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ABSTRACT

Between March and October 1980, the Fisheries Research Institute

conducted comprehensive studies on juvenile salmonids, English sole, and

baitfish and their epibenthic and neritic prey communities in Grays Har

bor in order to evaluate the potential effects of dredging proposed for

widening and deepening the existing navigation channel. The objectives

of this research were to: (1) determine the temporal and spatial distri

bution and abundance of juvenile salmonids and baitfish in several habi

tats throughout the estuary; (2) determine the prey organisms most impor

tant to juvenile chinook and chum salmon, steelhead trout, and English

sole during their estuarine residence; (3) determine the abundance of

fish and Dungeness crab larvae and other neritic prey of juvenile sal—

monids at several times and locations in Grays Harbor; (4) determine the

composition and abundance of epibenthic meio— and macroinvertebrate

assemblages at one time and location; (5) determine whether or not Paci

fic herring spawning occurs in eelgrass beds in the vicinity of the

navigation channel; and (6) evaluate the potential effects of the pro

posed dredging project on these important resources. Juvenile salmon—

ids, English sole, and baitfish were sampled in shallow sublittoral and

lower littoral habitats by beach seine, and in neritic habitats by purse

seines. Neritic and epibenthic zooplankton were sampled with 60—cm bon

go nets and an epibenthic suction pump, respectively.

Juvenile salmonids were present in Grays Harbor throughout the

eight—month sampling period, chums migrated through the estuary between

March and mid—May, coho between mid—April and late June, chinook between

early April and the end of the sampling period in late October, and

steelhead between mid—May and late July. Yearling English sole were

also present in shallow sublittoral and lower littoral habitats through

Out the sampling period, the apparent 1979 age class emigrating from the

estuary by early July and young—of—the—year recruiting into the estuary

through late May. Seven species of baitfish were captured, but only

four species or life history stages——adult and juvenile northern

xix



anchovy, juvenile Pacific herring, and juvenile longfin smelt——were con

sistently abundant over the sampling period to indicate extended resi

dence and utilization of the estuary. Only Pacific herring and longfin

smelt appear to be directly associated with the estuary during reproduc

tion and subsequent early life history development. While no evidence

of spawning by adult Pacific herring was found in the vicinity of the

existing navigation channel, the abundance of larvae and postlarvae sug

gests that spawning probably occurred in other regions of the estuary or

prior to the initiation of sampling in March or subsequent to the termi

nation of sampling in early June.

Quantitative stomach analyses of juvenile salmonids and English

sole indicated that they fed mainly in the epibenthic and neritic habi

tats in which they were captured. Fishes occupying shallow sublittoral

or lower littoral habitats fed mainly on epibenthic crustaceans——

primarily harpacticoid copepods, cumaceans, and gammarid amphipods——

while those captured in neritic habitats tended to be larger in size and

fed upon more pelagic prey such as larval northern anchovy and drift

insects.

The epibenthic zooplankton community in the shallow sublittoral and

lower littoral habitat at Moon Island in May was dominated by harpacti—

coid and calanoid copepods and was found to vary in structure and stand

ing stock with tidal stage, increasing during flood tides presumably

because of the influx of exogenous neritic zooplankters and the resuspen

sion of endogenous epibenthic animals. The neritic zooplankton commu

nity was dominated numerically by barnacle larvae and calanoid copepods

and gravimetrically by sand shrimp, mysids, and calanoid copepods.

Standing stock estimates illustrated three sustained declines——in May,

July, and September. Three sources——riverine, estuarine, and marine——of

neritic zooplankters were identified, the true estuarine assemblages

being the most abundant in the inner estuary between Moon Island and Cow

Point.

xx
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1.0 INTRODUCTION

by Charles A. Simenstad

1.1 History of Study of Ju~yenile Salmonids, Baitfish and English

Sole and Their Prey Resources in Grays Harbor

The Seattle District, U.S. Army Corps of Engineers has proposed a

project to widen and deepen the existing navigation channel in Grays

Harbor, Washington. The proposed plan includes modifying the size of

(1) the existing 4.8—km channel across the outer bar from 183 meters by

9.2 meters to 366 meters by 14.6 meters, (2) the existing 4.8—km estuary

channel from 91.5 meters by 9.2 meters to 122 meters by 12.2 meters, and

(3) the 29—km channel up the Chehalis River to Cosmopolis from 61 meters

by 9.2 meters to 122 meters by 12.2 meters.

Environmental studies initiated by the Corps of Engineers to assess

the impact of the proposed widening and deepening project include re

search programs on the biological resources, estuarine and upstream

aquatic habitats, water quality and circulation, sediment chemistry, pri

mary productivity, and culture resources of the estuary. The Fisheries

Research Institute (FRI), University of Washington, conducted comprehen

sive studies on juvenile salmonids, baitfish, and English sole and their

prey communities in Grays Harbor in order to evaluate the potential

effects of dredging on these resources.

1.2 Study Objectives

The objectives of this study were to:

a. Determine the temporal and spatial distribution and abundance

of juvenile salmonids (genus Oncorhynchus) and baitfish in sev

eral habitats that could be affected by the proposed altera

tions to the navigation channel;
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b. Determine the food items most important to juvenile chinook (0.

tshawytscha), and chum salmon (0. keta), steelhead trout (Salino

gairdneri), and English sole (Parophrys vetulus) during their

residence in Grays Harbor;

c. Determine the abundance of fish larvae, Dungeness crab larvae,

and other juvenile salmonid food items in the plankton at

several times and locations in the waters of Grays Harbor;

d. Determine the composition and abundance of epibenthic meio— and

macroinvertebrate assemblages at one location in Grays Harbor;

and

e. Determine whether or not Pacific herring (Clupea harengus

pallasi) spawning occurs in eelgrass beds in the vicinity of

the navigation channel in Grays Harbor.

f. Evaluate the potential effects of the proposed dredging

project on the resources and parameters listed in a—e.

In addition to these objectives, we designed the study to elucidate

the functional relationship of juvenile salmonid and English sole popula

tions to the dynamics of the estuary, including the availability of prey

resources in different estuarine habitats. We hoped that, in the final

synthesis of the total information base, we might be able to generate

hypotheses about the factors affecting migration rate, behavior, and

residence time of these fishes in Grays Harbor in relation to habitats

and sites of concern.

1.3 Description of Study Area

Grays Harbor estuary is located on the southwest coast of Washing

ton State (Fig. 1—1). It covers an area of 23,504 hectare (at MHHW from

mouth to Montesano) and was formed by the drowning of the seaward portion
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of the Chehalis River Delta (Loehr and Collias 1981). Six watersheds,

of the Chehalis, Humptulips, Hoquiam, Wishkah, Johns and Elk rivers,

drain into Grays Harbor, accounting for the extensive system of mudflats

and intervening channels (Fig. 1—2). Loehr and Collias (1981) character

ized two major areas in the estuary based on water characteristics data:

the outer harbor extending from the entrance to the Pacific Ocean east

to Point New and the inner harbor extending eastward from Point New to

Cosmopolis. The course of the Chehalis River, the major tributary to

Grays Harbor, is divided into two major channels (the North and South

Channels) within the estuary.

1.4 History of Previous Investigations

Published information concerning the biological resources or eco

logical processes characterizing Grays Harbor is meager. Smith et al.

(1980) conducted an extensive literature review and documented that lit

tle quantitative data exist for neritic zooplankton and fish and demer—

sal fish in the region of Grays Harbor, while essentially no data was

described for the estuary itself.

Despite the economic importance of anadromous salmonids in Grays

Harbor, little comprehensive information exists on the distribution and

abundance of outmigrating juveniles. Tokar and Tollefson (1969) reported

upon the abundance and stomach contents of juvenile chinook salmon cap

tured in the vicinity of Moon Island when low dissolved oxygen levels

were present; Tokar et al. (1970) described an expanded beach seine sur

vey of juvenile salmonids in the estuary, encompassing seven locations

sampled through almost a year’s time.

Deschamps et al. (1971) also described an inventory conducted in the

lower Chehalis River and upper Grays Harbor which documented that chinook,

coho and chum salmon and cutthroat and steelhead trout were important spe

cies utilizing the inner estuary.
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Herrmann (1971) provided the earliest information available on the

food habits of juvenile salmonids migrating through the estuary.

Data on the abundance, life history stages and sizes of fish, spe—

cificaily juvenile salmonids, at Moon Island in the upper estuary during

1973 and 1974 was contained within reports by Brix (1974), Brix et al.

(1974), and Wolfe and Moore (1973, 1974).

Smith et al. (1976) assembled one of the more extensive studies of

fishes in Grays Harbor, documenting the species composition, relative

abundance and distribution and food habits of the fish assemblages in the

estuary; they concluded that Grays Harbor constitutes an important spawn

ing and nursery area for many of the 53 species of fish which they

documented.

While quantitative data are available for benthic (infaunal)

invertebrate communities off the mouth (Smith et al. 1980) and within

Grays Harbor (Wolfe and Moore 1973, 1974; Wolfe et al. 1974; Smith et al.

1976) there is no information on either community structure or standing

stock of epibenthic invertebrates, especially meiofauna, in shallow sub

littoral or lower littoral habitats in the estuary, where many of the

outmigrating juvenile salmonids are known to feed. Data on the distribu

tion and relative abundance of some important epibenthic organisms——gam—

marid amphipods, cumaceans, tanaids, isopods——as infauna were included in

the reports listed above and, although they were not necessarily indica

tive of the epibenthic populations, they did provide some qualitative

information on the larger components of the epifaunal invertebrate com

munity in the estuary.

Appendix tables and figures referenced in this report are included

in a separate data report, Simenstad 1981; a total fish species list is

included as Appendix Table 1—1.
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2.0 PHYSICAL ENVIRONMENT

by Charles A. Simenstad, Thomas E. Prinslow, and K. Michael McDowell

2.1 Introduction

Grays Harbor fits the classical definition of an estuary, a semi—

enclosed coastal water body which has free access to the sea; the water

in which is measurably diluted below the salinity of open ocean water by

freshwater associated with land runoff. Freshwater input into Grays

Harbor closely follows the local precipitation. The 660,450 hectare

drainage basin of the six watersheds (i.e., Chehalis, Humptulips,

Hoquiam, Wiskah, Johns, and Elk) combined is little affected by snowmelt

runoff from the Olympic Mountains located to the north (Loehr and

Collias 1981); seventy—nine percent of the total drainage basin area is

made up by the Chehalis River watershed. Maximum runoff of approximate—
3 —1ly 850 m sec occurs in December and January while minimum runoff of

below 70 m3 sec’ occurs from June through September. Tidal action

produces a saltwater wedge extending to within approximately 9.7 km of

Montesano during low flow periods (estimated from Figs. 3—9 and 3—10;

from Loehr and Collias 1981). Coastal upwelling, which tends to develop

during the summer when river flow is low, can result in cold, saline,

nutrient—rich water of oceanic origin with a low dissolved oxygen con

tent entering Grays Harbor (Loehr and Collias 1981).

This section documents the variations in water temperature, salin

ity, dissolved oxygen (DO) and concentration of suspended solids at the

biological sampling sites during this study. As such, they should only

be considered from the standpoint of describing the environmental condi

tions at the time of the collection of fish and zooplankton. A detailed

review of the water characteristics of Grays Harbor over 40 years (1938—

1979), with a discussion of the various processes affecting these. vari

ables, is available in Loehr and Collias (1981).
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2.2 Materials and Methods

The method of fish or zooplankton collection used at each of the

sites determined which water quality parameters were measured and the

depth of measurement of water from which these measurements were made.

During each collection at shallow sublittoral beach seine sites——Sand

Island, Cow Point, Moon Island, Steam’s Bluff, and Westport——subsurface

(0—1 m deep) water temperature and salinity were measured in situ at ap

proximately low slack tide using a Beckman electrode inductor salinometer.

At the purse seine sites—Cosmoplis, Cow Point, Moon Island, Steam’s

Bluff, and Westport——water temperature and salinity were measured at ap

proximately high slack tide in situ at subsurface, mid—depth, and at the

bottom of the water column. Temperature was recorded to the nearest

0.1°C, and salinity to the nearest O.1°/oo (ppt). Dissolved oxygen and

suspended solids samples were collected using a VanDomn water bottle.

The DO sample was immediately fixed according to the azide modification

of the Winkler method (American Public Health Association et al. 1976),

These samples were kept cool until titrated in the laboratory (less than

one week after collection) and the percentage oxygen supersaturation de

termined according to:

475—(2.65 x salinity in 0/00)Saturation level in mg/l = _______________________________
Temperature ( C) + 33.5 C

DO level in mg/i (titrated value)Percent saturation = 100 x
Calculated saturation level (mg/i)

Suspended solids were measured as total nonfilterabie residue (TNFR) and

were determined by filtering water samples under suction through pre—

washed, dried and weighed Whatman 4,25—cm diameter GFC paper, dried at

103°C for 24 hr, then weighted to the nearest mg.

Water depth during sampling was determined using current NOAA tide

tables (U.S. Dep. Commerce 1979).
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2.3 Results

2.3.1 River Flows: While the rate of freshwater flow into Grays

Harbor was not monitored by us during the course of the project, informa

tion from the U.S. Geological Survey’ provided an indication of the

freshwater input into the estuary. The mean of the daily estimated

riverf low rate of the Chehalis River at Hoquiam during the weeks of

biological sampling (Fig, 2—1) indicates a variable, though declining,

rate during the early months of sampling; the maximum daily flow rate

during this period was on the order of 880,000 m3 sec’. Riverflow

declined gradually from May through August, when a minimum daily rate of
3 —127,800 m sec was estimated. A measurable increase was recorded in

September during an otherwise gradual increase in riverf low rate between

August and late October.

2.3.2 Temperature: Water temperatures at the shallow sublittoral2

beach seine sites (Fig. 2—2) between March and October appeared to reflect

both exogenous (i.e., river runoff, coastal upwelling) and endogenous

(i.e., solar insolation) influences. Between March and July, except for

brief declines in late March and May, the subsurface water temperatures

steadily increased from minima of 5°C to 10°C to maxima of 16°C to 20°C

with little intersite variation. Between July and October, however, the

subsurface temperatures declined. A high degree of intersite variation

was evident during this period. The riverine site at Sand Island tended

to have lower temperatures than most of the other sites through the spring

increase, but generally had the higher temperatures through the sununer

‘U.S. Geological Survey, Water Resources Division, Tacoma; daily

estimates of combined riverflow at Hoquiam.

2Shallow sublittoral is here defined as that region between 0.0 and

—5.0 m tidal elevations.
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and early fall • This would seem to indicate that subsurface water tem

peratures in shallow sublittoral habitats are predominantly affected by

riverine runoff during the winter and epring, while during low fresh

water flow periods in the sumer and fail the temperatures are a func

tion of more variable factors such as tidal flows, entry of coastal

upwelling water into the estuary, and solar insolation.

Subsurface, mid—depth end bottom water temperatures recorded at

neritic sampling sites (Pigs. 2—3 to 2—5) illustrate the ssme general

relationships, with even more intersite variation evident during the low

freshwater flow period. The outer—estuary sites at Steam’s Bluff snd

Westport typically had the lower temperatures at all three depth strata

and often fluctuated the greatest between July and October. This was

especially evident in Westport mid-depth and bottom temperatures, which

were colder (by three to four °C) than the other sites between July and

September • By October, despite relatively little change in the river—

flow rate (Pig. 2—1), these temperatures had become more uniform.

•2.3.3 Salinity: Salinity regimes at shallow sublittoral sites

were relatively consistent, increasing throughout the period beteen

March and October (Pig. 2—6). Site variability, however, was opposite

that of the temperatures, in that intrasit~ variability was greater that

intersite variability (rank order) end salinities appeared to be more

variable during the period between March end July. As would be predic

ted, salinities decreased (almost proportionally) with the location of

the sampling site moving up the estuary. The highest salinities

recorded at Sand Island, the most upriver site, were during the low

freshwater flow period In July and August.

Subsurface, mid-depth and bottom water salinities recorded at nerit—

ic sampling sites also• illustrated trends similar to the shellow sublit

toral salinities but tended to be more variable (intrasite) between

March and June, but less variable (intersite) between July and October.

The Cosmopolis sampling site also deviated significantly from the other
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sites in late August, when a rapid drop in salinity was reported. This

depression continued through September in the subsurface waters.

While early declines in salinity were correlated with variable in

creases in riverflow rate (Fig. 2—1), fluctuations in salinity late in the

sampling period could not necessarily be attributed to the relatively mi

nor changes in riverf low rate. As the salinity measurements were consis

tently made at approximately the same tide stage (within beach seine or

purse seine collection), tidal influences upon salinity values should

have been minimal; differences between sampling dates, however, may re

flect seasonal variations in tidal height.

2.3.4 Dissolved Oxygen: Except for one extreme decline in the

percent saturation level of dissolved oxygen at Steam’s Bluff in April

(which may have been the consequence of an unfixed sample), the DO levels

at the five neritic sampling sites were greater than 60%; most values,

in fact, fluctuated aroung 100% except for the Cosmopolis site, which

consistently fluctuated around the 90% saturation level (Fig. 2—7).

2.3.5 Suspended Solids: Concentrations of suspended solids, meas

ured as Total Nonfilterable Residue (TNFR), were typically maximum at

the Cosmopolis, Cow Point, or Moon Island sites, although all sites

illustrated the same general trends of maxima in late April through June

(Fig. 2—8). Most of the values above 40 mg/l TNFR coincided with the

occurrence of Corps of Engineers maintenance dredging in the vicinity of

the sampling site, although periods of high freshwater flow usually

accounted for increased concentrations of suspended solids at all sites.

2.4 Literature Cited:

American Public Health Association, American Water Work Association, and

Water Pollution Control Federation. 1976. Standard methods for

the examination of water and wastewater. Fourteenth Edition.

American Public Health Association, Washington, D.C. 1193 pp.
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3.0 DISTRIBUTION AND ABUNDANCE OF JUVENILE SALMONIDS

by Thomas E. Prinslow, K. Michael McDowell, and Charles A. Simenstad

3.1 Introduction

Grays Harbor constitutes a common receiving area for juveniles of

chinook (Oncorhynchus tshawytscha), coho (0. kisutch), and chum salmon

(0. keta), steelhead (Salmon gairdneri) and cutthroat (S. clarki clarki)

trout which populate the six major river systems and multitude of small

streams and creeks feeding the estuary. As measured by the commercial

salmon catch within Grays Harbor, coho salmon are the most numerous fol

lowed by chum and chinook (Smith et al. 1976; R. Brix, WDF Montesano

Coastal Station, unpublished data). Hatcheries produce the majority of

coho and steelhead trout and supplement existing natural chum and fall

chinook salmon populations (Table 3—1). This complex of salmonid popu

lations produces an equally complex temporal and spatial distribution of

juveniles passing through or residing within the estuary. Furthermore,

these distributions are dynamic. They utilize various estuarine habitats

over short time periods compared to the total residence time of the juve

niles in Grays Harbor.

Thus, in order to adequately document the temporal and spatial move

ments of juvenile salmonids through the Grays Harbor estuary, the sampl

ing design had to incorporate quantitative collection of the fish in rep

resentative habitats, tidal stages and locations through the estuary. The

sampling had to be repeated frequently in a consistent manner during the

outmigration periods of each species.

3.2 Materials and Methods

3.2.1 Study Site: Six sites were selected for fish collections

(Fig. 3—1), which extended from Sand Island (11.8 km from Montesano) to

Westport (inside the mouth of the estuary); four sites (Sand Island,

Cosmopolis, Cow Point, and Moon Island) were considered to be located in
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the “upper” estuary while two (Steam’s Bluff and Westport) were located

in the “lower estuary.” Sand Island and Cosmopolis were tidally—influenced

riverine sites characterized by steeply—banked, narrow channels greater

than 10 m in depth. The Sand Island site was dominated by freshwater

flow (Fig. 2—1), while the Cosmopolis sampling site was transitional be

tween riverine and estuarine salinities (Figs. 2—5 to 2—8). The Cow

Point sampling site was located at the head of the estuary four kilome

ters dowuriver from the Cosmopolis sampling site where the Chehalis River

broadens and splits into two shallower (less than 10 m deep) channels

bordered by extensive mud and sandflats (lightly stippled areas in Fig.

3—1) exposed at tide heights less than 0.5 m. The beach seine site, how

ever, was characterized by a mud bottom and rock rip rap in the high lit

toral zone. The Moon Island sampling site was located six kilometers

down the north channel from the Cow Point site. Consolidated mud com

posed the bottom at Moon Island and extended to the upper littoral zone.

The Steam’s Bluff sampling site was located two kilometers above the

western confluence of the north and south channels. This site was simi

lar to the Moon Island site in terms of the consolidated mud habitat.

The sampling site representative of the lower estuary was located at

Westport, approximately two kilometers southeast of the navigation chan

nel. The Westport sapling site had a sand bottom and littoral zone with

shallow banks.

3.2.2 Sampling Techniques:

3.2.2.1 Fishing Methods: Fish in shallow sublittoral and

lower littoral habitats at all sites except Cosmopolis were sampled with

a 37— x 2—m floating beach seine set parallel to, and 30 m from, shore

from an outboard—powered skiff (Fig. 3—2). The beach seine consisted of

two 18—m wings of 3—cm mesh joined to a 2—m H x 2.4—m W x 2.3—m D bag of

6 mm mesh. Floats located along the floatline were sufficient to keep

the net at the surface while solid core leadline prevented the net from

rolling when on the bottom. Four people hand—hauled the net toward shore

at a rate of approximately 15 m/min using lines attached to wooden poles

at either end of the seine. For the first 20 m the two groups hauling

the net were spaced 40 m apart, and 10 m apart for the final 10 m.
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Sample area and volume were estimated to be 520 m2 and 790 rn3,

respectively.

Neritic waters at all sites except Sand Island were sampled with a

63— x 7—rn purse seine set from a 7—rn front—reel gilinetter using a “round

haul” method whereby the seine skiff held position while the seine boat

circled away from it (Fig. 3—3). Sample area and volume were estimated

to be 300 m2 and 2000 m3, respectively. Currents greater than 1 rn sec 1

were frequently encountered in the estuary, however, which often distort

ed the shape of the set net and lifted the leadline, thus affecting the

actual area and volume sampled during these situations.

The purse seine was set and pursed within 10 mm. The net was

reeled aboard, and the catch was concentrated in the bunt section of the

net within another five minutes.

The purse seine (Fig. 3—4), modelled after the one used Hood Canal

and Columbia River juvenile salmonid studies (Prinslow et al. 1980;

Johnsen and Sims 1973), measured 63 m long by 7 m deep, with a 25% hang—

in (i.e., in the water the net hung to a depth 25% less [5,3 ml than that

obtained if the net were stretched out flat). The tapered bunt end of

the net consisted of panels of 6—mm and 13—mm mesh knotless nylon webbing

which were sewn to 25—mm mesh panels comprising the body and wing end of

the net. Along the bottom of the net ran a three—mesh—deep panel of

76—mm knotless nylon webbing to facilitate spilling of water when the net

was pursed and hauled aboard the seine vessel (see Prinslow et al. 1980

for detailed drawings).

Shallow sublittoral and lower littoral habitats in the estuary typi

cally had gradually sloping bottoms, and consequently were available to

beach seining only at tide heights less than 0.5 m. Neritic areas were

purse seined at tide heights greater than 0.5 m to allow the net to pass

over bottom snags.
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b.

Fig. 3—2.

a.

Sampling of shallow sublittoral and lower littoral habitats using
a 37—rn x 2—rn floating beach seine at Grays Harbor; (a) setting the
net 30 m off the beach, and (b) hauling in the net.
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Two replicate sets were made at each beach seine or purse seine sam

pling site during each sampling trip, except when prohibited by storms or

mechanical failure (see Section 3.2.3).

3.2.2.2 Fish Preservation and Processing: All fish were

preserved in 10% buffered formalin immediately upon capture. After at

least one week of preservation juvenile salmonids were identified and

their fork lengths (FL) and blotted wet weights measured to the nearest

mm and 0.01 g, respectively.

