflats (WDOE 1983, Thom

1984).

-3.2.2.2. Invertebrates. Planktonic and benthic invertebrates in Grays
Harbor are simiiar to those described in Section 3.1.2.2. Appendix G
contains a list of benthic invertebrates and finfish species recorded from
Grays Harbor, some of which probably also occur in Willapa Bay (Section
3.1). None of the sites from which this species list was compiled were

active oyster beds.

WDOE has designated all tidal flats and shallow. channels {rom inside
the harbor entrance to Cosmopolis as AMBS for Dungeness crabs (Kyte 1981).
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3.2.2.3. Finfish. The fishes of Grays Harbor are essentially the same as
described for Willapa Bay (Section 3.1.2.3). Pacific salmon, steelhead,
and cutthroat trout use the estuary for migrations and juvenile rearing.
Several other fish species discussed for Willapa Bay also occur in Grays
Harbor. No AMBS for fish has been designated in the vicinity of the
oyster flats in North and South bays (Gardner 1981).

Most of the research on fish in Grays Harbor has been conducted in
the vicinity of harbor and channel dredging and dredge spoil disposal.
Information is limited on fish use of commercial oyster beds in Grays
Harbor.

WDF collected lingcod in the lower parts of North and South bays
during the summers of 1979 through 1982. The highest number of lingcod
were taken in June and July of 1980 and averaged 13 and 14 fish per trawl,
respectively (Buckley et al. 1984). Substantially Ilower numbers were
taken during other months and years. The most fish were caught near the
entrance of South Bay between Westport and Whitcomb Island (Hueckel 1984).
The stomach contents of some of the lingcod collected in Grays Harbor were
examined for prey items and are discussed in Section 3.1. 2 3.

Simenstad and Eggers (lQSl)’conducted a study on juvenile salmonids,
bait fish, and flatfish in Grays Harbor in relation to dredging
operations. It found that juvenile salmonids and English sole feed over
lower intertidal and shallow subtidal areas; such habitats could include
Pacific oysters beds. Young salmonids and sole fed mostly on small
_ crustaceans, . including harpacticoid copepods, cumaceans, and amphipods.

Hurlburt (1985) reported only low abundances of amphlpods ‘on an quter
tract in Willapa Bay. . :

3.2.2.4. Birds. A variety of birds use Grays Harbor. Total bird
populations peak in April and May when over 1 million birds stop during
their northward spring migration. Appendix F lists bird species known to

use the Grays Harbor estuary.

Grays Harbor is an important wintering area for waterfowl. They are
least abundant during May, June, and July (Smith and Mudd 1976). Some
nesting and brooding occurs in the dense vegetation of the marsh areas.
Mallards are the most abundant nesting waterfowl. Other waterfowl species
observed during the summer include pintail, green-winged teal, cinnamon
teal, American wigeon, northern shoveler, greater and lesser scaup, white-
winged and surf scoters, ruddy duck, red-breasted merganser, American
coot, and white-fronted goose (Smlth and Mudd 1976 Kalinowski et al.

1982).

A large variety of migrating and wintering shorebirds use estuarine
habitats. Several studies have been conducted during the winter and
spring seasons, but comprehensive counts during the summer are lacking
(e.g., Smith and Mudd 1976, Herman and Bulger 1981, Kalinowski et al.
1982). During spring migration, 24 species of shorebirds use the bay. The
western sandpiper is the most numerous. Herman and Bulger (1981)
concluded that Grays Harbor supports more shorebirds during spring
migration than any other estuary on the Pacific Coast south of Alaska.
Paulson (1984) made partial counts of shorebirds over a 10-year period on



 the north side of Grays Harbor. High counts for each species were
tabulated to indicate population trends. The lowest use of the bay by
shorebirds occurred during June with 4,194 birds and 10 species tabulated;
the most abundant were short-billed dowitcher and sanderling. In July,
the fall migration begins with an influx of western sand pipers. A _
tabulated shorebird total of 44,088 with 17 species was recorded in July.
The population drops again in August with 10,177 shorebirds and 17 species

tabulated; the western and least sandpipers were most abundant.

Shorebird distribution depends on tide levels. They prefer areas
where tideflats are present, such as dredge disposal sites, harbor
islands, and Ocasta beach (Kalinowski et al. 1982). While these areas
account for only 3 percent of the shoreline of Grays Harbor, 26 percent of
all shorebirds were observed in these areas during the spring.

Shorebirds use deeper water areas of the bay as Teeding sites
including rhinoceros auklet, common murre, marbled murrelet, pigeon
guillemot, and parasitic jaeger. Other waterbirds observed in the outer
bay and deeper waters of both 'North and South channels include loons,
grebes, shearwaters, petrels, and cormorants. Gulls and terns are
abundant during the summer months and often nest in the same areas.
Whitcomﬁ, Sand, and Goose islands are important nesting colonies,
especially for the Caspian tern. The largest identified Caspian tern
-colony on the West Coast occurs on Whitcomb Island (WDOE 1983). Double-
crested cormorants have relatively small nesting colonies on Sand Island

and Ned ‘Rock.

AMBS for various species are located throughout the harbor. Species
observed in the fall, winter, or spring include mallard, pintail, American
- wigeon, ‘canvasback, Canada goose, red knot, least sandpiper, dunlin, black
turnstone, and rhinoceros auklet (Jordan 1981). During the summer Goose
Island i's an AMBS for the glaucous-winged gull, western gull and rhinoceros

-auklet. ;

3.2.2.5. Mammals. Marine mammals are observed in Grays Harbor throughout
the year. The harbor seal is the most abundant. They both travel and feed
in the estuary (Smith and Mudd 1976). The seal populatiod is estimated to -
be 500 seals during the winter and 1,400 during the summer (WDOE 1983).
They feed on bottom fish over subtidal and intertidal areas, and
occasionally on salmon. Grays Harbor may have the largest breeding colony
of harbor seals in Washington and Oregon (WDOE 1983). The pupping season
occurs in May, June, and July when seals disperse to areas throughout the
harbor. The WDOE designated five areas in North Bay, six in "Central”
Bay, and one in South Bay as AMBS for harbor seal haul out grounds
(Gardner 1981). - Northern sea lions, harbor porpoises and gray whales have

also been observed in the bay occasionally.

3.2.3, Grays Harbor Fisheries. In contrast to Willapa Bay, annual
landings of shellfish in Grays Harbor are relatively low. The most
important species are salmon, Dungeness crab, and oysters. The

" recreational and commercial harvest of salmon is not discussed because
significant impacts are not expected. ’
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3.2.3.1. Dungeness Crab. Grays Harbor is an important rearing area for
Jjuvenile Dungeness crab. However, only relatively small commercial
catches of crab are made in Grays Harboir. Table 4 summarizes crab
landings in the bay from 1975 to 1984. The table shows that crab landings
from Grays Harbor have averaged about 1 percent of the total coastal catch
but vary widely from year to year.

Table 4. Grays Harbor Dungeness Crab Landings and Values.
(Landings in thousands)

Landings
, Percent
Year Pounds Value of Total
1975 80 $47 ; 1.3
1976 21 12, 0.3
1977 BT 37 0.5
1978 18 9 0.3
1979 35 19 0.5
1980 75 _ 40 1.4
1981 | 4 2 0.2
1982 19 A 11 0.7
1983 . 45 26 0.9
1984 51 30 - 1.5
10 yr. aGerage: 42 23 0.9

Data provided by.WDFl

3.2.3.2. Oysters. Oysters are a minor industry in Grays Harbor.. In
contragst to the 35,000 acres designated as oyster lands in Willapa Bay,
about 600 acres are used in Grays Harbor for oysters (T. Hayes 1984,
Morris.1984). Of this about 50 percent.is owned by a single company. This
600 acres is less than 2 percent of the total tidelands in Grays Harbor.

‘Table 5 summarizes the productlon of oysters in Graycv Harbor from 1977 to
1982. : o

Under EPA criteria for the use of Sevin (discussed in Section 2.2) no
more than 100 acres may be sprayed in.Grays Harbor each year. Very little
Sevin has been used in Grays Harbor; only five spray permits have been
- issued since the 1ncept10n of . the Sev1n program (Tufts 1980c, Morris

1984).
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Table 5. Grays Harbor Pacific Oyster Landings and Values.
(Landings and values in thousands.)

Landings
Percent
Year Pounds Gallons ~ Value of Total
1975 319 36 ' $392 7
1976 478 55 620 9
1977 367 42 527 6
1978 490 . 56 816 9
1979 440 50 842 7
1980 261 30 521 5
1981 639 73 1,124 11
1982 725 83 1,301 ‘ 12
1983 779 89 '1,463 13
1984 551 | 63 ‘1,215 9
10 yr. »
average: 506 "~ 58 832 ' 9

Data provided by WDF.

3.3. WILLAPA BAY/GRAYS HARBOR COMMON ELEMENTS

3.3.1. Burrowing Shrimp. Both species of burrowing shrimp are indigenous
to and very abundant in Willapa Bay and Grays Harbor. Ghost and mud shrimp
are shrimp-like crustaceans. They live in the sediments, constructing and
maintaining extensive burrow complexes. These burrows range from 10 to
over 20 inches (250 to 500 mm) deep and usually have two or more openings

to the surface.

Ghost shrimp are characterized by a pale pink body with a large,
broad abdomen. The first pair of legs have well developed claws that are
slightly dissimilar or very unequal depending on the animal’s sex. Mature
adults range from 2 to 4 inches (51 to 102 mm) in length.

Ghost shrimp feed by continually digging in sandy sediments and
accumulating detrital particles on appendage hairs. The organic material
is ingested when these hairs are cleaned. Since ghost shrimp prefer
clean, well-sorted sand rather than muddier substrates, they must process
a large amount of sediment (Bird 1982). Excavated sediment and feces are
deposited at burrow entrances, forming conspicuous mounds which gradually
raigse the level of the tidal flat. According to observations by oyster
growers and WDF biologists, ghost shrimp tend to soften a sand flat. The
ghost shrimp remove binding particles of silt, clay, and organic material
which are deposited with excavated sand as unconsolidated sediment on the

surface.
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The principle breeding period for ghost shrimp in the Pacific
Northwest is late spring and early summer. The exact time depends on when
the water warms. McCrow (1972) found that ghost shrimp become inactive
and retreat to deeper (below 500 mm) burrows when exposed to low
temperatures. Ghost shrimp normally produce three or four major broods of
planktonic larvae every six weeks from March through August (McCrow 1972).
Larvae pass through five planktonic zoeal stages, lasting about six weeks,
in nearshore coastal waters (Johnson and Gonor 1982). Summer high tides

_carry some larvae into coastal estuaries where they settle on suitable
substrate. Bird (1982) found that female ghost shrimp mature and produce
eggs at about 24 months in Oregon estuaries. Growth rates ranged from 15.7
mm to 22.4 mm per year depending on location.

Mud shrimp are usually reported to be smaller than ghost shrimp, about
50 to 60 mm in length. However, in Willapa Bay and Coos Bay, they are
the same size or larger than ghost shrimp (Rudy and Rudy 1983, WDF
observations). A mud shrimp is bluish in color with green and orange
variants, and their claws are equal in size. Their burrows are more
complex than those of ghost shrimp and usually have three surface openings
(MacGinitie and MacGinitie 1968). As their pame indicates, mud shrimp
prefer a muddier habitat with sediments that are less well sorted than
those occupied by ghost shrimp (Bird 1982). The WDF has found both ghost
and mud shrimp in the same. area apparently using the same sediments-

Mud shrimp are suspension feeders. They filter detritus and organic
particles from water pumped through their burrows. Compared to ghost
shrimp, mud shrimp significantly increase the organic content of the
sediments. The shrimp secrete organic material to cement their burrow
walls and deposit undigested organic material as feces at the burrow

entrances {(Bird 1982).

. Mud shrimp apparently breed in winter months when most egg bearing
females are observed (Bird 1982). Bird found that mud shrimp post-larvae
settle to the bottom in late winter and early spring. These young-of-the-

year grow to about 0.7 to 1.1 inches (17 to 28 mm) by the following
winter. Females grow by about one inch (26 mm) per year and produce eggs
when they reach approximately 2.5 inches (60 mm).

Burrowing shrimp can significantly affect the benthic community in
which they live. These effects are to be expected since it is well
documented that deposit feeders can - significantly affect benthic organisms
(Bird 1982). High densities of ghost shrimp (over 100 grams biomass per
0.1 m2) reduced both species composition and abundante in benthic
communities. Species groups whose numbers were reduced by dense ghost
shrimp populations were deposit feeding polychaetes, bivalves, and tube
dwelling tanaids and ampbipods (e.g. Corophium spp.) (Bird 1984, Posey
1985). . ’

Mud shrimp cause less sediment disturbance than ghost shrimp and
appear to have less effect on other invertebrate organisms. Bird (1984)
found that the infaunal composition in colonies of ghost shrimp was a
"gelective subset" of that found with mud shrimp colonies. He observed
higer densities of ghost and mud shrimp than are observed in Willapa Bay
oyster tracts and these lower densities may have less effect on the



benthic community. Preliminary observations by WDF also suggest that
increased burrowing shrimp abundance reduces diversity and abundance of
‘other infaunal organisms. However, studies similar to those by Bird
(19841) and Posey (1985) have not been done in relation to the Sevin spray
* program.

~ Ghost shrimp are also subject to predation which may limit their lower
" range on the beaches during the summer (Posey 1985). Posey found that the
staghorn sculpin (Leptocottus armatus) was an important predator in summer
months.

Burrowing shrimp also contribute substantial biomass to the
intertidal community. . Bird (1984) found high densities of ghost shrimp to
be 420 to 770 individuals per square meter (/m2) (502 to 921 per square
yard; /yd?) in Sand Lake estuary. The biomass of this population was
about 1.7 kilograms per square meter (kg/m?) (3.1 pounds/yd2 or 15,004
lbs/acre). Other Oregon estuariessampled by Bird had smaller
populations. Ghost shrimp populations decrease with distance from the
estuary entrance.

Densities of mudrshrimp’Were the highest in the Salmon River estuary
(52/m2; 62/yd2). The highest biomass reported was 2.6 kg/m? (4.9 lbs/yd2
or 23,643 lbs/acre) in the Sand Lake estuary (Bird 1984).

A single estimate of burrowing: shrimp biomass is available from
Willapa Bay or Grays Harbor. A single sample was taken in 1982 from a
population of mud shrimp in northern Willapa Bay. Burrow hole density was
45 to 50/yd? and yielded 20 to 25 shrimp/yd2. Average shrimp weight was
1.1 ounces. The estimated biomass was 6,655 to 8,319 lbs/acre (.75 to .93
kg/m2) (Tufts 1984a).. ' '

. 3.3.2. Dungeness Crab. The Washington Dungeness crab fishery is the
state’s largest crustacean fishery with average landings of around 7.7
million pounds annually. About 80 percent of the crab are harvested along
the Washington coast. The average landed value of the coastal fishery is
about $4 million based on an ex-vessel price of $1.50/1b. Between 100 and
150 boats participate in the fishery which may directly employ 450 people.

Only male crab are harvested. The minimum harvestable size is 6.25
inches across the back; crab generally reach this size after four years.
The average harvested crab weighs 1.7 pounds. The abundance of crab is
highly variable with annual landings ranging from 12.8 to 2.4 million
pounds. Abundance generally follows a ten year up and down cycle.

Dungeness crab bred offshore in the open ocean. Following egg
hatching and pelagic larval growth, many of the megalopae (final planktonic
larval stage) are carried inshore by tidal and wind-driven currents and
enter estuaries in the spring, April and June. Many older Jjuveniles (age
1+) and some adult crab also re-enter the estuary. These larval crab
settle and adopt the benthic life style of adult crab. Young—of—the-year
crab (YOY) grow rapidly in the estuaries over the following summer and
early fall reaching approximately 30 to 40 mm in carapace width. Most of
these young crab apparently return to the ocean in the late fall to
overwinter in warmer ocean waters (Armstrong et. al. 1984). Another
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portion of these young juveniles may stay in the estuaries, buried in the
sediment and overwintering in a dormant state (Armstrong et al. 1984).

Population levels of juvenile Dungeness crab within the estuary vary
considerably by season and year. depending upon oceanographic and biologic
conditions. Armstrong et al. (1984) preliminarily estimated that the
lowest crab abundance occurred in the winter (753,000 crab) and peaked in

the summer (29 million crab) in Grays Harbor:

These studies also show that crab abundance was highly dependant upon
substrate type. No YOY crab were found on bare sand and mud while the
highest abundances were found among oyster and clam shell and eelgrass.
Armstrong (pers. comm. 1985) has concluded that shell enhances a barren
beach making it suitable for juvenile crab. Abundance in these habitats

averaged over 400,000 YOY crab per acre.

Intertidal crab abundance changes dramatically during the summer. In
May Armstrong et al. (1984) observed 405,000 YOY crab per acre. By June
through September this number declined to between 8,000 and 40,000.
Predation by fish and birds apparently resulted in only 2 to 24 pércent of
these crab surviving to the end of summer. WDF biologists also suggest
that these small crab, as they grow larger, can no long find cover and
protection on the beach and consequently move into deeper water. They
observe that few crab remain on the beds. by July. This is the primary
reason Sevin treatments are restricted to the months of July and August.

No estimates of crab abundance have been made in Willapa Bay,
However, it is likely that this larger bay supports a larger population.
The preferred habitat of these young crab is shell and eelgrass. 1In
Willapa Bay, eelgrass beds cover about 15,000 acres. At 400,000 'YOY crab
per acre, a population of 6 billion (6x10%) may occur in late spring.
Another 15,000 acres are used for oyster culture, but there is no estimate
of the amount of acreage with shell densities which would support crab.
Also, in some areas oyster culture may overlap eelgrass beds. It is likely
that 5,000 to 15,000 additional acres of crab habitat are provided by the
oyster shell planted on the beds. This represents an additional 2 to B
billion YOY crab which would not survive without the habitat provided by
the oyster shell. The total population of YOY crab shortly after
settlement in May may, therefore, reach 8 to 12 billion. Based on the
observed population decline in Grays Harbor, the YOY population may decline
to between 0.2 and 1.2 billion by the July/August Sevin spraying.

Note that crab populations are highly variable from year to year and
these results may not be indicative of all or even average years. Research
is continuing in Grays Harbor through 1985 and limited work will be
conducted in Willapa Bay. It is obvious that these are important areas for
Dungeness crab and that additional study is needed to understand the
population dynamics of these crab and their relation to the commercial
fisheries of the bays and the Pacific Ocean.

2.3.3. Birds. Smith and Mudd (1976) and Kalinowski et al. (1982).
conducted food habit studies on wintering waterfowl, shorebirds, and terns
in Grays Harbor. Studies of waterbird food habits in summer have not been
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conducted. However, their prey requirements at this time of year are
expected to be about the same as at other times, since the same bird and

food groups are present.

waterfowl feed primarily on aquatic plants including eelgrass, salt

marsh plant seeds, and invertebrates such as amphipods, worms, and insect
larvae. American wigeon feed almost exclusively on eelgrass although an
occasional amphipod is taken. Amphipods and salt marsh plant seeds have
each been shown to be the main food prey for mallards in separate studies
(Kalinowski et al. 1982, Smith and Mudd 1976). This variability may be
due to the variety of habitats mallards use for foraging. Green-winged
teal feed on invertebrates.