3.2.3 Sampling Schedule: Sampling began 3 March 1980 and continued

biweekly until 24 October 1980, with the exception of one three—week in

terval in August to adjust for changing tide schedules. Tide stage and

weather conditions determine the order in which sites were sampled and

the type of net deployed and that order varied from week to week. All

sampling occurred during daylight hours. During the 17 sampling trips,

164 beach seine sets and 148 purse seine sets were completed out of a

possible 170 set per gear (2 replicates/site x 5 sites/trip x 17 trips).

Mechanical problems during the first three trips accounted for 91% of the

missed purse seine sets. Missed sets were noted as Etno sampling” in the

results and discussion following.

3.3 Results

3.3.1 Chum Salmon: The majority of juvenile chum salmon were

caught during beach seine collections; less than 10 chums were caught in

a total of 26 purse seine sets made during the chum salmon outmigration

period. Apparently, few juvenile chum salmon were occupying neritic

habitats in the estuary or those which did moved over the mud and sand—

flats at high tide and were unavailable to the purse seine collections.

Therefore, the following results concern beach seine catches only.

The outmigration of juvenile chum had already begun by the initial

sampling trip (March 3—7); the only chum caught upriver at Sand Island



34

were caught during this trip and peak catch—per—unit—effort (CPUE = no.

fish caught per set) at Cow Point and Moon Island also occurred at this

time (Fig. 3—5). A high CPUE at Westport early in the spring and the

similar size distribution of chum caught throughout the estuary during

the first week (35—50 mm FL; see Fig. 3—6), suggest rapid movement

through the estuary by these early outmigrating juvenile chum salmon.

The CPUE at Steam’s Bluff reached a maximum during the sampling week of

March 17—21 and was of a magnitude comparable to that documented at Moon

Island, in a similar habitat (Fig. 3—5). The size distribution of the

fish (Appendix Fig. 3—1) was comparable as well, suggesting that the same

or similar cohort groups of outmigrating chum salmon utilized both the

north and south channels during their movement through the estuary.

A secondary CPTJE maximum observed at Cow Point and Moon Island dur

ing the sampling week of March 31—April 4 was followed by a similar maxi

mum at Steam’s Bluff two weeks later (Fig. 3—5). The CPUE reached a

maximum at Westport during the sampling week of April 28—May 2. Over

this period of movement through the lower estuary the size distribution

increased from 30—49 mm FL at Cow Point, Moon Island and Steam’s Bluff

to 45—80 mm FL at Westport (Appendix Fig. 3—1).

The progressive movement in maximum CPUE and the change in size dis

tribution between the upper and lower regions of the estuary suggest a

two to four week residence in the lower estuary accompanied by an approx

imately 30—nun increase in the mean size (mm FL) of juvenile chums in the

outmigrating population (see Section 3.4.3 for further discussion of this

growth measurement).

No juvenile chum salmon were caught in the estuary after the sampling

week of May 12—16.

3.3.2 Chinook Salmon

3.3.2,1 Distribution and Abundance: Juvenile fall chinook

salmon (age 0+, size range 35—60 mm FL) were caught initially at Sand

Island during the sampling week of March 31—April 4, and in the estuary
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and coho salmon at Grays Harbor, Washington, March—October 1980;
a) Sand Island, and b) Cow Point.
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at Cow Point, Moon Island and Steam’s Bluff beach seine sites during the

week of April 14—18 (Figs. 3—6 and 3—7). Beach seine CPUE at these sites

indicated maxima between April 28 and May 30. Few juvenile chinook were

caught in the purse seine collections during this period, with the larg

est catches occurring at Cow Point during flay (Figs. 3—8 and 3—9). Only

three fish were caught in the purse seine collections at Westport at this

time end none were caught in the beach seine collections (Fig. 3—10),

indicating residence in the upper estuary during this period of the

outmigratiofl.

Some juvenile chinook of a size distribution generally larger than

those previously caught in the estuary (up to 125 mm FL) were captured at

the Steam’s Bluff and Westport purse seine sites during the sampling

week of June 9—13 (Appendix Figs. 3—2 and 3—3). These catches coincided

with a release of approximately 15,500 age 0+ fall chinook juveniles

(averaging 5 g/fish, 80—90 mm FL) into the Chehalis River watershed on

June 3, suggesting that the fish captured in the lower estuary repre

sented this group of hatchery fish, which had moved rapidly through the

upper estuary. No fish of this size distribution were caught two weeks

later (June 23—27), indicating that they had migrated out of the lower

estuary.

The CPUE of the smaller, presumably naturally—spawned juvenile chi

nook at the Sand Island site declined to zero during the sampling week of

June 23—27, indicating the end of the migration into the estuary (Fig.

3—6). CPUE maxima occurred in the estuary during late June and early

July in the beach seine collection and during August in the purse seine

collections (Figs. 3—6 to 3—10). Juvenile chinook salmon continued to be

caught by both gears, but in diminishing numbers, through the end of the

sampling period (October 24). The rapid decline in CPUE of chinook in

the purse seine during early August suggested that a portion of the popu

lation of naturally—produced chinook left the estuary, leaving a residual

populations which continued to grow and reside in the estuary through

late summer and early fall. In addition, CPUE values from the purse
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seine collections were generally higher than the relative beach seine

CPUE values during late September and October, indicating a possible

transition from utilization of shallow sublittoral and lower littoral

habitats to neritic habitats over this time period. Further discussion

of this behavioral transition and possible explanations are provided in

Section 3.4.

Large (greater than 100 mm FL) juvenile chinook occasionally

appeared in July, August, and September purse seine collections, e.g.,

July 21—25 at Westport, August 4—8 at Westport and Steam’s Bluff, and

September 8—12 at Cow Point and Moon Island (Figs. 3—8 to 3—10). Those

caught during July and August apparently were naturally—spawned chinook,

as the only hatchery release after the June 3rd release occurred on

August 27 (Table 3—1). And, while those caught during September may have

been from the August release, the hatchery fish were released into the

Humptulips River watershed (which enters into the northwestern end of

Grays Harbor) and would have had to travel 10 km up the estuary to be

caught at Moon Island and Cow Point. The more probable explanation is

that these fish represented a small population of residual chinook from

naturally—spawned fish which had entered the estuary early in the outmi—

gration and remained in the estuary through the summer. The size of this

population of residual, natural chinook may be larger than indicated,

however, because the fishes’ capability to avoid the small purse seine

may be significant by the time they have achieved sizes greater than

100 mm FL.

In Section 3.3.1 we noted that juvenile chum salmon utilized both

the north and south channels during outmigration through Grays Harbor.

The similar beach seine CPUE of juvenile chinook at Cow Point, Moon

Island ~nd Steam’s Bluff (Figs. 3—6 and 3—7) indicate that juvenile chi

nook also utilized the shallow sublittoral and lower littoral habitats

of both the north and south channels during the peak of their migration

into the estuary (mid—May to late June) and during estuarine residence

(after early July). In terms of the abundance of juvenile chinook in
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neritic habitats, the relative abundance was greater at the Cow Point

site than at either Noon Island or Steam’s Bluff (Figs. 3—9B and 3—10).

This may be explained by the availability of neritic habitat at Cow

Point, where it is restricted to the channel area. At Moon Island and

Steam’s Bluff the neritic habitat extends over extensive mud and sand—

flat habitats but is not sampled at high tide when purse seining took

place. This effect would not affect the estimate of relative abundance

in shallow sublittoral and lower littoral habitats samples by beach

seining, as these collections were made at low tide when the mud and

sandflats were exposed.

Juvenile chinook were caught at Cow Point and Steam’s Bluff during

April and May while none were caught at Westport during this period.

This suggested that the naturally—spawned juvenile chinook entered the

upper estuary from the Chehalis, Wishkah and/or Johns rivers watersheds

and few entered the lower estuary directly from the Johns and Elk rivers.

3.3.2.2 Size Distribution: Juvenile chinook entering the

estuary during the sampling week of April 14—18 ranged 35—59 mm FL;

modal length at Cow Point and Moon Island measured 35—39 mm FL, while it

was 40—44 mm FL at Steam’s Bluff (Appendix Fig. 3—2). This difference

in size distribution may indicate different origins of these populations,

e.g., a John’s River population at Steam’s Bluff and a Chehalis River

population at Cow Point. Although it is impossible to verify without

mark—recapture experimentation, estuarine growth may be the more logical

explanation. Juvenile chinook captured in shallow sublittoral and lower

littoral habitats exhibited a steady increase in fork length during the

27—wk time period between initial capture and termination of the sam

pling (i.e., from 35—39 mm FL to 110—120 mm FL; Appendix Fig. 3—2, Cow

Point and Moon Island). This probably represents not only growth of

fish residing within the estuary but also the immigration of increasing

ly larger fish into the estuary and the movement of larger fish from the

shallow sublittoral and lower littoral habitats into neritic habitats.
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During any given sampling week, the modal length (FL) of juvenile

chinook captured in neritic habitats exceeded that of fish captured in

shallow sublittoral and lower littoral habitats by 10—15 mm (Appendix

Figs. 3—2 and 3—3). While this could be an artifact of gear selectiv

ity, the purse seine was capable of capturing juvenile chinook as small

as those caught in the beach seine. Therefore, the difference in modal

length (FL) is probably more a result of a transitional movement of

juvenile chinook into neritic habitats as they grow longer.

The sizes of juvenile chinook caught either in shallow sublittoral

and lower littoral habitats or neritic habitats during any sampling week

were comparable among sites, however (Appendix Figs. 3—2 and 3—3), indi

cating that fish of all sizes utilize these aquatic habitats uniformly

over the estuary as a whole.

3.3.2.3 Growth: Figure 3—li is a semi—logrithmic plot

illustrating the incremental change in the mean length (mm FL ± 1 s.d.)

of juvenile chinook caught at Grays Harbor between March and Ocotober

1980. While incremental changes in mean length over time represents

apparent growth of the mean size of the individuals in the estuary’s

population, it does not necessarily represent actual growth of the same

cohort of fish from sampling week to sampling week since recruitment

into and emigration Out of the estuary may occur. It is not possible,

given the available data in absence of mark—recapture experiments, to

discern between these alternative explanations.

The length data from the beach seine (Fig. 3—11) showed that appar

ent growth rate (i.e., slope of semi—logarithmic plot of length versus

time) of juvenile chinook is greater during the period from mid—April to

mid—June than it was during the period mid—June to mid—August. A simi

lar but less developed pattern holds for the length data from purse

seine collections.
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Fig. 3-11. Change in mean length (mm FL) of juvenile chinook salmon at
Grays Harbor, Washington, March—October 1980.

LEGEND

RANGE

1000~

100~

E
E

I
0z
w

0
U-

PURSE

BEACH SEINE

MAR APR

‘ I I ~ ~ I I 1 T ~ j I I ~ 1 -T

10 12 14 16 lB 20 22 24 26 28 30 32 35 37 39 41

MAY JUNE JULY AUG
DATE

SEPT OCT

43 Week
1980



46

3.3.3 Coho Salmon: Coho salmon were generally most abundant at

the upper estuary beach seine and purse seine sites between April 14 and

June 1 (Figs. 3—6 to 3—10). Catches were as high as 700 per set at the

Cow Point beach seine site during the sampling week of April 28—May 2.

The pattern of catches during this period was also similar among the Cow

Point, Noon Island, and Steam’s Bluff beach seine and the Cosmopolis,

Cow Point, and Moon Island purse seine sites. Catches of coho salmon at

the Steam’s Bluff purse seine and both Westport sites were similar with

peak catches occurring June 9—27, approximately one to 2 months later

than the upper estuary sites.

Juvenile coho caught by both beach seine and purse seine in the

upper estuary early in the outmigration were similar in size, ranging

between 100 and 170 mm FL (Appendix Figs. 3—4 and 3—5).

The size frequency distributions of the coho caught in the lower

estuary were similar to those caught in the upper estuary despite the

differences in occurrence of maximum abundance (Appendix Figs. 3—4 and

3—5).

Juvenile coho were captured with both gears at the Westport site

between April 18 and June 27, with maximum abundance occurring during

the sampling week of June 9—13 (Fig. 3—10); size frequency distributions

of these coho were similar to those captured at the other sites

(Appendix Fig. 3—4 and 3—5).

These results would suggest that juvenile coho migrate rapidly

through the estuary in a one to two month period. Further they utilized

both shallow sublittoral and lower littoral habitats as well as neritic

habitats of the north and south channels. There was no evidence of sig

nificant estuarine growth, and coho smolts had migrated out of Grays

Harbor by mid—June.



47

3.3.4 Steelhead Trout: A total of 11 steelhead trout, ranging in

size between 135 and 384 mm FL, were captured between May 12 and July 25

at the five sites from Cosmopolis to Westport (Table 3—2). Six of the

11 (55%) were captured during beach seine sampling. Those steelhead

135—227 mm FL were probably age 2+ outmigrant smolts, while the two

larger fish (337 and 384 mm FL) were probably returning after a year in

the ocean. No scales were read to verify this interpretation, however.

3.3.5 Cutthroat Trout: Two cutthroat trout, measuring 164 mm and

196 mm FL were caught during beach seine sampling at Cow Point and Moon

Island during the sampling week of July 7—11. These apparently were age

1+ outmigrant smolts.

3.3.6 Dolly Varden: Two Dolly Varden, measuring 550 mm and 440 mm

FL, were caught during beach seine sampling at Cow Point and Steam’s

Bluff during March. These appeared to be “sea—run” adults.

3.4 Discussion

3.4.1 Patterns and Rates of Migration through Grays Harbor:

Figure 3—12 summarizes periods of outmigration of juvenile salmonids in

Grays Harbor as documented during the March—October 1980 sampling and~

although confirming mark—recapture data is not available, this best

illustrates the availability of juvenile salmonids in Grays Harbor

during this period. Juvenile chum salmon migrated first, probably begin—

fling in January (Washington State Dep. Ecology 1971), reached greatest

abundance in March and April and departed the estuary in early May.

Juvenile coho and fall chinook both entered the estuary in mid—April.

While the coho outmigration reached an abundance maximum in May and

terminated in June, the chinook outmigration did not reach a maximum

until June and a portion of the population (“Type III” fish; Reimers

1973) appeared to remain within the estuary through October while the

remainder (“Type II” fish) migrated out of Grays Harbor. Steelhead



48

Table 3—2. Summary of steelhead trout caught at Grays Harbor, March—
October 1980.

Length Weight
Sample Date Sampling Site Gear1 Set # Number (mm FL) (g wet)

20 5/12—16 Cosmopolis PS 1 1 152 32.2

I! Cow Point BS 1 1 135 23.9

22 5/26—30 Steam’s Bluff BS 1 1 199 84.6

“ “ Westport PS 1 1 185 55.5

26 6/23—27 Moon Island BS 1 1 175 40.3

28 7/7—11 Cosmopolis PS 1 1 165 44.4

“ “ Cow Point BS 1 1 196 84.3

“ “ Moon Island BS 1 2 164 41.5

384 500.0

I’ “ PS 1 1 337 340.0

30 7/21—25 Cosmopolis PS 1 1 227 110.0

1 PS = purse seine, BS = beach seine
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trout outmigrants entered the estuary in May and had completed their

migration through the estuary during July.

Based upon temporal and spatial shifts in CPUE maxima, and on

length frequency distribution, but in the absence of mark—recapture

data, it can be hypothesized that juvenile chum and coho migrated

quickly out of the estuary in 1980. In the case of juvenile chums, out—

migrants entering the estuary in March probably passed through the estu

ary in less than two weeks while later groups of outmigrants remained

for up to four weeks. Rapid movement of early chum outmigrants has been

reported elsewhere, e.g., Hood Canal (Bax et al. 1979 and 1980; Whitmus

and Olsen 1979; Salo et al 1980) and Nisqually Reach (Fresh et al. 1979)

in Puget Sound. While the factors determining outmigration rate have not

been identified or separated,~ food availability and anti—predation behav

ior may be partially responsible (Simenstad et al. 1980). Section 9.0

will examine the potential mechanisms and dynamics of estuarine resi

dence further.

The abundance of juvenile chinook salmon in Grays Harbor decreased

rapidly after a maximum in June, indicating departure from the estuary

of the major component of the outmigrant population. Chinook continued

to be caught at a reduced rate through October, however. Reimers (1973)

described a similar pattern in the Sixes River estuary in Oregon. Healy

(1980) reported that chinook smolts had departed the Nanaimo River estu

ary by the end of July, but sampling apparently was not continued into

the fall months, so a small residual population may have been present.

Those chinook remaining in the Sixes River estuary until fall comprised

approximately 17% of the total number of fish emigrating that year, but

representeç~ approximately 90% of the returning spawners (Reimers 1973).

The late—summer residual population at Grays Harbor may be of equal

importance but verification will require detailed scale (age and stock)

analysis.
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The rapid migration of juvenile coho salmon through Grays Harbor is

consistent with behavior reported by Hoar (1951) and with migration

rates in Hood Canal (Bax et al. 1980).

There was no apparent selection of shallow sublittoral and lower

littoral habitats or neritic habitats by fish of particular sizes. Nei

ther was there distinct selection of migration routes between the north

and south channels, although juvenile chinook occupying neritic habitats

may have preferentially occupied the western region of the south channel

during their latter residence in the estuary.

3.4.2 Importance of Sampling Sites and Habitats; Relationships to

Communities: Based upon visual examination of CPUE and length frequency

distribution data, shallow sublittoral and lower littoral habitats were

of greater relative importance than neritic habitats to juvenile chum

salmon and small chinook (see Section 3.3.2). Juvenile coho and larger

chinook utilized both aquatic habitats equally. Juvenile chum, chinook

and coho were captured in relatively equal abundances at all sampling

sites in the estuary; more juvenile chinook, however, were caught at the

riverine site at Sand Island than any other species. Steelhead trout

appeared to utilize all estuarine habitats and sites, although this

concluson is based upon CPUE values too low to be conclusive.

3.4.3 Growth of Juvenile Chinook within Grays Harbor: The period

of apparent low growth of juvenile chinook between late June and late

July coincided with the maximum abundance of chinook in the estuary.

Reimers (1973) reported a similar growth pattern for the population of

juvenile chinook residing in the Sixes River estuary. Reimers concluded

that they reared in the estuary for a short period, evidencing decreased

growth as the population increased, and then a major portion of the popu

lation left the estuary. Those remaining in the estuary until fall

illustrated improved growth. He hypothesized that physiological changes

associated with smoltification, changes in population abundance or avail

ability of food resources, or interspecific competition could have
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depressed growth, but he was unable to offer direct evidence to support

or refute any of these alternative hypotheses.

Emigration of larger chinook could also be responsible for depres

sing the apparent growth rate and this explanation cannot be rejected in

the absence of mark—recapture data. The data from Grays Harbor illus

trated that large juvenile chinook did, in fact, leave the estuary in

mid— summer, indicated by the CPUE maximum between late July and early

August and a rapid decline thereafter. The relatively larger chinook

captured at Westport (Appendix Figs. 3—2 and 3—3), as compared to the

upper estuary sites, suggests that the larger fish may have been emigra

ting at a higher rate.

Size—selective predation, by marine mammals, birds or larger neri—

tic fishes, could also have the same effect of depressing the apparent

growth rate as emigration. While this study did not attempt to document

such predation, it is questionable that the rate of predation would be

so concentrated during the one month period when chinook growth declined.

3.4.3.2 Chum Salmon: Juvenile chum salmon represented the

only other population of juvenile salmonids showing increased fork length

during residence in Grays Harbor; lengths increased from 30—50 nm FL to

45—80 turn FL during a four week period (see Section 3.3.1). The data are

too few and fragmented to generate any estimate of growth rate, however.

3.4.4 Potential Effect of Dredging: Dredging may affect juvenile

salmon by direct action of the suspended sediments, e.g., on gill or epi—

thelial tissues; by decreasing dissolved oxygen; by release of toxic com

pounds contained in the dredged material; by altering their behavior,

e.g., avoidance of turbid water masses; by destruction of habitat (see

Salo et al. 1979 for review); or by direct uptake by the dredge.
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Three types of dredging occurred at Grays Harbor in the vicinity of

sampling during this study: pipeline, hopper and clamshell. The pipe

line and hopper dredges maintained channel depth and width. The pipe

line dredge was deployed from March through May between Cosmopolis and

Moon Island, while the hopper dredge continuously operated in the main

channel between Cow Point and Westport. The clamshell dredge began

operations on September 22 about 100 m from the Moon Island sampling

site and was used to remove sediments adjacent to a pier facility under

construction.

The concentration of suspended sediments in the water column at our

sampling sites in Grays Harbor, measured as TNFR (see Section 2.2), was

highly variable (Fig. 2—11). While the greatest concentration recorded

(~75 mg/i) occurred during pipeline dredging at Cow Point during the

sampling week of May 26—30, dredging apparently was not associated with

other high values of suspended sediment. During the beach seining at

Moon Island in late September and October a fine soft layer of silt accu

mulated to a depth of 10 cm on the surface of the shallow sublittoral

and lower littoral region, apparently as a result of the clamshell dredg

ing operation adjacent to the sampling site. Yet the CPUE of juvenile

chinook in the beach seine collections at Moon Island at this time were

similar to that at Cow Point, a sampling site which was not affected by

the dredging. This may suggest that in this instance the juvenile sal

mon did not overtly avoid the area of high turbidity and suspended sedi~

ments. Although this is a purely qualitative comparison, at no other

time during the study did there occur decreased catches associated with

dredging elsewhere in the estuary.

There was no apparent relationship between dredging activity and

the concentration of dissolved oxygen in the water. However a period of

high suspended sediment concentrations at Cow Point (sampling week of

May 26—30) was associated with a low level of dissolved oxygen (Fig.

2—10). Nonetheless, dissolved o~cygen supersaturation generally exceeded

80% throughout the study, suggesting that juvenile salmoriids do not
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typically encounter excessively low dissolved oxygen levels during the

migration past our sampling sites.

Dredging may disrupt the areal extent of shallow sublittoral and

lower littoral habitat which provides epibenthic prey organisms to out—

migrating juvenile chum and small juvenile chinook salmon and resident

juvenile English sole. The magnitude of such an impact upon the total

prey resources of these fish would depend upon the areal extent of habi—

tat removed by dredging and the food requirements of the total popula

tion of juvenile salmon and other epibenthic—feeding fishes in the

estuary. The proposed widening and deepening of the main channel would

remove a significant percentage (1.1%) of epibenthic—feeding habitat

available to fish during low tide (24% of the total 540.3 hectares of

sublittoral habitat to be removed will be shallow sublittoral; U.S. Army

Corps of Engineers, unpubl.) but a relatively low proportion (0.02—0.03%)

of area at high tide (only 2.8 to 3.6 hectares of total littoral area to

be removed), when the total area of littoral habitat and associated epi—

benthic organisms are available to foraging salmonids. This suggests that

there would be a major difference in the proportion of this habitat

removed in the upper estuary as compared to the lower estuary, where the

ratio of mud— and sandflat habitat to channel habitat is orders of mag

nitude higher. Loehr and Collias (1981) suggested that 58% of the high

tide surface area of Grays Harbor is attributed to mudflats, the major

ity of which exists west of Moon Island (Fig. 1—2). There is no indica

tion of the potential magnitude and effect of siltation from dredging

operations on adjacent mud—and sandflat habitats, although it should be

relatively short—term if toxic components are not associated with the

dredge sediments. Further discussion of the potential impacts of dredg

ing and retnoval of habitat upon juvenile salmonids and English sole is

presented in Section 9.0.

There may be some behavioral inhibition of migratory patterns of

juvenile salmonids simply as a function of the dredging activities,
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e.g., noise, turbulence, obstructions. Dredging and shoreline construc

tion activities in northern Hood Canal were associated with reduced

abundances (CPUE) of outmigrating chum salmon; when construction ceased,

the abundances returned to normal levels (Salo et al. 1980). Grays

Harbor represents a different situation from Hood Canal, however, in

that the water turbidity is typically much higher in Grays Harbor (mak

ing visual perception of such activities more restrictive than in the

clear waters of Hood Canal) and dredging activity has been continuing in

Grays Harbor for decades.

Entrainment of juvenile salmonids via uptake by the dredges has

been shown to be insignificant, e.g., 0.1 fish per 100 m3 of sediment

removed (Stevens et al., in prep).

3.4.5 Sources of Migrant Salmonids: The two major salmon hatch

eries producing juvenile salmonids for release into Grays Harbor tribu

taries, the Humptulips and Simpson hatcheries, generated over 75% of the

total 1980 hatchery/egg box production of approximately 12.9 x io6 fish,

of which potentially 5.9 to 7.7 x io6 survived to enter the estuary as

juveniles (smolts) due to attrition or predation (H. Miller, WDF, per

sonal communication) (Table 3—2). The majority of these fish (—4.9 x

106) entered from the Humptulips River system, while about 0.7 x io6

entered from the Chehalis River system. Juvenile coho and chinook from

1979 releases which had overwintered in tributaries to Grays Harbor as

age 0+’s were released during June 2—3. A late summer group of 0.3 x

io6 were released on August 27. Of these potential immigrants into

Grays Harbor, the age 1+’s had probably left the estuary before sampling

began as none were captured. Naturally spawned age 0+’s first appeared

in our collections in mid—April and reached maximum abundance in mid—

May. The second peak in abundance of age 0+’s in July probably com

prised both hatchery and naturally—spawned fish, with the latter being

the dominant fraction.
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Approximately 3.9 x io6 coho age 1+’s were released between April

17 and 30, representing 83% of the total releases of this age group of

juvenile chinook; an early release on March 4 and a late release on

May 15 comprised the remainder. The maximum abundance of age 1+ coho in

the estuary occurred between mid—April and mid—May and probably involved

primarily the hatchery—released fish. Maximum abundances of coho 1+’s

at Moon Island and Cow Point occurred prior to April releases and

probably constituted overwintering fish from 1979.

The principal release of juvenile chum salmon occurred between

March 15 and April 15, with the majority planted as eggs in streamside

egg boxes. Maximum abundances of juvenile chum in our beach seine col

lection in the upper estuary during early March (Fig. 3—5) indicated

that the majority of these fish resulted from natural spawning rather

than from artificial propagation. The increased abundance at the two

sites in the lower estuary between April 14/18 and May 12/15 may have

included a larger contribution of egg box—reared juvenile chums, speci

fically from the April 15 release of 1.4 x io6 in the Wishkah River.

3.5 Summary

1. Six sites, representing shallow sublittoral and lower littoral

or neritic habitats in riverine and estuarine regions of Grays

Harbor, were sampled for juvenile salmonids between March 3 and

October 24, 1980. A total of 164 beach seine and 148 purse

seine collections were made over the course of 17 sampling

trips to the estuary.

2. The migration of juvenile chum salmon through the estuary was

underway by the initiation of sampling and continued through

mid—May, suggesting a two to four week residence in the lower

portion of the estuary accompanied by an approximately 3 cm

increase in mean fork length.
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3. Juvenile chinook salmon began entering the estuary in eary

April and, despite a general decline in population abundance

after July, continued to be captured through the end of the

sampling period in October; these data indicated that a resid

ual population of chinook continued to grow and reside in the

estuary through late summer and early fall. A transition in

occupation of estuarine habitat was also evident, from shallow

sublittoral and lower littoral habitats early in the outmigra—

tion to neritic habitats as the fish grew larger

4. Juvenile coho salmon appeared in the estuary in mid—April,

reached maxima in abundance over the next few sampling weeks

(biweekly) and had emigrated from the estuary by late June.

5. Nine age 2+ steelhead smoits and two returning adults were

captured in the estuary between mid—May and late July; cut

throat trout and dolly varden were even less numerous.

6. The pattern of apparent growth of juvenile chinook salmon

during the period of their migration through and residence in

Grays Harbor suggested that growth was low between late June

and late July, coincident with the maximum population density

in the estuary. After emigration of the majority of the juve

nile chinook at this time, growth of the residual population

appeared to increase dramatically.

7. Direct evidence of inhibition of salmonid migration rate and

behavior by dredging activities in Grays Harbor was neither

documented in the data nor observed. Therefore, inhibition was

neither demonstrated nor disproved.

8. While the majority of the juvenile coho salmon outrnigratiflg

through Grays Harbor appeared to originate from hatchery

releases into tributaries of the estuary, naturally spawned
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juvenile chum were abundant between early March and mid—April,

and naturally—produced juvenile chinook were caught between

mid—April and mid—May, and probably were present through July.
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4.0 DISTRIBUTION AND ABUNDANCE OF ENGLISH SOLE

by K. Michael McDowell and Charles A. Sirnenstad

4.1 Introduction

Although quantitative information on the distribution and abundance

of juvenile English sole in Grays Harbor is not available, there are indi

cations that the estuary supports a large population of juveniles, which

may utilize the extensive shallow sublittoral and lower littoral habitats

as “rearing” habitat. Preliminary results from otter trawl sampling con

ducted prior to FRI’s studies in Grays Harbor illustrated that juvenile

English sole often comprised the dominant species in catches made in

shallow, mud— and sandflat habitats (B. Stevens, College of Fisheries,

Univ. Washington, personal communication).

Considering the apparent numerical importance of these flounders in

the demersal fish community of the estuary and their prominant utilization

of habitat which could be impacted by the proposed widening and deepening

project, studies were conducted to document the distribution, abundance,

growth, movement, and incidence of tumors and fin rot of this species.

Catches originated from both FRI’s sampling of juvenile salmonids in the

estuary and from the studies of the distribution of Dungeness crab (Cancer

magister) being conducted by Mr. Brad Stevens and Dr. David Armstrong,

under the Seattle District, Corps of Engineers, Grays Harbor Environmental

Studies program. While the two studies did not have identical experimen

tal designs, overlap in several sampling sites, especially Moon Island,

enabled comparison of samples made in shallow sublittoral and lower

littoral habitats by FRI with those made in the demersal habitats of the

deeper channels by the College of Fisheries investigators.

4.2 Materials and Methods

4.2.1 Beach Seine: The same 37—rn x 2—rn floating beach seine was

used to sample all shallow sublittoral and lower littoral sites which were
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sampled for juvenile salmonids. Section 3.2.2.1 provides detailed descrip

tions of the beach seine and the sampling procedure. This was the most

effective sampling gear for juvenile English sole, as the net was equipped

with a solid core leadline that remained in close contact with the bottom

except perhaps at Sand Island, where the bank dropped off at a very steep

angle.

4.2.2 Purse Seine: The 61—in x 7—m purse seine which was utilized to

sample juvenile salmonids in neritic habitats caught juvenile English sole

on only four occasions during the entire sampling period. Section 3.2.2.1

also provides a detailed description of the purse seine and the sampling

procedure. Three of the four occasions when English sole were caught dur

ing purse seining occurred at the deepest sampling sites, where the bottom

of the net was at least 3 in above the bottom, indicating that the fish

were quite a distance off the bottom. Water currents at these times of

sampling were estimated to be greater than 5 km/hr; however, there were

numerous occasions when currents of this magnitude or higher existed dur

ing purse seine sampling at these sites when no juvenile English sole were

caught.

4.2.3 Otter Trawl: The otter trawl used in the College of Fisheries

Crab Distribution Study in Grays Harbor was a 4.9-in trawl or “trynet.”

The net had a 4.9—rn headrope, a 5.8—in footrope (with chain), 0.6—rn leg ex

tensions, and was constructed of #9, 1.9—cm mesh netting in the body and

#15, 1.9—cm mesh netting in the codend; the codend was also lined with a

0.5—cm mesh woven nylon liner. The net was equipped with 15.3—rn bridles

and 35.6—cm x 50.8—cm wooden doors. In operation, however, the opening of

the mouth of the net was approximately 3.1 in wide and 0.6 to 0.9 in high.

The net was deployed from a moving boat and held near the surface

until the doors had spread the net open. The net was then lowered to the

bottom and the length of the line out was measured to guarantee a minimum

scope of 4:1. Towing speed was estimated to be 0.5 to 1.0 in sec’.

Typical tows were of 10 to 15 mm duration and approximately 300 to 600 m
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long. All tows were made within 1.5 hr of low slack tide, in depths of 5

to 20 in, into the prevailing current. The net was hauled in by hand at

the completion of each tow.

Tows were made from a 4.9—rn Boston Whaler, equipped with an outboard

motor, from May through September; all remaining tows were made from a

6.7—rn vessel with an eight cylinder inboard engine.

4.2.4 Fish Preservation and Processing: All fish were preserved in

10% buffered forinalin immediately after collection. Upon return of the

samples to FRI’s Seattle laboratories the English sole were measured for

total length to the nearest millimeter and total wet weight to the nearest

0.01 g. When a sample contained 25 or fewer fish each fish was individual

ly measured and weighed. When more than 25 fish were present the entire

group was weighed as a whole, to the nearest 0.1 g; then a subsample of 25

fish were randomly chosen from the total sample and these wre individually

measured and weighed. The length measurements were used in generating

length frequency distributions (histograms). Presence or absence and type

of skin tumors and fin rot were also noted and recorded at the time of

fish examination.

4.3 Results

4.3.1 Abundance and Distribution: Juvenile English sole were includ

ed in the beach seine collections at Sand Island, the sampling site fur

thest up the estuary, on only two occasions, the sampling weeks of May

12—16 and May 26—30. A small catch of juvenile English sole was included

in the beach seine colection at Cow Point during the sampling week of May

26—30 (Fig. 4—1); thereafter, they were caught only sporadically through

the remainder of the sampling period. Juvenile English sole were caught

during beach seining at the Moon Island sampling site during the initial

sampling trip, the week of March 3—7 (Fig. 4—2); they were present in abun

dance at this site throughout the sampling period, except for brief de

clines in abundance during mid—April, late May and mid—September. They

appeared in the beach seine collections at Steam’s Bluff and Westport
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during the subsequent sampling week, March 17—21, and were also present at

both of these sites through the last sampling week, October 20—24 (Figs.

4—3 and 4—4). The abundance at the Westport sampling site, however,

showed a marked depression during August which was not reflected in the

Steam’s Bluff collections.

Juvenile English sole were relatively more abundant, as measured by

catch—per—unit—effort, at sampling sites in the lower estuary (i.e.,

Steam’s Bluff and Westport) than those in the upper estuary (i.e., Sand

Island, Cow Point and Moon Island), including the riverine site at Sand

Island. The catches averaged higher at Steam’s Bluff, although the larg

est catch of 300 fish in one set occurred at Westport.

Recruitment of post—metamorphosis juveniles or settlement out of the

water column by larvae in the lower estuary in the vicinity of Westport

appeared to proceed over a ten week period after the initial sampling

week, with the maximum abundance occurring around the week of May 26—30.

A steady decline proceeded over the next ten weeks until the abundance was

essentially zero during the sampling week of August 4—8, then increased

slightly over the latter eight weeks of the sampling period (Fig. 4—3).

The pattern of abundance of juvenile English sole at the Steam’s Bluff

sampling site (Fig. 4—2) was similar to that of Westport, increasing

steadily to a maximum during the sampling week of May 26—30. Although

there were fluctuations in abundance thereafter, the average abundance

remained relatively high throughout the remainder of the sampling period.

Abundances at Moon Island (Fig. 4—1) were typically less than half those

at Westport and Steam’s Bluff and fluctuated more over the sampling

period; abundances at the Cow Point sampling site (Fig. 4—4), were even

less and were only comparable to abundances during the sampling week of

May 26—30, the same time of abundance maxima in the lower estuary. Only

five fish were caught at Sand Island.

The abundance and occurrence of juvenile English sole in the purse

seine collections were too low to provide any indications of relative
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abundance in channel areas in the vicinity of the neritic sampling

sites.

4.3.2 Residence and Movement: Juvenile English sole appeared to

exhibit two opposite patterns of movement during their early period of

residence in the estuary. Two different size classes, probably repre

senting young—of—the—year and yearlings, were observed in the beach

seine and otter trawl collections between March and early July. The

apparent 1979 age class was captured by the otter trawl in the deep

sublittoral habitats of the channels, while recently settled, young—of—

the—year juveniles of the 1980 cohort group were captured principally in

the shallow sublittoral and lower littoral habitats with the beach

seine. While the abundance of 1979 age class fish declined until early

July, when these fish appeared to have emigrated out of the estuary, the

young—of—the—year exhibited an increasing recruitment into the shallower

habitats until late May, when the population appears to have stabilized.

The mean length and weight of juvenile English sole at the differ

ent shallow sublittoral and lower littoral (beach seine) sites also

varied enough to suggest that distinct populations may have persisted in

different regions of the estuary without a significant degree of mixing.

The total length and wet weight of the young—of—the—year English sole at

the time of the last sampling week of October 20—24 (Table 4—1) and the

length frequency distributions over the 33 week sampling period (Appendix

Figs. 4—1 A—D) indicate that growth rates were significantly different

among relatively distinct populations.

4.3.3 Growth: Growth of young—of—the—year English sole in Grays

Harbor was asymptotic, initially illustrating rapid, exponential growth

which slowed dramatically by mid—summer (Fig. 4—5 A—D); although there

was some variation, growth appeared to decline sometime between the sam

pling weeks of July 7—11 and August 4—8 at the four sites. There also

was indication of differential growth between the upper and lower

regions of the estuary, with fish at Cow Point and Moon Island showing
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Fig. 4—5. Incremental growth (total length, mm; weight, g) of young—of—the—year
English sole caught by beach seine at Grays Harbor, March—October 1980;
A) Cow Point, B) Moon Island, C) Steam’s Bluff, and D) Westport.
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B. Moon Island
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Fig. 4—5. Incremental growth (total length, mm; weight, g) of young—of—the—year
English sole caught by beach seine at Grays Harbor, March—October 1980;
A) Cow Point, B) Moon Island, C) Steam’s Bluff, and D) Westport —

continued.
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Fig. 4—5. Incremental growth (total length, mm; weight, g) of young—of—the—year
English sole caught by beach seine at Grays Harbor, March—October 1980;
A) Cow Point, B) Moon Island, C) Steam’s Bluff, and D) Westport —

continued.
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higher rates of incremental growth during the early exponential growth

period, as well as the lower asymptote already discussed. An apparent

growth plateau or decline was evidenced for all populations between the

sampling weeks of May 12—16 and June 9—13: in all probability this repre

sents secondary recruitment of smaller fish although the length fre—

qnency distributions (Fig. 4—5 A—D) did not i~dicete a very significant

influx. This period was, however, the time of maximum abundance of

young—of—the—year English sole at most sites (Figs. 4—1 to 4—4) and may

be related to this equilibration in the populations in the shallower

habitats in the estuary. And, as suggested in the timing and distribu

tion of young—of—the—year English sole at the five shallow sublittoral

and lower littoral habitats over time, the more pronounced depressions

in the growth rate at the two lower estuary sites indicate that recruit

ment is strongest in this region of Grays Harbor.

4.3.4 Incidence of Tumors and Fin Rot: Skin tumors (epidermal

papillomas) were observed to occur, often in high incidence, in juvenile

English sole at all sites in Grays Harbor (Fig. 4—6). The highest mean

incidence (percent of total catch or subsample) occurred at Westport

(15.7%) and Moon Island (14.1%), the lowest at Cow Point (3.8%). Dis

regarding a single incidence of tumors at Moon Island In early March,

tumor—bearing English sole generally appeared at successively later

dates between Westport and Cow Point with an approximate 1O—wk lag

between the occurrence of significant proportions of tumor—bearing fish

at Westport and their appearance at Cow Point.

There was a trend, illustrated especially in the tumor—bearing

English sole caught at Moon Island, for the mean length of the fish with

tumors to be be somewhat longer than the normal fish (Fig. 4—7). A1-

though there may be a sampling error involved (i.e., tumors on larger

fish might be more noticeable than on smaller fish), this may also

illustrate that distinct size classes or populations of English Wole
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maybe more prone to tumor incidence (i.e., the earlier spawning popula

tions). A third explanation, that the tumor—bearing fish may actually

grow faster than the normal juvenile English sole is also plausible.

Fin rot was not observed on any English sole captured in Grays

Harbor.

4.4 Discussion

4.4.1 Importance of Estuarine Habitats to the Production of

Juvenile English Sole——the “Nursery” Concept: Given the predominance of

juvenile stages of English sole in Grays Harbor, the estuary would

appear to represent exclusively a nursery or rearing environment for

recently metamorphosed (settled) postlarvae which originated from spawn

ing populations outside Grays Harbor. Only two yearclasses appeared to

be present during the eight—month sampling period, the yearling English

sole (130—150 nun TL) which occurred in the Dungeness crab trawl catches

in the channels early in the sampling period, and the young—of—the—year

English sole which occupied shallow sublittoral habitats in abundance

after early March. Accordingly, Grays Harbor represents a transitional

environment for the juvenile English sole during a critical period in

their early life history when they are especially vulnerable to preda

tion and require high densities of small epibenthic prey organisms.

Once transported or immigrated into the estuary, they appear to distri

bute themselves throughout the extensive shallow sublittoral habitats

well into the upper estuary. Except for short—term variability observed

in the abundance of fish at several sites (especially Moon Island and

Cow Point), which might represent local movement associated with salin

ity changes in the upper estuary, the young—of—the—year sole resided in

these shallow habitats through October and apparently moved into the

deeper channel habitats sometime during the early winter.

Without mark and recapture experiments, it is impossible to estab

lish the extent of movement of young—of—the—year English sole through



79

the estuary but patterns of abundance and size distribution in the

catches at the lower and upper estuarine sites indicate that recruitment

occurred earlier and more intensely in the lower estuary; recruitment

into the upper estuary may therefore have involved both settlement of

postlarvae from the water column and movement of settled juveniles from

the lower estuary in association with the progressive intrusion of

marine water up the estuary. Maximum population abundance appears to

have been reached by June and maintained through the summer.

4.4.2 Sources of English Sole Recruitment: Data from both the FRI

studies of shallow sublittoral and neritic fishes and the Dungeness crab

trawl sampling in deeper habitats failed to indicate the presence of

mature English sole. As illustrated by Hayman and Tyler (1980), among

others, populations of adult sole in shelf habitats offshore Grays Har

bor are probably the principal source of larval and juvenile sole re

cruited into inshore environments, including the estuarine environment

of Grays Harbor. Unfortunately, there are no data which allow a quanti

tative comparison of the rates of recruitment or densities of juvenile

English sole in nearshore oceanic habitats adjacent to Grays Harbor.

Laroche and Richardson (1979), Olson and Pratt (1973) and Haytnan

and Tyler (1980) indicated that variable spawning times, typically

associated with coastal upwelling patterns, were generally responsible

Lot. differential strengths of English sole cohorts. Thus, the apparent

heterogeneity of recruitment into Grays Harbor during 1980 may be attri

buted to either 1) different source populations of larvae and post—

metamorphosis juveniles or 2) prolonged spawning of one population of

mature English sole spawning in oceanic waters adjacent to Grays Harbor.

4.4.3 Relationship to Epibenthic/Benthic Fauna: As illustrated

for some other marine species, the density and size composition of prey

organisms available to fish larvae immediately after the absorption of

their yolk sac ultimately determines the ability of the postlarvae and

juveniles to catch food and avoid predators (Cushing 1974; Lasker 1975;
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May 1974). For the case of juvenile English sole that had just settled

out of the pelagic environment, the availability of small epibenthic

organisms which are suitable as prey may be critical to the overall

survival of that cohort or yearclass of sole. Sampling of the epiben—

tide community at Moon Island, albeit limited in scope, has shown that

shallow sublittoral and lower littoral habitats with unconsolidated sub

strates (mud or sand) support high densities of epibenthic crustaceans

(Section 7.0), which form the principal prey taxa of juvenile English

sole in this habitat (Section 8.0). This is not unique to Grays Harbor,

as illustrated by the stomach contents of juvenile English sole in the

Columbia River estuary (Durkin and Lipovsky 1977; Durkin et al. 1979;

Haertei and Osterberg 1967) and nearshore environs of Puget Sound and

the Strait of Juan de Fuca (summarized in Simenstad et al. 1979), where

epibenthic crustaceans similarly form the principal components of their

diet. Thus, these shallow water epibenthic crustacean populations may

form unique prey resources which are required by young—of—the—year

English sole during the critical period after absorption of their yolk

sac and settlement to the bottom.

4.4.4 Significance of Tumor Incidence: In summarizing the inci

dence of skin papillomas among young post—metamorphosed English sole

along the Pacific coast, Stich et al. (1976) indicated that the fre

quency of affected fish can average as high as 58% but that tumor pre

valence can d.Lffei considerably within a restricted geographic area;

thus, incidence inside the Strait of Georgia varied between 0.4% and

58.6%. Stich et al. (1976) also suggested that there definitely was a

higher incidence of skin tumors among English sole inhabiting areas of

urban contamination than among English sole populations in relatively

remote areas. Angell et al. (1975) documented the epizootiology of

tumors in an English sole population in central Puget Sound and found

tumor incidence in age—group 0 fish to range between 16.6% and 19.9%

over three years. The English sole population they examined, however,

did not illustrate an influx of tumorous fish until August, peaking in

October.
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They did, however, document a significantly higher incidence of

tumors in the earliest recruits. The fact that tumorous fish in Grays

Harbor began appearing consistently at Westport in early May would

suggest that the recruitment pattern of these fish into the estuary was

somewhat different than in Puget Sound or that the development of the

tumors occurred earlier in the early life history of the English sole

populations on the outer coast. The apparent progression of tumor

incidence up the estuary through the summer would also suggest that the

affected fish originated outside the urban environment of the upper estu

ary and moved into that region of the estuary with the summer intrusion

of saline water masses. Unfortunately, there is no information avail

able on the incidence of skin papillomas in populations of English sole

immediately outside Grays Harbor.

4.5 Summary

1) Juvenile English sole were captured during both beach seine and

purse seine collections for juvenile salinonids and during otter

trawl sampling for Dungeness crab conducted by the College of

Fisheries.

2) Larger English sole, presumably 1979 age class yearlings, were

captured in deep sublittoral habitats by the otter trawl but

appeared to have emigrated from the estuary by early July. Re

cruitment of post—metamorphosis juveniles or settlement out of

the water column by larvae proceeded over a ten week period

until the population stabilized in late May.

3) The relative abundance of juvenile (young—of—the—year) English

sole was greater at the two sites in the lower estuary than at

the four sites in the upper estuary. Length frequency distribu

tions and growth rates suggested that distinct populations may

have persisted in different regions of the estuary without sig

nificant mixing.
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4) An apparent growth plateau or decline was evidenced for all

populations between mid—May and mid—June, any may have involved

a density—dependent depression associated with the period of

maximum abundance at most sites.

5) Skin tumors (epidermal papillomas) were documented, often in

high incidence, on juvenile English sole at all sites; the high

est mean incidences (14—15%) occurred in the Westport and loon

Island collections, the lowest (4%) in fish captured at Cow

Point. An apparent progression of tumor incidence up the estu

ary through the summer suggested that the affected fish origi

nated outside the upper estuary and moved into that region of

the estuary with the summer intrusion of saline water masses.

6) Recentlymetamorphosedand settled English sole may be highly

dependent upon shallow sublittoral and lower littoral habitats

in Grays Harbor for epibenthic crustacean populations which

form important, perhaps critical, constituents of their diet at

this time.
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5.0 DISTRIBUTION AND ABUNDANCE OF BAITFISH

by Charles A. Simenstad

5.1 Introduction

Estuaries along the Pacific Northwest coast appear to sustain high

densities of schooling neritic fishes or “baitfish” during certain times

of the year and are known to be the principal rearing or “nursery” areas

for the larval and juvenile stages of many of these fishes (Haertel and

Osterberg 1967; Pearcy and Ileyers 1973). Due to their commercial impor

tance, e.g., Pacific herring, or their ecological importance as prey for

juvenile salmonids and resident fishes of the estuary, the distribution

and relative abundance of baitfish was considered to be an important as

pect of any evaluation of the effects of habitat removal and dredging in

Grays Harbor.

The majority of these fishes are either anadromous marine species,

i.e., they spend their adult lives in marine water but return to fresh

or estuarine waters to spawn and the juveniles may remain in estuarine

environments for some time, or are truly marine species which enter and

reside within the estuary in the marine water masses. While the latter

may constitute rather ephemeral populations within the estuary, due to

variable transport into the estuary from offshore waters, the anadromous

species may require the estuarine environs functionally as spawning and

rearing habitats.