Shorebirds forage on the tideflat and spend the majority of daylight
hours here. Probing in the mud with elongated bills, shorebirds locate
and extract the small invertebrates that constitute their food. Different
substrates are used to various. extents by each species. Small sandpipers,
dowitchers, and red knots forage - on mud flats with a high silt content,
while sandier substrates are preferred by the plovers (Kalinowski et al.
1982). Turnstones usually forage among rocks, substrate that occurs only
in small areas in Grays Harbor and Willapa Bay (Smith and Mudd 1976).
Dunlin, western sandpiper, and least sandpiper are largely restricted to
estuarine mud flats. In these areas of finer sediments, the amphipods
Anisogrammarus confervicolous and Corophium spp., which are preferred
prey, are abundant. . h

Invertebrates comprise the bulk of the dunlin’s food, although
vegetation, primarily salt marsh plant seeds, supplements the diet (Smith
and Mudd 1976). Annelid worms formed 11.7 percent of total food items,
nematode worms 1.4 percent, molluscs 1.9 percent, and arthropods 72.6
percent in Smith and Mudd’s study. The amphipods C ium spp. and A.
confervicolous were the most numerous arthropods eat alinowski et ~al.
(1982) found that amphipods comprised 44.8 percent of the “dunlin’s diet.
Other major food items were tanaids (a small benthic crustacean) (31.1
percent), insect larvae and egg cases (9.5 percent), and annelids (6.0
percent). Amphipods were the most important food for dunlin and western

sandpipers wintering in ‘western Washington.

Western sandpiper diets consist of oligochaetes (50 percent), salt
marsh seeds (29.1 percent), and amphipods (12.2 percent) (Kalinowski et
al. 1982). Smith and Mudd (1976) found annelid worms, -arthropods, and
nematode worms made up approximately 60 percent of the sandpiper’s diet and
salt marsh plant seeds 40 percent. ’

, Due to small sample sizes, no quantitative analysis was made on food
of long-billed dowitchers, sanderlings, and least sandpipers (Smith and
Mudd 1976). Important food items appear to be amphipods (Corophium spp.),
molluscs (Macoma baltica and Mya arenaria), and polychaete worms. _
Sanderlings feed on insects, “oligochaetes, salt marsh seeds, and eelgrass;
while least sandpipers prey on- terrestrial insects and gammarid amphipods

(Kalinowski et at. 1982).
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. Caspian terns take a wide variety of fish while feeding over shallow
intertidal areas. Of the 31 fish species identified, shiner perch was the
most frequent prey. Chum salmon and Pacific staghorn sculpin were next in
importance (Smith and Mudd 1976). ’

Several of these important food organisms, including smphipods and
small clams, were found on an oyster bed in Willapa Bay (Hurlburt 1985). -
No information is available on the presence of these invertebrate or bird
species in Grays Harbor oyster growing areas. -

Wetlands and waterways of Grays Harbor and Willapa Bay may be
particularly important to raptorial birds. The northern harrier (marsh
hawk) is the most common raptor in these Grays Harbor habitats (Smith and
Mudd 1976). Other common raptors include great horned owl and redtailed
hawk. In winter short-eared owl, merlin, American kestrel, Cooper’s hawk,
sharpshinned hawk, bald eagle and peregrine falcon were seen hunting along
the wetland shorelines of Grays Harbor (Smith and Mudd 1976, Herman and
Bulger 1981, Kalinowski et al. 1982). All of these species, except the
bald eagle, are known to prey upon shorebirds. Grays Harbor supports
significant numbers of these birds from October through May.

3.3:4. Threatened and Endangered Species. Three species of birds and one
whale that are listed as Federally and state threatened or endangered
species have been observed in Willapa Bay and Grays Harbor. These are the
peregrine falcon (Falco peregrinus, Federal and state threatened), the
bald eagle (Haliaeetus leucocephalus, Federal and state threatened), the
brown pelican (Pelecanus occidentalis, Federal and state endangered), and
the gray whale (Federal endangered).

The peregrine falcon has been rarely seen in Wiliapa Béy during the
fall, winter, and spring seasons. However, they may use the bay on a
regular basis (Dobler 1984).

Peregrines use Grays Harbor regularly during the fall, winter, and
spring months. Six individuals were seen within Grays Harbor during the
winter months in 1983 to 1984 (Dobler 1984). Occasional sightings of
peregrines were made during the summer sedson. Dobler (1984) suggests
that these birds may be nonbreeders. Ned Rock in North Bay (Fig. 2) was
a preferred site for one peregrine for winter territory.

Peregrines feed almost exclusively on birds. A winter feeding study
showed that shorebirds comprise 50 to 60 percent of their prey and
passerines (song birds) 30 percent. The remainder is other birds such as
waterfowl and petrels (Dobler 1984).

" The brown pelican has been cbserved infrequently in both Willapa Bay
and Grays Harbor (COE 1976, Smith and Mudd..1976). 1In 1983, an
unprecedented early arrival of brown pelicans occurred in both areas in
late May (Mattocks et al. 1983). Up to a dozen pelicans remained in Grays
Harbor and Ilwaco through June and July (Mattocks et al. 1983). Other
sightings have occurred from Ilwaco to La Push, 75 miles north of Grays

Harbor.
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Bald eagles use the shorelines and surrounding uplands year— round in
both Willapa Bay and Grays Harbor. Several active nest sites are located
in the vicinity of these coastal areas (Washington Department of Game .
records). Both adults and juveniles may perch in trees along the
shoreline. They may occasionally forage over the tideflats.

The gray whale is a regular spring and fall migrant off the coast and
occasionally wanders into Willapa Bay and Grays Harbor. See Sections '
3.1.2.5 and 3.2.2.5 on Willapa Bay and Grays Harbor marine mammals for
occurrences in these areas. .

3.3.5. Estuarine Food Webs. Various aspects of the "Existing Conditions"
discussed in Section 3 are interrelated as parts of the estuarine food
web. This relationship is based mostly on organic detritus (fine
decomposing particulate debris). It is brought into the estuary by
freshwater tributaries and generated within the bays and the ocean by the
breakdown of plant and animal tissues. Phytoplankton and detritus serve-as
the basic food source for the primary consumers (Simenstad et al. 1979).
These consumers include benthic and planktonic crustaceans such as shrimp,
amphipods, and harpacticoid and calanoid copepods. The bivalve molluscs
guch as mussels, clams, and oysters are also primary consumers. The
crustaceans .in turn serve as important food sources for bait fish (herring
“and smelt), juvenile salmonids, and shorebirds (Cordell and Simenstad -
1981, Simenstad and Eggers 1981, Simenstad et al. 1979). Some of these
crustaceans, smaller clams and young oysters serve as food for Dungeness -
crabs. A portion of the clams and the oysters are harvested directly by

- humans while others serve as food for gulls, crows, river otters, racoons,
and other predators. Salmonids, waterfowl, bpttomfish, crabs, and other
species feed on. the benthic and planktonic invertebrates and plants, then
are harvested by humans and other secondary or tertiary consumers. o

'An example of .a short and direct food chain within this complex web
is;from organic detritus and phytoplankton to amphipods and copepods to
the gray whale which feeds directly on benthic' invertebrates. . Another
example, evident from Sevin treatments, is consumption of detritus by ghost
shrimp which are preyed on by staghorn sculpins. These fish are in turn
eaten by Caspian terns. Many other such food chains, with more links
involving meny of the same components, compose the estuarine food web

(Fig. 3). -

Research reported by Simenstad et al. (1979) helped define such food.
webs in the several marine habitats in northern Puget Sound and the Strait
of Juan de Fuca. However, such research is apparently just beginning in
Grays Harbor and Willapa Bay. The data reported by Tufts (1984b),
Hurlburt (1985), Cordell and Simenstad (1981, 1983), Simenstad and Eggers
(1981), Kalinowski et al. (1982) and others must be consolidated to be
able to completely define the critical food webs of Willapa Bay and Grays

-Harbor.
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4.0 IMPACTS OF SEVIN

The insecticide carbaryl (1-naphthyl--N-methylcarbamate) is a
"carbamate" sold under the trade name Sevin 80S by the Union Carbide
Company. It is a sprayable, broad-spectrum insecticide which possesses
both contact and systemic toxicity. Because of its wide-spectrum, low-
hazard (Mount and Oehme 1981), and short- term residual properties
(Lichtenstein et al. 1966), Sevin is one of the most widely used
insecticides in the U.S. In 1974, Sevin was the most used insecticide on
forests in the United States. Sevin is also the most commonly used
insecticide in dog and cat flea powder and collars (Appendix B).

Use of Sevin by the Willapa Bay and Grays Harbor oyster growers is
regulated by EPA under a Special Local Needs Pesticide Registration (EPA
SLN No. WA-760021). Each application is supervised under special pest
control permits issued by WDE. From 1963 to 1980, an average of 1,738
pounds of Sevin was used each year for treatment at a rate of 10 pounds
active Sevin per acre (lbs/acre). This has amounted to a total of 29,475
pounds during that period (see Appendix D). On most ground with
substantial populations of burrowing shrimp, growth of significant oyster
crops probably would be severely inhibiled without Sevin treatment (Tufts

1980a and Section 4.2.6.2.).
4.1. CHEMICAL BEHAVIOR OF SEVIN

Various studies have shown that the concentration of Sevin applied to
Willapa Bay and Grays Harbor mud flats diminishes rapidly. This is due in
part to hydrolysis in alkaline sea water accelerated by relatively high
summer, temperatures. The mud flat acts to rapidly adsorb Sevin, removing
it from the water column without subsequent release (Sayce 1970). In
addition, Sevin is rapidly diluted by the incoming tide. These factors
apparently do not diminish the effects of Sevin on burrowing shrimp. The
insecticide begins to show results within 30 minutes of treatment and its
action appears to be facilitated by warmer temperatures. The range of
values reported for persistence by various authors are probably due to
environmental differences which affect the rate of decay in both laboratory

and field experiments.

Sevin conforms to the general carbamate formula (CH3 )RLNC(0)OR=. It
is almost insoluble in water with a solubility of less than 1 percent
(Méunt and Oehme 1981). - »

The intertidal estuary environment in summer apparently accelerates
decomposition of Sevin. Under abiotic (without life) conditions, Sevin is
" removed from the environment through hydrolysis to 1-naphthol, which
further undergoes degradation to carbon dioxide (Karinen et al. 1967). In
sea water the stability of Sevin and its hydrolytic product, l-naphthol, is
controlled by pH, temperature, alkalinity, sunlight, dilution and biotic
degradation. Temperature increases in water and the presence of mud
increase the rate of Sevin hydrolysis. Sevin and 1-naphthol decomposition
are also highly dependant upon the pH of the water. Lamberton and Claeys
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(1970) observed that l-naphthol decomposition was most rapid at pH 8.2,
which is coincident with the pH of seawater.

In the estuarine environment, Sevin degrades abiotically and through
microbial transformation. Yeasts and filamentous fungi can convert Sevin
or l-naphthol to water soluble products. Of the microorganisms studied by
Sikka et al. (1975), marine bacteria did not appear able to convert Sevin
to water-soluble products to any great extent. Filamentous fungi were more
effective at this process than yeasts. The first hydrolysis product, 1-
naphthol, is broken down more quickly than Sevin. Filamentous fungi break
down Sevin to a greater degree than bacteria or yeast do (Sikka et al.
1975). Whether these microorganisms are present on oyster tracts at the
time of Sevin treatments is unknown.

In experimenis by Karinen et al. (1967), Sevin was added to sea water
_in aquaria with and without mud. After 38 days at 8°C, 10 percent of the
Sevin added to the control (sea water without mud) had hydrolized. In
contrast, after four days at 20°C, 55 percent of the Sevin was hydrolized
in sea water with mud. The rate of decomposition approximately tripled
between 10°C and 20°C and the addition of mud. '

Mud adsorbed Sevin from water (Liu:et al. 1981, Karinen et al. 1967).
Degradation of carbaryl in mud is controlled by temperature and the
presence of oxygen. Warmer, well-aerated conditions markedly accelerate -
chemical breakdown. This behavior was also demonstrated by Karinen et al.
on a mud flat in Yaquina Bay, Oregon. When carbaryl was applied to mud
flats, it was rapidly removed from water through adsorption by|bottom
sediments, degrading to carbon dioxide. At 7.5°C to 14.5°C, Sevin
concentration in intertidal mud dropped from 10.7 parts per million (ppm)
to 3.8 ppm in the first 24 hours after treatment. - It did not fall below 1
ppm until after eight days and was still detectable (0.1 ppm) af%er 42
days. .

In comparison to the laboratory studies above, Sayce (1970) conducted
field experiments on Willapa Bay oyster beds during actual treatment.
Sevin was applied at 10 pounds per acre. Sevin concentrations in mud
declined from 1.1 ppm to 0.06 ppm in four days and to 0.0l ppm after eight
days. Sevin or its degradation products were not detectable sixteen days
after treatment. In 1983 the WDF tested intertidal mud from an oyster !
tract sprayed with 10 pounds per acre. TLevels dropped from 11.0 ppm to 0.3 ’
and 1.1 ppm (results of 2 samples) in 24 hours (Hurlburt 1985).

The WDF has also tested tidal waters flooding over treated oyster
tracts. In 1963, Chambers (1970) conducted tests in Quilcene Bay with
Sevin applied at 10 pounds per acre. On one test plot, the first one-half
inch of water had a maximum concentration of 3.22 ppm (average 1.55 ppm).
When the tide reached a depth of six inches, the level of Sevin had dropped
to 0.08 ppm at the surface and 0.11 ppm at the bottom. 1In a similar test
in Quilcene Bay with 10 pounds of Sevin per acre, tidal water contained up
to 1.2 ppm of Sevin on the same day as spraying (Chambers 1970). In the
same tesl, water taken from the sprayed plot one day and 14 days following
spraying contained Sevin at 0.37 and 0.16 ppm, respectively. The lower
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" level approached the limit of sensitivity for the assay method used. The
persistence of Sevin observed by Chambers may be due to Sevin-containing
sediments which contaminated the water samples. :

The WDF repeated these water analyses in 1984 in Willapa Bay &
(Hurlburt 1985). Tidal water flooding over an oyster tract sprayed with :
10 pounds of Sevin per acre contained an average of 10.6 ppm in the first
inch of water. Within 30 minutes (at a water depth of 14 inches) Sevin was
not detectable at 0.1 ppm in a test for Sevin and 1-naphthol combined.

Only 0.001 to 0.002 ppm of Sevin were found by a second, more sensitive’
method. Water temperatures on the incoming tide declined from 20°C to 16°C

as water depth increased.

High water temperatures (15.7 to over 200C) are experienced in Willapa
Bay and Grays Harbor during July and August, the months during which Sevin
gpraying is permitted (Section 3.1.1.Z, WDOE records). Temperatures on
sun-warmed mudflats are probably even higher than those recorded in
subtidal areas by WDOE (Hurlburt 1985).

4.2. EFFECTS OFVSEVIN ON MARINE LIFE

Sevin sprayed in Willapa Bay and Grays Harbor affects organisms other
than the target species. Sevin inhibits the enzyme acetylcholinesterase,
disrupting nerve transmisgsion in arthropods. This may result in
respiratory muscle paralysis or reduced heart rate (bradycardia). Sevin.
enters organisms through the integument or the digestive tract (Armstrong
1971). While highly toxic to arthropods such as crab and shrimp, the
toxicity of Sevin to other organisms varies widely. FEven within an animal
or plant group, the susceptibility to Sevin may vary considerably. In
addition, the hydrolysis product 1-naphthol can be more toxic to some
organisms than the parent compound.

4.2.1. Plants. In tests on planktonic algae associated with waste
stabilization ponds (Chlorella spp.), Sevin inhibited growth at continuous
concentrations above 0.1 ppm. Chlorella degraded Sevin very little
(Christie 1969). Cole apd Plapp 74y also found that Sevin at 1 ppm
weakly inhibited growth and photosynthesis in Chlorella. Conversely, the

~increased nitrogen from ihe abiotic degradation of Sevin stimulated cell
growth and carbon fixation in the freshwater alga Scenedesmus (Stadnyk et

al. 1971).

Ukeles (1962) tested growth in pure cultures of marine phytoplankton
exposed to toxicants. Growth of two of the five species tested was
completely suppressed at 1 ppm of Sevin. Growth resumed when these
species were placed in Sevin-free water. Butler (1963) detected a 16.8
percent decrease in productivity of a natural phytoplanktonic community
during a four—hour exposure to 1 ppm Sevin. The variation in results
indicates that algae species are affected differently by Sevin. A study by
Butler et al. (1975) indicates that Sevin’s impact on algae may be
inconsequential since the rapid, abiotic breakdown of Sevin prevents
significant interaction with planktonic algae.



Growth of diatoms and other benthic or planktonic algae may be
temporarily inhibited by Sevin treatments of oyster tracts. These effects
- would probably last as long as Sevin concentrations remained above 1 ppm. '
““Within one to eight days of treatment, Sevin concentrations in the sediment
drop below this level (Section 4.1). High temperatures and available llght
make July and August peak growth months for benthic algae as well as
facilitating Sevin decomposition.- ‘Algal production may be inhibited by
Sevin in the water at concentrations above 0.1 ppm. Planktonic algae would
.probably be exposed to such levels for less than 30 minutes. Epibenthic
algae may experience these levels in the sediment for several weeks. Any
inhibition during this time may be compensated for after degradation of the
Sevin, and is limited by the small volume of waler affected. Information
is not available on Sevin’s effects on benthic macroalgae or eelgrass . '
associated with oyster flats; however, these effects are expected to be
very limited and short-term.

4.2.2. Invertebrates. A variety of estuarine organisms have been
experimentally exposed to Sevin in the laboratory (Andrews et al. 1968)
and in the field (Lindsay 1961, Haven et al. 1966) for control of oyster
drills, burrowing shrimp, and pea crabs. In the laboratory, pea crabs were
killed when the oyster hosts were exposed to 10 ppm. In field tests, a
mixture of Sevin and other chemicals eliminated ghost shrimp, but had
1Jttle effect on oyster drills. - : - -

In ctudles in Willapa and QULlcene bays, sub-lethal effects from Sevin
exposure caused polychaete worms to leave their burrows, exposing the worms
to predators (Chambers 1970). However, Armstrong and Millemann (1974)
observed no polychaete mortalities after spraying plots in Yaquina Bay, -
Oregon. In laboratory experiments, 1 ppm Sevin significantly reduced
feeding activity of the lugworm Arenicola cristata (Tagatz et al. 1979).

The effects of Sevin on bivalve shellfish varies with species and -
situation. Armstrong and Millemann (1974) found that gaper clam
populations (Tresus capax) were reduced by 58 and 69 percent an tracts
sprayed with 5 and 10 pounds per acre, regpectively. On these same plots,
bentnosed clams (Macoma baltica) were reduced by only 9 and 28 percent.
_Chambers (1970) observed some mortalities of bentnosed and soft shell clams
in Willapa Bay and Quilcene Bay studies. Sevin is also toxic to blue
mussels, Pacific oysters, and cockles in concentrations ranging from 2.3 to
7.3 ppm in 24 to ‘96-hour exposures (Stewart et al. 1967, Butler et al.

1968).

Butler (1970) indicated that pesticides may cause sub-lethal effects
such as reduced shell thickness in oysters. Continuous exposure to 1 ppm
carbaryl caused a 40 percent reduction in normal oyster egg development and
totally prevented normal development at 4 .and 10 ppm (Davis 1961).
However, studies on oyster beds sprayed with Sevin at 10 pounds per acre
revealed no oyster mortalities in either juveniles or adults (Sayce 1970).
The apparent difference in sensitivily is due to the difference in
laboratory and field conditions. Bioassays expose oysters continually to
constant insecticide concentrations for up to 96 hours. In contrast, when
tidelands are sprayed, the resident biota is subjected for a short period
to a diminishing insecticide concentration (Section 4.1).
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Sevin is 30 to 300 times more toxic to crustaceans than to molluscs
(Stewart et al. 1967). On the other hand, molluscs are more sensitive
under test conditions to 1- naphthol. Sevin’s effectiveness on crustacea
and its apparent lack of persistence in the environment has made Sevin the
primary means of control for burrowing shrimp. Chambers (1970) found that
burrowing shrimp began exhibiting mortalities within 30 minutes of exposure
to Sevin. Stewart et al. (1967) tested LDso values (the concentration that
produces paralysis or death in 50 percent of the test subjects) for
burrowing shrimp; after a 24-hour test period they were 0.03 to 0.09 ppm.

The 24-hour LDst for shore crabs (Hemigrapsus oregonensis) was 0.06 ;
to 1.05 ppm and for Dungeness crabs 0.55 to 0.70 ppm. Adult Dungeness ~
crabs developed irreversible paralysis within six hours after ingesting
cockles exposed to 1 ppm Sevin for 24 hours  (Buchanan et al. 1970). 1In
field experiments, Tegelberg and Magoon (1970) found low mortalities among
adult Dungeness crabs externally exposed to Sevin. Twelve mature crabs
were placed in traps on an intertidal area and subjected to sprayed Sevin.
Among this group, five escaped, one died, and six lived. Twenty-nine
adults were placed on the same ground one day after spraying. Only 2 of
these crabs died. In experiments by WDF (1975) and Tegelberg and Magoon
(1970), no effects were observed 5 to 10 days following exposure.

These experiments and those by Buchanan et al. (1970), appear to show
that adult crabs are more resistant to Sevin than are burrowing shrimp.
The resistance of the adults is evident when crabs are exposed to the
actual conditions present when intertidal areas are treated. However,
juveniles, especially young-of-the-year, are susceptible to externally
applied Sevin. Crabs of all ages are especially vulnerable to ingested
- Sevin in the form of contaminated clams or burrowing shrimp (Buchanan et
al. 1970, WDF 1975).

The timing of Dungeness crab egg hatching is one of several factors
WDF considered to determine the time of year Sevin would least impact crab
populations. Crab eggs usually hatch in late January to late March
(Armstrong et al. 1984). By mid-spring most larval crabs have settled out
and are no longer present in the water column in appreciable numbers.
After settling into benthic habitats, the young crabs grow rapidly and
usually move from intertidal areas to the subtidal habitats in sloughs and
channels by early summer. Post—larval crabs are rarely observed on exposed
oyster beds in mid-summer, whereas they are commonly encountered in May and
June (Barry and Northup 1984). At the time of Sevin treatment in July and
August, crabs are not usually observed on the beds at low tide (Tufts

1984a).

4.2.2.1. Benthic Community Impacts. Since Sevin is known to be toxic to a
wide variety of estuarine organisms, it could affect the condition of a
community as a whole. In contrast to the extensive knowledge of Sevin’s
impacts on individual species, only one study has been conducted on impacts

at the community level.

Tagatz et al. (1979) found that development of experimental
laboratory animal communities was altered when continually exposed over 10
weeks to a solution of Sevin and triethylene glycol in seawater. Mollusc
numbers decreased insignificantly with increasing Sevin concentrations.
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Arthropod spec1es decreased significantly in developing communities exposed
to Sevin concentrations of 0.011 and 0.103 ppm. In Tagatz et al.’s
experiments, the amphipod Corophium ‘- acherusicum was particularly sensitive
to Sevin. Abundance of this species significantly declined at 0.001 ppm
and was absent at higher concentrations. It was also found that Sevin
affected the relative species abundance. For instance, some annelid worm
species increased under higher concentrations while other annelids and
nemertean worms decreased sharply. Tagatz et al.’s experiments exposed
organisms to very low concentrations for up to 70 days. N

Tagatz et al.’s (1979) experiments were at low concentrations for 70
days and are not directly comparable to the field situation in Willapa Bay
and Grays Harbor.  During treatment, initial Sevin concentrations could be
100 times higher than Tagatz et al. but may decay to lower levels within an
hour. The sediment concentrations after 24 hours are 3-10 times higher
than those that Tagatz et al. This could affect developing communities
where susceptible species such as Corophium sp. may spawn immediately prior
te treatment and encounter toxic sediments at the time of settlement.

Many benthic organisms are susceptiblg to prolonged exposure to Sevin
at concentrations lower than the short-term concentrations observed by WDF
(Westley 1970, Hurlburt 1985) and Karinen et al. (1967). It is unlikely
that Sevin or l-naphthol remains in sediments for 10 weeks to produce
exposure times similar to Tagatz et al.’s.. However, according to the data
on Sevin persistence in sediment (Section 4.1), invertebrates associated
with the sediments may be subjected to lethal or inhibiting exposures for a
period of days to several weeks..

An 1nd1cator of the re31dual toxicity of the sediments is the burrowing
shrimp themselves. An average of 5 to 10 percent of the treated shrimp
survive. In some cases treatment is required again within a year; on
average it is required every six years. Shrimp appear to begin
recolonizing the treated beds during the next spawning season. These 7
shrimp grow and additional shrimp settle and inhabit the bed. Over time
the population increases.  The beds eventually deterlordte to the point
Lthat treatment is necessary.

Reduction of the burrowing shrimp may ' ‘increase the abundance and
diversity of organsims associated with the oyster beds. WDF has compared
tracts with different densities of burrowing shrimp (Table 6). None of the
tracts had been treated within the prior two years. This showed that
tracts with less than 5 burrows/m2 averaged 21 epifaunal and infaunal
species and 522 organisms. Tracts with over 10 burrows/m2 averaged 12
species and 111 organisms. The tracts with low shrimp abundance also
supported oysters and eelgrass, which may have contributed to the species
abundance. These observations are consistent with those of Posey (1985)
who noted that high shrimp densities were associated with reduced abundance
and diversity of infauna on Oregon beaches.
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Table 8. Effects of Burrowing Shrimp Abundance on Species
Diversity and Abundance.

Shrimp Species Organisms Eelgrass Oysters
Holes/m? Number /m2 Number /m? Turions/m? Present
1-2. 21 399 10-14 . yes
4.5 22 645 - 24 yes
8-10 18 187 . present ves
16 5 35 0 no

‘Sevin treatment initially kills sensitive species on the tracts. It
may inhibit recolonization of the tracts for up to several weeks, until the
Sevin in the sediments decomposes completely. While Table 6 shows that
infauna will re—inhabit the sprayed tracts, only preliminary assessments
have been made on the rate of recolonization. Hurlburt (1985) reported
preliminary results of infaunal studies showing slightly reduced infaunal
species, but increased total biomass, 60 days after treatment. 'Neither the
reductions nor the increases are statistically significant. .

The rate at which a sprayed bed recovers depends upon the residual
toxicity of the sediments, the suitability of the sediments for various
species, and the spawning cycle of the various species. Organisms spawned
at the same time may be eliminated from treated tracts, if spawning occured
prior to treatment or the organisms settled to the -bottom while the :
sediments are still toxic. Recolonization may not occur, except by
immigration, until spawning occurs the next spring or summer. Species
which spawn shortly after treatment may recolonize very rapidly; for
example, Corophium sp. appears to spawn in the fall shortly after
treatment. Some species, especially those with longer life cycles, may
take several years to return to pre-treatment abundance. The primary
example is the burrowing ghrimp where pre-treatment abundance is re-
established after about 6 years, on average. Invertebrate spawning and
recruitment are highly variable from year to year and will consequently

affect the rate of regolonization.

Reduction of high dengity burrowing shrimp populations and addition
of oysters to a mud flat may increase the diversity and abundance of
associated invertebrate communities. - The oyster shell affords hard
substrate for attachment of algae and encrusting invertebrates such as
barnacles, anemones, and mussels (Hurlburt 1985). Also, the shell and
algae provide cover for mobile species such as Dungeness crab. Since dense
populations of burrowing shrimp can reduce both numbers of species and~
organisms (Section 3.3.1), removal of the shrimp could allow more space and
resources for other species. In addition, the apparently rapid
degradation rate of Sevin in both sediments and water would piobably
prevent iphibition of community development. Limited studies have been
conducted on the effects of Sevin on benthic infauna and on the effects of-
burrowing shrimp on these organisms and the overall productivity of the

beaches.
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The effects of Sevin on benthic communities are mitigated. by the
present restriction of treatments to mid-summer. Research in Grays Harbor
(Albright and Bouthilette 1982) and Oregon (Posey 1985) has shown that
populations of small benthic crustaceans such as amphipods, tanaids, and
cumaceans are lowest at this time. This is partially due to intense
predation pressure by juvenile finfish, especially salmonids, and migrating
birds in the spring and early summer. These populations recover rapidly
through reproduction and recruitment later in the summer and fall.

In summary, it appears that the use of Sevin in Willapa Bay and Grays
Harbor has short-term impacts on benthic communities of the treated tracts
and an area of less than 20 feet around theé treated area. These short-term
impacts change the habitat of the sprayed oyster beds. However, they do
not have any observed impact on the estuary. Such an impact is unlikely
°1nce the area sprayed is less than one percent of the area of either bay.

Long~term effects have not been quantlfled ‘but - appear llmlted to.
changes in the intertidal habitat. The burrowing shrimp population is
significantly reduced. The oyster beds become firmer and can support
oysters. This change may be beneficial because the community which
develops after -the treatment may have more: organism diversity and a higher
abundance of many of the species affected by Sevin. Burrowing shrimp
populations apparently do not recover for several years. However,
preliminary information from WDF studies in Willapa Bay (Section 3.1.2.2.2)
and research in Oregon and in Grays Harbor indicates'that reproduction and
recruitment may compensate for short-term impacts to other benthic ,
organisms in a matter of months. Additional research is required to assess
the long—term effects to estuaries of regilar, annual Sevin application.

4.2.2.2. Dungeness Crab. While adult crabs die after feeding on burrowing
shrimp killed by Sevin, very young crab can be killed through direct
exposure. Routine assessments of crab mortalities began in 1976. These
assessments provide a relative index of crab. losses year to year. They do
not estimate the total crab killed or their relation to the total crab
populations of the bays. Thus, information is 1ack1ng on the actual.
extent of incidental mortalities to crab. :

In the years 1976 through 1984, an average,of 241.3 acres per -year -
were treated in Willapa Bay and Grays Harbor (7.6 percent in Grays Harbor).
A 9-year average crab kill for all ages was 31.7 crabs per acre or 10,461
crabs per year (Table 7). A more accurate:-yearly average is obtained by
excluding the 1976 and 1984 data. 1984 was an unusual year compared to the
previous eight years; and 1976 was' the year mortality assessments were-
started, so the data may not be comparable. Thus, the adjusted average
mortality from 1977 through 1983 was 29.5 Crabs per acre per year and

7,956 crabs total per year : :

Based on sampling oi crab mortalltlev from 1979 through 1983 -an
average 58 percent of all crabs killed were male (Tufts 1984). Of these
male crabs, 34 percent were one year old.or less; 30 percent were young-of-
the-year with a carapace width of less.than 40 millimeters. Two year: old
crab comprised 59 percent of the mortalLtleU, seven percent were three
years old, and 0.2 percent were legal size.
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In 1984 a very large year class appeared as young-of-the-year on the
beds and remained through September. Studies of the 1984 Sevin treatments
found 78.3 crabs per sprayed acre were killed in Willapa Bay and Grays .
Harbor. Of these, 77 percent were young-of-the-year. The remainder were
principally one year old juveniles. WDF delayed some treatments until ,
August, which the data show reduced mortalities: Willapa Bay treatments in
July killed about 92.6 crabs per acre, while August spraying killed only -
about 57.9 crabs per acre. Details of crab mortality assessments and
other studies are reported by Hurlburt (1985). )

Mortalities of crab from natural causes and fishing are discussed in
Section 3.1.2.1. It is unkpown how much optimum habitat is available in
the bays. Based on Armstrong et al. (1984) the total population of the
bays may be over 700 million during the treatment period. The annual crab
mortality indice can be used to give an estimate of true mortalities.
Thus, using the indice, the unusually high 1984 crab lossess would
represent less than 0.01 percent of the population. If the indice under—
represents actual losses by half, the 1984 crab losses would still be less
than 0.01 percent of the population. Due to natural mortality, less than
1,000 of these crab would have survived to enter the fishery. |

Table 7. WDF Estihated Dungeness Crab Mortalities in Willapa
Bay'and Grays Harbor (1977 through 1984).

mmmmm=ms Crabs Kill m==ozozo=
Acres Permits Average Range . Total
Year Treated Approved per Acre per Acre per Year
1977- 162 -7 25.8 a 4,180 -
1978 149 11 18.1 a 2,697 ~
1979 314 - 14 16.5 a 5,181~
1980 251 . 15 5.0 _ a 12,726 ~ - c
1981 120 LT 56.3 20.9- 99.4 5,730 L
1982 272 ‘16 28.3 - 3.4~158f6//f,I0,572"' ' S
1983 244 ;19 ' 56.4 0.6-659.9 14,608
19?? 490 ; 23 ' 78.3 5.8-294.1 33,QQ7}
Avi%age 250 14 41.8 10,461

a. Counts of crab mortalities from individual trécts are not
available for these years. These data are from Tufts
(1980b and 1983a). ' :

. The addition of oysters may enhance the productivity of the benthic
community (see Sections 4.2.2.1. and 4.2.7.). Oyster shell and associated
algae are important to very young Dungeness crab (Armstrong et al. 1984).
The bottom dwelling animals supply the crabs with food while algae and
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oyster shells provide shelter and additional micro-habitats for prey
(Armstrong et al. 1984, Hurlburt 1985). By providing a more optimum
habitat for young juvenile crab, the restoration of oyster culture on a
tract could help increase Dungeness crab populations.

4.,2.3. Finfish. Since many marine fish pass their early growth stages in
estuaries, possible effects from the use of Sevin are important. The
sensitivity of juvenile coho salmon, rainbow trout and adult threespine '
stickleback to Sevin were tested by Katz (1981) in standing water bioassays
at 20°C (68°F) for 48 hours. The median tolerance limits for the coho were
0.997 ppm, for rainbows 1.6 ppm, and for sticklebacks 10.4 ppm in 25 parts
per thousand seawater. Post and Schroeder. (1971) reported similar results.
In bioassays conducted by the U.S. Fish and Wildlife Service, the
concentration of Sevin causing a 50 percent mortality in juvenile white
mullet over .24 hours was 4.25 ppm, while the same mortality in juvenile
longnose killifish occurred at 1.75 ppm (Butler 1963). The concentration
of Sevin causing a 48-hour, 50 percent mortality to juvenile mullet was
2.5 ppm and to young killifish was 1.75 ppni. Cope (1965) determined the
following fish tolerance limits for Sevin as measured by 50 percent ‘
mortality after 48 hours at the indicated temperatures: channel catfish at
19.0 ppm, 24°C; bluegill at 2.5 ppm, 24°C; and rainbow trout at 2.0 ppm,
13°C. Also, Korn (1973) reported that only low accumulations of Sevin
occurred in channel catfish after 56 days .of exposure.

These data show that salmonids appear.to be the most sensitive to
Sevin. This is substantiated by results of additional experiments
performed by Macek and McAllister (1970).  The susceptibility to several
pesticides, including carbaryl, of five fish families (12 species) was
tested in 96-hour static bioassays at 13°C. The 50 percent lethal
concentration of carbaryl for juvenile coho salmon was 0.764 ppm. Also,
Macek and McAllister (1970) rated coho and perch over the other species as
the most susceptible to Sevin.

Sevin concentrations which proved lethal to coho, 0.997 and (.764 ppm,
occur in water for only a period of hours after treatment. Existing
information indicates that chum and coho juveniles are not present in the
bay at the time of Sevin spraying (COE 1976, Phinney and Bucknell 1975,
Simenstad 1983) but that young chinook may use the bay. Studies have not
been conducted on salmonid use of the water over treated oyster tracts at
the time of spraying. Chinook present over or near a treated tract would
be only briefly exposed to Sevin at very low concentrations.

. The only observed fish mortalities have been of small fish which were
trapped in shallow pools by the outging tide and directly exposed to Sevin
during treatment. Chambers (1970) conducted tests on oyster beds in Grays
Harbor. Dead blennies, gobies, sculpins, '‘and sticklebacks were commonly
seen immediately after spraying. Small sole and flounder were less
frequently killed. In addition”WDF regularly observes small numbers of
dead staghorn sculpin, eelpout, and, on rare occasion, juvenile lingcod on
treated oyster tracts. +In 1984 over 200 young lingcod were found on a
single sprayed tract in the Stony Point area of Willapa Bay (Northup 1985);
they had been trapped in a tide pool on the outgoing tide. & In previous

years, lingcod were observed only occasionally and then in limited numbers
§



{(less than 10 per tract).“gBecause of their low frequency, fish mortalities
have not been routinely recorded and the actual losses are unknown.

Tests have not been conducted on the toxicity of Sevin to the fish _
found in Willapa Bay or Grays Harbor. Observations, however, indicate that
small fish trapped in- tidepools and directly exposed to Sevin can be
killed. Sculpins and other fish associated with shallow water areas are
most likely to be exposed. While juvenile lingcod are only occasionaly
observed on the beds, their presence indicates that they use the intertidal
areas to some degree. That as many as 200 dead juvenile lingcod were
killed on one tract in 1984 shows that this use may be extensive at times.

" The reason for this abundance is unknown. Juvenile lingcod feed primarily

on small fish and epibenthic shrimp (Buckley et al. 1984). While stomach
content analyses were not conducted on the lingcod observed in 1984, their
presence may be due to feeding on the unusually abundant young-of—the-year

crab.

i No dead fish have been observed on the tide following treatment. The
sensitivity of various fish to shrimp containing. Sevin is unknown. It is
also unknown which fish use the water over the beds and feed on dead shrimp
< or other organisms. To completely assess the impact of treatment, studies
are needed to assess fish use of the areas during the treatment period and
fish sensitivity to Sevin through direct contact and ingestion of killed

organism.

Sevin treatments could indirectly affect juvenile salmonids, lingcod
and other fish that feed on benthic invertebrates, if a significant portion
of the available population were eliminated during critical periods. Many
fish species in Willapa Bay prey on benthic crustaceans (Section 3.1.2.3).
Bottom (1983) stated that total elimination of the amphipod Corophium in
Tillamook Bay, Oregon, could be detrimental to chinook salmon. However,
the effects of amphipod losses in smaller areas (such as those allowed for
 Sevin treatment in Willapa Bay) would likely be mitigated by amphipod '
migration, reproduction and recruitment (see Sections 4.2.2 and 4.2.2.1).
Significant losses. of amphipods or other fish prey are minimized under the
existing Sevin spray program, by restrictions on the area that can be
sprayed each year. Additional studies on the effects of treatment on prey

organisms is needed.

In any one summer, a maximum of 0.8 percent of the total tidelands in
Willapa Bay are treated because of the 300-acre limit set by WDF and EPA.
Also, EPA guidelines limit treatment to less than 50 contiguous acres. in
the same area. In addition, timing of spraying is during the period of
minimial abundance of juvenile salmon (especially chinook) which would be
feeding on these small crustacea. Thus, the impacts to amphipod
populations and to juvenile salmon through reduction of the food chain are

minimized.

4.2.4. Birds. -Birds may consume Sevin in the form of contaminated

~ invertebrates and fish. According to several experimental studies, birds
_are relatively resistant to the effects of Sevin. The concentration of
Sevin in feed required to cause 50 percent mortality (LDso) over a 5-day

period was ‘5,000 ppm for 9-week old mallards, pheasants, and bobwhite and
coturnix quail (Pimental 1971). Tucker and Crabtree (1970) listed lethal
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oral dosages for pigeons as 1,000 to 3,000 milligrams of Sevin per kilogram
of bird body weight (mg/kg). Lethal dosages were listed by these authors
for 2-month old coturnix quail as 2,290 mg/kg, for 3-month old mallards as
2,179 mg/kg, for adult Canada geese as 1,790 mg/kg, and for 3 to 12 month
old sharp-tailed grouse as 780 to 1,700 mg/kg. Information was not found
on Sevin toxicities for bird species normally found in the vicinity of
treated oyster beds. '

These studies have shown that birds exposed to high doses of Sevin do
not accumulate the chemical or l-naphthol in any tissues other than skin.
After being dusted with four grams of five percent Sevin three times daily
for four days, chickens had 19.3 ppm of Sevin in their skin (Johnson et al.
1983). This concentration fell to 2.15 ppm after seven days. Only trace
amounts of Sevin were found in other tissues and none of the insecticide
was found in any eggs produced by the dusted chickens. Feeding poultry
large doses of Sevin produced the same results. Small amounts, in the
range of parts per billion of Sevin residues, were detected in tissues and
eggs only after oral doses of 1,000 to 2,500 mg/kg. These residues dropped
to zero within 7 to 10 days (XKuhr and Dorough 1976).