Therefore, in documenting the distribution and abundance of bait—

fish in several regions of Grays Harbor, we hoped to be able to identify

those populations which were either 1) dependent upon particular estuar—

me habitats for a critical stage of their life history (e.g., spawning

or rearing) or 2) provided a predictable source of prey for juvenile

salmonids during their outmigratlon through the estuary.
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5.2 Materials and Methods

5.2.1 Beach Seine: Baitfish were captured in shallow sublittoral

and lower littoral habitats with the 37—rn floating beach seine described

in Section 3.2.1. The occurrence of baitfish in the beach seine sam

ples, however, was inconsistent and, as compared to the purse seine col

lections, did not appear to be representative of the presence of abun

dance of baitfish species. We have not used beach seine data in the

following sections.

5.2.2 Purse Seine: The systematic collections with the 61—rn x

90—m purse seine described in Section 3.2.2 were found to effectively

capture baitfish larger than late larvae/early postlarvae. This depend

ed upon the species, as even adult Pacific sand lance, Ammodytes hexap—

terus, had cross—sectional areas small enough to pass through all but

the 6—mm mesh netting forming the bunt of the seine; abundant catches of

this and similar species were therefore assumed to indicate extremely

high densities in that area.

5.2.3 Field Preservation: All fish were preserved in 10% buffered

formalin immediately upon capture and placed in separate bags with appro

priate labels for return processing at FRI’s Seattle laboratories.

5.2.4 Laboratory Processing: In the laboratory all duplicate sam

ples were sorted to species and life history stage (larvae, juvenile,

adult) and their standard lengths and blotted wet weights measured to

the nearest 1 mm and 0.01 g, respectively. Subsamples of 50 (25 from

each duplicate sample) were taken randomly from excessively large

catches of various life history stages.

5.2.5 Data Analysis: All data were recorded on MESA/NODC format

type 100 data coding formats prior to keypunching and transfered to mag

netic tape for computer storage. Basic statistical tabulation and analy

ses w ere performed on these data using FRI computer program packages
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specially designed for the MESA/NODC—fortnatted data and for plotting

catch and length frequency data in this form.

5.3 Results

5.3.1 Species Composition: Seven species of baitfish were cap

tured in Grays Harbor, involving fifteen distinct life history groups.

The unidentified osmerid larvae were probably one of the three species

which were later identifiable as juveniles and adults (Table 5—1). Spe

cies were considered rare when they occurred in less than one third of

the collections and had CPUE values less than one; common species

occurred in more than one third of the collections and typically had

CPUE values greater than one; and those species which occurred commonly

in high abundance appeared in half or more of the collections and often

had CPUE values greater than 100. Northern anchovy were the most ubi

quitously distributed fish and were represented in all life history

stages. Juvenile Pacific herring were also abundant at four of the five

sampling sites. Surf smelt appeared to be most common in the lower

estuary while longf in smelt appeared to be restricted to the sampling

sites in the upper reaches of the estuary. Over the five sites, the

Moon Island site illustrated the greatest diversity of species and life

history stages, perhaps indicating its position in the estuary as a

general mixing region and boundary area between the more saline waters

of the lower estuary and the riverine waters of the Chehalis River.

5.3.2 Abundance of Principal Raitfish Species/Life History Stages:

Only four species or life history stages of baitfish (adult and juvenile

northern anchovy, juvenile Pacific herring, and juvenile longf in smelt)

were consistently abundant over the sampling period to indicate resi

dence and actual utilization of the estuary. The other species and life

history stages, especially larvae, were either rarely encountered in

abundance or were never abundant, though often present; juvenile and

adult American shad occurred often at sites in the inner estuary but

were never abundant (CPUE usually less than 10 fish/set) and surf smelt
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Table 5—1. Occurrence and relative abundance of baitfish species at five
purse seine sampling sites in Grays Harbor, Washington, March—
October 1980. Circles represent rare occurrences; +‘s, common
occurrences; and X’s, commonly occurring in high abundances;
see text for definition of these terms.

Sampling Site
Species/Life Cow Noon Steam’s
History Stage Cosmopolis Point Island Bluff Westport

Alosa sapidissima,
American shad

juvenile o o o
adult + + o

Clupea harengus pallasi,
Pacific herring

juvenile + X X X X
larvae o 0 0

En~graulis mordax,
northern anchovy

adult + X X
juvenile o + X X
larvae o + X 0

Osmeridae, smelts
larvae o o 0

~ypomesus pretiosus,
surf smelt

adult/juvenile o 0 + X X
larvae o o o

Spirinchus thaleichthys,
longfin smelt

adult + + 0

juvenile~larvae + + ÷

Allosmerus elongatus,
whitebait smelt

adult o
juvenile 0

Ammodytes hexapterus,
Pacific sand lance

juvenile o X 0

larvae o
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and Pacific sand lance were infrequently caught at the two sites in the

lower estuary, though in abundance (CPUE greater than 50 fish/set) when

captured.

Adult northern anchovy appeared in the estuary in three distinct in—

fluxes, the first (only detectable at Moon Island) in mid—May, a second

in the lower estuary sites in July and the latter at these same sites in

late August and September (Fig. 5—1). There was no obvious relationship

between the occurrence of northern anchovy larvae and the adults to sug

gest that these influxes were associated with spawning in the estuary.

Patterns of abundance of juvenile northern anchovy (Fig. 5—2) were not

as uniform as with the adults. The abundances associated with periodic

influxes generally increased from mid—May to late September and an

extended, six—week period of residence between late August and most of

September was indicated at Moon Island.

As in the case of northern anchovy adults and juveniles, juvenile

Pacific herring appeared to begin entering Grays Harbor in mid—May (Fig.

5—3); herring larvae were seldom encountered,* implying that the source

of these juveniles was from adjacent oceanic waters outside the estuary,

despite the fact that Pacific herring spawning has been reported to

occur within Grays Harbor and in similar, adjacent coastal estuaries,

i.e., Willapa Bay and the Columbia River estuary CR. Trumble, Washington

Dep. Fish., personal communication and J. Durkin, Nati. Mar. Fish.

Serv., personal communication). Influxes of postlarvae and juveniles to

our sampling sites were apparently of low magnitude between mid—May and

early July except at Steam’s Bluff, which showed a four week period of

abundant juvenile herring in mid—June. By late August, however, abun

dances began increasing at all sites and continued for approximately

nine weeks until early October; an additional influx appeared to occur

*Our sampling was not designed for fish larvae assessment, however,

because the smallest mesh sizes of the purse and beach seines were too

small to effectively capture larvae while the plankton nets had mesh

sizes so small that fish larvae could actually detect and avoid the net.
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Fig. 5—1. Abundance (purse seine CPUE) of adult northern anchovy in neritic
habitat at four sites in Grays Harbor, Washington, March—October
1980.
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Fig. 5—3. Abundance (purse seine CPUE) of juvenile Pacific herring in
neritic habitat at five sites in Grays Harbor, Washington,
March—October 1980.
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in mid—October but the termination of our sampling in the estuary does

not permit us to determine whether that influx was sustained. The maxi

ma in juvenile Pacific herring abundance occurred at Westport and Steam’s

Bluff, the two sampling sites in the lower estuary. Abundances in the

upper estuary sites were typically an order of magnitude lower at their

maxima. And, while most influxes of juvenile herring seldom lasted more

than six weeks at any one site, an extended period of residence was indi

cated at Cow Point which lasted for approximately nine weeks between

late July and late September.

Only juvenile longf in smelt were captured in any abundance through

out the eight month sampling period (Fig. 5—4). Three influxes were

evident, all occurring at the three sites in the upper estuary: a low

abundance influx in March, a six or twelve week long (depending upon the

cause of the low catches in late June) residence between mid—May and

late July, and a seven week long influx between mid—August and late

September. Each of the influxes appeared to be of greater magnitude

than the previous one. There was no evidence that these influxes were

correlated with any periodic phenomena such as tides. Coastal upwell—

ing, however, does occur in the Grays Harbor region from June to Septem—

her as a series of distinct events associated with winds having a strong

northerly component (Loehr and Collias 1981) and may be an important

mechanisms of larval fish transport into the estuary.

5.3.3 Spawning Ground Surveys: One of the major objectives of the

FRI studies in Grays Harbor was to determine whether or not substantial

Pacific herring spawning occurs in the vicinity of the navigation chan

nel between Moon Island and Westport during the sampling period. In

developing the sampling design for this aspect of the study we assumed

that spawning, if its was to occur, would take place in the maximum con

centration of eelgrass (Zostera marina, Z. noltii) in the vicinity of

the navigation channel. Phipps (1977) had indicated dense beds of eel—

grass, primarily Z. marina, in the shallow sandflat habitats west of

Moon Island and his distributions maps were used for the initial survey
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Fig. 5—4. Abundance (purse seine CPUE) of juvenile longf in smelt in
neritic habitat at three sites in Grays Harbor, Washington,
March—October 1980.
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transects between Moon Island and Pt. Brown. In these surveys a rake

(Fig. 5—5) was dragged along the bottom for a standard length of tow

(five minutes) to procure eelgrass blades and plants for examination for

attached hearing eggs. No eelgrass was found during these surveys be

tween March and April, as well as supplemental surveys along the edge of

the sandflats immediately west of Moon Island adjacent to the navigation

channel. Waves breaking over the sandflats at high tide prevented rak

ing on the top but no eelgrass was visually evident on these sandflats

when they were exposed at low tide.

Considering the relative absence of dense eelgrass beds in these

area, we modified our sampling design by locating dense eelgrass beds in

the Elk River portion of the estuary, just southeast of Westport. Al

though this sampling site was not in the vicinity of the existing or pro

posed navigation channel, it was assumed that at least the timing of any

herring spawning would be indicated by sampling eelgrass in this region.

No herring eggs were found on any of the eelgrass raked from this latter

area between mid—April and early June, when sampling terminated. This

lack of significant herring spawning, at least in the southern and cen

tral reaches of the lower estuary during the sampling period, was corrob

orated by the general sparsity of larval and postlarval herring in

either the purse seine catches or the bongo net plankton tows in the

estuary during the course of the FRI sampling.

5.4 Discussion

5.4.1 Baitfish Utilization of the Estuary——the “Nursery” Concept:

In general, the occurrence of baitfish in Grays Harbor appears to be

highly transitory and typically related to influxes of fish into the

estuary from offshore sources, although there are two species which uti

lize the estuary extensively. Based upon evidence from Willapa Bay, our

sampling for spawning herring may have occurred too late to actually

document the timing, location, and density of spawning in Grays Harbor,

although spawning of Pacific herring in the Columbia River estuary is
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reported to be later, i.e., April—June (J. Durkin, Nati. Mar. Fish.

Serv., personal communication). The high densities of postlarval and

juvenile Pacific herring at our sampling sites do indicate extensive

spawning occurs within or closely adjacent to the estuary and that estua—

rifle residence is an important early life history characteristic of

these populations. Longf in smelt, which are reported to spawn in the

Chehalis River and other tributaries to Grays Harbor (Deschamps and

Wright 1970; Smith et al. 1976), are also directly associated with the

estuary during reproduction and subsequent early life history develop

ment. But even the abundance of these juvenile baitfish varied consid

erably during the eight—month sampling period, suggesting patchy distri

butions of low density of these pelagic stages. Juvenile northern ancho

vy, although apparently not associated with significant populations of

adults spawning within the estuary, are certainly present in high num

bers through the summer months. Whether this is the result of active

movement of the larvae, postlarve and juveniles into Grays Harbor, or

passive transport via oceanic water masses entering the estuary cannot

be determined from existing information.

In all cases, however, certain survival advantages may be obtained

by extended residence in the estuary, including reduction in mortality

due to predation and the availability of high densities of preferred

prey items. The highly turbid waters of the estuary may well protect

these early life history stages from significant predation by visual

predators such as coho and chinook salmon, spiny dogfish (Squalus acan—

thias), lingcod (Ophiodon elongatus), and various marine mammals. The

densities of small zooplankton, especially calanoid copepods, which tend

to be present within the productive regions of the estuary (see Section

6.0) may also provide the critical concentrations of prey necessary for

maximum growth and survival during this “critical” period in their total

life history. This is especially true for the stage between larvae and

postlarvae, when the fish must switch from utilization of yolk sac

energy to feeding upon live prey organisms. Studies with similar spe

cies of neritic •fishes have shown that the larvae require concentrations
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of prey between 6,000 and 20,000 individuals per in3 in order to survive

(Blaxter 1965). The mean densities of appropriately—sized zooplankters

in Grays Harbor during the sampling period (see Section 6.0) were def i—

nitely lower than these values but do not take into consideration the

typcially patchy distribution of neritic zooplankton and may underesti

mate the actual densities within patches.

5.4.2 Residence Time of Baitfish: While the residence time of

juvenile salmonids in Grays Harbor appears to be a function of varying

migration rates through the estuary, the apparent period of time that

baitfish spend in the estuary was highly variable and may be a function

of a number of factors, including: 1) passive transport via the intru

sion of oceanic water masses into Grays Harbor due to coastal upwelling,

2) active migrations into or through the estuary for spawning or feeding

purposes, 3) import into the estuary from freshwater or estuarine spawn

ing populations, or 4) infrequent, low coverage sampling of extremely

patchy concentrations of baitfish. Thus, unlike the juvenile salmonids

passing through Grays Harbor, residence time of baitfish may be more

dependent upon the physical processes, i.e., the hydrodynamics or water

characteristics, of the estuary. Given the lack of detailed studies of

water transport and characteristcs in Grays Harbor during our studies,

it is difficult or impossible to separate behavioral from abiotic fac

tors and the following data may not be representative of similar periods

in other years.

Table 5—2 summarizes the maximum residence times of the prominent

taxa and life history stages of baitfish in Grays Harbor during the

eight months we sampled the estuary. However, considering the late ini

tiation of sampling (early March), several species such as Pacific her

ring, probably reside in the estuary longer than indicated in Table 5—2.

Juvenile Pacific herring illustrated the longest residence time, up to

15 weeks, and juvenile northern anchovy were similar, up to 11 weeks.

Both maintained the longest residence at the upper estuary sites of Moon

Island and Cow Point in summer and early fall. Adult northern anchovy
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Table 5—2. Summary of residence times of prominent taxa and life history
stages of baitfish in Grays Harbor, Washington, March—October
1980.

Maximum
Species Life History Residence Remarks

Stage Times
(‘weeks)

Northern anchovy, adult 6 Maximum residence during two perioth
Engraulis mordax (mid—June to early August, late Aug~

to early October); longest residencE
Westport

juvenile 11 Maximum sustained residence from mic
to early October; longest residencE

Moon Is land

Pacific herring, juvenile >15 Maximum sustained residence from ea
Clupea harengus pallasi July to early October; longest res:

at Cow Point and Moon Island

Longf in smelt, juvenile 9 Maximum residence during two period~
Spirinchus thaleichthys (early May to mid—July, early Augus

early October); longest residence
Moon Island
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and juvenile longfin smelt appeared to spend shorter times in the

estuary (6—9 weeks) during two periods, punctuated by a gap between late

July and early August.

Although they were not prominent in the estuary, juvenile shad did

occur sporadically in the purse seine catches in the upper estuary, par

ticularly at Cow Point. The longest sustained residence was at least

ten weeks long, extending until our last sampling week (October 20—23).

5.5 Summary

1) Baitfish species occurred in the Grays Harbor fish collec

tions, principally the purse seine samples, throughout the

sampling period; seven species were documented, including

American shad (juvenile, adult), Pacific herring (larvae,

juvenile), northern anchovy (larvae, juvenile, adult), surf

smelt (larvae, juvenile, adult), longf in smelt (larvae,

juvenile, adult), whitebait smelt (juvenile, adult) and

Pacific sand lance (larvae, juvenile).

2) Only four species or life history stages of baitfish—adult

and northern anchovy, juvenile Pacific herring, and juvenile

longfin smelt—were consistently abundant over the sampling

period to indicate extended residence and utilization of the

estuary; only Pacific herring and longf in smelt may be direct

ly associated with the estuary during reproduction and subse

quent early life history development.

3) Juvenile Pacific herring sustained the highest mean densities

(CPUE) and illustrated the longest residence time (up to 15

weeks) of the prominent species; juveniles and adult northern

anchovy were slightly less, both in abundance and residence

time.
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4) Although no evidence of spawning of adult Pacific herring was

documented during these studies, spawning may have occurred

prior to the initiation of sampling on March 3 or subsequent

to the termination of sampling in early June.

5) Except for adult northern anchovy, the majority of the promi

nent species sustained the longest residence times in the

upper estuary in the vicinity of Cow Point and Moon Island.
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6.0 COMMUNITY STRUCTURE AND STANDING STOCK

OF NERITIC ZOOPLANKTON

by William 3. Kinney, Jeffrey R. Cordell,

and Charles A. Simenstad

6.1 Introduction

Due to their entrainment in the estuary’s water masses, neritic zoo—

plankton provide important prey resources to secondary carnivores utiliz

ing the estuary. In the case of Grays Harbor, juvenile salmonids and

schooling neritic fishes migrating through or rearing in the estuary are

suspected to be the principal predators upon neritic zooplankton. As

such, these diverse, productive zooplankton resources may well consti

tute the limiting factor to the distribution, residence time, growth and

population abundance of these zooplanktivorous fishes in Grays Harbor.

Until these studies, little research had been conducted on the

trophic ecology of salmonids in Grays Harbor (see Section 1.4). How

ever, recent studies in Puget Sound (Simenstad et al. 1979, 1980; Fresh

et al. 1979; Miller et al. 1977, 1980), the Columbia River (Haertel and

Osterberg 1967; Craddock 1976), and coastal British Columbia (Healey

1979; 1980) have indicated that neritic zooplankters often form the

predominant component of the prey spectra of juvenile salmonids during

their initial period of marine residence; baitfish have been found to be

almost exclusively zooplanktivorous upon neritic zooplankton (Simenstad

et al. 1979).

In order to best evaluate the potential effects of the proposed

widening and deepening of the navigational channel in Grays Harbor upon

juvenile salmonids and baitfish, it was considered important to document

the temporal and spatial composition and standing stock of such a major

fish prey resource as the estuary’s assemblages of neritic zooplankton.

Systematic sampling of these assemblages occurred in conjunction with
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the sampling of juvenile salmonids and baitfish, also conducted by

Fisheries Research Institute, between March and October 1980.

The objectives of this part of the research program were to:

1) Document the community structure of zooplankton and ichthyo—

plankton in the neritic zone;

2) estimate density and standing crop of neritic zooplankton

(including ichthyoplankton);

3) discuss the importance of Grays Harbor to the dominant taxa of

the neritic zooplankton;

4) relate the neritic zooplankton abundance to the prey spectra of

juvenile salmonids and English sole captured in the neritic

zone; and,

5) examine the potential for impacts upon neritic zooplankton by

the proposed dredging required for widening and deepening the

navigational channel.

6.2 Materials and Methods

Neritic zooplankton was collected biweekly at Cow Point, Moon

Island and Stearns Bluff, and monthly at Sand Island and Westport from

March through October 1980. These sites and the respective sampling

occasions corresponded to the purse seine collections for juvenile

salnionids and baitfish (Fig. 3—i), with the exception that zooplankton

was not collected at Cosmopolis.

Replicate oblique zooplankton net collections were made from the

6.4—rn purse seine vessel or the ~7.9—m whaleboat using a weighted 60—cn

bongo net frame (Smith and Richardson 1979) equipped with Nitex nets of
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0.333—mm mesh having an open area/aspect ratio of 8:1. Sample volume

was estimated using a General Oceanics propeller flowmeter centered in

one frame.

The net was set off of the port side of the vessel with the engine

at idle and the transmission in gear in order to achieve a slow forward

speed. The net frame was swung into position just above the water’s sur

face, and the flowmeter was read. The nets were then lowered into the

water and cable let out to a length approximately equal to the depth of

the water in that location, as determined by fathotneter. The line was

immediately hauled back in. After recording the flowmeter reading, the

nets were rinsed and samples were removed from the net cups. Labeled

samples were preserved in PVC jars in a 50% buffered seawater formalin

solution.

If necessary, samples were subsampled using a standard glass quar

tered petri dish or a Hensen—Stempel pipette, depending upon the densi

ties and type of organisms in the sample. The samples were then sorted

to major taxonomic group and subsequently identified to the lowest taxon

possible using a dissecting microscope. All data were recorded directly

onto MESA/NODC—type zooplankton analysis forms which utilize the NODC

taxonomic code, a 10—digit code system which enables coding of aquatic

organisms to most phylogenetic levels. The raw data was verified and

stored on the University of Washington’s CDC Cyber 170/750 computer sys

tem. Tabulation and basic statistical analyses of the data were per

formed using the FRI computer program package FR 363 (SUPERPLANKTON),

specifically developed for the MESA/NOOC—formatted zooplankton data.

The program tabulates the plankton collections by various gear types,

sites and collection periods. Given species, life history stage, number

and wet weight, the program then adjusts the data to a standard sample

volume and computes the abundance and biomass per cubic meter (density

and standing crop, respectively) by taxon and life history stage. The

program then calculates the percent composition by abundance and bio—

mass, as well as standard diversity indices for the total composition.
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The structure of the NODC taxonomic code enables the truncation of the

code by 2, 4, and 6 digits to standardize the organisms by genus, family

and class, respectively. The FRI program is also designed to operate at

any one of these three truncation levels, and produce tables either on

each life history stage or pooled life history stages (except eggs) per

taxon.

An SPSS system file was created in order to perform additional sta

tistical analyses of the data, and plotting was accomplished using the

Tektronix Interactive Graphics Package.

Intrasite similarity was measured using the Pearson coefficient of

community, CC, (Barbour et al. 1973) calculated from taxa occurrences

(exclusive of unidentified organisms; see Table 6—2) at the five loca

tions according to the formula:

AB - (XAXB)fn

CCAB = xA2_xA2/n•xB2/n

where XA and XB equal the sums of values (if a taxa is present, the

community is given a value of two; if absent, a value of zero) in

communities A and B, respectively; n is the total number of taxa at all

sites; and AB is the sum of the product of each pair of taxa values in

the two sites being compared. Pearson’s coefficient ranges between +

1.00 (complete overlap in composition) and —1.00 (no species in common).