Since relatively high doses of Sevin-are required to produce
mortalities in birds, they are not expected to experience significant
impacts from Sevin use. For example, a 1 pound gull would have to eat 200
pounds of poisoned shrimp to attain a 1,000 mg. dose of Sevin. Tufts
(1980c) and other WDF biologists frequently observe gulls, curlews,
plovers, and turnstones feeding on recently sprayed tracts. Distressed
birds have not been observed during any treatment.

A source of indirect effects on estuarine birds could be a reduction
of prey resources and loss of feeding habitat. This impact is identical to
the situation with fish (Section 4.2.3). Significant losses of bird prey
resources are unlikely under the present Sevin treatment program, because
of the limited area treated each year and the relatively low abundance of

birds during this time.

.4.2.5. Mammals. The effects of Sevin on marine mammals has not been
determined. However, since Sevin is used:extensively on agricultural
lands, numercus tests have been performed.on terrestrial mammals.

The results of Sevin intake by mammals appears to be related to ‘animal
size and whether the particular species can metabolize or chemically alter
Sevin. Claborn et al. (1963) studied residue levels in fat, brain, liver,
kidney, heart, and muscle of cattle, sheep, goats, and hogs fed or sprayed
with Sevin. No lethal or sublethal effects were seen from spraying twice a
week for 2 weeks or from feeding Sevin contaminated food for 27 days.
Insignificant Sevin residues were found after spraying and none after
feeding. In guinea pigs and rats, 85 percent of radioactively labeled
Sevin administered to the animals was recovered in urine within 24 hours
(Menzie 1969). Rat livers are capable of degrading Sevin to l-naphthol and
water—soluble metabolites. The 50 percent mortality rate for mule deer was
200 to 400 mg/kg of body weight when the animals were given dosages orally
in capsule form (Tucker and Crabtree 1970},



47

The results of chronic exposure to Sevin were studied by “Carpenter et
al. (1961) on rats and dogs. Rats fed for two years on a diet containing
200 ppm of carbaryl did not show significant deviations from controls.

Rats fed 400 ppm had weight depression and some pathological changes in
kidneys and livers. Dogs in a one year study tolerated 400 ppm in their
diet. A 250 mg/kg dose showed no adverse physiological response in these
dogs. However, dogs given 375 and 500 mg/kg orally showed clinical signs
of toxicity.

A Sevin application of two pounds per acre to a grassland delayed
cotton rat reproduction causing a reduced population (Barrett 1968). In
laboratory tests by Barett (1968), Sevin was given orally at 1.1 milligrams
per. day per individual for 10 days to cotton rats weighing from 140 to 150
grams. The number of litters and the number of females giving birth were
reduced 50 percent. In the same field study, there appeared to be no
_effects on either the house mouse or the old-field mouse population.

Mammals are not expected to frequent the mud flat spray areas of
willapa Bay and Grays Harbor immediately following treatment. If they
did, the high dosages required to produce - even sub-lethal effects should
not be encountered during initial spraying. It would probably be difficult
for a marine mammal to accumulate sub—lethal doses by feeding on sprayed

organisms.

4.2.6. Effects on Humans. The effects of Sevin on workers in Sevin
production factories and on volunteers have been studied. In human
volunteers given daily oral doses of 0.08 and 0.13 mg/kg of body weight,
no electroencephalograph (EEG) changes were noted. - However, a slight
increase in individual clinical abnormalities, such as cramps, were
observed in the high dose group (Wills et al. 1968). The studies
conducted on Sevin factory workers concluded that solid formulations of
Sevin (dust and wettable - powder) were poorly absorbed. These workers were
exposed at a rate of 73.9 milligrams per hour (mg/hr) and 59.0 mg/hr
dermally (for formulating workers and sprayers respectively), and 1.1
mg/hr and 0.09 mg/hr through respiration (Comer et al. 1975).

Few instances of fatal poisoning have been documented. In a report
by Farago (1969), the death of a man exposed to Sevin was attributed to a
negative response to 2-PAM therapy (subsequently prohibited). Kuhr and
Dorough (1976) reported an incident in which a 19-month—-old child died; a
dosage was not given. : '

The potential carcinogenic effects of Sevin are of concern,
especially in light of the known effects of other modern chemical
compounds. ‘Conclusive evidence of cancer as a direct result of Sevin
exposure has not been documented for humans. However; nitrosocarbaryl is
known to form in the stomach in the presence of nitrite and carbaryl; it
is a carcinogen (Mount and Oehme 1981). '

The hazards to humans from sprayed Sevin and other insecticides were
assessed in detail in an environmental impact statement on gypsy moth
suppression and eradication prepared by the U.S. Department of Agriculture
(1985). Various literature sources reviewed in this EIS indicated that
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Sevin'’s potential for causing birth defects, ipheritable defects, or cancer
was very low; for cancer the risk was one chance in a million.

* Effects on humans, if any, from use of Sevin in Willapa Bay and Grays
Harbor would probably result from consumption of organisms exposed to Sevin
or through skin contact during handling of the insecticide. However, no
effects are expected since sprayed areas are not open to recreational
shellfishing. Also, the rapid breakdown of Sevin and the relatively long
period (three years) before harvest of oysteru from sprayed beds
precludes human ingestion of Sevin. :

4.2.7. Effects on Food Webs. All Willapa Bay and Grays Harbor biological
resources and their human users are 1nterdependent through estuarine and
ocean food webs. Indirect effects on all components of these food webs can
be generated through significant, direct impacts on single principal parts.
Thus, the use of Sevin on ghost and mud shrimp could theoretically impact
fish, bird, mammal, and human users (consumptive and non-consumptive) of
these resources. '

Sevin is not accumulated by any food web component or transmitted to
higher levels in the food chains. After hydrolization to l-naphthol, Sevin
apparently continues to break down, eventually ledving only carbon dioxide,
water, and, possibly, methane (Karinen et al. 1967). No chemically active
radical group remains to contaminate the estuarine environment.

The 300 acres of maximum treatable area in Willapa Bay
represents about ten percent of the  intertidal ground under
cultivation for oysters and only 0.8 percent of the total tidelands
in the Bay. In Grays Harbor, the 100 acres allowed for spraying is
only 0.3 percent of the total tidelands in the bay. While localized
disruptions may occur, the use of Sevin by the commercial oyster
industry is not expected to cause significant impacts on the estuarine
ecosystem when applied at current levels.

4.2.8. Economic Effects. Beneficial impacts accrue as the result of
oyster culture on treated beds. The southwest Washington oyster industry
annually produces a crop worth over $7 million. Much of this is spent in
the local economy and directly supports over 400 jobs.

It is unknown to what extent the oyster»culture industry would
decline if burrowing shrimp control ceased. The major oyster grower has
stated that he would cease operations without the Sevin program. The
growers estimate that 75 to 80 percent of the culture grounds would be
unusable for oyster culture without treatment. While this estimate has not
been confirmed, it may be used to present a worst case scenario for the
effect of disallowing burrowing shrimp control. It should bé noted,
however, that the productivity of the beds is directly related to the
profitability of oyster culture. Reductions in product1v1ty will reduce
the profit to the grower until, at some point, production is no longer
economically feasible. It is unknown at what point raising oysters is no
- longer profitable.

Tf the burrowing shrimp control program ended, the oyster industry
would not cease completely. Traditional culture may be feasible in a few
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areas. In addition, alternative methods would likely develop (e.g., raft
and stake culture). These alternative methods, however, may create greater
environmental impacts than the Sevin program. These methods are more
expensive than on-bottom methods and produce an oyster which is not always
suitable for the major markets. Development of these methods may lag
behind the decline in the current industry, resulting in a period of lost
income and employment. It would probably take 10 to 20 years for the
industry to be fully affected by termination of the Sevin treatment

program.

Once an oyster bed is closed, it may not be to resume oyster culture
as new control and culture methods develop. The influential oyster
industry has been a major protector of water quality near the culture
areas. Without the industry pollution from upland development would likely
increase. Once the areas were polluted, it is very unlikely that oyster
culture or other shellfish culture could be resumed. Consequently, any
cessation of oyster culture is likely to be permanent.

It is impossible to predict the full effects of ending the treatment
program. On average, 207 acres require treatment each year to maintain the
industry at the current levels. Based on average production per acre, the
area treated annually produces about $500,000 each year. An 80 percent
reduction in the industry would eventually cause an annual loss of $5
million and over 300 jobs. Up to 2,000 jobs may be affected indirectly.

Specific examples of the burrowing shrimp’s effect on oyster
production are limited. In 1957, a l4-acre oyster tract could not be
cultured due to shrimp infestations. In 1971 this bed was treated with
Sevin and in 1972 it was replanted with oysters. A second crop planted in
1976 produced 24,000 gallons of oyster meat in 1979 (worth $460,000 at
current prices). Tufts (1980a) estimated that, without treatment, only
7,200 gallons of oysters would have been produced; the cost of production

“then would have exceeded the income. :

Another example occurred in Grays Harbor in 1984 where 81 acres were
planted with oysters in the spring. By the time the beds were treated in
August, 43 percent of the seed had been killed by the effects of burrowing
~shrimp. The grower estimated that this represented a lost harvest of

almost $330,000. The same grower states that they will be unable to plant
100,000 to 150,000 gallons of seed in 1985, because the Grays Harbor
spraying was curtailed in 1984 to protect young crab. This seed represents
a harvest worth about $1.2 to $1.9 million.



5.0 MEASURES TO MITIGATE ADVERSE IMPACTS

5.1. REQUIRED MEASURES

To minimize impacts to crab and the environment, WDF has developed a
series of procedures to assess the beds proposed for treatment, to control
treatment; and to assess the impacts. These procedures are presented in
Section 2.3. : ‘

5.2. ADDITIONAL MITIGATION MEASURES

The following measures have been suggested to further reduce
impacts on the environment:

1. More intensive surveying of crab populations near the
tracts before spraying may allow treatment to be
rescheduled when the abundance of susceptible crab is
high.

2. Known Dungeness crab populations may be drawn ‘away
from potential spray areas by baiting prior to -
spraying. - Studies on this measure were conducted in
conjunction with the 1984 Sevin treatments and are
described by Hurlburt (1985) (see Appendix G).

3. Reduce the concentration of Sevin sprayed from 10 pounds
per acre of. active carbaryl. Such studies are being
conducted by WDF to determine their feasibility.

- 6.0 UNAVOIDABLE ADVERSE IMPACTS

The follow1ng unavoidable adverse impacts are evpeeted

1. Loss of biota (mainly crustaceans and flnflsh) w111 occur on each
tract sprayed. The magnitude of the loss will depend on the faunal
composition and numbers at the time of spraying, and the numbers of
Dungeness crab able to move in from adjacent areas to feed on =
poisoned shrimp. Severe losses will be incurred by the target
species, ghost and mud shrimp. Incidental losses that may be
significanl locally may occur among other invertebrates, including
polychaete worms and bivalves, and possibly among fish, such as
lingcod and sculpins. These effects are limited to the treated beds
and do not significantly affect the overall biota of the estuary.

2.  The diversity of organisms is temporarily reduced as a result of
spraying. The long-term impact, however, may be to increase overall

diversity and abundance.
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3. For some birds and fish, productivity of foraging areas on the tracts
may be temporarily reduced. Sprayed tracts are expeclted to support
increased numbers of prey species within less than one year.

7.0 ALTERNATIVES TO THE PROPOSAL

7.1. MECHANICAL CONTROL

In mechanical control, harrows, rollers, or other equipment turn or
compact the substrate. The bottom sediments are "tilled" or compacted to
disrupt or kill burrowing shrimp. Tilling would be nonselective and large
" quantities of desirable aquatic animals and food resources could be
destroyed. The bottom sediments would be severely disrupted which could
affect most benthic organisms and demersal fish. Also, substantial
increases in turbidity may occur in water standing on the flat and in the
incoming tidal water, which could affect fish trapped in tidal pools and
other fauna. Growers who have tried mechanical control methods say that
the physical disturbance seems to stimulate burrowing shrimp population
into increased activity (L. Weigardt 1984). This may be a result of the
softening that results from plowing or from the response of surviving
shrimp to burrow damage.

Rolling would compact the intertidal sediments probably destroying
all benthic organisms. In addition, this mechanical action probably would
cause fine sediment (fine sand, silt and clay) to surface increasing the
turbidity in associated water. Also, rolling probably forms a hard,
compact bed composed of well sorted sand. This substrate probably would
support little or no vegetation (L. Weigardt 1985). Oyster grower L.
Weigardt attempted in 1957 to treat burrowing shrimp infested oyster beds
by rolling. According to this grower, the equipment and labor involved in
the process cost $85,000 in 1957 dollars (the area treated was not
reported).

7.2. ~SURFACING BEDS

Plastic sheeting could be used as a surface covering over infested
beds to suffocate burrowing shrimp. The sheeting would be weighted and
would remain in place over a period of days. This process could be very
expensive in materials and labor. Also, some loss of plastic could be
expected which would form a long lasting pollutant. In addition, such.
action would be non-selective and probably kill all benthic plants and
animals. Substantial increases in hydrogen sulphide concentrations may be

expected.
7.3.  OTHER INSECTICIDES

An alternate insecticide could be used to control burrowing shrimp.
A number of different chemical methods for burrowing shrimp control were
assessed before Sevin was adopted. Among the substances tested were
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Polystream, orthodichlorobenzene (1,2--dichlorobenzene), Lindane
(Hexachlorocyclohexane), and furnace oil (Lindsay 1961, Haydock 1963,
Havert et al. 1966). The first three are chlorinated hydrocarbons which .
are now known to have long-term residual toxicity to a wide range of
organsims (Ware 1983). Furnace oil also would have extensive adverse
effects including tainting adult oysters &nd poisoning a wide range of
other species. The tests found that the effectiveness of all these
substances was enhanced by the addition of Sevin. It was found that Sevin
was at least as effective as more hazardous chemicals (Chambers 1970,
Westley 1970). Since the initial screening of chemical control methods in
the 1960’'s, no new chemicals have been tested in Willapa Bay. Literature
reviews of new chemicals proposed as altefnatives have indicated a probable
increase in both adverse impact and persistence. '

7.4. ALTERNATIVE GROWING METHODS

Several alternate approaches are available for oyster culture. Many
of these are described by Bardach et al. (1972). A shift to these
suspended culture methods generally produce an oyster which is not
compatible with the established, national market. The only known method
that probably would not be affected by burrowing shrimp is raft culture,
where oyster shell is suspended on ropes supported by a floating raft or
buoys. This approach requires a large, protected water body that does not
support other uses such as fishing or recreational boating. In addition,
raft culture camnot be conducted on intertidal grounds, which are the '
property owned by the growers. This approach probably would not be
suitable or acceptable for Willapa Bay because of the large number of rafts
or buoyed lines that would be required to support the amount of oysters
that are presently grown on.intertidal flats. This off-bottom culture
would probably occupy most of the subtidal area of the bay. Also, much of
the water surface would not be usable because storms could cause extensive
losses to floating structures left in exposed parts of the bay.

A number of culture methods suspend oysters on off-bottom lines or
racks supported by stakes or poles driven into the mud. These are used to
a limited extent in Puget Sound and Grays Harbor and some growers are
testing these approaches in Willapa Bay. While these methods support
_ oysters above the mud, they are still susceptible to burrowing shrimp
activities. A grower in Grays Harbor has found he must place stakes closer
together to support the lines containing oysters as burrowing shrimp
populations increase. He must also use longer and longer stakes.
Eventually a point is reached where the area is not usable because it is
not cost-effective to maintain the long-line system on the softer bottom

(B. Engvall 1984).

. It is likely that these alternative methods are applicable for limited
production in some areas and situations in Grays Harbor and Willapa Bay.
However, in order to maintain the large production described in Section
3.1,3.2, on-bottom or bed culture appears to be the only practical
approach. :



7.5. NO ACTION

1f no measures were taken to control the infestation of oyster beds

. by ghost and mud shrimp, the shrimp population would probably spread,
causing severe economic hardship to the oyster growers and associated human
communities. Studies on conditions in Willapa Bay and Grays Harbor where
oysters are not grown, but burrowing shrimp are present, have not been

. conducted.

7.6. POSTPONE ACTION

Tt is not fully known what the consequences of reducing or
discontinuing the present treatment program would be to the ecosystem.
Impacts to both target and nontarget organisms would be reduced. The
burrowing shrimp infestation would spread. The reason for postponing ghost
shrimp control action would be to wait until a totally acceptable contral
method was developed or additional studies could be completed.

8.0 INFORMATION NEEDS

As noted in several places in this EIS, additional information. is
required to completely assess the impacts from burrowing shrimp control
through use of Sevin. The most notable data gap is the lack of information
on the biology of burrowing shrimp and of the benthic community associated
with oyster culture and shrimp infestations in Willapa Bay and Grays
Harbor. In addition to this specific problem, a number of other important
areas need extensive study. WDF, WDOE, and the program proponents are '
preparing study plans to answer the questions defined in this EIS. The
following list summarizes the data gaps. Each topic listed includes the
EIS section where the particular information need is discussed more fully:

o Biology of burrowing shrimp and oyster dominated communities, including
ecological controlling factors such as predation (Sections 3.1.2.2.2

and 3.1.2.3);

o Fate of Sevin and its hydrolytié products in estuarine water and
sediment and their distribution (Section 4.1);

o Direct toxicity (through contact and ingestion) of Sevin to
" invertebrates and fish associated with treated oyster tracts (Sections

4.2.2 and 4.2.3);

o) Indirect effects of the control program through disruptions in the
estuarine food web and habitats (Sections 3.1.2.2, 3.1.2.3, 4,2.2.1,

and 4.2.7);

o Mitigation measures including reduced Sevin concentrations, seasonal
timing, application methods, need and impact assessment, and chumming

(Section 5.0, Appendix G).
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0 Use of oyster beds and adjacent intertidal habitats by birds and fish,
especially salmon, lingcod, and juvenile flatfish. These studies
should identify what species are on the beds and are exposed to Sevin,
and what they are doing onthe beds (Sections 3.1.2.3, 3.1.2.4,
3.2.2.3, 3.2.2.4, 4.2.3, and 4.2.4.).

o The uptake of Sevin by benthic invertebrates and their
 consumers and the length of time that their carcasses remain

toxic.
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10. WRITTEN COMMENTS

This section contains comment letters on the draft EIS. We sincerely
thank those agencies and individuals who responded; these letters and
statements reflect time and effort on their part. These letters express
views on both sides of the issue. Responses follow each comment letter and

are keyed to numbers in the letter.

In response to these comments and to new information obtained since
the DEIS was issued, we have made extensive revisions in the EIS. When a
comment warranted a revision, the response to the letter references the
appropriate section of the EIS. ‘
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APPENDIX A
SUMMARY OF GHOST SHRIMP SPARYING
1963 to 1983

Year Year
and and
Permit Acres ) General Area Permit Acres General Area.
—_na. —_no.
1963 ) 1969
6301 25 Stony Pt. 6901 | 2 Stony Pt.
6302 20 Stackpole 6903 18 Stackpole
6306 25 North River 6907 4 Bay. Center
6309 25 Stony Pt. 6908 11 Stony Pt.
6310 25 Stackpole 6909 12 Bay Center
6313 15 Stackpole . 6911 9 Stony Pt. e
. 6912 13 Upper Willapa R,
1964 . 6913 30 McDonald Spit
6914 10 Stackpole
6408 8 Middle Sands 6915 20 Stackpole
6409 32 Stackpole ) 6916 . 5 Stackpole
6410 10 N. Long Island
6410 12 Stackpole 1970
6412 1 Bruceport
: 7001 4 Stackpole
1965 7003 : 10 Stony Pt.
. 7004 12 Stony Pt.
6502 12 Oysterville . ) ) 7005 20 Stony Pt.
6503 20 Oysterville 7006 12 Bay Center
6504 ’ 20 Oysterville 7007 10 Stony Pt.
6505 8 Oysterville 7008 35 Stony Pt.
6509 3 Stackpole 7009 30 Eagle Rock
6511 15 Stackpole 7010 10 Whiskey Slough
7011 40 McDonald Spit
1966 . 7012 5 Mill Channel
. ) 7013 30 Bruceport
6603 5 Stony Pt. 7014 - 2 Oysterville
6608 4 Goose Pt.
6610 21 North Bay 1971 4
6611 .6 Middle Sands ' ‘
6612 20 *  Nemah - 7100 10 Stony Pt.
6614 10 Stackpole 7101 20 Bruceport
6615 - 8 Stackpole . 7102 10 Toke Pt.
6616 -6 Stackpole . 7103 20 North River
6617 8 Stackpole 7107 10 Oysterville
6618 20 Nemah 7108. 30 Stony Pt.
6619 6 Middle Sands 7110 25 Stackpole
’ 7113 10 Stackpole
1967 7114 12 Stackpole
: 7115 10 Stackpole
6703 10 Stony Pt. 7117 29 Stony Pt.
6704 10 . Stony Pt. 7120 10 Stony Pt.
6705 4 Mill Channel 7121 - 34 Palix River
6706 10 Nemah :
6707 10 Middle Sands 1972
6708 5 Bone River -
6709 27 Stony Pt. 7201 50 Stony Pt.
6710 1o Oysterville 7202 8 Palix River
6712 10 Stony Pt. , 7203 20 Stony Pt.
6713 2 Bone River . 7204 . 15 Stony Pt.
6714 2 Palix River 7205 10 Stony Pt.
6715 1 Niawakum River 7206 15 Willapa River
6716 8 Mill Channel 7207 30 North River
6717 10 Stackpole 7208 - 15 . Stony Pt.
6718 20 Nemah .
6719 5 " Stackpole 1973
6720 ] 15 Stackpole -_
6721 5 Stackpole 7302 100 North Willapa River
6722 20 Bay Center . 7303 60 Oysterville
6723 20 Bay Center 7304 5 Stony Pt.
7305 Co12 Barnacle Knoll
1968 : 7306 4 : Stony Pt., Nemah
7310 30 Cedar River
6803 23 Stony Pt. 7312 1.5 Nahcotta
6804 20 $. Peninsula Shore
6805 20 Stackpole
6806 10 Stackpole



Year

and

Permit
no.

Acres

40
64

15

20

10

General Area

Stackpole
Oysterville
Nahcotta
Stony Pt.
Willapa River
North River
Oystexrville
Nemah
Stackpole

Nemah

Stony Pt.
Stony Pt.
Willapa River
Stony Pt.

Bay Center

Stony Pt.
Stony Pt.
Hawks Pt.
Stackpole
Middle Sands
McDonald Spit
Stackpole
Grays Harbor

Oysterville
Palix River
Nahcotta
Nahcotta
Nemah River
Oysterville
Stony Pt.

Stackpole
Stackpole
Naselle River
McDonald Spit
Stackpole
Willapa River
Oysterville
Nahcotta
North River
Stony Pt.
Palix River

Stony Pt.
Nahcotta
Nahcotta
Middle Sands
Seal Spit
Stackpole
North River
Pterson
Nahcotta
Stackpole
Stackpole
Stackpole
Stony Pt.
Nemah River

2

Year
and

Permit
no.

1980

8001
8002
8005
8006.
8007
8008
8009
8010
8011
8013
8014
8015
8016
8017

8018

1981

8101
8102
8103
8104
8105
8106
8107
8108
8109
8110
8111
8112
8113
8114
8115

1982

8201
8202
8203
8204
8205
8206
8207
8208

8209
8210

8211
8212
8213
8214
8215
8216
8217
8218
8201

1983

8306
8307
8308
8309
8310
8311
8312
8315
8316
8317
8318
8322
8323
8324
8325
8326
8327
8328
8319

(éﬂ)

Acres

40
11
16.5
11.5
19.5

General Area

Goose Pt.
Stony Pt.
Nahcotta

“Nemah

Middle Island Sands
Willapa River
North River
Nemah
Bruceport
Stackpole
Stackpole
Stackpole
Nemah
Stackpole
Oysterville

Cedar River
Willapa River
Nahcotta
Nemah-

Bay Center
Oysterville
Bay Center
Bay Center
Bay Center
Stackpole
Oysterville
Stackpole
Seal Spit
McDonald Spit
Anderson

Cedar River
Nemah
Stackpole
Bay Center
Cedar River
Anderson E.
Anderson W,
Rambeau M.
Rambeau §.
Bay Center
Stackpole
Oysterville
Mid. Tsl.
Secd bed
Bay Center
Bay Center
Nemah

Ocean Shores (Grays Harbor)

Bruceport
Nahcotta
Oysterville
Stony Pt.
Stony Pt.
Anderson
Rambo N,
Palix-Stony Pt.
Stony Pt.
Stony Pt.
Stony Pt.
Stony Pt.
Stony Pt.
Stony Pt.
Stackpole
Stackpole
Oysterville
Cedar River
Stony Pt.



Appendix B. Sevin Label

UNIO
CARBIDE §

CARBARYL INSECTICIDE

For Agricultural or Commerciat Use Only

Active Ingredient:
Carbaryl (1-naphthyl N-methylcarl
Inert Ingredients: .. .
E.P.A. Reg. No. 264-316

.. 80% by wt.
.. 20% by wt.

KEEP OUT OF REACH OF CHILDREN
CAUTION

SEE OTHER PRECAUTIONARY
STATEMENTS ON SECOND PAGE

IN CASE OF EMERGENCY, TELEPHONE COLLECT
(24 HOURS A DAY) IN U.S.A. (304) 744-3487

UNION CARBIDE AGRICULTURAL PRODUCTS COMPANY, INC.
P O Box 12014. TW. Alaxandar Drwve, Research Triangte Park, N.C. 27708,
* UNION GARBIOE CORPORATION

SEVIN is the registered trade mark of Union Carbide Corporation for
carbaryl insecticide. -
APC-05050123 Made in U.S.A.

LIMITED WARRANTY AND OISCLAIMER

* 1. The menulacturer warrants (8) that this product confonms to the chemical description on the label; (b)
that this product is reasonably fit for the purposes set forih in tha direcbons for use when it is usad in
hauch hat the direct: islabel

e perts’ f tesis of i of toxicity to labo-
ratory animala and (o plants, and of residuea on food crops, and upon reports ol fiekd experience. Tests
have not bean made on all variaties of in al states or under all conditona. THE MANUFACTURER
NEITHER MAKES NOR INTENDS, NOR DOES {T AUTHORIZE ANY AGENT OR REPRESEN-
TATIVE TO MAKE, ANY OTHER WARRANTIES, EXPRESS OR IMPLIED, AND IT EXPRESSLY
EXCLUDES AND DISCLAIMS ALL IMPLIED WARRANTIES OF MERCHANTABILITY OR FITNESS
FOR APARTICULAR PURPOSE.

This warranty does not extend [0, and the Buyer shall be solely responsible for, any and all lass o
damags wivch results [rom the use of thia product in any manner which Is inconststent with the labet

directions, wamings or cautions. .
BUYER'S EXCLUSIVE REMEDY AND MANUFACTURER'S OR SELLER'S EXCLUSIVE LIABILITY
FOR ANY AND ALL CLAIMS, LOSSES, DAMAGES, OR INJURIES RESULTING FROM THE USE
OR HANDLING OF THIS PRODUCT, WHETHER OR NOT BASED IN CONTRACT, NEGLIGENCE,
STRICT LIABILITY IN TORT OR OTHEAWISE, SHALL BE LIMITED, AT THE MANUFACTURER'S
OPTION, TO REPLACEMENT OF, OR THE REPAYMENT OF THE PURCHASE PRICE FOR. THE
QUANTTTY OF PRODUCT WITH RESPECT TO WHICH DAMAGES ARE CLAIMED. INNO EVENT
SHALL MANUFACTURER OR SELLER BE LIABLE FOR SPECIAL, INDIRECT OR CONSEQUEN-
TIAL DAMAGES RESULTING FROM THE USE OR HANDLING OF THIS PRODUCT.

@

PRECAUTIONARY STATEMENTS
CAUTION .

MAZARDS TO HUMANS AND DOMESTIC ANIMALS:

HARMFUL IF INHALED OR SWALLOWED. Avoid Breathing of Dust or Spray. Do Not Take Internally.
Avokd Conlact with Skin and Eyes.

Wear reguiar lng-sieeved work clothing. Change to clean ciothing daly. Wash hands and face before
sating. Wash thoroughly ahter handiing.

STATEMENT OF PRACTICALTREATMENT.

IF SWALLOWED, nduce vomiting and seek medical attention immecdiately.

IF IN EYES OR ON SKIN, flush syes thoroughly with waler: wash skin thoroughly with soap and water,
NOTE FOR PHYSICIAN; Carbaryl Is a moderate, reversible cholinesterase inhibitor. Atropine is antidotal.
Do Not Use 2-PAM. opistes, or cholinesterase inhibiting drugs.

ENVIRONMENTAL HAZARDS:
Avoid direct appiication to Lakes, streams and ponds. D0 not apply when weather conditions favor drift rom
area treabed. Do not - alev, food or feed by cleaning equi disposal of wastas.

BEE CAUTION: MAY KiLL HONEYBEES IN SUBSTANTIAL NUMBERS. This product is Highly Toxic 1o
Bess Exposad lo Direct Treatment or Residues on Crops. Prmmm(ntovma!bnMsquObiaknd from

Your Agricultural Exiension Service.

Do Nat Use When Value of Bess s Polinatons is More important than insact Control. Before Applying,
Wam Beskeepers lo Locate Hives Beyond Bee Fight Range Until 1 Week After Appiication o to Take
Other Equally Effective Pracautions.

GENERAL INFORMATION
SEVIN HOS 18 adry powdar for disparsion inwater asan spray in hydrauilic
sprayets. mist blownrs. Q andarwcraft The this labal are
based on tests and field relaing to (a) . {b) possible injury to planis and

animals, snd (c) residues in food, feed and mik. READ THIS LABEL BEFORE USE. STRICTLY OB-
SERVE LABEL DIRECTIONS AND CAUTIONS, AND APPLICABLE FEDERAL AND STATE REGULA-
TIONS.

Treated areas may be reeniered immadselely after the spray has dried.

AND USE INF( N AND LIMITATIONS

Toletancns estabtished under the Foderal Food. Orug and Cosmelic Act permut the sale of crops bearing
usbabie caibatyt 1astdues when Hus product is used 1o accordance with lahel directions Da not piant
tolational ciops nol hsted on this product label watlun 18 months tollowsng trealment Mused as directed.
\realed torage niay be grazed or used as. lend for dinry and mein ammals withoul Causing Mlegal
residues it meat or milk This praduct may be applied up to and including tha day of harvest ot grazing of
imaqe c1ops. Application may he made withoul removing hvestock fom araa being treated

PLANT RESPONSE PRECAUTIONS
To avoid possibe injury Lo tender fohage, da not apply Lo wet lollage of when rain or hgh humiddy i
expected durng the naxt two days.
SEVIN injuras Boston ivy, Virginia creeper and maidenhar lem. Dusing early season, it may aiso injure
Virginia and sand pines.
Observe labet Instructions on appie thinning and on combinations with cenlain herbrcidas on nce and

soybeans. -
DIRECTIONS FOR USE

1118 & violation ol Federal law 1o use this product in a manner inconsistant walh its labating.

Read antire Iahel. Use strictly according to label directions and cautions. Do not use apphcation methods.
dosagas, concantrations, of Irequencies ol listed on labeling. Do not apply against largel pesls of crops
a0t bsted on laheling Do 1ot mix with fertthizens o micionutinnts if the osallng spray modure s
ncompatible ar afkalioe

SPRAY PREPARATION -
TO ASSUIE A UNIFORM SUSPENSION AGITATE. STIR OR RCCIRCULATE AL SEVIN 818
SPRAY MIXTURES PRIOR TO AND DURING USE. R . rust, scate, pesticide residues and other

forergn matter irom mix tanks and entire Spray sysfem. Flush with clean water.

£l spray or mix tank with V2 o 4 ihe desired amount of waler. Start mechamcal of hycraube agtation
Stowly agd the reauired amaonot of SEVIN #0S. and (hen the remaning volunue of wales Prepare
oty as ascanhe apy) day of mpang. MAINTAIN CONTINUOUS AGITATION
DURING MIXING AND APPLICATION TO ASSURE A UNIFORM SUSPENSION. DO NOT STORE
SPRAY MIXTURES FOR PROLONGED PERIODS.

. COMPATIBILITY

SEVIN 805 HAS been used without plant injury with most comman inseclicides. miticides. fungi-
cides. nutrients. adjuvants and pairoleum oil as used on cirus. if compaubility of SEVIN 805 with
another product i X Al dona Curdhng,

ipdation, greasing, layer y [ WHEN PRE-
PARING COMBINATION SPRAYS. FIRST ADD SEVIN 805 TO AT LEAST ' THE DESIRED
AMOUNT OF WATER, MIX THOROUGHLY. AND THEN ADD COMBINATION PRODUCTS TO THE
MIXTURE, AND THEN THE REMAINING VOLUME OF WATER. DO NOTAPPLY TANK MIX COMBINA-
TIONS UNLESS YOUR PREVIOUS EXPERIENCE INOICATES THE MIXTURE 1S EFFECTIVE AND
WILL NOT RESULT IN APPLICATION PROBLEMS, EXCESSIVE RESIDUES Oft PLANT INJURY.
Unstable under highly alkaline conditions. Not effective if used with atkaline materials such as Bordeaux,
me-suilur and casen-ime spreaders.

APPLICATION
On all crops, usa sufficient galionage to obtain thorough and unilorm covarage.
Cafibrata spray equipment to detiver the required volume.
Use 50 mesh sloiled strainers in spray sysiem and behind nozzles.
Avoid apphications just before rainfall as poor ingect control may result.
To clean spray syslem after use, drain and fush wih waler.

Refer to the Storage and Disposal directions for proper disposal of this ninse water.

TORAGE AND DISPOS,

Store unused SEVIN 80S n onginal container only. in cool. dry area oul of reach of children and
amimals. Do not store In areas where lemperdiures fraquently exceed 100°F Do nul conlaminate
water, food or feed by storage or disposal Open duming is profibited

Pesticide Disposal:
Pesticide apray mixlure of rinse waler Ihat cannot be used according to label instructions must be

. disposed ol according to apphicable Federal, State. or local procedures

Conlainer Disposal. .
Complelely emply bag by shaking and tapping sides and bottom o loosen clinging particles. Emply
residue Inlo application equipment Then dispose of bag in a samlary Ilandhll of by cineration il
alfowed by Slate and local auihorilies

INSECT CONTROL

Apply when insects or their damage appears. To maintain conirol repeat at 7 to-14 day intervals or a3
necessary unless a shorter inlerval is specified balow. Where a dosage range Is indecated, use lowes rate

J early i nigh dvanced instars and adults. Thorough
and uniform spray coverage is essential for effective conlrol.
SEVIN 808 does not conlrol spider mites. Il spraer miles are a problem. use a registared miticide.
Regional dilferences have been noted in the susceptibility of certan strains ol lall armyworm to
SEWVIN 80S. It your expenence indicates inadequate control. use an allernative pesticide

FORAGE, FIELD AND VEGETABLE CROPS
Usa at Isast 1 gakion of fini spray per acre lor asnal ication and at least 3 gatlons of finished spray
per acre for concentrate ground applicalion. T prepare small voiumes of spray. use 1v4 lablespoontuls of
SEVIN 80S per qallon of water where rates of 1% pounds per dcre or 1% pounds per 100 galtons are
ndicated In the ables betow

POUNDS PRE-
OF SEVIN | HARVEST
- 808/ INTERVAL
CROP INSECT ACRE (DAYS) SPECIFIC DIRECTIONS
Alforage. |- Grasshoppers Ao tim Stz specific Use ¢/ 10 1/ pounds for
Fiedd and Forage. Fekt MyMhS (N ST Pk of
- Vegetable o Vegeiable 5parse veqeiatan - wasicknd
Crops Crop. fangeiand. Gion hanks Al
boiders. Use 11440 Hra
pounds for atiull 7asshoppers.
Of 3pPICaONS 10 donse
veyelaon
Aaig* Biisler beeties 21 IVa Obsorve pland resporise
Clovers Mexican bean 0 piecauons
B ‘Derlie
Aliata cotlerpllar Leaioppers 1y
Boan leaf beetie  Thies comercd
Cucumber alloka hopper
besties Thips
Gaeen Vehvetiean
el
Japanese beedle:
Atafaweedl  Ewopean allata ale g For aitalla weewal Jarvag. il
larvag beatie | DICHEAKTEN] GATA0E 1S EUPNSHE
Anrpeorm Fall amwwoim cut allaba and eat e shubbl
Choverhoad Lygus buas Lise heeger et on eas east of
weevil Webwoims Ihe Ritky Mounians On dense
Coin carwonn  Yeligwsiped ytowih use 25 In 40 gallorss per
Cutwvoms HTwOIm e valh Qoun emeprrenl 10
Euvptan alkaia LTI IR AL CVCIAT:
worvl favae
Essex skipper
s - Fot application ko ARgiia via Crruar Pivol irgaban Sysiems. rufee 10 “Drieckons tne Use Feenon Cenier P-rdl
hrabon S ’
Agpras Asparaqus. randn 1
e
Apache s Fild ol Farvegt ool Y ot bt growdn B
Asparaqus RN o e P I e vy
Iwtie wiy