6.3 Results

6.3.1 Community Structure of Neritic Zooplankton: One hundred and

ninety—one taxa were identified in the Grays Harbor collections between

March 20 and October 22 (Table 6—1). The greatest numbers of taxa iden

tified during one trip occurred early in the survey, e.g., 85 and 79

taxa in March and mid—May, respectively; only 31 taxa were collected in
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+ — <5% Compositioii
.— 5 — 9.9%
•— 10 — 24.9%
•— 25 — 100%

SPECIES_

IIARPACTICOISA
$COTTSLASA CAIASEWSIS
SARPACTICUS SP.
zAUS P.
ALTEUTIA V.
TISSE P.
TACHISLUS TRZANSULAAI8
SZTOCRA P.
t1.ETOflSAE
WUNTERIAWIA JADEWSIS
IRYOCAIPTUS P.
THALESTRISAC
CORTCAEUS AISLICUS
*ALICYCLOPS IP.
CYCLOPS U.
CYCLOPS VERJALIS
CYCLOPS SICUSPISATUS
EUCYCLOPI *81115
CUCYCLOPS PHALERATUS
IACROCYCLOPS P.
SITNONA P.
SITNONA $181115
CALlS 0 ISA
SAL OfIORPIM
SYSIDACEA—NTSI)A
ACAITNOITSIS IP.
ACANTNOIYSIS IACROPSIS
ACANTHONYSIS SCULPTA
MCHAEONTSIS SREINITSKII
s€o~sI$ SP.
ILONYSIS IIERCESIS
~0$TSIS RAYII
~0$YS1$ INTE6ER
LANPROPISAE
LA$PROPI P.
IIUCONISAE
LEUCON SP.
CUIIELLA SP.
PANCOLUS CALIFORWIEWSIS
ISOPODA
SlUR HIUSPNAERONA ORESONENSIS
SO P YR ISAE
SlNIIARZSEA
MPITNOE P.
*YTLUS TRISENS
COROPHIUN P.
CORDPHIUII IREVIS
COROPHIUN 5*110*15
COROPHIUN SPINICORNE
PONTOSEMEIA P.
AIISOSAIIJIARUS P.
COSANIMUS CONFERYICOLUS
NEGALUROPUS SP.
EUSAPINMUS P.
COGAPIMARUS OCLAIRI
PARATNEIISTO PACIFICUS
CAPRELLISAE
CAPRELLA IP.
CAPRELLA ALAPANA
CAPRELLA CALIFORWICA
EUPHAUSIACEA
SIPPOLYTISAE
PAII)ALISAE
CRANSONIIAE
CRANSOW $P.
tIANBOW FRAICISCORUPI

1. *
(*3’
IRUL
SVVT

.1
3*
3
JA
3*
.1
.1
3*
.1
3
3*
3-A

1. 3-A
3*
.1-A

a
1.3
I.
1.
1.3
1.3

3*

• 4 4 4 4
+ 4 4 4 4

4 4 +
• 4

+

+

4
+
4
4
4
4
4

4
4
+
+

4 4 4 4
4 4 4 4

+ 4 4
• 4 +

4
4
4

+

4 4 4
$ 4 4 4 4
+ + 4 + 4

~__.._8*PIPtIIII fliP_.
mm 3.13 J
V V I ITT
1212 2
411571

4 4 + 4 4
+

• 4 4
4 + •

+ + + 4 4 +
• 4 + +

• 4 4 4 4 + 4 +
4 4

+~•

4 +
• • + +

4 4 4

4 4 4 4 4
4

+ 4
4 4 4 4

4

+
4 4

4
4 4
4 4

4 4
4 4 4 4

4 4 4 +
4 +

4
4

+
+ 4 +

+ 4
4

+

4 + + 4 4
4 +

4 4 4 4

4
+

4 4 4 4 +

4 4 4 4 + +

• + 4 +
• 4 + +

4

4 4

+ 4 4
4 4

4 4

• 4 4 4
4

• 4 4

IC 81* ma a a
A SITE I P PP
8518$ 2 13
a lit •t s.

A *11
USE I

2 2
A A ~ 3

00
CC

2
‘a

+ 4 4 4 +
4 +

4

• 4

4

4
4 +

4
4 4
4 I
• 4

• 4
• 4
• 4

4

4
4
• 4
4 4
4
+
I

4 +

4
4

• 4
+
4

1.3*
1.3*

3*
LA

.1*
3*

a
L 3-A

A
.1*
3*

A
3*
3*

LA
a
a
a

1.3*
a

3*
1.3

3
3
3*
.1
3-A
3

1.3*
J -I
3*
3
3*
3
3*
3*

a
1.3*

3*
3*
3*

a

4 4 4

4
4
4
+
4

4
+ .

I
4
4

4 +
4

4 +
4

• 4
I
4

I.
4 +

4

•+

4 +
4
I4 +

4
• 4 +

• 4
+

4 4 4 +
• 4 + •

+ I

4

+

+
4 + + 4

4

I 4
•.••••• ...
4 + 4 4 4 + + 4 4 4

+ I 4 4 I +
4

4

4 4 4 4 4 + 4 4 4

4 4 4
4 4 4 4 4 + 4

+

4 4 + 4 4 + + 4
• 4 4 4 . 4 I 4 4

4

4
• I • • 4 4 4 4

+ I 4 I +
+

• 4 + I 4 4 4 4 4 4 4 + +

+

+ 4
4

4
4 4 4

4
4 4•4+

+
+
4

• 4
4 4

4

4 4 4 4 • 4 4
• 4 4 4
4
• 4 4

4 4
I

4 4
4 4

4
• 4 4 4 4 I 4 4

4 4 4 4
4 4

4 4 4 I • • • 4 4 4 4 4 4 I 4
4 4 , 4 4 I 4 4
+ I 4



(83O~i8N33U31W0IJ.V)~Wfl(T*VW0IIS3~3310N34S3OVi$A~OL8IN3illW331i3(I4S~U)

+

+++

+4

•.+++

4

4

++

+4+4+4

+

+4++

+++4+4
4.4

++4

++

+4.++4+44+44.
++

++44

+4++++4+
4.4.

•44+44.+++

+4444+4.4+
++

+++444.4
++

4

+

4

4

4

4

4

4

44

44.4

4.+44

4+
4+44

444

44

+

44

444.4

+

4

4

44

4+44

4

F1I3JH1$3~T4
3913•3IJ1LsNIl~

i,nhsoe
Sfl~31dSX3HIILAIOWIV

d1SflONd
~3dS9lfluiG3

41SflJ103
SflLV3lfl3VSfl3AIOV3ISV$

3Yf!~V1
SAIUH3IJ1V$LSflW~*I$I4$

3V1!~3WS9
XVIVOWH1AVVS$3

I3i903131
dIV~fl31d0~Il

9wV9313VIIIIVS
dlViiISVl

VWANSOA3VN3
VLVW3V~0$WAS

V$31d0$3W11
V3fl0381*

3V1!UA)143
V$331H3VU-V331d1(
9IW0~0~!N3-V~3idIl

330iVW~
3V91$OSOdOiVV33

)V411040S1$33A104
V39I01IHdV-,I3i4m~0M

VflIdOWO$
V~31d0~31~

Vfli~dO~3W3Nd~
3V(IMOIOSI

C3V(I~fl(0da>3V9I~flLL1V904AII
3V91$flNJ.$IIIS

V10U31103
d11RUVUZ)~3I

3V9113WL0$WId
$3iSXIVV$33NV3

d9
d1lIiAfl(ld

dlS3I4LSI10~1N
3VlI$l1133~0d

3V1IIflSVd
~dlVSSV$VIflV3

SIS$31139fl411138040
3V9ISSflVIi~V3

,t‘,I1£~11,0
~I~I£

3~3300AA$$AAd
008SIVFrFrVVV

~~d13i~11dWVS

I,1$$I
S$00$

4$3100V
V$ISV~!

NOIJ.V1S

AA
1015zoot—cz—•
mV.Z6~Ot•
VF13z6~6—c—.

1141uo~3~SOd~~xc>—4-

paflUT~UOD‘1—9~

4+

44
44

444++,4+

4

4

+

4+4

+44

r

+

4+++4

+444

4

+

+

4

+

4

44

1
13
13

4

44

4

44

4

4
4

+

4

4

+

4

4

IF
If

V
I,
V
Vi
Vi
Vi

1
1

S

44

4

4

4.

4

4

+

4+
4

44+

4

+

4.

4+

+

4

4

4

4S-F
4

4V-F
V

4.

4

4

4+

4

44
4

1
1
1
1
1
1
1
1
1

ci
1

I
4
S

80!



109

late July (Table 6—2). Similarly, numerical diversity (Shannon—Wiener

and Brillouin’s indices based upon numbers) tended to be highest in the

early sampling weeks, i.e., mid—March through late May.

Based upon frequency of occurrence in the collections, the most

prominent taxa of neritic zooplankton included barnacle nauplii and

cypris larvae and the calanoid copepods Eurytemora americana and Acartia

clausi; other species which stand out because of their sustained pres

ence in the estuary throughout the study were crangonid shrimp larvae,

Centropages abdominalis, Pseudocalanus sp., and the cumacean Cumella sp.

Hydrozoa, Spionidiae (polychaetes), Calanus spp., Epilabidocera amphi—

trites, Acartia tonsa, Harpacticoida (copepods), Neomysis mercedis,

Leucon sp., Bopyridae (isopods), Corophium sp. and fish larvae also

occurred frequently.

Pinnotheridae larvae occurred in four separate six week series of

collections. Species associated primarily with collections in the

spring months were hydrozoans, polychaete and polynoid worms, the cala—

noid copepods Paracalanus sp., Clausocalanus parapergens, and Metridia

lucens, the cyclopoid copepod Corycaeus anglicus, the mysids Acanthomy—

sis macropsis, and A. grebnitskii, the gammarid amphipods Corophium

spinicorne, and Eogammarus confervicolus, euphausiids, hippolytid shrimp

larvae, Upogebia pugettensis, chironomid larvae, the arrowworm, Sagitta

sp., the larvacean, Oikopleura sp., the larvae of osmerid, gadid, cot—

tid, and Pacific sand lance (Ammodytes hexapterus) fishes, and unidenti

fied eggs. Cancrid crab (probably Dungeness crab, Cancer magister) lar

vae were found only at Moon Island Steam’s Bluff and Westport during

early to mid—April and early October and were never abundant.

Epibenthic zooplankton taxa occurring in the samples primarily dur

ing the summer months, were nematodes, the harpacticoids Harpacticus

sp., Zaus sp., Huntemania jadensis and Bryocamptus sp., the gainmarid

amphipod Anisogammarus sp. and gobid fish larvae.
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Juvenile bivalves, Paracalanus sp., Halicyclops sp., Oithona sp.,

Neomysis integer, ~ sp., and Eogammarus sp. juveniles were all

captured predominantly in the early autumn months.

Mean taxa richness, although encompassing variable sample sizes, in

creased progressively from the riverine to the lower estuarine site clos

est to the mouth of Grays Harbor (Table 6—3). Numerical diversity, on

the other hand, illustrated a general decline in the middle of the estua

ry, i.e., at the sites in the upper estuary, between the riverine site

at Sand Island and the more marine sites of Westport and Stearns Bluff.

The similarity of community (taxonomic) structure among all five

collection sites (Table 6—4) was greatest between Westport and Stearns

Bluff (+0.57). Cow Point—Moon Island and Stearns Bluff—Moon Island com

parisons showed similar positive coefficients of community, +0.39 and

+0.35, respectively. Comparisons of the neritic zooplankton assemblages

at Sand Island with those at Westport and Stearns Bluff showed, not

surprisingly, negative coefficients of similarity.

6.3.2 Density of Neritic Zooplankton: The mean density (-F 1 stand

ard deviation) of all neritic zooplankton samples pooled by trip ranged

from minima of 51.4 ± 47.1 and 42.7 ± 32.3 animals m3 in late March and

late July, respectively, to maxima of 903.6 ± 1007.2 and 854.0 ± 869.7

m3 in late April and late October, respectively. Three sustained

declines in density were evident, between April 30—May 28, June 1—July

21, and September 9—October 6 (Fig. 6—1).

Sand Island, the riverine site within the tidally—influenced

stretches of the Chehalis River, showed the lowest density of neritic

zooplankton during most sampling dates (Fig. 6—2, Table 6—5), with high

est densities occurring in late April (30.8 + 13.0 m3), early June

(56.6 ± 1.2 m3) and early September (48.4 ~ 1.6 m3). As at Sand

Island, the lower estuary site at Westport was sampled monthly. Samples
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Table 6—4. Similarity of zooplankton communities, ranked by Pearson’s
coefficient of community, among five sampling sites in
Grays Harbor, Washington, March — October 1980.

Site Pair Coefficient of Community

Stearns Bluff — Westport + 0.57

Cow Point — Moon Island + 0.39

Stearns Bluff — Moon Island + 0.35

Westport — Moon Island + 0.21

Sand Island — Cow Point + 0.21

Stearns Bluff — Cow Point + 0.19

Sand Island — Moon Island + 0.06

Cow Point — Westport + 0.02

Sand Island — Stearns Bluff — 0.16

Sand Island — Westport — 0.17
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from that site displayed an earlier peak in mean total density (843.3 ±
66.0 m3) in mid—April; total density fell to 21.0 ± 3.1 in3 in early

July and increased again to 213.3 ± 1.5 in~ by early September.

Among the biweekly—sampled, central estuary sites, temporal pat

terns in total density of neritic zooplankton at Moon Island and Stearns

Bluff were more similar to each other than to Cow Point, which had the

lowest total mean density of the three (Fig. 6—3). Neritic zooplankton

density at Iloon Island reached an early maximum in late April (1920.0 ±
1194.0 m3) and again in early June (727.1 ± 80.7 m3), then declined to

only 51.4 ± 17.7 in3 in late July; densities increased to 627.5 ± 96.5

in in early September, but bounced from 31.4 ± 1.6 in3 to 383.3 ± 213.8

in3 between early and late October. The density of neritic zooplankton

at Stearns Bluff followed the same trend as at Moon Island through

August, with peak density appearing in early June (1525.8 + 417.6

the late July minimum of only 5.6 ± 1.7 ~, and then maintenance of

approximately 295 m3 throughout August until a slow decline which con—
—3tinued until a late maximum of 1950.6 ± 229.6 in on the last sampling

trip. Neritic zooplankton densities at Cow Point were relatively low,

however, until the end of April (760.0 ± 124.5 in3), declined until late

August (237.7 ± 13.9 m3), then increased sharply to 360.0 ± 53.0 in

two weeks later.

Barnacle nauplii and cypris larvae accounted for 28.1% of the total

density of neritic zooplankton. Calanoid copepods comprised the major

ity of the other abundant taxa——Acartia clausi (22.1%), Eurytemora ameri

cana (19.5%), Centropages abdominalis (6.2%) and Calanus spp. (2.9%);

pooled Calanoida, however, constituted 55.5% of the total density. The

cumaceans Cumella sp. and Leucon sp. accounted for 1.8 and 1.5% of the

total density, respectively.

The epibenthic gammarid amphipod Corophium sp. dominated the numeri

cal composition (34.0%) at Sand Island over the eight month study peri

od, with a mean total density of 8.5 in3. The estuarine mysid, Neomysis



Fig. 6—3. Mean total density and standing crop of neritic zooplankton
at three mid—estuary sites in Grays Harbor, Washington,
March — October 1980.
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inercedis, was slightly less abundant, with 30.0% of the total density

and a mean total density of 7.5 m3. Eurytemora americana composed

10.1% of the total mean density (2.5 m3); the coelenterate Cordylophora

sp., comprised 6.9 (1.7 m3).

Barnacle nauplii and cypris larvae were the most abundant zooplank—

ters at Cow Point, comprising 31.8% of the mean total density 51.7 in3.
0 ~3Eurytemora americana (28.2/., 45.8 m ) and Acartia clausi (22.4/., 36.4

were also numerically prominent.

The most abundant zooplankton taxa at Moon Island was Eurytemora

americana (34.2%, 140.2 m3) and Acartia clausi (18.5%, 76.0 in3).

Neritic zooplankton at Steam’s Bluff was numerically dominated by

Acartia clausi (32.1%), with a mean total density of 125.7 in3, barnacle

nauplii and cypris larvae (27.1%, 106.2 In3), Centropages abdominalis

(11.4%, 44.6 m3) and Eurytemora americana (6.0%, 23.4

Numerically predominant zooplankton taxa at Westport were barnacle

nauplii and cypris larvae (22.9~, 49.0 in ), Calanus sp. (11.9~~, 25.4 in )
0Centropages abdominahs (9.9/., 21.3 m ), the cladoceran Podon leuckarti

(6.6%, 14.2 m3), crangonid shrimp zoea (6.6%, 14.2 m3), Acartia clausi

(5.9%, 12.7 m3), and Psuedocalanus sp. (4.1%, 8.9 m3).

Appendix Tables 6—1 to 6—5 provide the detailed numerical descrip

tion of the density of specific taxa and life history stages over the

course of the studies in Grays Harbor. Barnacle larvae were prominent

during each sampling trip and accounted for over 25% of the numerical

composition of the zooplankton on eight consecutive trips between May

and September with maximum mean density of 200.8 in3 occurring on June

11. Eurytemora americana illustrated an initial increase in density (to

a peak of 408.3 in3 in late April) through June, and then another

significant level of abundance from August through the end of October

(maximum of 83.3 m3). Acartia clausi was the numerically dominant taxa
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during the initial two months of the study and again in late October,

when it comprised 78.3% of the mean total density (668.8 a3).

Other taxa which were numerically important throughout the sampling

period include crangonid shrimp larvae, Centropages abdominalis, Pseudo—

calanus sp., and Cumella sp.

6.3.3 Standing Crop of Neritic Zooplankton: The mean total stand

ing crop of neritic zooplankton ranged from minima of 7 ± 6 mg m~ in

early July and in early October to maxima of 225 ± 353 and 167 ± 176 mg
—3a in late May and late August, respectively (Table 6—6). As with den

sity, standing crop displayed spring and early autumn increases, associ

ated with mid—summer and late autumn declines.

A single adult medusae, weighing 26 g, which was caught in the bon

go nets in late September accounted for 46.6% of the total mean standing

crop; removal of the medusae and a single adult smelt (captured in late

July) from the data set, however, was justified on the basis of their

low occurrence and excessive biomass. Based upon the revised data set,

juvenile and adult Crangon franciscorum dominated the mean total standing

crop (39.3%, 22 mg m3); juvenile and adult Neomysis mercedis (5.3%, 3

mg m3) and Eurytemora americana (4.7%, 3 tag m3) were of secondary

importance.

The standing crop at Sand Island was dominated by Neomysis mercedis

(70.7% of mean total standing crop, 6 tag m3), followed by Corophium sp.

(7.7%, 1 mg m3 ), Eogammarus confervicolus (5.7%) and larval cottids

(5.9%).

Crangon franciscorum predominated at Cow Point, comprising 70.9%,

79 mg a3 of the mean total standing crop; larval osmerids (6.4%,

7 mg m3) and Neomysis mercedis (5.4%, 6 mg m3) were also prevalent.
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Crangon franciscorum were also responsible for the greatest propor

tion of the mean total standing crop at Moon Island (19.2%, 12 rig in3),

although other taxa, including Eurytemora americana (11.9%, 8 mg m3),

juvenile threespine stickleback (Gasterosteus aculeatus) (10.9%, 7 mg in3

Cancer sp. inegalops larvae (7.2%, 5 mg ni3), Acanthomysis macropsis
—3 —3

(6.8/., 4 mg m ), gunnel larvae (Pholis sp.) (5.6/., 4 mg in ), Acartia
—3 —3clausi (5.2%, 3 rig in ), arid Neomysis mercedis (5.2%, 3 mg in ), also

constituted significant proportions of the total mean standing crop.

Cancer niagister riegalops larvae dominated the mean total standing

crop at Stearns Bluff (15.3%, 5 mg in3), followed by Acartia clausi

(10.8%, 3 ing m3), Centropages abdominalis (9.9%, 3 rig m3), barnacle
—3nauplii and cypris larvae (8.9/., 3 mg in ), Acanthomysis macropsis

(7.9%, 2 rig in3), Calanus spp. (7.8%, 2 rig in3) and Neomysis integer

(7.6%, 2 rig

Calanus spp. contributed (20.5%, 6 rig in3) to the mean total stand

ing crop at Westport; other gravimetrically important species included

Gnormmosphaeroma oregonensis (12.6%, 4 rig m3), Sagitta sp. (10.2%,
—3 —32 rig a ), crangonid shrimp zoea (7.5/., 2 rig in ), barnacle larvae

0 ~3 . —3(7.3/., 2 nig in ), Centropages abdominalis (5.6/., 2 rig m ), and

ctenophores (5.2%, 2 mg

6.4 Discussion

6.4.1 Probable Sources of Dominant Neritic Zooplankton Populations:

All neritic zooplankton sampling stations included samples with marine

organisms, including Sand Island in the lower Chehalis River. Yet no

riverine zooplankters, as defined by Haertel and Osterberg (1967),

occurred in the samples from the lower estuary sites, e.g., Westport and

Stearns Bluff. At Sand Island and Cow Point, neritic zooplankters repre

senting the riverine assemblage included Ceriodaphnia reticulata,

Daphnia galeata, Bosmina sp., Chydoridae, Diaptomus sp., Cyclops sp.,

Eucyclops sp., and Macrocyclops sp. Evidence of saltwater intrusion at
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these sites is indicated by taxa representative of marine assemblages,

including Podon sp., Pseudocalanus sp., Aetidius armatus, Centropages

abdominalis, Epilabidocera aznphitrites, Acartia tonsa, Tortanus dis—

caudatus, and euphausiid larvae.

True estuarine zooplankters, including Neomysis mercedis, Eury—

temora americana, the harpacticoids Huntemmania jadensis, Bryocamptus

sp. and Scottolana canadensis, Cordylophora sp., and Gnorimosphaeroma

oregonensis, were also found at the upper estuary sites, but were most

abundant at Moon Island and Cow Point.

The vertical salinity distribution (Fig. 2—6) shows that a “salt

water wedge” and a lighter, less saline lens of river water typical at

the mouth of the Chehalis River (Cosmopolis, Fig. 2—6—A) was only regu

larly measured at one other site, Stearns Bluff (Fig. 2—6—0). This

would suggest that the predominant river flow directed through the north

channel is well mixed while the riverine and marine waters in the south

channel are typically well stratified. Superimposed upon the tidal cur

rents, contour profiles, and river flow levels in an estuary of this

size are mixing processes due to the Coriolis effect, which tends to

deflect the outflowing freshwater toward the right of an observer

looking seaward in the northern hemisphere (Barnes 1974). While the

zooplankton diversity at the north channel sites (which showed less

salinity stratification than other sites) was the lowest of all sites,

estuarine organisms such as barnacle larvae occurred there in the

greatest densities—e.g., 123.3 m3 over the entire study at Moon

Island. Since the entire planktonic life history of barnacle larvae is

less than 14 days (Kaestner 1970), the continuous abundance of nauplii

in the estuary indicates a constant production of successive cohorts

throughout the study period.

6.4.2 Importance of Nerltic Zooplankton as Prey of Juvenile Salmon—

ids and English Sole: While chum salmon captured at Moon Island and

Steam’s Bluff during their outmigration between March and June had
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preyed predominately upon epibenthic organisms (Section 8.3.1), many of

these prey were found consistently in the neritic zooplankton collec

tions, e.g., harpacticoid copepods, and cumaceans (Cumella sp. and

Leucon sp.). Typically neritic zooplankters such as larval fish,

crangonid shrimp larvae, calanoid copepods and cyclopoid copepods were

also important prey for juvenile chum, especially for the chum caught in

the purse seine. While all of these groups occurred consistently in the

water column, only the crangonid shrimp larvae comprised more than 5% of

the neritic zooplankton abundance (mean total densities of 12.1%, 6.2 ±
8.5 m3 and 12.5%, 7.8 ± 5.5 m3 on March 20 and April 1, respectively).

The diet of beach seine—caught chinook salmon was also dominated by

epibenthic organisms at both Moon Island and Stearns Bluff, i.e.,

Cumella sp. (83% and 93% of the total IRI, respectively). Frequent

occurrence of drift insects in the diet of all chinook, and fish larvae

(e.g., Engraulis mordax 48.8% of total IRI) in the purse seine—caught

fish, suggest that juvenile chinook salmon feed throughout the water

column.

The prey of juvenile coho salmon from both beach seine and purse

seine collections were predominantly neritic zoea and megalop larvae of

Cancer sp. These crab larvae were only found in the neritic zooplankton

in early and mid—April, with maximum densities found on April 15 at West

port (1.7 + 2.4 m3). A few Cancer sp. larvae were also found at
—3Westport on October 6 (0.2 + 0.3 m

Cancer sp. larvae also predominated the diet of a small sample size

of cutthroat trout (44% of total IRI). Juvenile smelt were secondary

prey (34.4%), and they were found in the total neritic zooplankton at a

density of 0.5 — 0.6 m3 between March 20 and April 15.

English sole were found to feed almost exclusively on epibenthic

organisms.
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Thus, juvenile salmon are preying upon only a small fraction of the

neritic zooplankton produced or transported into Grays Harbor. Those or

ganisms which were fed upon tended to be rare and large, although avoid

ance of the bongo nets by these large zooplankters may have biased (nega

tively) their actual abundance and availability to foraging salmon.

6.5 Summary

1. The community structure, density and standing crop of neritic

zooplankton was examined at five sites in Grays Harbor between

March and October 1980.

2. The prominent taxa, based on frequency of occurrence in the col

lections, included barnacle larvae (nauplii and cyprides) and

the calanoid copepods Eurytemora americana and Acartia clausi;

these taxa also dominated the numerical composition, in addi

tion to Centropages abdominalis and Calanus spp. Juvenile and

adult Crangon franciscorum, juvenile and adult Neomysis

mercedis and Eurytetnora americana composed the majority of the

total standing crop.