POUNDS PRE-
OF SEVIN HARVEST
a0s/ INTERVAL
CROP INSECT ACRE (DAYS) SPECIFIC DIRECTIONS
Beans Biister beeties. Wb Otrserve plant esponse
fincluging Mexican beat farecaubons.
biackeyed ‘Deetie .
peas.
cowpeas. Adalla caleiiar Leathoppers
cronderof | Boanteatooetie  Thice cornered Lz
soulbem Cocomber akalia hopper
peas, oy beeths Thiips. 0
teans. green | FleaBocies  Vetwelboan
beans. ma | Green calepilar
beans, navy cioverworm  Yesioin bean
beansand ] Jaganesebectie  cudasm
nap beans)
Asmypworm Fall amywoim
Comearworm  Stink bugs
Cutworms Tanished plant el L
Euopeancon  bug
Docer Webworms
Cuowpea curcubo 2
Comeawom  Lygus bugs
Limabean pod  Séink bugs 2n CALIFORNIA ONLY
borer
Cabibage Fleabeeles  Harlequin bug Wi
Beocookt
Brussets Armpworm Impored
Sprovts Comeaworn  cabbageworm 1vilo 2 3
Caukdiowe) Falf ammyworm
Kohigbi
Chinese Fiatoetes  Loakopoers kot 3
cabbage Harlegun bug (Horseradish,
Collards —{ rmashes.
Hanoves satad | Asler featiopper a1 roighagas and
Hoiseratish i 10ois)
Kake Amgeeorm Imporied 11alo 22
Musrd Cotn earsarm 4
Greens: Fatlammyworm Sk bugs. “(Chinese
Radishes Tarnished plani cabbage
fiad bug coKts,
Tmps Hangver saad.
kale, mustard
qeeens. and.
luinig lops}
POUNDS PRE-
OF SEVIN | HARVEST
808/ INTERVAL
CROP INSECT ACRE (DAYS) SPECIFIC DIRECTIONS
Sweel Sweet polalo 9 Ttsos /qal NOT FOR USE IN CAUFORNIA
pnlate weevil PLANT DiP
Just prior te pisiting. dig
swael pofato cullmgs in a
suspenston of SEVIN 805
19 Thsps 104l of waler)
0
Corn earwnrm Apply as 3 inhar
Cucumber beetles needed
Fleq beeties thin2
Sweel potale
hormworm
Totlotse beetles
Sweel potalo 2t FOLIAR APPLICATION
weevil Fuil coverage ol plants &
essenlial. Use fower tale on
young plants and mgher rate
on malwe plants
POUNDS PRE-~
OF SEVIN | HARVEST
- 805 INTERVAL
CROP INSECT 100 GAL. (DAYS} SPECIFIC DIRECTIONS|
Thaceo Tobacoo les 24 Thsg@t IN PLANT 8£DS
beedle [ Yo prevent panl injury. avok!
1175 kS0 gal EXCESSIVE SDPRCEDONS
and apply
B@l100sq 0
yads
Geeen June 2 B0 Apgly oniy o areas Bial larvae
‘Deelie grubs gakions have uprooled by sprinkling as a
grench with 50 io 100 galtors per
100 sauare yaids.
Budworms dapanese beetle INFIELDS
Fall ammyworm  June beeties 1102172 Use lower rae on young plants
Flea beetes Suckdly (up to knes besghl) Use 21 baast
Homworims 10 gations ol prepared spray per
3012 Begn beakments whon
‘worms are small
1l lake season apphcabons are
necessary, aliow iree ways befores
DIV 04 Cuingy
———
POUNDS PRE-
OFSEVIN | HARVEST
) B80S/ INTERVAL
CROP INSECT ACRE {DAYS) SPECIFIC DIRECTIONS
NOT TOR USE IN CAlIFORMA
Wheat le:il v Do not make more Ihan wo
g ' applications affer grain heads
0 emerge from boot
{imagel Apphic.ation s -plleclive agns!
rons. luvae ang achelts
A
o
Armyworm et
Fatl armywearn

POUNDS |

PRE- |
QOF SEVIN HARVEST
2808/ INTERVAL |
CROP INSECT ACRE (DAYS) | SPECIFIC DIRECTIONS
Cotion Boll weevil Leaoppers Treal ona 5 7 v schedule by
cont. Tarmished plant a5 fong as corrat s necessiy
Cotion g . Mid an bl scason msect
leaiperioralor  Yekowsiriped 1o 22 0 conkrol May be Juphas) 2fei bolts
Fali ammyworms . avmywoam apen
Leaftofiers (colon |
Cubieoim} .
Lypus bugs Wl 212 Fa bght to moveidi
. : DOpUEARONS 0 Wirslerst rnjpked.
s colon
Pink bolwvm i3 Aphid popuiahons wl be
‘supressed by repeaied
B pphicabnns o lhes insechciie
Stink bugs Samarsh 1
caepilar
Cuctmbey Pickdewom Melonworm Yl Observe peant tosponse
Medons procaubiors
Pumpking Cucumber Leathoppiers
Squash becties Squash bugs 114 0 Avinl excessive aplicalions
Fiea beeties
Dancielion FleaBeefies  Leaoppers Y301 3 Obiserve pla resportse
Endive Harlequin bug {head lefuce s
{Escarole) & salsily Trcal on 2§ 19 7y sthoduk:
Latmce Tools) allet heatfs brgw fo loim
Saisiy Astet leathoppes  Spitiebugs
Lygus bugs Tl tim 1
{dangesion.
Imporied engive (escarole]
Ammyworm cabbage worm leaf lelluce &
Comearwom Stk bugs salsify ps)
Fall amyworm Taméshed planl
tug 2w
Forage Amyworn  fange To canlinl s m qrasses Grown
Grasses Black grass calesiiars b seed use ugh spiay Nessure
Pasture bugs Range crane ity 1l iim 1o srave penehaiion inlo boot
Rangelang | Chichbugs  Skiped grass.
Essexskipper  lngper 0
Fall aamyworm - Frrips
Whils grubs ((reen June beetie) Vo 22
POUNDS PRE-
OF SEVIN | HARVEST
808/ INTERVAL
CROP INSECT ACRE (D'MSI SPECIFIC DIRECTIONS
Potako* Colorade poialo bretic
Tomaio Fiza beeties
Eggptant Leahroppers 210 1va
Peppes -
Ewopeancom  Taméshed piant
borer g
Fall anyworm  Formado fruit [
Lace bugs worm Iiz2io 2172
Sink buxs Tomalo
Tnworm
Toredg penwoim
Cubworms g
;_,'mmmhmﬁwmummmrm-mm;mw Thenugh Centes Povol brsabon
Ree CAUTIONS Kty ball =breinp ik
crabs Do ol use n sneis
wheit Bose aic ipaikant
19SOUEOS
DO NOTAPILY PROPATI
HERBICIOLS WTIBN 1 DAYS
BEFOR ORAITLRSIVIY
SIRAYABLE APPLICATON OR
PLANT IBUHY WR L 1RESULT
Ammyworm Fall atmywoen 1l tirs 14 MISSISSIPP DELTA & 1EXAY
Chinchbugs  Sink bugs
Armyworm Tadpoie shvimp an
Eeahoppers CALFORNIA ONLY
Fou uplatnats bhipoke 3 mp
conkol apply f0 walcr whien st
st appes
' Sorghums | Amowworm  Fall ammyworm Divel sty i bty s,
{miio, grain Chinchdugs  Sénk bugs 1174102172 $or opiian el convol
I
sagom, Comezrvomn Yo m;;,, Treal bnr sownin mmkye wten 25
o . 0 0 ergent of bt uwae
2nd i} Sszmﬁn bover WA ) “wngeyxf o Hiok nd e o
) Dinom Brjastl apphcaibon $hely
Cuboims 20 16y tabet o il e s bt

A ek appbesbn iy b

Mecessary o1 L pladii
SOMFMATIur d nmhpe die
sburdant

Far chwich s use hgh
o (Kl A LH-ON
TR ol base of ks




POUNDS PRE-
OF SEVIN HARVEST
808/ INTERVAL
CROP INSECT ACRE {DAYS) SPECIFIC DIRECTIONS
Soyboans Bean feal beelle  Mexcan bean w0 0 00 NOT APPLY A COMBINATION
Curwnbet bectie OF SEVIN SPRAYABLE AND 2.
Tetles Veivetbean 4-D HERBICIDES 10
Groon caterpilar SOYBEANS Use lower rales ki
chivenm Tght (o Bk e poputanions.
ol and smaber msIars
Coun e 1o 1%
Bliskr bertles. o a Use the fugher rates lor heavy
Gmpe cokrsies populiticns and larger instais
Mexican bean beckie
Allatia caterpeiyr L eahoppers
Boantial boatie  [nere couneid
Cucumber allaiy hopper
tnedics [heps W
Geeen Vebveibean
Cloverwoim caieipHar
Japanese brcdie
Amywoem Shik {35
Cubwaxms “Webwuinrs 1taaln 1
Fall ainwwoim
Paoid iy Sabmash
(Fisile cairipsar dokd
caieipiar Yetiowskiped
Anapwarn
Sogbeds | Anwaom  Fleabeks
ol boesie  Lrhopers Halg Vs &)
|t durwwirn Wdwonms
Crwanisrg “a
Sunltinwy futwanars 1. MO FOR HSE IN-CALIFORNIA
0 Do nof atiow aumals 1o graze
b on tieated Giops
famywntm 'y
£l wvywiem
41 Weeh -
vt P w2
Tante
POUNDS -
OFSEVIN | HARVEST
80S/ INTERVAL
CROP INSECT ACRE {DAYS) SPECIFIC DIRECTIONS
Carrols Flea Besties  Leathoppers LAl ]
Celety {carrols)
Parsnips Asler Yoahopper  Spitiebugs et 3 .
Parsley Lygus bugs: (parsnips) Tical ona 5 o 7 day schedule.
' " .
Amgwom Sk {cay& | NOT FOR USE ON CELERY i
Com eaworm - Taanished plant W22 parsiey} CALIFORNIA
Falf ayworm bug .
Com® Arpwom  Japaness beetle OBSERVE BEE CAUTION For
(Beld, sweel, . | Chuichtwps  Sap beeties h\swbmmﬂfsmdm
pop) Comeaworn  Soulwesiem apphy At | 4o 6 day inkervalts «
Com roowoim  cOM boxer skartang when birst siiks appear
adults Leathoppers Ao e ¢ and continuing unt! siks begh fo
European con dry Forlarvas inwhaet and
borer fofiage leeders, apply a5
Fall grmyworm necessay. Fo chinch bugs use
Fiea beelles high gatienage ground
‘apphcalion duecied af the base
of planis .
Oplirou liming and good
coverae are essental for eoctive
Conkeot
Wesiern bean cubm W Treat whon inestation averages
15% and al 80°% o 100% tassel
emergence Rieabmend afies 100%
il emerQencs vl iedice
eliocivencss.
Cutwouns 208 Apphyin a 12 inch band. using

174 povd {4 ounces) per 1000
linea lout of tow. n 31 least 15
gatons o waker per acte. For
Uroadcas! appheaion use up fa 8
DOuMs 1 3 1e3s) 20 qations
{gpoun) of 5 gakons iair} of
walef pet e

* For appheaion o Com via Cenler Prvot ktigabon Sysierms, reief 10 hrockons ko Use Thioesgh Coner Prvul drigabion
Sysiems™ .

Gotan

[ Shped blsier
Reanopper et

Coton lesbwom  [hps.

$1na beeties:

Zalg e

0

Eatly scason insect conkiol )

B 3

POUNDS PRE-
OF SEVIN HARVEST
808/ INTERVAL
CROP INSECT ACRE {DAYS) SPECIFIC DIRECTIONS
Garden beet Fea bezties Leaoppers A0 3 Treal an 2 § ko 7 day schevuls
Spinach Harlequin bug {garcen best
Swiss chaid i00ls)
Astes leabngper Wk e
it}
Amnyworm bk bugs {garden beet
Coinearwom  Taineshed planl fops. spinach.
fal arywem  bug it 2172 Swiss chatd}
[ Comeaworm  Stink bugs i 272 0 Trralana § lo 7 diay schedkrie
Peanuts Bhsier beeties  Mexican bean Wi Observe pland fespanse
beetle precautions
Alllfa caterpitiar Red-necked
Bean leat beeBe  pearut wonn [}
Cucumber Thres cometed Wi
Begtles. alaita hoppet
Green Thips
cloverwom
Japanese becle  calerpiflar
Leakoppers
Amwoim ‘Skink bugs. Nak s
Coint carvoim Webweois
Fall amwworm
Whitehinged boctie adulls 28
Cuwomns
Poas Colorado polaio beese e
3
9
Ammyworm. 1usig li7a
| Ataka cateréhas Prea weevi .
* Cibworms Yetowstrped 11n
H Pealeat weewl  armywonm
TREE FAUIT AND NUT CROPS

For dilule sprays apply Ihe specified dosage pas 100 galions of water For concentrate and neral
sprays increasa the concenlratinn of SEVIN A0S 1n tha spray mixture 10 apply 8n amount po acie

equvalent o Ihat in a diula spray T ophmum spray galionnge will depend on lge sizy
and slaqe ol growih Typical spray gattonanes per acre tange rom 200-300 gallons for dilu!
30-100 gallons for concenteaie sprays and 10-25 aallons lor aenial sprays Da not axceed ma:

tahat rale per acre per application

fansily

POUNDS OF PRE-
SEVIN HARVEST
80S INTEAVAL
CROP 100 GAL. (DAYS) SPECIFIC DIRECTIONS
APPLE (HINNING Auphy | sk COvEIAE Geliske StLay Dot 10 ang 27 thivs
ks ¥ oo KNS SUET 45 HOP 408 Wiy miduns
INCYOOIS CIBR. DR Dot k! 00 Ol el Lyent
excessrve bt hiomng with SEVIN 808 exerrese
b K v fissibie yrdd srduckon
Appsks ooty Vo o8 by Bonned vangles + birki Conlyng Gores
Juntue Mehlog: (rdeans Rume Beadly Puttan Hid
Dettuns Whinsig. Yekiow Newdon
R T0 MO it vangtes wchazon Bakwen Boat Davs
(hetwss Eaily Momiash, Golaon DekC0us Lady Apoe
| hobon Sy Rooe tsland Guy g Stk fied Gy
Wiy eliow Transpaient wul York Froerat
POUNDS PRE-
OF BEVIN | HARVEST
608/ INTERVAL
CROP INSECT 100 GAL. (DAYS) SPECIFIC DIRECTIONS
Amond Peach wig borer Apply 10 "popeorn” ot petal
San Jose scale fall slages wien the May
Fruizes lealrolier brood ot fhe peach twi botas
begins 1o haich or nelealier
tta 2 as needed
Navel orangeworm -1 Tie early and mud sedson
apphcations fo corespond o
moth thght peaks Make a
{ale season apphcaton at
uwhiation o huti spht o up 1o
30% hult spbt Do a0t apply
more Ihan 64 pounds per acre
Apples Appleapiid  Lyqus bugs WEST OF THE ROCKY
Pears Agple rustmile  Qvange oriix MOUNTANS.
Appesuckes  Oyskershell scale
Bagwoms Peat fead bifsler o avoid undesired appie
il Ihinning, delay use unkl al keasl
pearsiug {pear  Pear psya o1t 1 30 days aler bl bloom.
] Pear rus! mile
Coding ol Son Jose scake
Eyespatied bud  Tendlom For psyia control appty when
ol Teakminers £pgrs hatch of young mymphs are
{Geeen fnsibvorm  Woobly apple presen.
Lecankum scales  aphid
Lesser
applewoim
Agplo mealybrg Wik apple EASTOF THE ROCKY
Apple aphid leafhopper L IOUNTARS.
Codiing moh
Applemageol . Pear To avoid undesiied appie
Apple rust e Peat leal bister inning, delay use unk! a east
i 30 dlays afler bll Dioom
Easiem lent Pear rust mile
: Peiockcal cicada For opfimum scale contol apoly
Europeanappis  Phum cuicuio when crawlers ace present
fyespoiied bud  Seairoler 4 ]
moth
Forbes scaie aphid
Frudires San Jose scale
Jeakroder Tamishes plank
Green kuivorm bug
Japaness beesie  Tenslom .
Lecandum scaies  lealrminers
Losser Woolly apple
. pplewomn aphid
Oyslershel scale Yeliowheaded




POUNDS PRE-
OF S8EVIN | HARVEST
808/ INTERWAL .
‘CROP INSECT. 100 GAL, {DAYS) SPECIFIC DIRECTIONS
Chestouls | Chestnit 2410 3% 0 Make 4 applicalions at weekly
weevil inlervais begnaing ;n lale July
for aduh chestul weevit
control Las! applicalion
should be made prior fa shucki
spiiL
NOT FOR USE IN CALIFORMIA.
CinsFrois | Avocado Orange lorrix 1 Do not apply more fan 25
(suchas lealroter Weslenn hrssock pounds of SEVIN 805 per acre
grapiril, Cabilornia moth per appication
Temons, mes, Wes! indian -5
oranges, Cirus ctworm sugarcane Do nol apply less than 10 gaiions
langelos, Ctrs root bortr (acuks) of déuke spray mixiure pef Rakse
ngerines, weail : ea. May be mixed wh
chsciron, | Erotiee ‘petroleun oifs commony used
lumguatsand | leakoier on cilus.
hybids)
Backscae  Chicota scale lo1t/s
Brown sok scale  Citrus snow
Caidormiated  scale
scae Yeliow scale .
Fitbert Fittert aphid 114 0 Apply when kaltler eggs are
Fibert leafvolier haiching_ ficpeal on first
appearance ol adull hibed moths
and again 3 10 4 weeks faler
Olves Qifve scaie LV 0 For opfimum scale conirel add
13/2 galtons of surmmet oil and
apply miduie when cravlers ae
piesert. Do ot exceed 2
applicaions pev ysar Do nal
‘apply moie than 183/ pounds ol
SEVIN ROS per atse per
apphcation
Peathes Appie pandenws  Urangs lorkx 1 Do niol apply more ihan 7172
Aovicots Cotingmom  Qrienkal i (Poaches] | Pounts of SEVIN 805 per acie
Hoctaomes Crsamber mon per appication I aprcols
beedes Prach bwig borel 3
Europemn eanwiq - Permbal a0y Ve \Apirois & | Spray hmbs and lrunk
qu Plum cuchn Nestarines) mmwy_ weekly during moih
Dpaneszbocie  raliolier N
e beetios San Jose scale Fur oplunaa scale conirol apply
Lucanm soves Taréshed piant when Crawlers are piesen
Lessoer peachbrce oy
boer WISSOck s - Spray s and trunk Horoughly.
Ofve scaie Viiegaod - ‘wockly dureig moih Ihghl
Inaisofiet B
POUNDS PRE-
OFSEVIN  |HARVEST
808/ INTERVAL
CROP INSECT 100 GAL. .| (DAYS) SPECIFIC DIRECTIONS
Pecans Black margined  Pecan Do not apply more than 3 pounds
aphid casehearer of SEVIN 805 per acie ret
Fall webwim  Pocan spitiedug apphcation.
Hickory Pecan stem 14kl 0
Shuckworm phylioxers
Lesser webwomn Pecan weevil
Pecanieal oy guectiar
pylloera  Wakul
calepitias
Pislacivos Navel o2 " Apply diivte volomes of 150 (o
orangeworm X0 gallons of mixed spray per
ace o full coverage al onsel
of hulf spit.
Plsms Bixckcherly  Miealy pium Do nol apply more than 712
Prunes Aaphid pounds of SEVIN 80S per acre
Cherries Biown softscaie Oysiershed scake per applicaticn.
Cherry fnstwoim Prach big borer
Chenrymaggel  Plum curculio
Ewopean exwy Prune 11
Eyespolied bud  leahopper
fobesscale  lesholler For oplimum scale conkrol apply
Frukteee: Rosz chaler | when crawlers e preser]
Teaitoker San Jose scale Far lesser peachitee borer
Gemen kuitworm Vasiagaied Conkol, spray limbs ang kree
Jaganese beetle  feairolier ks horoughly, veekly during
Lecarsum scales mokh Fight
Lesset peach
ree borer
Codfirgmot  range forkix 1
Easlern lent Tussock mokh
calerpitar
Watng Caicoscle  Filertwgrm Apply 8% pounds ot SEVIN #05
Evopean kil Frudiee 2 ] spray per acre lor malure lrees
lecanium lealiober
Frosled scate
Codiing mok L] For codlitg mofh apply st spiay
- when average cross sechonal
Giameioss of developing nuls ace
12210 3/ainch Repeat uiing
e oF kale June as noeded
[ﬁuﬂn eanwig 2R Soray liee kunks K poait ol
“ nn-ol
SMALL FRUIT CROPS

Racommandad dosages rafer to pounds of SEVIN 808 per acre. The aptimum spray gallonage

will depend on plant size, denalty and siage of growth. Typical spray gallonages
K 30 ys and 10-26 gations for asrial sprays. Do

for
M:Mnmwlmur;a'ww\

per acra rangs from 100-

POUNDS PRE-
OF SEVIN | HARVEST
808/ INTERVAL
CROP INSECT ACRE (DAYS) SPECIFIC DIRECTIONB
Bacderries | European Leathoppers a2z 7
Raspberries raspberry Lealroflers
Dewberies aphid Rose ches )
(inchung Japanese beetle  Snowy free: -
§ boysenberties crickel A
and
{ loganberries)
Cmoivorous eakioller b CALIFORNA ONLY
Faspherty sawlly
Bumberries Biueberry European fruil Auply 3 werks b hasvest and
maggol lecanium 1t [ 1130 a8 MCUSSAY
Chetry buiworm Japanest boetle:
Ceanborry
fruitworm
Cranberries Cutworms Japanese beelle CAUHDN May kil shrimp ang
Cranberry Leahoppers crabs Do it st in yeas where
fieworms  Rose chaes Valo 3 1 15t 3¢ wrporlnl resouces
Cranberty
fnstworms Apply m Lik bivom and as
onetiod ol £k I cay lervate
Grapes Euiopean il Wesiern Anoly beker best oo seolger
fecanwm rapeieal Tarvag inesqe It rois
Grape leaftolder  skuielonwer .
Grape Wesirin yrfinw- Watio 2172 0
leafhoppes Stprd
WM
Ciaworms Oraone horhin P 0
Fighl spofied  Urwwiious
Terstes Iratioies
Grage berry FRevihandeg
ot Teakioling
Jaganese bostle  Sawmaish
Jun: Deeting et
Skawberies | Flea becles Suawberry SEVIN may injure Early Devn ang
Meadow Seatrolier Suwirise vanefins o1 the Deknana
SpRiedug Strawberry Peniosula
Ornivorous weevil 221t 1
leatties
(Strawberry
fibeor)
TREES AND ORNAMENTALS

Fordiuss:

behs, forasts,

#pray g 3 plantations, parks.
and recreational areas), omamentais, woody piants and shrubs, apply the specified dossge per 100 gal.

fone of water. For

spray o

apply the spectied

dosage per acre in sufficlent

T Prep L)
gg;I'N BOS per galion of water whers rates of 1% pounds-are indicated.
For aerial appiications to forest trees (including shada trees, shetter belte, plantationa, parks, and recres-

U 1V4 of

"uornlmu)mmwdalygmnmm.woodyphnbm\dshnbs.ux?fyuwspocnleddvsm

por spray voluma to pn ot , atreams
and ponds.
POUNDS
OF SEVIN
CROP INSECT a0s SPECIFIC DIRECTIONS
GROUNO Anls Hackberry Psyiids U (Thsarve planf response
APPLICATION: ] Apple aphid nipplegal Puss calerpifar pincAuons )
oes {incding | Armyworm maier Rechumped | Apohy duke Sorays to obkain
shade rees, Azaieq leatmines  Holtybudmolh  ogkwomnn thorough coverage: of Lpper and
Shelir bells, Baqworms Holly leabmines  Rose aphid lower leal surfaces o conliol
» | Horests, Buch feakminer  Jackpine Rose chaler scalc insorts, keal brunits, Steins
i Bfsler beatle bugworm Rosesiug [and twigs in adddion o plant
avdrecesionl  |Boxdderbup  Japancsebosde  Saddied fofage. For opbmum woim
). Borwood Jeftrey piot prominent conkol, Leal whon i1 ey
Ornamentals leakniner nedieminel  Sawibes irtstars. Addition of a shcker may
{including roses, { Brown il mokh  June beelles (xposed} improve resichal conkol
Fiowvers and other Lace bugs Scale insects
Cataipa sphinx  Leahoppers Sowbugs Applicatons for comirol of
Woody Ny Leakoters Spiny ehn mapla lealcutter on sugar
m)ﬁ c&fy:mm Locust borer m‘ih’ maple shoirld be nuide when
Shaibs. ok aghkd Maple lealcutier  Spiingiais lqvan we w 2 st ahier
ACRAL Cuworms bugs frieng. and a8 cases e
APPUCATON. | Cypressip  Mimosa budworm Deng foimed
Foxest Fees ot webworm
POUNDS
OF SEVIN
CROP INSECT 808 SPECIFIC DIRECTIONS
including shade | Douglas fir Narkucke! pine ~ Spruce
woes, sheller bells, | lussockmoth  Bp mof ncodleminer
jplanbaions, parks | yall aphid 0k leat Bpmoh
jand recteational  |Efm kealaphid  skelelonizes Ter! calorpillars
Javeas) and Eim'kal beetle  Gakworm bog
Commercially Ebn spanworm  complex Thaips {exposad)
Grown Eriophyid miles  Oleandet Ticks
X E i caterpifar Waimd
(nclufing roses. | shoolmoth  Ofiveashbores  calerpillar
owers and oher  { Fall anmyworm Orange skiped . Webworms
Fiea bookles oakworm Wesiem
). Fuller 1050 Orange boviix ‘omlotk
Phants and Shrubs | bectie Prriodical icads «  lpoper .
Gallmidges  Ping sawdly Weslern Spruce
Call wasps Pne spitichug budworm
Gioensiiped  Pichpine B0 Waiow leal
mapkoworm  moth Ticotios
Goasshoppers  Plant bugs Yeliow poplar
Cypsymoth  Poinsotia wiwil
honmwom
1ps engraves ;) Etiocire 25 a presoitive lresment
beefios andy Repeal anmnlly s teqmicd
[Mouniain pine o provent bocte Atcks
nefie (Apply 1 galion of spiay per 50
Roundheaded s Joel of sk in Lak May o
pire beetin ety July. O prii Ly bovile attwk
[ Weslem pne Tl ree brushs lrom aronnd
hori feved o unl tgunk o etes 15
s than 5 nchir,
Fim btk Depths Appdy appunately S0 8
s ol <ty pedre g
vich 50 feet of i koe fir
At o e o Gl btk
<alares oi bonk i, aind
1w1s




MOIGUITDCONTROL
memme(Mmmmw loM pt-mm-
nnlomo(wulorru . pray g u

lortapn spray.use 1
ful of sEVIN B80S per gallon of wnm. where ulus of 1% pounds are indicated.
For acﬂlllppﬂetﬂonﬁo forest trees (inchuding shade trees, ahonorbels plantations, parks and recrea-

per acre in lmﬂchm spray voluma 10 provide thorough coverage. Avoid dnrecl application Io lakes,
streama and por

POUNDS OF
SEVIN
CROP 808/ SPECIFIC DIRECTIONS
ADULT MOSOUNOES
Pasies. 173lo W/ {Wako 17 CAUTION! May kit shrmp and ¢sabs Do | ust in ateas wheig hese are
Hangelands, {ablespooniul per gation} | i fesources
Paia,

i OBSERVE BEE CAUTION
Ao Logging 3
Camnps. Mistary “reat shrubbery ang aneas whete adult mosowoes congregaie.

Posts and Adiacen! Trcal when adull mosauioes a1¢ cive in carly moming of kaie evenng.
Foresled tans of Repeal al 7 to 10 day iniervals.
Usa 14310 23 pound per 100 gallons In misiblowers. /3 40 11/4 pounds per
3cre in aerial spiays and 11/1 DOUNS Per acie i low fressive ground
sorayers.

e For sesijual control n sublropical iegions apply 4 qations of prepared spray
par 2000 squaie leel of surface rea. Repeal in 3 1o 6 monkts of when
ecessaly

PEST CONTROL !N AND AROUND BUILDINGS
LIMITED TO PEST CONTROL OPERATORS ONLY
POUNDS OF
. SEVIN
N 808/ .
INSECY 100 GAL. SPECIFIC DIRECTIONS
Aoss 5 For usé 1 G0 buiiings such &5 hOmES. HMEnS. WaTEhOUSES.
Cogluoaches (25 abiespooniuis/ bams. and municipal and recreabondl areas
gaion} :

p— Aooly 233 corse el spray o wah  painlbrush. al Brougpi eptcacks
Bowndogbck . 1. e and crevices, bascboards. comers. wakls. Goor SIRS. and window fames.
Earvigs (1212 tablespoondits’ | quariess of househotd pets. ank s, guis»Oe perimetesof dwellings and
Flas - gillon) olfer aieas whefa insects lend 0 congregale

betes Do ol use s a 5pace spvay. Aepeal when necessary bul nol more ohen fran
m’:‘ oot e week

P Do not use in food areas of lood handting establishiments. testauranis.
! of ofher areas where lood 15 commercially prepared o processed. Do
201 138 In serving areas wheie food 1s exposed.
oo s e iy
T LAWNE AND RECREATIONAL AREAS
cRo® INBECT SPECIFIC DIREGTIONS
Lawns ant As - Fllamgwntm  Sodweworm | Use 1% poinds of SEVIN 805 i 15010 200

R_mmnml Arcas | Anmywarm Fieery skipper {Rawn ihs} catlions ol spay'michsre pes 5000 square

@ 1, . bt Sowbus frel nf estbbshed lawn. iporealinnal alea.

goll censes al | Coobipeddes {Grasshoppess  Springlats ohwity of 0N bovdes Fod best resulls.

paks) Clegors Jueleotks ks maw v dnil Apply after waleting of 1an
Cutwarms Leamoppers Yodowslripad * Inswre-qud peneteation of turl Gauden hose
Earvogs Lucere soh. AmpwaIm or piessure Applcaiors may be used Hepeat

E5su shipper Milbpesios
Fuiopoan chajer  Mpsiudons

Clunch-bugs Whvie qrbs

210 3 wireks falet 1l pecessiry.

TRE T pukis o SEVIN 805 w1 150 10 200

qalions i sy per 5000 stk fett

B

. POULTRY INSECT CONTROL
CPOUCY | WSESY 1 CPLCRCOWNESTONE ™ |

Chickens. Chicken mie Fowse:sa(ﬁa:lsnlaymhldsw

Ducks. Fleas Miskng with Elockic Fog Machine: Mix 8 poand (6 ounces) of SEVIN

Geese, Lice 80S in 1 galion of spray. Uiss 1% gallons per 1000-hens 1 cages.

Gametirds, | Nohem.Fowd mile onmuormshmlmrmmlmnm

Pigeons. and ’ .

Torkeys Zw.," ack af oybnger d it spiaers Wi Ve
pound (4 ouncest of SEVIN 805 in 5 gallons of spray. Use 1 galion
per 100 hens in cages. on Jer o on sialied Hnor flepeal in 4 wegks if
necessary :

-Déreck mst spiaywng for chicken mise and Heas 1S a supplement io Spayng
Tousts and buskings o conkol ot hess pesis
Do nol apply o poullry and gae birds witwn 7 days of slaughier
POULYRY
QUARTERS INSECT SPECIFIC DIRECTIONS
[Toossad | Beous | Ty 100815 Vel CONven Pawer SHay O KAapsal
Builngs Chicken i ecupment For SEWNES
Fleas per 100 gallans of waler For fow licks. use 20 pounis of SEVIN 805 pes
Fawl Ik 100 qations of water For lesser meakworms. use 62': poundts per 100
L&y MegkvNms galions Spray 1102gakans per 1000square feet ol waall. bedding. ktter or
roost suslace. Fosce sprav mio cracks Repeat as needed. Avod
Norlﬂn lovd mie conlamenalion ol nests. eqgs and leedq and watering iroughs Venhiate
while spiaying Do not freat premiises wittun 7 days of slaughlet

CENTER PIVOT IRRIGATION APPLICATIONS FOR
ALFALFA, CORN AND POTATO

GENERAL PRECAUTIONS FOR APPLICATIONS THROUGH CENTER
PIVOT IRRIGATION SYSTEMS

MAINTAIN CONTINUOUS AGITATION [N MIX TANK DURING MIXING AND APPLICATION TO
ASSURE A UNIFORM SUSPENSION.
GREATER ACCURACY IN CALIBRATION AND DISTRIBUTION WILL BE ACHIEVED BY INJECTING
ALARGER VOLUME OF A MORE DILUTE SOLUTION PER UNIT TIME.
APPLICATION OF MORE THAN LABEL RECOMMENDED QUANTITIES OF IRRIGATION WATER
PER ACRE MAY RESULT IN DECREASED PRODUCT PERFORMANCE.
APPLY SEVIN 80S ONLY THROUGH SYSTEMS CONTAINING ANT!-SIPHON AND CHECK
VALVES WHICH WILL PREVENT WATER SOURCE CONTAMINATION AND OVERFLOW OF THE
MIX TANK, AND CONTAINING INTERLOCKING CONTROLS BETWEEN THE METERING DEVICE
AND THE WATER PUMP TO INSURE SIMULTANEOUS SHUT-OFF.
DO NOTAPPLY WHEN WIND SPEED FAVORS DRIFY, WHEN SYSTEM CONNECTIONS OR
FITTINGS LEAK, WHEN NOZZLES DO NOT PROVIDE UNIFORM DISTRIBUTION OR WHEN LINES
CONTAINING THE PRODUCT MUST BE DISMANTLED AND DRAINED.
WHERE SPRINKLER DISTRIBUTION PATTERNS DO NOT OVERLAP SUFFICIENTLY,
UNACCEPTABLE INSECT GONTROL MAY RESULT. WHERE SPRINKLER DISTAIBUTION
PATTERNS OVERLAP EXESSIVELY, PLANT INJURY MAY RESULT ON SENSITIVE CROPS.
ALLOW SUFFICIENT TIME FOR PESTICIDE YO BE FLUSHED THROUGH ALL LINES AND ALL
NOZZLES BEFORE TURNING OFF IRRIGATION WATER.

DIRECTIONS FOR USE THAOUGH CENTER PIVOT IRRIGATION SYSTEMS
Spray Preparation: Remove scals, pesticide residues, and other foreign matter from the chemical
tank and entira infactor system. Flush with clean water.
Applicalion instructions:
Prepare & suspension of SEVIN 80S Carbaryl Insecicide m & mix tank. Fill tank with *- or ¥ the
desired amount of waler. Slart or ion. Slowly add the of
SEVIN 80S. and then the remaining volume of water. Suspension concentrations of 1% to 2%
pounds of SEVIN 80S per 1 lo 4 gallons of waler arg recommended.
Setsprinkier to delivar 0.1 to 0.3 inches of water per acre. i yinjactihe
suspension of SEVIN 805 into the irrigation waler line 80 as to delver the desired rate per acre. The
suspension of SEVIN 808 should be Injected with g posilive displacement pump into Iha mamn line
shead of a right angle turn to Insura adequale mixing.

Note: When treatment with SEVIN 80S has been completed, turther field irrigalion over the Ireated
area should be avoided for 24 to 48 hours to prevent washing the chemical off the crop.

FOR INSECT CONYROL THROUGH CENTER PIVOT IRRIGATION SYSTEMS

Recommended dosages refer to pounds of SEVIN 80S per acre. Consull the Directors for Use and
Ganeral Pracautions Through Canter Pivol Iriigation Systema before application.

POUNDS PRE-
OF SEVIN | HARVESY
808/ INTERVAL
CROP INSECT ACRE (DAYS) SPECIFIC DIRECTIONS
Ay Altalia calerpitar il 2t/2 0 Cheserve planl response precaudions.
Grasshoppers F7]
Leahoppers 1120212
Conn {Beld Com sarwom bl ] (OBSERVE BEE CAUTION.
sveel, pop) Apply when fies sitks appear. | local populabions
waira, a second applicaion shoukd be made 5o 7!
days alier tha frsL. Oplirmum liming is essential for
effective conkol.
Eutopean com " [Woptyas necessaty. Optimum timiog is essenta o
borer ediective confrol
Soulirwesiem
com borer .
Wesiem bean Mak 2 appiations. First appiicalion shoukd be
cubworm made a1 60% egg hakch. Second appiication shoukl
b6 mad al 6% eqg halch. Optimum limeng 1§
essental for elieckive conirol.
Corn rookworm Treal as necessary.
beelies
. Grasshoppers
Prislo Colorada potako an ] Treatas necsssary
B Deetles
Eurapean com
borer
* | Fleabecle




Appendix C. Sevin Product Bulletin

") PRODUCY BULLETIN

ETTT IV  UNION CARBIDE AGRICULTURAL

¥ PRODUCTS COMPANY, INC.
CARBIDE - T W. ALEXANDER DRIVE . s

P.O. BOX 12014 . - -
RESEARCH TRIANGLE PA|

SEVIN® 80S Carbaryl Insecticide
‘For Use in Washington
EPA No. 264-316 B ;

RK;NC 27709

I

J

FOR DISTRIBUTION AND USE ONLY IN THE STATE OF WASHINGTON

DIRECTIONS FOR USE:

It is a violation of federa! law to use this product in a manner inconsistent with its labeling,
This tabeling must be in the possession of the user at the time of pesticide appiication.

Oyster beds: For control of ghost shrimp and mud shrimp. Treatment is allowed only on ground
with no oysters or oysters less than one year old on it, A 200 foot buffer zone is required
between the treatment area and the nearest marketable shellfish if treatment is by aerial spray,
and a 50 foot buffer zone is required if treatment is by ground spray.

Treatment must be timed seasonally to avoid major concentrations of Dungeness crabs. Treatment is
not -allowed until the ground becomes bare at ebb tide, and must be compieted one-haif hour after
low tide to prevent direct -contamination of the water. A 200 foot buffer zone must be maintained
between the treatment area and a}l sloughs and water channeis. Treatment must be made at a rate
0f 10 pounds of carbary! active ingredient per acre by ground or air equipment. Rates of less
that 10 pounds of carbary! active ingredient may be made only on the specific recommendation of a
Washington State Department of Fisheries Biologist. Constant agitation must be maintained to
prevent settling. ’

A special permit must be obtained from the Washington State Department of Fisheries prior to the
apptication. Ail permits must be screened by the Department of Fisheries with a physical
inspection prior to issuance to determine that treatmerit would be worthwhile and effective, that
the ground is bare of oysters, or the oysters are less than one year of age, that the ground is
properly staked and flagged, and to protect adjacent shellfish and water areas. Permits must be
reviewed by the State of Washington Departments of Agriculture and Social and Health Services.
The actual treatment must be conducted under the direct supervision of a staff member of the
Washington Department of Fisheries. '

The staff member of the Washington Department of Fisheries who is. supervising the treatment of
ground may suspend or cancel the treatment operations at any time when the conditions for use are
violated or environmental conditions change immediately prior to or during treatment.

Special Crab Caution: This product may kill Dungeness crab if they are present on the oyster bed,

CAUTION: Treatment over newly seeded oysters may cause significant mortality to the oysters and
should only to be used when risk of this loss is acceptable. Treated oysters may not be harvested
for food for two years following treatment. i

2

OBSERVE ALL APPLICABLE DIRECTIONS, RESTRICTIONS & PRECAbTIONS ON THE REGISTERED LABEL.