3. The mean density of all neritic zooplankton (pooled) ranged be

tween 43 and 904 animals m~ and illustrated three sustained

declines, between April 30 — May 28, June 1 — July 21, and

September 9 — October 6; mean standing crop ranged between 7

and 225 mg m3 and displayed similar spring and early autumn

increases, associated with mid—summer and late fall declines.

4. Three sources—riverine, estuarine, and marine——of neritic zoo—

plankters were identified. True estuarine assemblages were

most abundant at Moon Island and Cow Point, where the water

column was well mixed between freshwater and marine water

masses.
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5. Juvenile salrnonids appear to feed upon only a small fraction of

the neritic zooplankton in Grays Harbor, and even less upon the

taxa which are actually produced within the estuary; English

sole utilize very little neritic zooplankton.
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7.0 COMMUNITY STRUCTURE AND STANDING STOCK OF EPIBENTHIC

ZOOPLA.NKTON AT MOON ISLAND

by Jeffery R. Cordell and Charles A. Simenstad

7.1 Introduction

Recent studies of the feeding ecology of juvenile salmonids and oth

er nearshore marine and estuarine fish have documented the importance of

epibenthic organisms as prey (Sibert and Kask 1978; Levy et al. 1979;

Simenstad and Kinney 1978, 1979; Simenstad et al. 1979, 1980). Epibenthic

and meiobenthic crustaceans, especially gammarid amphipods and harpacti—

coid copepods, are particularly important in estuarine habitats (Mason

1974; Sibert et al. 1979; Healey 1979, in addition to the previous

citations).

Considering the diversity and magnitude of juvenile salmonids pass

ing through and residing within Grays Harbor, the proportional represen

tation of shallow sublittoral and lower littoral habitat in the estuary

and the potential for removal of a signifianct areal portion of this habi

tat in the widening and deepening project, it was considered desirable to

obtain some documentation of the composition and standing stock of epiben—

thic animals which were prey of outmigrating juvenile salmonids or other

important epibenthic—feeding fishes, i.e., juvenile English sole.

The objectives of this study were to systematically sample the shal

low sublittoral and lower littoral epibenthic habitat of Moon Island in

order to:

1. Document the couuuunity structure of the epibenthos;

2. estimate the density and standing stock of these animals;

3. determine the differences, if any, in community structure and

standing stock over diel and tidal regimes; and
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4. relate the standing stock and availability of these animals to

nearshore fish which were sampled at this site.

The sampling site at Moon Island was chosen due to its relationship

to the projected impact upon the shallow sublittoral habitat in that

vicinity during the widening and deepening dredging. As the process of

detailed quantitative sampling and examination of epibenthic animals is

very time—consuming and expensive only one sampling trip, covering an

18—hour sampling period, was feasible given the budget constraints.

7.2 Materials and Methods

Shallow sublittoral and lower littoral epibenthic zooplankton at

Moon Island was sampled using a modified suction pump and technique de

signed for the quantitative sampling of epibenthic prey of juvenile sal—

monids in Hood Canal (Simenstad 1977; Simenstad and Kinney 1978; Simenstad

et al. 1980). The pump system consisted of a self—priming, gasoline—

powered 5.1—cm centrifical pump which drew water and associated plankters

through a ported cylinder which sampled 0.1 m2 of bottom surface area to

a height of 25 cm; as such, this typified the epibenthic community in

0.025 in3 within that distance of the bottom (Fig. 7—1). Once through the

pump, the sample passed through a totalizing flowmeter into a double

stainless steel cylinder in which three nested conical nets were suspend

ed; the mesh sizes were 0.500 mm, 0.253 mm and 0.130 mm. The epibenthic

animals were retained in net buckets with windows of respective mesh

size.

Sampling commenced at 1830 PST on May 27 and terminated at 1230 PST

on May 28. Samples were obtained at slack, flood, and ebb tide stages,

approximately six hours apart. Duplicate samples, comprising pumping of

500 liters or until the ports on the sampling cylinder became clogged and

sediment started entering the system, were obtained at approximately the

0.0—m tide level as determined by orientation to identifiable pilings lo

cated at the Moon Island sampling site; one additional replicated sample

was obtained at the 0.3—m tide level at 1215 PST on May 28.
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0.253-MM MESH NET
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Fig. 7-1. Suction pump system utilized to quantitatively sample epibenthic
zooplankton in shallow sublittoral and lower littoral habitats at
Moon Island, Grays Harbor, Washington, May 27—28 1980; (a) system
components in use, (b) filtration cylinder, and (c) sampling cyliri—
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In the laboratory samples were subsampled if necessary using a

standard glass quartered petri dish or a Hensen—Stempel pipette, depend

ing upon the densities of organisms in the sample. They were then

sorted to major taxonomic group and subsequently identified as specifi

cally as possible.

i~ata was encoded and tabulated using the same methods and computer

systems described for neritic zooplankton analyses (Section 6.2).

7.3 Results

7.3.1 Community Structure: Approximately 45 taxa of epibenthic or

ganisms were identified from the samples (Table 7—1). Copepods of vari

ous life history stages and meroplanktonic larvae were the primary con

stituents of the epibenthic zooplankton at Moon Island (Fig. 7—2). In

the shallow sublittoral samples, for all sampling times ~combined, numeri

cally dominant organisms included harpacticoid copepod copepodite larvae

(28.8%), calanoid copepod nauplii (27.6%) and copepodites (12.2%), the

harpacticoid copepod Microarthridion littorale (10.5%), other harpacti—

coids (8.8%) and balanoid barnacle larvae (3.6%). Benthic infaunal

organisms such as bivalves, oligochaetes, and nematodes were present at

all sampling times but in lower abundances (see Appendix 7—1).

Gravimetrically, the dominant taxa were the larvae and adults of

harpacticoids (40.8%), adult and larval calanoid copepods (19.6%), poly—

chaetes (mostly juveniles and larvae, 11.2%), and balanoid barnacle

larvae (6.9%).

The percent composition by density and standing crop of the numeri

cally and gravitnetrically dominant organisms showed an increase in the

proportion of planktonic calanoid copepod adults and larvae and poiy—

chaete larvae with rising tide, and a concordant decrease of overall

proportion of epibenthic or benthic organisms such as harpacticoid

copepods and cumeaceans (Fig. 7—2). The opposite pattern was observed
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Fig. 7—2. Percent cumulative composition by density (A) and biomass (B)
of zooplankton in epibenthic collections in shallow sublittoral
and lower littoral (unconnected points) habitats at Moon Island,
Grays Harbor, Washington, May 27—28, 1980. Tide height at time
of collection is also denoted.
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during the ebb tide, with proportions of planktonic organisms declining

and epibenthic and benthic organisms increasing. Exceptions were the

contribution of harpacticoids to the total standing crop, which showed

no such correlation with tide stage, and in the proportion of both den

sity and standing crop contributed by balanoid barnacle larvae, which

was relatively constant.

In the single (replicated) samples obtained in the lower littoral

zone at approximately 1215 PST on May 28 the numerically dominant ani

mals included calanoid copepod nauplii (28.1%) and copepodites (17.3%),

nematodes (13.0%), and harpacticoid copepods (13.0%). Based upon gravi—

metric composition, the predominant taxa were harpacticoid copepodids

and adult (28.8%), calanoid copepod larvae and adults (primarily Acartia

sp., 28.0%), balanoid barnacle larvae (6.7%), polychaete larvae and

juveniles (6.7%) and nematodes (6.6%).

Taxonomic composition and statistical diversity based upon density

and standing crop did not change dramatically among the five samples

(Table 7—1), except for the drop in the number of taxa after the first

two (flood tide) samples.

7.3.2 Density and Standing Crop: Mean total density of epibenthic

zooplankton in the shallow sublittoral habitat at Moon Island varied dra

matically among the four sampling times and tide periods, with a maximum

of 132,726 individuals in3 at 2340 PST on May 27 to a minimum of 6,800

m3 at 0540 PST on May 28 (Fig. 7—3, Table 7—1). Much of the variation

in total density over time was correlated with tide stage (Fig. 7—3), due

principally to the increased representation by calanoid copepod nauplii

(Fig. 7—2, Table 7—1).
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The mean standing crop of the four shallow sublittoral samples was
—3 —30.281 g m , ranging from a maximum of 0.565 g m at 2340 PST on May 27

to a minimum of 0.040 g m3 at 0540 PST on May 28.1 As with density,

the mean standing crop of epibenthic zooplankton appeared to be corre

lated with tide height (Fig. 7—3).

The mean density of epibenthic zooplankton in the lower littoral

habitat at 1215 PST on May 28 was 166,213 individuals m~ and the

standing crop was 1.12 g m3. These values were the highest values

obtained for the shallow sublittoral habitat.

This correlation of density and standing crop with tide stage held

true for all major taxa, excluding cumacean density, which generally de

clined throughout the sampling period (Fig. 7—4).

7.4 Discussion

7.4.1 Comparison of Moon Island Epibenthic Zooplankton with Other

Published Descriptions of Epibenthic Zooplankton Communities in Similar

Habitats: The total mean density (± one standard deviation) of 84,452
—3

±67,575 organisms m found at Moon Island is comparable to the higher

density values found in comparable quantitative studies of shallow sub

littoral epibenthic communities where pump sampling or similar tech

niques were utilized. Studies of Hood Canal (Sitnenstad et al. 1980) and

the Straits of Juan de Fuca (Simenstad et al. 1980a) have documented

mean density estimates of 25,895 ± 3,537 animals m3 and 51,039 ± 75,841

in3, respectively, for epibenthic communities in nearshore marine

habitats.

‘One juvenile English sole, weighing 17.6 g, was omitted from the
standing crop estimates for this collection.
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The sampling apparatus used in the present study is presently being used

in an extensive study of the epibenthic community in the Columbia River

estuary, where preliminary data indicates an upper density value of

approximately 98,500 animals in3 in an estuarine habitat similar to the

Moon Island site in Grays Harbor (second author, unpublished data). Epi—

benthic pump samples taken 5 cm from the bottom in the Nanaimo River

estuary provided mean density estimates of approximately 8,567 animals

in3 (Sibert submitted). Thus, from the standpoint of the total density

of epibenthic organisms, the shallow sublittoral habitat at Moon Island

would appear to have a well developed epibenthic community comparable to

or richer than other estuarine or nearshore marine habitats which have

been similarly sampled in this region.

Densities of epibenthic harpacticoid copepods, the dominant taxa,

averaged 28,368 individuals in3. Since our epibenthic pump sampling

cylinder encompassed a volume of 0.025 m3 over a bottom area of 0.1

in2, estimates of density and standing crop in3 can be divided by four

to arrive at an equivalent m2 estimate for comparison with similar

areal estimates, i.e., raw data expanded by a factor of 10 rather than

40. Thus, the equivalent mean density of epibenthic harpacticoids

(within 25 cm of the bottom) at Moon Island is 7,096 m2 and is

considerably lower than maxima reported for infaunal harpacticoids in

this area: 285,800 m2 in the Nanaimo River estuary (Kask and Sibert

1976), 272,200 m2 on Puget Sound beaches (Feller 1977) and 86,000

in Yaquina Bay, Oregon (Crandell 1967). It is also considerably lower

than mean harpacticoid densities documented for similar epibenthic com

munities: 38,795 m~2 along the Straits of Juan de Fuca (Simenstad et

al. 1980a) and Hood Canal, 39,500 in2 (Simenstad et al. 1980b), but is

similar to epibenthic harpacticoid density estimates of 9,500 in2 in the

Nanaimo River estuary (Sibert et al. 1977).

7.4.2 Relationship between Standing Stock of Epibenthic Animals

and Tidal Rhythms: The observed increase in density and standing crop

with increasing tide height could be explained as an influx of
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planktonic animals with the flooding tide into an existing epibenthic

community; this appears at least partially true, as indicated by the

high proportion of density and standing crop of planktonic animals at

these times. However, the data indicated an increase in not only

planktonic animals such as calanoid copepods, but epibenthic animals

such as harpacticoids as well. Results similar to these have recently

been implied in an investigation of a Spartina marsh, in which it was

found that meiobenthic harpacticoids on a creek slope increased in den

sity in the sediment during low and ebb tides, and decreased (presumably

through entering the water column) during flood and high tides (Palmer

and Brandt 1981). This effect is also consistent with the documentation

of regular occurrence of meiofauna in the water column (Bell and Sherman

1980) and of reports of unique populations of “hyperbenthic” zooplankton

which contain both benthic and planktonic elements and which are main

tained by the continuous sinking of pelagic zooplankton and suspension

of benthic meiofauna by scouring (Sibert submitted); Sibert has hypothe

sized that this hyperbenthic community is maintained by current—induced

turbulence and that the fluctuations in the density of such populations

could be attributed principally to tidal rhythms, as was also observed

in this study.

7.4.3 Epibenthic Community Structure Relative to Location of Moon

Island in Grays Harbor Estuary: The brackish shallow sublittoral habi

tat (salinity averaged approximately 14 ppt, Fig. 2—6) at Moon Island

was characterized by a number of typically estuarine and euryhaline

species mixed with marine species. The euryhaline harpacticoid copepods

Microarthridon littorale, Bryocamptus sp., Attheyella sp., Huntamannia

jadensis, Scottolana canadensis and species of the family Ectinosomidae

and the calanoid copepods Eurytemora spp. have been documented from the

epibenthos of similar estuarine habitats (Sibert et al. 1977; Haertel

and Osterberg 1966; Lang 1948). Typically marine animals found in the

epibenthos at Moon Island, which have been characterized as part of the

“salt intrusion” group in the Columbia River estuary by Haertel and

Osterberg (1966), included the calanoid Acartia sp., calanoid larvae and
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the meroplanktonic larvae of balanoid barnacles. The interesting aspect

of the diel/tidal series of samples examined during this study was that

the relative proportions of these different zooplankton assemblages

changed somewhat during different tide stages. The density and standing

crop of most organisms sampled, including characteristically epibenthic

groups such as harpacticoid copepods, increased during the flood tide

and decreased during the ebb tide. This implies that, in addition to

the periodic influx of marine zooplankton with the flood tide, increased

immigration of truly epibenthic and meiofaunal organisms into the water

column at the flood tide tends to maintain the two assemblages in the

epibenthic community. Whether this is an actual behavioral response by

the epibenthic assemblage or, as Sibert’s model suggests, a function of

boundary layer turbulence, cannot be determined from our data.

7.4.4 Relationship between Epibenthic Zooplankton and Diets of

Juvenile Salmonids and English Sole at Moon Island: The presence of sig

nificant proportions of epibenthic organisms (i.e., harpacticoid copepods,

cumaceans) in the stomach contents of juvenile chum salmon, small juve

nile chinook salmon and juvenile English sole captured at Moon Island

(see Section 9.0) indicates that the epibenthos of shallow sublittoral

and lower littoral habitats in Grays Harbor provide important prey re

sources for these fishes. While juvenile English sole fed primarily on

the more common constituents of the epibenthic community (i.e., harpacti—

coids), juvenile chum and chinook salmon were often found to feed exten

sively upon prey organisms which were relatively rare components of the

epibenthos (i.e., cumaceans). The fact that the epibenthic—feeding

juvenile salmonids appeared to be selecting sparsely distributed prey

suggests that the total area of shallow sublittoral habitat may be

important in determing the number of juvenile salmonids which can

efficiently obtain enough food in the upper estuary, where the extent of

this habitat is small relative to the lower estuary.
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7.4.5 Effect of Predation of Epibenthic—feeding Fishes upon the

Community Structure and Standing Stock of Epibenthic Organisms: Al

though it is impossible to speculate upon the effect of predation by

epibenthic—feeding fishes upon the community structure and standing

stock of epibenthic organisms, due to the lack of a time series of sam

ples, investigations in Hood Canal suggest that the e~pibenthic community

is structured by the predation on outmigrating juvenile chum salmon

(Simenstad et al. 1980b). In that the outmigration of juvenile chum

salmon had already terminated by late May, when the epibenthic samples

were collected, the structure and standing stock of the epibenthic

community may have been dramatically different prior to May and could

have been significantly more diverse and abundant if the intensity of

chum salmon feeding in the shallow sublittoral habitat at Moon Island

was high. The presence of small juvenile chinook at this time and their

predominant consumption of cumaceans (Fig. 8—5) suggests that the epi—

benthic community at Moon Island may well have been under the selective

influences of significant fish predation at the time of sampling. Simi

larly, the abundance of juvenile English sole was generally increasing

at this time, although the catch rate at Moon Island was quite variable

between March and late June (Fig. 4—1). It is interesting to note, how

ever, that the state of the epibenthic community documented in late May

coincided with the leveling off of incremental growth of the young—of—

the—year English sole (Fig. 4—6 A), indicating that the prey resources

may have become more limited at this point in the residence of English

sole in shallow sublittoral habitats in the upper estuary.

7.5 Summary

1. The shallow sublittoral and lower littoral habitat at Moon

Island was quantitatively sampled for epibenthic zooplankton

over diel and tidal regimes in late May 1980 using an epiben—

thic suction pump.
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2. Numerically, the prominent animals in the collections were har—

pacticoid and calanoid copepod larvae, adult harpacticoid cope—

pods (primarily Microarthridion littorale), and barnacle lar

vae; gravimetrically, the dominant taxa were larval and adult

harpacticoids and calanoids, polychaete and barnacle larvae.

3. The mean total density of epibenthic zooplankton varied as a

direct, positive function of tide height, reaching a maximum of

132,725 ± 94,590 individuals m3 at 2340 PST when flood slack

occurred and a minimum of 6,800 ± 6,279 m3 at 0540 PST during

ebb slack; the standing crop reflected a similar relationship,

ranging from 0.565 ± 0.403 g m3 at 2340 PST to a minimum of

0.080 ± 0.040 g m3 at 0540 PST.

4. The changes in standing stock of zooplankton in the epibenthic

environs in association with tidal stage could in most respects

be explained by the influx of planktonic animals into the shal

low sublittoral zone; but there also was a corresponding in

crease in the standing stock of some epibenthic animals, nota

bly harpacticoid copepods, which suggested that the epibenthic

community is also accommodated to tidal influences.

5. The standing stock of epibenthic zooplankton in the lower lit

toral habitat, sampled at 1115 PST, was higher than any of the

collections made in the shallow sublittoral habitat, averaging

166,213 individuals and 1.12 g m3.

6. The structure and standing stock of epibenthic zooplankton was

found to be comparable with published reports of similarly—

sampled cont~unities in other shallow sublittoral and lower

littoral estuarine and marine habitats in the region, although

the standing stock of harpacticoid copepods was generally lower

than has been found in other estuarine studies.
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7. It was suggested that the structure and standing stock of the

epibenthic zooplankton coimnunity sampled at Moon Island may be

indicative of a limited prey resource for eplbenthic—feeding

fishes in the upper estuary, where shallow sublittoral and

lower littoral mud— and sandflat habitat is not extensive;

indications of predation effects upon the community, however,

cannot be examined in the absence of a time series of data

through the period of residence of juvenile salmonids and other

epibenthic predators.

7.6 Literature Cited

Bell, S. S., and K. S. Sherman. 1980. Tidal resuspension as a mechanism

for meiofauna dispersal. Mar. Ecol. Prog. Serv. 3:245—249.

Crandell, C. F. 1967. Seasonal and spatial distribution of harpacticoid

copepods in relation to salinity and temperature in Yaquina Bay,

Oregon. Ph.D. Dissertation, Oregon State University, Corvallis,

OR.

Feller, R. J. 1977. Life history and production of meiobenthic harpac—

ticoid copepods in Puget Sound. Ph.D. Dissertation, Univ. Washing

ton, Seattle. 249 pp.

Haertel, L. S. and C. L. Osterberg. 1967. Ecology of zooplankton, ben—

thos, and fishes in the Columbia River estuary. Ecology

48 (3) : 459—472

Healey, M. C. 1979. Detritus and juvenile salmon production in the

Na~iaimo Estuary: I. Production and feeding rates of juvenile chum

salmon (Oncorhynchus keta). J. Fish. Res. Bd. Canada 36(5):488—496.

Lang, K. 1948. Monographie der Harpacticiden. Hakan Ohlsson. Lund,

Sweden.



144

Levy, D. A., T. G. Northcote, and G. J. Birch. 1979. Juvenile salmon

utilization of tidal channels in the Fraser River estuary, British

Columbia. Westwater Res. Centre, Tech. Rep. 23. Univ. British

Columbia. 70 pp.

Mason, J. C. 1974. Behavioral ecology of chum salmon fry (Oncorhynchus

keta) in a srnall estuary. 3. Fish. Res. Bd. Canada 31(1):83—92.

Palmer, H. A., and R. R. Brandt. 1981. Tidal variation in sediment

densities of marine benthic copepods. liar. Ecol. Prog. Ser.

4:207—212.

Sibert, J., B. A. Kask, and T. Brown. 1977. A diver—operated sled for

sampling the epibenthos. Fish. Mar. Serv. Tech. Rep. 738. 19 pp.

Sibert, J., and B. A. Kask. 1978. Do fish have diets? Pages 48—57 in

B. G. Sheperd and R. J. Ginetz, eds. Proc. 1977 NE Pac. Chinook and

Coho Salmon Workshop. Fish. & Mar. Serv. Tech. Rep. 759. 164 pp.

Sibert, J. R. (Submitted). Persistence of hyperbenthic populations in

the Nanaimo Estuary. Marine Biology.

Simenstad, C. A. 1977. Prey organisms and prey community composition of

juvenile salmonids in Hood Canal, Washington. Pages 163—176 in C.

A. Simenstad and S. Llpovsky, eds. Proc. First Pac. NW Tech. Work

shop Fish Food Habits Studies, October 13—15, 1976, Astoria, OR.

Washington Sea Grant Pubi. WSG—WO 77—2.

Simenstad, C. A., and W. 3. Kinney. 1978. Trophic relationships of

outmigrating chum salmon in Hood Canal, 1977. Final Rep. to

Washington State Dep. Fish., Oct. 1, 1977 — Mar. 31, 1978. Contr.

No. 877. Univ. Washington, Coil. Fish., Fish. Res. Inst.

FRI—UW—7810. 75 pp.



145

Simenstad, C. A., and W. J. Kinney. 1979. Selection of epibenthic

plankton by outmigrating chum salmon in Hood Canal, Washington.

Pages 243—289 in J. Mason, ed. Proc. 1978 Pink and Chum Salmon

Workshop, March 14—16, 1978, Parksville, B. C., Canada. Pac. Biol.

Sta., Nanaimo, B.C.

Simenstad, C. A., B. S. Miller, C. F. Nybiade, K. Thornburgh, and L. J.

Bledsoe. 1979. Food web relationships of northern Puget Sound and

the Strait of Juan de Fuca: A synthesis of the available knowl

edge. EPA DOC Res. Rep. EPA—600/7—79—259 (Also Fish. Res. Inst.

Rep. FRI—UW—7914). 335 pp.

Simenstad, C. A., W. J. Kinney, and B. S. Miller. 1980a. Epibenthic

zoopiankton assemblages at selected sites along the Strait of Juan

de Fuca. Final Contr. Rep. for NOAA/MESA Puget Sound Project.

Univ. Washington, Seattle, Coil. Fish., Fish. Res. Inst. NOAA

Tech. Memo. ERL MESA—46. 73 pp.

Simenstad, C. A., W. J. Kinney, S. S. Parker, E. 0. Salo, J. R. Cordeli,

and H. Buechner. 1980b. Prey community structure and trophic eco

logy of outmigrating juvenile chum and pink salmon in Hood Canal,

Washington: A synthesis of three years’ studies, 1977—1979. Final

Report to Washington State Dep. Fish., Univ. Washington, Seattle,

Coil. Fish., Fish. Res. Inst. FRI—UW—8026. 113 pp.



146

8.0 FOOD WEB RELATIONSHIPS OF JUVENILE SALMONIDS AND

ENGLISH SOLE

by Hannele Buechner, Linda Matheson, and Charles A. Sitnenstad

8.1 Introduction

Estuaries and nearshore marine environments of the Pacific North

west appear to provide important rearing habitat for juvenile salmonids

and English sole (Congleton and Smith 1977; Congleton 1979; Fresh et al.