EPA SLN NO. WA-760021

“\\
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APPENDIX E
Benthic Invertebrate and Finfish
Species Inventory

CTENOPHORA
Nuda
. Beroe 8p. ?
NEMERTEA
Enopia
Heteronemertea
Amphiporus sp. 1 (imparispinosis?)
Amphiporus sp..2
Paranemertes sp.
ACANTHOCEPHALON
Found in fish stomachs (starry flounder)
Found attached to Corophim stimpsoni
ANNELIDA
Oligochaeta
Tubificidae
Peloscolex gabrlellae
Enchytraeida -

Enchytraeus sp. 1

Enchytraeus _Jl 2
Naididae

Naididae sp. 1
Polychaeta
Arenicolidae
Abarenicola paclflcxa
Ampharetidae
Amphicteis mucronata
- Anobothrus gracilis
Capltellldae
Capitella capitata
Capitellid '6’
Heteromastus filiformis
Mediomastus californiensis
Notomastus tenuis
Cirratulidae
Cirratulus sp.
Goniadidae
Glycinde armigera
Nephtyidae
Nephtys caecoides
Nephtys ferruginea
Nereidae
Nereis brandti
Nereis sp.
Nereis vexillosa
Nereis virens
Orbiniidae
Haploscoloplos sp.
Scolopolos armlger
Ophelidae
Armandia bioculata
Ophelia assimilis
Phyllodocidae
Eteone longa
Polynoidae
Harmothoe imbricata
. Hesperonoe complanata
Sabellidae
Fabricia sabells
. Manayunkia sp.
Sigalionidae
Pholoe minuta
Spionidae
Polydora ligni
Pseudopolydora kempi japonica
Pzg SELO elegans
- Pygospio sp.
Rhyncospio arenicola
Spio filicornis
Spiophanes sp.
Streblospio benedicti

Syllidae
Brania brevlpharyngea
Sphaerosyllis pirifera
Syllis sp.
Trypanosyllis sp.
Unidentified Syllidae

MOLLUSCA
Pelecypoda
Eulamellibranchia
Cardiidae
Clinocardium nuttallii
Mactridae
Tresus capax
Myidae
Mya arenaria
CryptgAy_Ecallfornlca
Ostreidae
Crassostrea gigas
Solenidae
Siligﬁa patula
Tellinidae
Macoma inconspicua
Macoma nasuta
Tellina nuculoides (salmonea)
Veneridae
" .pProtothaca staminea
Tapes japonica
Saxidomas giganteus
Filibranchia
Mytellidae
Modiolus rectus
Mytilus californianus

Mytilus edulis

Gastropoda
Nacticidae
Polinices draconls
Nassariidae
Nagsarius peran547
ECHINODERMATA
Asteroidea
Pisaster ochraceus
ARTHROPODA
Crustacea
Ostracoda
Unidentified ostracod
Copepoda -
Clausidium vancouverensis
Diaptemous 8p.
Cirripedia
Thoracica
Balanus glandula
Lepas anatifera
Rhizocephala

Unidentified genus: Parasictic on Corophium
Unidentified genus: Parasictic on Callianassa

e ——

‘May be Ellobiopsid
Malacostraca

Pericarida
Mysidaces
Archaeomysis grevnitzskii
Myais oculata?
Neomysis mercedis

Cumacea
Eudorella sp.
Eurodorella sp.

Diastylis sp.

Lamprops, Hemilamprops, or Mesoprops Sp.

Leptocuma sp.
Tanaidaces

Leptochelia savignyi
Pancolus californiensis

1



Isopoda

Valvifera
Idotea (Idotea) fewkesi
Idotea (Idotea) refescens
Idotea (Penidotea) resecata
Ildotea (Penidotea) wosnesenskii
Saduria entomon B

Flabellifera
Aegidae sp.
Cirolana kincaidi
Gnorismosphaeroma oregonensis

Epicaridea

Argeia pugettensis

Bopyrus sp.
} Oniscoidea
Lygidia palsaii
Amphipoda .
Gammaridea

Allorchestes angusta

Amphithoe sp.

Anisogammarus -confervicolus

Ceradocus spinicaudus

Corophium acherusicum

Corophium caklandense

- Corophium spinicorne . .

Corophium stimpsoni (later identified as C. salmonis)

Dogielinotus logquax

Eohaustorius sp.

Hyale ancepts

Mandibulophoxus gilesi

Orchestia transkiana

Oxrchestoidea pugettensis

Orchomene pacifica

Paraphous milleri

Photis brevipes

Pontogeneia inermis
Caprellidea

Caprella borealis

Caprella californica

Caprella incisa

Eucarida
Decapoda
Natantia
Caridea
Crangonidae
Crangon alba
Crangon franciscorum
Crangon nigricauda
Reptantia
Astacura

Thallasinoidea
Callianassidae
Callianassa californicusis
Upogebia pugettensis

Brachyura
Brachygnatha
Brachyrhyncha

Cancer magister
Cancer oregonensis

Cancer productus
Hemigrapsus nudus
Hemigrapsusregonensis

Insecta
Collembola
Arthropleona
Anurida Maritima
* -Diptera )
Aphrosylus sps
Saunderia .sp.
HEMICHORDATA -
Enteropneusta

Unidentified genus

SOURCE: Albright and Rammen 1976.
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SPECIES COMPOSITION OF FISHES IN GRAYS HARBOR

Petromyzontidae - lampreys
*Pacific lamprey =- Lampetra tridentata

Squalidae - dogfish sharks
Spiny dogfish - Squalus acanthias

Rajidae — skates
Big skate - Raja binoculata

Acipenseridae - sturgeons
White sturgeon ~ Acipenser transmontanus.
Green sturgeon - Acipenser medirostris

Clupeidae — herrings .
American shad - Alosa sapidissima
Pacific herring - Clupea hareagus pallasi
Pacific sardine - Sardinops sagax

Engraulidae — anchovies
Northern anchovy ~ Engraulis mordax

Salmonidae = gsalmon, trout, and char
! Chum salmon - Oncorhynchus keta
Coho salmon - Oncorhynchus kisutch
Chinook salmon - Oncorhynchus tshawytscha
Cutthroat trout - Salmo clarki
Steelhead trout - Salmo gairdneri
Dolly Varden - Salvelinus malma

Osmeridae - smelts
Surf smelt - Hypomesus pretiosus
Longfin smelt - Spirinchus thaleichthys
*Eulachon - Thaleichthys pacificus

Cyprinidae - minnows : -
*Peamouth - Mylocheilus caurinus
Northern squawfish - Ptychocheilus oregonensis

Gadidae - codfishes
Pacific tomcod - Microgadus proximus

Atherinidae - silversides
Topsmelt - Atherinops affinis affinis

Gasterosteidae - sticklebacks
Threespined stickleback ~ Gasterosteus aculeatus

Syngnathidae - pipefishes
Bay pipefish ~ Syngnathus griseolineatus

Embiotocidae - surfperches
Redtail surfperch - Amphistichus rhodoterus
Shiner perch - Cymatogaster aggregate
Striped seaperch - Embiotoca lateralis
Walleye surfperch - Hyperprosopon argenteum
S8ilver surfperch - Hyperprosopon ellipticum
White seaperch - Phanerodon furcatus
Pile perch — Rhacochilus vaceca

Pholidae -~ gunnels
Saddleback gunnel - Pholis ornata

Ammodytidae ~ sand lances )
Pacific sand lance - Ammodytes hexapterus

Gabiidae - gobies
Arrow goby - Clevelandia ios

Hexagrammidae = greenlings
Kelp greenling — Hexagrammos decagrammus
Mask greenling - Hexagrammos octogrammus
Lingcod - Ophiodon elongatus

*Scorpaenidae - rockfishes
Black rockfish -~ Sebastodes melanops

Cottidae — sculpins
*Prickly sculpin ~ Gottus asper
Pacific staghorn sculpin - Leptocottus armatus
Padded sculpin - Artedius fenestralis
Buffalo sculpin ~ Enophrys bison
Cabezon - Scorpaenichthys marmoratus

Stickaeidae - pricklebacks

Snake prickleback - Lumpenus sagitta

Agonidae - poachers
Sturgeon poacher - Agonus acipenserinus
Wartysea poacher - Occa verrucosa

Cyclopteridae - lumpfishes and snailfishes
Blacktail snail fish - Careproctus melanurus

Bothidae - lefteyed flounders
Pacific sanddab - Citharichthys sordidus

Pleuronectidae - righteyed flounders
English sole - Parophrys vetulus
Starry flounder - Platichthys stellatus
Sand sole - Psettichthys melanosticus




of

LVLuLUDO

VULLUEMLODLLDXEALUUDDOVOUDOLOUM DM LDDDO0

_O0D0
jon e g = Jpon ]

=

DO ODDDDO
=

Oodpd DEHMOOOD
-1 ol

(SR = =]

VO 4PDDODK VO

DUOODLDDMODULOUDDODDDO

SDphRbbD

ODMOOUOOCOMOD

VOLDOVLHEUVLLVLLLULOLOLUVLU U XM oo

od

(&)

VPhLLEMUVUMEKLDOOLDLOLUDOLOLLDD®DOL

b

sue1y 111YPUES
IVAINED

. 1233189y uedTIBDWY

yapy uoad1gd UITISH

uoodieg suyalaiasg
IVAINODTVAE

L21dsg
IVAINOIANVI

AMBH USIBY

318eqy preg

AMBY PRIIERI-PIY

Amey §;19doo)

xammivmud«ﬁmlAhmﬂm
AVAIALILIOOV

assuel1o) pPI3ISE1q-pay
23suedi1oR vommoy
1ssue8iay papooy

Nong £ppny

157005 uocUwoyH
133098 3ang

133055 pa3uTA-23TUM
sembspio
pesysyIng
249uspion s, mo1aeyg
24susp10sH uowmon
dneog asssaq

dneog as3jEa1n
Aoegsesur)

Aong payrsu-3ury
peaypay

3313a04g

uosBpIM uUROTISMY
uo33pTM ueadoany

' 1e9] woweuuI)
1231 peduim-usaan
TTeautg

11EMPED

PIBTIEH

9sc0n moug

99009 PIJUCII-SITUM

JueIg

9s009 epERUE)

uemg I1939dmniy

oeag SUTTISTUM
IVQILVRY

»

I s

M

S8 MS

SUOS¥Sg

EEERLE

10GqieH

sfein pue Aeqg edellIM IO spitg

<«
(&)
=]
o

-
DO
o DD
POaCD
2D 00
(SRS Sp=]

o
(S &N
[S 3=
oo
=N
VOO

“rea

u18331g BEITISEY

12183 uommon IB3IH

woa3y anig IedIH
IVAI IV

jurzomziog 018BT84g
JuBloWIO) §,IpUBIf
JuRIOMIO) PIISVAD-3|qNO(Q
AVAIOVE0JI0UDVIVEL
~awIT119J UMOlg
IVAINVOTIAL
133BMIBIYS L3008
IVAIIYVITIO0Ud

3qa19 Pa1119-Po1d
5Qs15 UIDISOM
8q215 PSUIOH

9Q319H PpIRIIU-PIY

IVAIQILIOIA04

woo] pPa3801IYI-PoY
uooq °13I0AY
woo1] uCWmOH
3VAIIAVO

M 4 s s Md Ss MS
SUOSESg SIBITqEY

I93UTM ~ M
1123 - 4

asmung - §
Butadg - § :suoseag

pieay IO us9S WOPTSS pPuB
sxaquau [{ems ul £T20 s3EI1qEYy 23eridoidde ur juesaid faiel - Y
s3e31qey sjeridoadde 03 31STA

£19A3 UO papsYy I0 USIS JoU Ing Juasaad Ajrensn fuomWOdUN ~ @
s3¥31qey 97e1idoadde ul paesy 10 U9SS UIIIO {UOWWOD -~ D
juepunge - Y

Amdowmmm pue S3IBPITQERH I9pun SUBNTOD ﬁ..nv (souppuUNngy

(210ys puUB ysiem BUIPNIOUT) IIIBM YSIIF -~ M3

“EInsutuag yoeeg 5007 3JO SIUEIJ PUB SPIIg °ul

aioys Apues - §§
as3em 11es uado -~ MS :SIEILQEH

‘0861

*y ‘21IpTM PUE 3ISTINOSYD 33ngay SFTTPIIM TPuoTIey 42g edeiltm -

eym ‘@meyBuTI(99 ‘$5234 WNISNR WOIIBYM

-EOUMG..H.L.mWsD -~

U7 SGTpuTd PATg 03 SPIRD ¥ 18T ‘UOSINE ‘¥ PUE ‘¥ TYBH - 1SIOUBAIFIY

-10qiey sfels J0 Leqg

edei1ipy UTYIIM Aj1eTn8221 paalq 03 usouy (SWeU seroads 133I®) - :ZaTpesig

‘g xtpusddy

S10qmAS JO UoTjeuRTAXF

1



of O
o O

(=]
(e =

o
O O o2

DDUVULUDOD
LUULUBbDOLVLOULULLOLOLOUDD
[S=1-4
DUOLVUDDHDULVLLUDDeE D

Dow
DoHhoo

0D

D . ouBbo
MOOOOUDOLOLOUY

- =]

LvLooo

MOOODLDODUOOLDOLDD

UISISOMYIION puP UORMO) — MOIH
udARY uommOn
IVATA0D

2aystyButy pIafeg
IVAINIQEYIV

A0 pPaIvo—3I0Yyg
MG -PSUIOH peaiy
" AVAISIYLS

23 TANY S022D0UTYY
J°721any POTqIEK
jomay1Ing uosdrg

21aNK uomEmO)H
AVQIOTV

ux3] uetdsen

uasy 21321y

uis] uomumon

9WEMIIITY Pe38sj-yor(g

TIN9 §,uuePmMIsadE

1109 s,93aedeuog

) I & LI

11m0 pe1irg-8ury

TIPS BTUIOITIRD

11IR9 §,394pYL

11na Sutaasy

110D uxazsapy

1TRD peB8uim—snooneTs

1in9 snoonely
AVAIVVI

Jo¥:{ S§

S3e31qeR

=] [~ &)
oD DO

0

D oo >
LVOhLDODDDUDOLUDDLUD
EDUadDanDDD

MDD EOM O
OhuDODDODD
OREDMO

DD

oo D

=4

ObhUbDDeEeCCLUM

VDPMOD DD

QUM VUMM OO =S (84

Ol d O

(&0 ]

MOUDOUMUDOLOLOOOMMUOO

== DO

S Ubhbbo

I98skf DTITSRBARG
AVAII¥VIODRALS

adoxe{eYyg UIDYIIOR

a2doieTRyq S,ROSTTIM
adoaeTeyy pay

IVAIA0IOFVIVHL

aadtdpueg 3sear
Surtaspurg
ITAPOH PI1QABK
asdidpueg pajseaiq-3Ing
xod1dpurg uis3zsapm
Jays3tmoq peilrg-3uo]
134231Tmoq PBYT1I9~-3104Sg
uryung
xadidpueg s,piteg
aadtdpurg jeao3zdag
zedidpurg payreil-dreyg
~- Jouy poy
s82TMmO1Tox aas597
s821M0T 2% 393E21DH
ELAN Y.
12733'], Sutaspuey
Iadtdpueg pajjodg
T22qmTUpM
#d7IN) pIT1Tg-Buog
adivg uowmon
FVAIOVA0T0DS

suozsuany Moelg

auwojsuany Appny

PI1Tqyang

I3A074 PATIT2q=}orIg

19A01d UDPTOH UBDIIDWY

A99PTITH

I9A0Tg Amoug

194014 pajemjedyimeg
IVAITAAVIVHD

Ieyd3ed133sLQ }OPIY
IVATAOdOLYHAVH

3005 wedTIdmy
TTPY BIUTEITA
IVAITIVE

M £ S

Md Ss

SUOSEIg

EEEERLET




Appendix G. Executive Summary (Draft) "The 1984 Use of the
Insecticide SEVIN to Control Burrowing Shrimp
in Willapa Bay and Grays Harbor, Washington.

EXECUTIVE SUMMARY
(Draft)

THE 1884 SITUATION

Ghost and mud shrimp are considered as pest by the Washington
state commercial oyster growers. The shrimp burrow extensive
networks of tunnels in the oyster beds. This burrowing
softens the bottom and releases sediments. Oysters cultured
on infested beds may sink into the bottom or be buried by the
sediments and die. Burrowing shrimp on the oyster beds have
peen controlled by applications of the inasecticide SEVIN
since 1963. These treatments are regulated by the Washington
Departments of Fisheries.

Use of SEVIN is Willapa Bay and Grays - Harbor has been a
subject of concern. Becsuse of potential environmental
impacts. An environmental impact statement (E1S) was prepared
on treatments, and the draft EIS issued shortly before the

1984 treatments.

An El Nino event during 1982 and 1983 caused substantial
biological changes off the Washington coast, - in Willapa Bay
and in Grays Harbor. These changes included decreased oyster
production and increased populations of burrowing shrimp. As
a result., the coastal oyster growers received permission to
treat acreage in excess of previous limits and to spray over
seed oysters on a one-time emergency basisa.

During the 1884 treatments, WDF obtained additional
information on the effects of the insecticide. This research
included methods to improve assessment of crab losses and

further reduce mortalities. Other studies examined effects on
benthic communities and the fate of SEVIN in estuarine water.
This progress report presents the results of the 1984 SEVIN
treatments and the associated studies.

DUNGENESS CRAB MORTALITY

Preliminary observations of the oyster beds showed unusually
large populations of young-of-the-year (YOY) Dungeness crab
agsociated with areas proposed for treatment. Subsequent
examination before spraying indicated that these crab had
moved from intertidal oyster beds into nearby  subtidal
habitats, as has been seen in previous years. However,
initial SEVIN treatments resulted in unexpectedly .large
mortalities of YOY crab. In past years the crab mortalities
had primarily been 1 and 2 year old crab. As a result, WDF
modified the spraying schedules to reduce crab losses and
shifted all available personnel to manage the treatment and
minimize mortalities. . Consequently., several planned
experiments were not conducted.

-G 1



After completion of the treatments, it was found that
approximately 77 percent of all dead crab were YOY. According
to available data. these observed losses represented 0.002 to
0.02 percent of the estimated juvenile crab population in
Willapa Bay. Prior to treatment, WDF established a maximum
allowable crab loss of 8,000 juvenile crab (1 to 3 years old)
in Willapa Bay. The total observed mortality was 88 percent
of this ceiling. ‘

Crab loss estimates were highly variable, apparently because
of habitat patchiness. Available information indicates that
when heavy algae cover is present,  spraying over seeded beds
may contribute to higher losses of YOY crab. '

CHUMMING - EXPERIMENTS

Observations during previous SEVIN treatments found most crab
mortalities adjacent to river chanrnels or sloughs. WDF and
the oyster growers predicted that placing bait or "chum”" in
the sloughs adjacent to the treated tracte may divert
foraging crabs - from- the sprayed ground and reduce
mortalities. '

An initial experiment - was conducted to assegsas the
aeffectiveness of chumming. Preliminary results indicated a
significant reduction in mortalities VDF had planned a more
vigoroug study of the effectivenese of chumming but was
forced by high c¢rab mortalities to act on the preliminary
indications of success and chum all feasible areas. These
obgervations need confirmation and further study remains a
high priority for the 1885 treatments. '

BENTHIC COMMUNITY IMPACTS

One of the major concerns about SEVIN USE is its effect on
the community of bottom dwelling (benthic) invertebrates on
the intertidal oyster beds. Potential impacts on crab.
finfish. and birds could occur if substantial reductions in
populations of the small crustacea (such as amphipods.
tanaida and copepods) result from SEVIN use. All of theese are
important food items for other orgahiama and commercial fish
species. '

In order to document short—-term °~ effects of spraying on
benthic communities, quantitative sampling was conducted in
1984 on a tract scheduled for SEVIN treatment. Preliminary
results of thia sampling indicate limited aeffects from
spraying» primarily initial, short-term reductions of these
communities on the tracts. Additional studies are being
conducted to better asses these impacts and their

)

significance.

WATER AND SEDIMENT QUALITY

One of the more important concerns over the use of any
pesticide is itse persistence in the environment after
treatment. Studies were conducted in 1983 and 1984 on the
uptake and persistence of SEVIN in sediments and water



agsociated with treated oyster beds. SEVIN concentrations in
sediment dropped quickly after spraying but were highly
variable. After 24 hours, SEVIN was present in concentration
3 to 9 percent of the initial level.

Vater samples from treated beds showed that SEVIN and its -
decompogition product., l-naphthol, disappeared from the water
column almost completely in less than an hour. When these
results are compared to other experiments, it ia apparent
that the sediment and water temperature are important in
determining the environmental degredation rate of SEVIN.

G 3
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