1979; Healey 1979, 1980; Johnsen and Sims 1973; Levy and Levings 1978;

Levy et al. 1979; Pearcy and Myers 1973; Reimers 1970; Royal 1962;

Sibert and Parker 1972; Sibert 1974, 1979; Sibert et al. 1977; Simenstad

et al. 1979, 1980). Smith (1976) and this report (see Section 4.0)

state that Grays Harbor provides suitable nursery grounds for small,

post—larval English sole and Herrmann (1971) and this report (see

Section 3.0) indicate that juvenile salmonids also utilize the estuary

as a rearing area.

In order to evaluate the potential impact of any perturbation in

these rearing habitats in the estuary, such as that caused by the

dredging operation or the eventual modification of habitat, during the

outmigration and residence of these juvenile fishes it is imperative to

consider the trophir or food web relationshIps between the fishes and

the prey animals associated with representative estuarine habitats.

Our objective was to establish the prey spectra of the principal

commercially—important fish, specifically juvenile chum and chinook

salmon, steelhead trout and English sole, through quantitative analyses

of their stomach contents. Within this objective we intended to

examine:

1) interspecific diet over]ap and intraspecific prey selectivity;

2) temporal and spatial differences in diet as compared to relative

prey availability; and
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3) inter— and intraspecific variations in diet with respect to size

of predator.

8.2 Materials and Methods

8.2.1 Collection of Fish Stomachs: Juvenile sairnonids, English

sole, associated baitfish and other fishes were collected in shallow sub

littoral and lower littoral habitats using a 37—rn floating beach seine

and in neritic habitats using a 61—rn x 90—in purse seine. A complete

description of these sampling gears and the associated techniques is

included in Section 3.2.

8.2.2 Field Preservation of Samples: Upon collection, smaller

fish (<200 mm in length) were immediately preserved whole in 10% buf

fered formalin; stomach samples from larger fish (>200 mm in length)

were dissected from the fish and preserved separately.

8.2.3 Laboratory Processing: Stomach samples were individually ex

amined in the laboratory according to a systematic, standard procedure

(Terry 1977) which identifies the numerical and gravirnetric composition

of prey organisms in the stomach contents, the stage of digestion and

the degree of stomach fullness.

From each collection of fish, subsamples of five fish per size cate

gory (40—59, 60—79, 80+ mm) of each species (when available) were meas

ured for length (FL for salmonids, Ii for English sole) in millimeters

and damp weight to the nearest 0.1 g. Fish from which stomachs had been

dissected in the field had been measured and weighed at the time of

stomach removal. When the stomach was removed from the fish, either in

the field or laboratory, it was cut at points at the anterior end of the

esophagus and posterior to the pylorus. The stomach contents were then

removed to a petri dish and the stomach lining immediately blotted or’

paper toweling and reweighed to derive the total contents weight by

subtraction. Stomach fullness was qualitatively evaluated and coded
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from 1 (empty) to 7 (distended) and the stage of digestion determined

and coded from 1 (all unidentifiable) to 6 (no digestion evident). Prey

items were then sorted under an illuminated dissecting microscope, enum

erated, and identified as specifically as the state of digestion

allowed. Life history stage of the prey and the blotted wet weight of

each taxon to the nearest 0.001 g were also recorded.

8.2.4 Data Management and Analysis: All stomach analysis data

were directly recorded onto MESA/NODC Format No. 100, record type 6

computer forms which utilize the NODC taxonomic code.

Tabulation and basic statistical analyses of the data were per

formed using an FRI computer program package, GUTBUGS, specifically

developed for the MESA/NODC—format stomach analysis data. The program

tabulates the sources (identification numbers, sample numbers, location

numbers), numbers of specimens from each sample, and the collection time

of each. The total number of stomach samples were itemized according to

life history stage, and subsequently the number of empty stomachs was

listed, the percentage of empty stomachs calculated, and the adjusted

(stomachs containing prey) sample size was determined. Only stomachs

containing prey were utilized in the subsequent statistical calcula

tions. The mean, range and standard deviation of the fullness and

digestion indices, total contents weight, total contents abundance,

predator length and weight, and percent ratio of contents weight to

predator weight were listed. For each prey taxon and life history stage

identified from the combined stomach sample, the frequency of occur

rence, mean, range, and standard deviation of the number and biomass,

mean and standard deviation of the average biomass per individual, and

the percentage composition by abundance, total biomass, and biomass ad

justed by subtracting the unidentifiable material were listed. The

total number of prey categories and standard diversity indices (Shannon—

Wiener and Brillouin) were also computed. The stomach analysis program

was designed to operate at any oneof the three truncation levels of the
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taxonomic code, facilitating comparisons between stomach sample sets

with differing stages of contents digestion.

A modification of Pinkas et al. (1971) Index of Relative Importance

(IRI) was used to rank the importance of prey taxa. The IRI values for

prey taxa were displayed both graphically and in tabular form where jus

tified by sample size (n >25). The three—axis IRI graphs illustrated

frequency of occurrence (the proportion of stomachs containing a speci

fic prey taxa) plotted sequentially on the horizontal axis, and the per

centage of total abundance and percentage of total biomass plotted above

and below the horizontal axis, respectively (Fig. 8—1). All prey taxa,

including those assigned to a broad taxonomic level (family, order,

class) because of inability to assign a more specific identification,

have been arranged from left to right by decreasing frequency of occur

rence. Prey taxa in differing stages of digestion (e.g., partly digest

ed shrimp, “Natantia—unidentified,” as opposed to family, “Pandalidae,”

or species, “Pandalus borealis” were graphed separately).

The IRI value was computed as follows:

IRI = % Frequency of Numerical ~ Gravimetric 1
occurrence~ L compositloni composition~j

and is equivalent to the area encompassed by the bar for each prey taxa i

composing the IRI diagrams. In order to compare the IRI values between

prey spectra of different sample sizes, the overall importance of gen

eral prey taxa (e.g., all shrimp, including “unidentified Natantia” and

those identified to family and species, added together) has been dis

cussed as a percentage of the total combined IRI (areas) of the differ

ent prey taxa. The advantage of the IRI value is that the more repre

sentative prey are not dominated by numerically rare but high biomass

prey (e.g., prey8, Fig. 8—1), by infrequently occurring but abundant or

high biomass (when eaten) taxa, or by numerically abundant or frequently
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occurring taxa which contribute little in the way of biomass (e.g.,

prey1, Fig. 8—1).

8.3 Results

A total of 406 stomachs from juvenile salmonids and English sole

and other salmonids were examined in the course of FRI’s Grays Harbor

studies (Table 8—1). Over 48% (200) of these were from juvenile chipjok

salmon, 34% (140) from juvenile English sole, 11% (45) and 8% (32) by

juvenile coho and chum, respectively, and only a few (7) steelhead and

(6) cutthroat trout and (1) dolly varden. Empty stomachs were rela

tively rare and varied according to species: highest (18%) in coho and

cutthroat (20%); low in steelhead, English sole and chinook (12~5%, 8%

and 4%, respectively); and absent in chum salmon, and dolly varden.

The life history and ecological characteristics of the more common

prey taxa are outlined in Table 8—2, based upon Koziof (197i), Borret et

al. (1976), Merrit and Cummins (1978), Simenstad et al. (1980), Lasker

(1975) and Hunter Cr977).

8.3.1 Chum Salmon: Juvenile chum salmon preyed predominantly upon

epibenthic organisms, especially hárpacticoid copepods, during their

residency in shallow sublittoral and lower littoral habitats in Grays

Harbor (Fig. 8—2). Harpacticoids comprised over 80% of the total IRI

prey spectrum while the cumaceans Cumella sp. and Leucon sp. (8.5% of

total IRI), chironomid larvae (2.3%) and juvenile caridean shrimp (1.1%)

were secondary. Fish larvae, which constituted 42% of the total prey

biomass, were relatively unimportant (3.9% of total IRI) due to their

infrequent occurrence (7.4%) in the stomach samples. The primary impor

tance of harpacticoid copepods in the diet was maintained f rpm early

March through mid—April and did not shift (to cumaceans) until late

April (Table 8—3); although curnaceans were also consumed in significant

abundance in mid—March and early April. Gammarid amphipods, including

Corophium spinicorne and Eogammarus confervicolus, began to appear in
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Fig. 8—2. Index of Relative Importance (IRI) plot and table for juvenile
chum salmon captured in shallow sublittoral and lower littoral
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the prey spectra late in the outmigration. Two larger specimens of juve

nile chum collected later (29 May and 10 June), after the chum outmigra—

tion had declined, had fed differentially upon fish larvae (northern

anchovy) and insects.

The few (four) juvenile chum salmon captured in the purse seine at

the Noon ~Island sampling site tended to be larger than those captured in

the beach seine and had consumed, on the average, more and different

prey taxa and a larger proportion of their total body weight instantane

ous ration) (Table 8—1). While chums captured in the shallow sublit

toral and lower littoral habitat by the beach seine (Fig. 8—3) had

consumed principally harpacticoid copepods (68.0% of the total IRI),

Cumella sp. (16.2%) and chironomid larvae (4.4%), the fish captured in

neritic waters by the purse seine had consumed predominately pelagic

organisms, including unidentifiable larval fish (20.2% of total IRI),

larval northern anchovies (17.2%) and adult (drift) insects (13.7%).

Epibenthic harpacticoids were also prevalent (17.8%) in the prey spectra

of the neritic chums, indicating that some foraging was occurring in the

shallower habitats.

Juvenile chum salmon captured in the shallow sublittoral and lower

littoral habitat at Steam’s Bluff in the beach seine collections were

comparable in size to those captured in the same habitat at Moon Island

(Table 8—1) but had consumed almost twice as many prey organisms per

±ish (stomach) and indicated a higher instantaneous raLloll.’ These fish

were only caught on March 6 and March 17. The prey spectra (Fig. 8.4)

of the fish caught in the lower estuary (Steam’s Bluff) was also

focused upon epibenthic crustaceans, those being primarily harpacticoid

1lnstantaneous ration here refers to the ratio of the mean stomach
contents biomass to the mean fish biomass; it is less than the actual
daily ration because it does not include the biomass of food consumed in
a 24—hr period.



160

fR~ ~UIi. ~ P,~tT PERCONT
Pi~t~ LIOP6 ~

APACTj~.)J~,A o3.33 l~.7o jo.4. ,Qje.d 67.99
C~,P~ELLA ,P. 77.70 b.~C 2.7,9~ 19j~,6 ib.Z~
LE~~JN Si’. ..O~ ‘.~o ~ ‘~ua.S 7.7U

prA—~1i~*o ~OCJ ~.a€. ~ 4.~.3
CyCLI~4 2~.7o ~ 1.i~ ~.9 .70
PEN~EL~E* .o.,7 .D~ ,3~~
~AL4r4If~0.(.hA 1J..1.L .17 .2~ .,.3 .04
~A~iiARIDEA 11.li .17 .Zi ‘... .04
CiIP3PrIIUM Sit. j.~.11 .3~, .~ o.2

~ 6.o.~ o.,a
Eu~..Ari.~ARuS rV.~jLLJ~ ~ .~7 ~ 1).~. .13
SM~4T1UR~)At ~ .17 ~ 1~.4

~TAYL,JN~At. .L,.j.1 .2~ a.~I io.3 .14
ECT~N~lSOM~At ~ .7~ .~ .3
Eu~YT%~Jk~ ~P. ..~t .0~s .~. ....~ .~1

CA.U~AE ~ •Oo ..~ ~ .01
CU~ACcA ).~t .J~7 .J..L 1.t .01
PjCYtli~TA—i..ArjiJtA ~.J0 ~ 11i~ ~~~__________

CkA~GUNiLi~E ~ •Uo ~ ~.b
~, CO~LM~OL~ ~~

~~ ~•5~ .Oo .1~ .~..1
PSYi.LJI~lt~
*4DP~3PTtI~.A.rriwuLUt.. ~ .Oo •~ 4.1 •04.

._.c!)~)A ~ ~ ,1~___,Qj
hoI%ATLJCEKA ~ .17 1.i.~ 7.1
PSYC’~l’3(’1D~ ..~b .Qc ~.Z1 4~..7 ~_U_~
Ci.ETi)j~Di~ ~ .~e .1. ~.L
DjPTE’A~.r1Y~.~A ~ .Z ~

PREY IAXA ~siri r,L.. ~ .~ TCIAY~ ~. Atw ~ (,~c~V ElI
TJ~1P3~1TI~,h ~~ u,~ tA~.i..JUr~ tRu~ lri~ T*b~ AND Pl.JT
(8UI N~jT li~Jr~ ~.AI~L.A131t, ~SAIY ~

AN—~~t,c L~AV.J()jTY 1.44 .~.34
~ ~ _________—~ .2o.o, .33 _______

Fig. 8—3. Index of Relative Importance (IRI) plot and table for juvenile
chum salmon captured in the shallow sublittoral and lower littoral
habitat at Moon Island, Grays Harbor, Washington, March—June 1980.
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Index of Relative Importance (IRI) plot and table for juvenile
chum salmon captured in the shallow sublittoral and lower littoral
habitat at Steam’s Bluff, Grays Harbor, Washington, March 1980.
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copepods (90.8% of total IRI on March 6, 56.4% on March 17), Cumella sp.

(11.4% of the total IRI on March 17) and juvenile caridean shrimp (9.7%

of the total IRI on March 17).

8.3.2 Chinook Salmon: Juvenile chinook salmon captured in the

shallow sublittoral and lower littoral habitat at Moon Island, the pri

mary satnpling site in Grays Harbor, fed predominately upon epibenthic

crustaceans with minor emphasis upon adult (drift) insects. The cuma—

cean Cumella sp. was singularly important, comprising over 83% of the

total IRI while adult chironomids (5.4%) and ants (2.9%) were of second

ary importance (Fig. 8—5). Cumella sp. is usually considered an infaun—

al organism but adult males characteristically leave the substrate and

become epibenthic.

Larger juvenile chinook (smolts) captured in neritic waters during

the purse seine collections illustrated dramatically different prey spec

tra than did the fish caught in shallower habitats with the beach seine.

Drift insects were the prevalent prey taxa (Fig. 8—6) and included adult

chironomids (7.3% of the total IRI), psocopterans (barklice, 3.5%),

aphids (4.0%), and ants (20.0%); overall, however, larval northern

anchovies were the singularly most important prey, comprising 48.8% of

the total IRI.

Differences in prey spectra of the juvenile chinook captured in the

two different habitats may be, in part, related to the size of fish, as

the beach seine—caught fish were some 20—mm FL smaller than those cap

tured by the purse seine (Table 8—1). This indicates that the habitat

preferences (small chinook in shallow sublittoral and lower littoral

habitats, larger chinook in neritic habitats) hypothesized in Section

3.4 is reflected in or perhaps explained by differential prey require

ments (size and density) or feeding behavior. It is also important to

consider that beach seine collections were performed at low tide and

purse seine collections were performed at high tide, thus the relative
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prey availability (composition and relative density) cannot be consid

ered exactly comparable between stomach samples collected with the two

gears. The probable time required for gastric evacuation (—8 hr) of the

stomach contents (Healey 1979), however, is longer than the period of

one tide stage (—6 hr), implying that the occurrence of significant

feeding in neritic habitats by small chinook and vice versa should be

evident in the prey spectra.

The ranking of important (based upon the percentage of total IRI)

prey taxa of juvenile chinook captured in shallow sublittoral and lower

littoral habitats changed dramatically over the period of sampling in

the estuary (Fig. 8—7), perhaps reflecting fluctuations in prey avail

ability. Feeding between early and mid—April emphasized drift insects

and cumaceans (Leucon sp.); gammarid amphipods (Corophium salmonis and

C. spinicorne) and mysids CNeomysis sp.) were prominent in late April;

and drift insects and harpacticoid copepods dominated the prey spectra

in mid—May. Between late May and mid—August, however, feeding became

more specific as the cumacean Cumella sp. became the singularly most

important prey taxa. After mid—August the predominant prey taxa in the

spectra shifts with time from Corophium sp., Cumella sp. and aphids in

late August to adult insects and ants in early September and to Cumella

sp., unidentified insects and algae in late September. During early

October juvenile chinook preyed upon unidentifiable fish (due to

advanced slage of digeslion) and sphaeromaLid isopods. During the final

sampling week (October 20—24) one chinook which had fed upon the isopod

Gnorimosphaeroma oregonenesis and C. spinicorne was captured in the

beach seine collections at Moon Island.

The biweekly sample sizes for juvenile chinook salmon captured in

the neritic habitat at Moon Island by purse seine were not sufficient to

provide a quantitative analysis of the changes in prey spectra over the

sampling period.
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Juvenile chinook captured in the beach seine at Steam’s Bluff were

comparable in size to those at Moon Island (Table 8—1) where the overall

prey spectrum was similarly predominated by Cumella sp. (Fig. 8—8)

(93.3% of the total IRI, as compared to 83.1% at Moon Island). Adult

(drift) insects were fed upon less at Steam’s Bluff (ants, 0.03%;

chironomids, 1.9%) than at Moon Island, where Corophium spp. (1.2%,

including 1.1% C. spinicorne) and ceratopogonids (biting midges, 1.6%)

were somewhat more important.

8.3.3 Coho Salmon: Unlike juvenile chinook, there appeared to be

no separation in either size composition or prey spectra of juvenile

coho salmon in Grays Harbor. Coho of uniform sizes were caught in

shallow sublittoral and lower littoral as well as neritic habitats

(Table 8—1). Their respective prey spectra (Figs. 8—9 to 8—11) were

also similar among sites and between habitats (littoral vs shallow sub

littoral). In all cases, neritic larvae of Cancer sp. crabs formed

approximately half (51.8% in Moon Island beach seine catches; 54.5% in

Moon Island purse seine catches; 49.5% in Steam’s Bluff beach seine

catches) of the total IRI spectra. Epibenthic gammarid amphipods

typically formed the remaining half of the prey spectra, although the

proportional representations of the different species varied by site.

Corophium salmonis and C. spinicorne were prominent at Moon Island, with

Eogammarus confervicolus and the isopod Gnorimosphaeroma oregonensis (in

beach seine—caught fish) being of secondary importance. Gammarid amphi—

pod species which are typically more marine species, however, had func

tionally replaced the Corophium spp. in the prey spectra of coho collec

ted at Steam’s Bluff. These included Eogammarus oclairi, E. confervico—

lus, Eohaustorius washingtonianus and Allorchestes angustus, which

together composed over 35% of the total IRI.

The comparability of the prey spectra in the different habitats and

the different sites in the estuary suggest that juvenile coho (at least

of that limited size range) prey selectively upon the larger component

of the prey available in the habitat in which they occur. Coho appear
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FROM FILE IDENT. PLL8S. STRTION MOON

PREOPTOR 8765010203 — ONLORHYNCrIUS KISUTCH
(ECHO SPLMON I ~DJUSTED SF4MPLE SIZE 15

LENOTH.tlM X= 126.9. S.0.t 9.5 WT.GMS X~ 22.48. S.D.t 5.23
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Fig. 8—9. Index of Relative Importance (IRI) plot and table for juvenile coho
salmon captured in the shallow sublittoral and littoral habitat at
Mnnm TQ1~r.r~ (2i-~’~,~~ T-1~-1-~r.i- 1Jh4nctr~i, M~rch—flctober 1980.
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:NoEx OF RELPTIVE ]MPOPJRNCE ~I.R.I.1 D1PDRRN
FROM FILE IDENT. PLLPS. STPTION ?IODN

CUMULRTIVE FREQUENCY OF OCCURRENCE

FRED NUP. GRAy. PREY PERENT
0CuR CaMP. COMP. I.R.1. TOTAL IPIPREY !T~PP

CANCER SP. 55.67 9.57 64.84 4960.7 54.50
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PERCENT DOMINANCE I~OEX .75 .54 .49
SHANNON—WEINER DIVERS ITY • 7~ .97 1. 09
EVENNESS IN DEX .31 .37 .42

Fig. 8—10. Index of Relative Importance (IRI) plot and table for juvenile
coho salmon captured in the neritic habitat at Moon Island, Grays
Harbor, Washington, March—October 1980.
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INDEX OF RELflTIVE IMPORTPNCE t1.R.I.) D1~0RRM
FROM FILE IDENT. RLLBS. STATION STRNS

PREOPTOR 8755010203
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Fig. 8—li. Index of Relative Importance (IRI) plot and table for juvenile
coho salmon captured in the shallow sublittoral and lcMer littoral
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to forage in both neritic as well as shallow sublittoral and lower

littoral habitats, perhaps in association with tidal rhythms.

8.3.4 English Sole: Overall, juvenile English sole occupying the

shallow sublittoral and lower littoral habitat at Noon Island appeared

to have relatively less food in their stomachs than did the juvenile

salmonids; the stomachs were, on the average, only 25% full and less

than 50% of the contents was identifiable (Table 8—1). The mean ratio

of contents weight to total body weight was similarly lower than was

documented for the juvenile salmonids. Unfortunately, the sampling

design did not allow the examination of the possible factors attributing

to this value, e.g. tidal stage (beach seining was always conducted at

low tide) or time of day, or if it was representative of the actual

foraging period.

Harpacticoid copepods, especially the large harpacticoid Scottolana

canadensis, were the primary prey taxa, composing 59.9% of the total

IRI; Corophium spp. amphipods (10.9%) and Cuaella sp. cumaceans (4.3%)

were of secondary importance (Fig. 8—12).

Changes in the composition of the prey spectra with time of the sam

pling period appeared to illustrate diversification in foraging behavior

with increasing size of fish, although prey availability cannot be

excluded as an additional factor. The prominent prey taxa in early

April through late Nay were harpacticoid copepods, with the exception of

late April, when Corophiuin spp. amphipods appeared prominently in the

prey spectrum (Fig. 8—13). Over this time period the total length of

the English sole ranged from 19 mm to 65 umi.

Between mid—June and mid—July, when the size of the English sole

was between 53 mm and 100 nun, harpacticoids were slightly less prominent

components of the prey spectrum while Corophium spp. and Cumella sp.

were conspicuous in mid—June, Sdottolana canadensis in late June, and

both S. canadensis and Corophiuin spp. in early July. As the luvenile
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INDEX OF RELPTIVE I?1PORTRNCE (I.R.1.J DIRGRRM
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sole grew greater than 60 mm total length, the proportional contribution

by harpacticoids declined further (except for the large Scottolana

canadensis) and the diet began to include more secondary prey taxa such

as Corophium spp., polychaetes, and bivalves. Juvenile English sole

collected from late September through late October, including fish as

large as 120 mm total length, indicated the greatest diversity in pre—

spectra. Polychaetes had, by this time, superceded harpacticoids in

importance and bivalves, polychaetes, and cumaceans appeared as impor—

tant components of the prey spectra at various times.

8.3.5 Cutthroat Trout: Juvenile cutthroat trout were caught in

both shallow sublittoral and lower littoral and neritic habitats (Table

8—1). Speciments were on the whole larger than other salmonids, includ

ing a wide range in fish sizes. Although the sample size (five) was

insufficient to make generalizations concerning the diet, the principal

prey of the four fish with analyzable stomach contents included pelagic

larvae of Cancer sp. crabs (44% of the total IRI), and juvenile osmerids

(smelt, 34.4%). The secondary prey were fish and included juvenile sal—

monids (8.3%), unidentifiable fish (7.9%) and hexagraminids (greenlings,

5.1%).

8.3.6 Steelhead Trout: Juvenile steelhead (also including a low

sample size) had primarily consumed fish (67.9% of total IRI>. Most of

these were unidentifiable due to the advanced stage of digestion. Crus

tacean prey organisms included Crangon sp. shrimp (7.9%) and Cancer sp.

larvae (1.3%); the epibenthic and infaunal amphipod Corophium sp. was

also present in the stomach contents to a lesser degree (2.2%). Adult

(drift) insects were also found in the stomach contents and included tn—

copterans (caddis flies, 3.3%), hemipterans (true bugs, 1.2%) and brachy—

ceran diptera (true flies, 1.2%).

8.3.7 Dolly Varden: One dolly varden was captured in a beach

seine sample at Cow Point (Table 8—1); it had consumed only fish, which

were unidentifiable due to the advanced stage of digestion.
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8.4 Discussion

8.4.1 Prominent Prey Resources of Juvenile Salmonids and English

Sole: Prey spectra of juvenile salmonids in Grays Harbor indicated the

same general patterns in feeding ecology exhibited in estuaries and near—

shore marine habitats in Puget Sound (Congleton 1979; Fresh et al. 1979;

fleyer et al. 1981; Simenstad et al. 1979, 1980; Stober and Salo 1973),

British Columbia (Anderson et al. 1980; Healey 1979, 1980; Levy et al.

1979; Levy and Levings 1978; Levy and Northcote 1981; Mason 1974; Sibert

et al. 1977), the Columbia River (Sims 1974; Durkin et al. 1979; Durkin

and Lipovsky 1977) and coastal Oregon (Reitners 1970). As a general

rule, juvenile salmonids feed upon epibenthic crustaceans upon their

initial entry into estuaries and, with growth or larger initial size,

convert to neritic zooplankton during their residency in the estuary.

Some species, such as chum salmon, may never leave the shallow sublit—

toral habitats while they are less than approximately 55—60 mm FL in

size and are completely dependent upon epibenthic crustaceans. And,

while they may be much larger, some species such as chinook salmon may

forage on both epibenthic fauna in shallow sublittoral habitats and

pelagic or drift animals in neritic habitats. In most estuarine sys

tems, however, the juvenile salmonids illustrate relatively divergent

prey spectra; only in the case of juvenile pink and chum salmon feeding

in neritic habitats has there been indications of high prey overlap

(Simenstad et al. 1980).

The specific prey animals within the general epibenthic and neritic

zooplankton prey categories do vary, principally as a function of varia

tions in the respective zooplankton communities common to each estuary.

One of the obvious contrasts of juvenile salmonid prey spectra in Grays

Harbor as compared to other systems was the prominence of the cumacean

Cumella sp., whereas epibenthic—feeding chum and chinook salmon in the

Columbia, Sixes, Fraser, and Skagit Rivers estuaries were more dependent

upon epibenthic gammarid amphipods such as Corophium spp., Anisogammarus

pugettensis, and Eogammarus confervicolus.
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Similarly, while harpacticoid copepods are the predominant prey of

juvenile chum salmon <55—60 mm FL in almost all estuaries throughout the

region, the specific harpacticoids fed upon tend to vary between sys

tems; Harpacticus uniremis was the principal prey of chums feeding in

the Nanaimo River estuary (Sibert 1979); Harpacticus sp. appeared to be

prominent in the stomach contents of outmigrating chums in Hood Canal;

and Scottolana canadensis may be the principal harpacticoid prey species

of chums in the Columbia River estuary (Simenstad, unpubl.). In all

cases, however, these harpacticoids tend to be the largest, most conspic

uous epibenthic species in the community the fish are feeding upon.

Thus, the feeding behavior of the juvenile salmonids would appear

to be regulated in part by the size distributions of prey required by

particular size stanzas of the fish. This appears to be accommodated,

however, by certain habitat requirements. Although we have no informa

tion on the causal mechanisms, the fishes’ foraging may be constrained

to a particular habitat, i.e., shallow sublittoral and lower littoral

habitats for juvenile chum salmon greater than 50 mm FL in size. Protec

tion from predation is one of the factors which has been postulated for

the early occupation of shallow habitats. Given the apparent require

ment for abundant, small zooplanktonic prey, small juvenile salmonids

may preferentially exploit shallow sublittoral environments because of

the high densities of epibenthic zooplankton available there (Simenstad

et al. 1980; Section 7.0, this report). It remains to be illustrated,

on the other hand, why the often dense communities of neritic zooplank—

ton are not suitable prey.

8.4.2 Significance of Spatial (by Site) or Temporal Shifts in

Dominant Prey Taxa: It is apparent that shallow sublittoral habitats

provide (apparent) requisite feeding habitat for several species and

size stanzas of juvenile salmonids migrating through or residing in

Grays Harbor. Comparisons of the relative importance of different

habitats in the different estua~ine zones of Grays Harbor are difficult,

as food habits data are -available only for Noon Island and, to a lesser
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extent, Steam’s Bluff. The shallow sublittoral and lower littoral

habitat at Moon Island is relatively narrow and of steeper gradient and

current exposure than that at Steam’s Bluff and much of the similar

habitat in the estuary, i.e., the South Channel area. Despite these

differences, the prey spectra of juvenile salmonids feeding at the two

sites were remarkably similar. Thus, the Moon Island area probably

represents the first extensive epibenthic—feeding habitat which the

migrating juvenile salmonids encounter as they move into the estuary and

that this habitat forms a continuum into the lower estuary, where the

total area of shallow sublittoral habitat of that type is much more

expansive. The size frequency distributions of most of the juvenile

salmonids except chinook (Section 3) implied that the majority of

residency and feeding was occurring in the lower estuary; chinook

salmon, however, illustrated growth over time at Moon Island, some of

which could be accounted for by residency within that area. It may be

that the availability of epibenthic—feeding habitat at Moon Island is

sufficient to maintain a “resident” population of juvenile chinook,

although the proximity to terrestrial sources of drift insects, also

important prey organisms, may also account for the occupation of the

upper estuarine habitats by juvenile chinook salmon through the sampling

period. The lack of comparable data from the stomach contents of

chinook feeding in other areas of the estuary prevents us from further

evaluating the overall importance of these habitats or zones of the

estuary.

8.5 Summary

1. Quantitative analyses of stomach contents were performed upon

selected subsamples of juvenile salmonids and English sole

captured in shallow sublittoral and lower littoral habitats

using a 37—rn floating beach seine and in neritic habitats using

a 7—rn x 63—rn purse seine in Grays Harbor over the eight—month

period from March through October 1980.
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2. The fish illustrated distinctly divergent prey spectra in most

cases and their diets were typically associated with the predom

inant epibenthic or neritic habitats in which they were caught.

Fishes occupying nearshore habitats fed predominantly upon epi—

benthic crustaceans, primarily harpacticoid copepods, cumaceans

and various species of gammarid amphipods. Salmonids captured

in neritic habitats tended to be somewhat larger arid fed upon

more pelagic prey such as larval fish (particularly the larvae

of northern anchovy) and adult (drift) insects.

3. Chum salmon: Juvenile chum salmon captured in shallow sublit

toral and lower littoral habitats preyed predominantly upon

harpacticoid copepods between early March and mid—April and

cumaceans in late April. Larger chum fed upon fish larvae and

insects. When captured in neritic habitats the larger chum

consumed larval anchovies and drift insects, although harpacti—

coid copepods persisted to some degree in their prey spectra.

Chum captured at Steam’s Bluff with the beach seine were com

parable in size to those captured in similar collections at

Moon Island, but had consumed almost twice as many prey items

per fish; the prey spectra were very similar, however.

4. Chinook salmon: At the Moon Island site juvenile chinook sal

mon captured in the shallow sublittoral and lower littoral

habitat fed upon epibenthic crustaceans, particularly the

cumacean Cumella sp., with minor emphasis upon adult (drift)

insects such a chironomids (midges) and ants. The rank impor—

tances (based upon the percentage of the total IRI) of differ

ent prey taxa changed dramatically with time, suggesting fluc

tuations in prey availability; Cumella sp., however, dominated

the prey spectra between late May and mid—August. Chinook sal

mon smolts captured in neritic habitats tended to be some 20 mm

FL larger than those captured in the shallower habitats and fed

primarily upon larval anchovies and drift insects such as adult
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chironomids, psocids, aphids and ants. This dramatic differ

ence in prey composition of these fish found in the two differ

ent habitats may be related to their difference in size and

consequent differential prey requirements or feeding behavior.

5. Coho salmon: Specimens of coho salmon smolts were somewhat

unique in that they were of uniform size ranges in both habi

tats. Prey composition was correspondingly similar in fish

collected in both habitats. Cancer sp. crab larvae composed

approximately half of the total IRI spectra and gammarids the

remaining half. This indicates coincident utilization of both

shallow sublittoral and lower littoral and neritic habitats,

perhaps simply as a function of tidal stage.

6. English sole: Juvenile English sole captured in the shallow

sublittoral and lower littoral habitat at Moon Island typically

contained less food (based on percent of total body weight) in

their stomachs than did juvenile salmonids. Harpacticoid cope—

pods were the major prey taxa, followed by Corophium sp. amphi—

pods and Cumella sp. The change in prey composition with time

over the eight—month sampling period indicated an increasing

diversification of foraging behavior due possibly to increased

size and/or prey availability. As the English sole grew larger

the predominant prey taxa fluctuated among harpacticoids,

Corophium spp., polychaetes and bivalves, with the latter

becoming more important with time.
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9.0 SUMMARY OF THE DYNAMICS OF JUVENILE SALMON OUTNIGRATION,

ENGLISH SOLE AND BAITFISH UTILIZATION OF GRAYS HARBOR

AND PREY RESOURCE DISTRIBUTION AND STANDING STOCK

By Charles A. Simenstad and Douglas N. Eggers

9.1 Introduction

As described in Section 1.2, the objective of the FRI studies in

Grays Harbor was to examine factors affecting migration rate, residence

time, behavior and feeding ecology of juvenile salmonids, English sole

and baitfish in the estuary and postulate the impact of dredging and

habitat removal or modification upon these relationships. The following

discussion addresses the principal mechanisms that account for deleteri

ous impacts upon these marine and estuarine fish resources.

9.2 Outmigration of Juvenile Salmonids through Grays Harbor

9.2.1 Rates and Patterns of Outmigration——Relationships to Envi

ronmental and Trophic Conditions in the Estuary: The timing of juvenile

salmonid entry into Grays Harbor was variable according to species.

Juvenile chums entered in mid— to late January, juvenile coho and fall

chinook entered in mid—April and steelhead trout entered the estuary in

May. The pattern of habitat utilization and residence time within the

estuary was similarly variable. Chum and coho outmigrants showed rather

short— term residency. Chum resided principally in shallow sublittoral

(i.e., nearshore less than 2 in deep) habitats for two to four weeks

while coho had a relatively ubiquitous distribution in both shallow

sublittoral and neritic (i.e., open water) habitats during their four to

eight week residency. Juvenile steelhead occupied the estuary for a

slightly longer period, on the order of three months. Juvenile chinook

showed two patterns of estuarine utilization. Like chum salmon, the

greatest proportion of the population migrated out of the estuary within

3 months. The remainder continued to reside within the estuary through
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the end of the sampling period in mid—October. Chinook occupied shallow

sublittoral habitats to some extent throughout their residency, but

tended to be found in the estuary’s neritic habitats later in the peri

ods of residence. The size of the fish occupying shallow habitats was

less than the size of fish occupying neritic habitats.

~Entry of these different species and populations into the estuary

could be related to any one or more of the following factors:

1) spawning time of adults; life history patterns of species,

2) waterflow and temperature regimes in natal rivers,

3) densities of cohorts and other salmonids in rivers,

4) availability of food resources in rivers, and

5) hatchery releases of juvenile salmonids.

Chum salmon emigrate out of riverine systems almost immediately after

emergence from spawning beds. The other species, however, have some de

gree of riverine residence. Wright (1973), Brix (1974) and Brix et al.

(1974) have shown that chinook (0+) and coho salmon (0+,1+) and steel—

head trout juveniles (0+,1+,2+) all rear in the Chehalis, Wynoochee,

Satsop, and Humptulips Rivers for varying periods of time. Chinook are

generally present from mid—March through late July, and even through

August in the Humptulips River; underyearling (i.e., 0+) coho reside in

the Satsop River between April and July but have been caught in the

Humptulips River into October. It would appear, therefore, that high

riverf lows typically present in March and April (Fig. 2—1) do not have

the effect of flushing juvenile chinook and coho out of the river sys

tems. Coho and chinook juveniles appeared to emigrate during periods of

low flow and increasing temperature during July and August, although

they may also be less susceptible to capture by beach seine at this

time. Emigration may be in response to declining amounts of available

rearing habitat, depending upon the size of initial fry populations, or

a physiological response to higher temperature or increasing body size.
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The density—size distributions of the two species in freshwater also

affect the degree of interspecific competition and pressure for emigra

tion. Brix (1974) noted that newly emergent chinook fry were typically

associated with slow to moderate flows at the base of riffle sections or

on the edges of gravel bars but moved into riffle areas with higher flow

rates as the fish grew larger; underyearling coho, on the other hand,

tended to be associated with slow flows and the edges of gravel bars as

fry and long, slow, deep stretches with increased size. The introduc

tion and size composition of hatchery—reared fish also will influence

the emigration timing, as larger chinook have been shown to emigrate

much more rapidly than smaller fish. There is no information available

regarding the production and availability of freshwater prey resources

during these periods of residence in the rivers. We therefore do not

know if declining prey and spatial resources resulting from hatchery

releases are affecting the rate and timing of emigration of chinook and

coho juveniles into Grays Harbor.

Residence in Grays Harbor, however, may be related more to biotic

conditions than physical parameters such as space and temperature.

Grays Harbor represents prime rearing habitat for juvenile salmonids

because of the abundance of small zooplanktonic prey suitable for inges

tion by small fish and the refuge from predators. Juvenile salmonids

are extremely vulnerable to predation in view of the large number and

variety of fish, birds and marine mammals that can potentially consume

small fish. Grays Harbor is a highly turbid environment, resulting from

great influx of sediment—bearing freshwater and turbulence at the sedi

ment—water interface, particularly in the outer harbor where waves from

the open ocean penetrate the estuary. The distance at which visually

feeding predators can see prey is greatly reduced in such turbid situa

tions (~Jinyard and O’Brien 1976), therefore small fish are less vulnera

ble in the turbid estuary than in the open ocean or coastal waters.

The results of the food habits portion of this study (Section 8.0)

illustrated that epibenthic zooplankton, allochthonous terrestrial
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insects and only the largest neritie prey (decapod larvae and northern

anchovy larvae) were consumed by the juvenile salmonids (i.e., chum,

chinook, and coho). Such turbid environments, while offering refuge

from piscivore predation, require higher ambient concentrations, or

larger sizes or prey relative to less turbid environment to maintain

comparable rates of prey ingestion. The range of density and standing

crop of epibenthic zooplankton at Moon Island was 6,800 to 132,000 organ

isms m and 281 to 565 mg m3, respectively; the range in mean density

and standing crop of neritic zooplarikton, in comparison, was 43 to 904

organisms m3 and 7 to 225 mg m3, respectively. This illustrates that

during the limited period of sampling the numerical availability of epi—

benthic prey was greater than neritic prey, although the generally

larger biomass of the neritic zooplankters accounted for the similar

magnitude in standing crop. This density—size contrast is reflected in

the prey spectra for those salmonids, especially juvenile chinook, that

grow during their period of residence in the estuary. As small individ

uals the salmonids tended to reside in shallow sublittoral habitats

feeding upon epibenthic zooplankton which are of appropriate sizes for

consumption and in high densities. As they grew they began to utilize

neritic habitats and their associated pelagic zooplanktonic prey which,

as we have documented, were of larger size than the normal size distri

bution of neritic zooplankton.

In the case of juvenile chum salmon, however, residence time was

relatively brief, especially for early outmigrating fish. As we only

have prey community structure and standing stock data for May at Moon

Island for this period, we cannot determine whether this brief residence

time was associated with the availability of epibenthic zooplankton or

an unaccountable behavioral response. Chum salmon are not generally

known, however, to reside in estuaries, even nonturbid ones, for periods

longer than two to four weeks (Mason 1974; Healey et al. 1976; Manzer

1956; Healey 1979; Levy et al. 1979; Levy and Northcote 1981; Salo et

al. 1980) and are seldom caught at greater than 75—80 mm FL, comparable

to their maximum sizes when emigrating Grays Harbor. Given the high
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potential rate of migration documented for juvenile chum salmon in Hood

Canal (up to 14 km day’; Salo et al. 1980), it is apparent that

juvenile chum migrating through Grays Harbor are foraging and rearing in

shallow sublittoral habitats for as long a period as has been reported

elsewhere.

Juvenile coho salmon had apparent residence times comparable to or

slightly longer than chums, i.e., on the order of four to eight weeks.

This is equivalent or longer than most reported residence times (Situms

1970; Sjolseth 1969) but may be less than in nearshore marine areas such

as Puget Sound. Although epibenthic organisms were found in the prey

spectra, neritic decapod larvae were the predominant prey of coho in the

estuary. The results of the neritic zooplankton sampling suggest that

these crab larvae are either not numerically abundant or are extremely

patchy in their distribution, thus limiting the relative availability of

such food resources to coho in the turbid waters of Grays Harbor. The

general lack of growth of coho captured in Grays Harbor in our studies

suggest that residence is brief and may be a result of these unpredict

able prey resources.

Juvenile chinook migrating through and rearing in Grays Harbor

illustrated variable periods of residence, with early migrants appar

ently migrating rapidly through the estuary and later migrants residing

for longer periods, a small fraction remaining through October. Thus,

residence times varied from just a few weeks to over four months. This

variability is also evident in other studies. Sinins (1970) reported

relatively short residence times for chinook in the Columbia River estu

ary, i.e., 10—15 days in the spring and summer and 7—10 days later in

the year. Miller et al. (1967) and Salo (1969) found that juvenile

chinook released from the Soos Creek Hatchery spent at least two months

in Elliott Bay but Sjolseth (1969) documented that similar hatchery—

reared chinook resided in Bellingham Bay for only two weeks or less.

Sibert (1975) and Healey (1980) described residence times of chinook in

the Nanaimo River estuary as up to two months and 25 days, respectively.
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Despite this apparent variability in residence time with estuary, the

migration pattern of juvenile chinook in Grays Harbor is markedly simi—

lar to that found in the Sixes River estuary by Reimers (1973). In both

systems the major component of the population leaves the estuary during

the summer, with a smaller residual population staying until fall. In

the Sixes River estuary, the first period of outmigration occurred in

June rather than in August>as it did in Grays Harbor.

The prey resources of juvenile chinook through the period of outmi—

gration and residence until the late August decline were predominantly

epibenthic organisms such as cumaceans, gammarid amphipods and chirono—

mid larvae. Coincident with the decline in the estuarine chinook popu

lation was a shift in the prey spectra of the remaining fish from epi—

benthic organisms to neritic and drift organisms such as fish larvae,

ants, aphids, and biting midges (Fig. 8—7). This may be the result of

an innate preference for drift insects since drift insects have been

reported to be prominent prey of juvenile chinook in other, more produc

tive and less turbid regions in Puget Sound (Fresh et al. 1979;

Simenstad et al. 1979). Alternatively, this shift from epibenthic to

neritic (surface) may be in response to declining abundance of epiben—

thic prey. Unfortunately, we have only one sample of epibenthic

organisms, at Moon Island in May, and have rio indication of relative

availability of prey to salmon, leading up to the emigration of the

majority of the chinook out of Grays Harbor. The initiation of declin

ing beach seine catches in July generally coincided with increasing

purse seine catches, however. This suggests that there was a behavioral

shift from shallow sublittoral habitats to neritic habitats prior to the

major emigration of chinook from the estuary. This sequence of events

infers that while epibenthic production of prey organisms was capable of

sustaining a relatively high density of juvenile chinook in the estuary,

once they had made a natural transition to neritic habitats the avail

ability of prey organisms became limiting and emigration of the majority

of the chinook was induced.
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9.2.2 Possible Adverse Effects of Dredging and Adverse Water

Quality: Dredging and the associated activities can potentially alter

the production of juvenile salmonids in Grays Harbor through either direct

reduction in the population (direct mortality) or indirectly through re

duction of the carrying capacity (i.e., the amount of prey resource

available to juvenile salmonids) of the estuary. The latter may evoke

either a behavioral change in the outmigration or residence patterns of

fish or in reduction or modification of the preferred habitat. Direct

mortality of the salmonids as a result of dredging operations, either by

intake into the dredge or release of toxic components into the water

column (Sec. 3.3.4) has been discussed previously.

Avoidance of dredging activity or dredging water plumes was not

documented in the course of these studies. Considering the high turbidi—

ties occurring naturally in the estuary, it is unlikely that additional

loadings of suspended solids would alter salmonid behavior except in ex

treme cases, e.g., in the upper estuary during summer low flow periods

(July—September). However, data in Loehr and Collias (1981, Fig. 3—29)

indicated that turbidity in the upper estuary may be lowest during

January—March, although river flow during that year (1976) was unusually

low. Substantial concentrations of toxic or noxious compounds within

the resuspended sediments could have the effect of altering the migra

tion behavior within the local area of the plume with the likely re

sponse being avoidance of the contaminated area. If prolonged, this

could effectively eliminate a portion of shallow sublittoral or neritic

rearing habitat for utilization by juvenile salmonids. Barring contami

nation of the surface sediments and associated epibenthic zooplankton

communities by toxic compounds, such an effect would theoretically last

only as long as the dredging plume encompassed that area.

It is possible that dredging could alter the physical characteristics

of the sediment. Dramatic changes in the sediment quality (size, texture,

percentage of dissolved organics) could change the community structure

of the original epibenthic zooplankton because of the specific sediment
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requirements of the various organisms. Deposition of fine silt, for

example, would probably result in an eventual shift toward epibenthic

crustacean communities better adapted to a burrowing and tube formation,

e.g., Corophium amphipods. It is not clear as to whether altering the

epibenthic zooplankton community in this manner would reduce the carry—

ing capacity of the habitat since many of the prey found in fine silt

commmities are utilized by juvenile salmonids.

Direct removal of the shallow sublittoral habitat would, of course,

have an absolute, long—term effect upon the ability of that area of the

estuary to support epibenthic—feeding juvenile salmonids. Based upon

information on the depth distribution of epibenthic crustaceans in areas

other than Grays Harbor, it would appear that maximum concentrations of

organisms such as harpacticoid copepods occur within ± 1 m of the NLLW

tide level, although important prey taxa such as Corophium amphipods (C.

salmonis, C. spinicorne, C. brevis) may occur in abundance at high tidal

heights (Rick Albright, College of Fisheries, unpublished data). Thus,

removal of shallow sand and mudflat habitat higher than the —1 m tide

level would effectively remove that area from production of salmonid

prey organisms. This could probably have the greatest impact upon

juvenile chum and small chinook salmon, which tend to utilize epibenthic

organisms to a greater extent than other salmonids.

The proportion of rearing habitat (i.e., habitat utilized by juve

nile salmonids) removed will be the ultimate determinant of the impact

upon the ability of juvenile salmonids to reside and grow in the estu

ary. Juvenile chums and a portion of the early chinook outmigrant

population move rapidly through the estuary in Nay. This may be in

response to declining epibenthic prey resources In shallow sublittoral

and littoral habitats. Unfortunately, there are no data on the struc

ture or standing stock of epibenthic organisms during this period of the

outmigration, other than the unpublished information on Corophium amphi—

pods. If epibenthic resources were limiting, removal of a significant

area of epibenthic—feeding-habitat could increase the migration rate and
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reduce residence time of juvenile chinook and chums in the impacted

area. The consequence of this would be premature entry to neritic

habitat which would presumably result in greater mortality of the juve

nile salmonids.

It is possible that juvenile salmonids would move into other under

utilized sublittoral and littoral habitats that may be available in

Grays Harbor. If, as in the Corps of Engineers plan, dredging is con

fined to the Moon Island region of the upper estuary, the extensive

shallow sublittoral and littoral sand— and mudflat habitats in the lower

estuary should offer equivalent epibenthic prey resources. Similarly,

the shallow sublittoral and littoral habitats along the South Channel of

the upper estuary may offer comparable, though not necessarily alterna

tive (since the fish at low tide must reverse normal migratory direc

tions to utilize those habitats) foraging habitats. Unfortunately,

without extensive mark—and—recapture studies, we have no indication of

the mobility of juvenile salmonids within the estuary, including their

distribution across the sand— and mudflat habitats at high tide.

The most serious potential impact of dredging the upper estuary

would be the permanent loss of shallow sublittoral and lower littoral

rearing habitat for juvenile salmonids; as described in section 3.4.4,

this is only significant in the case of the shallow sublittoral where an

estimated 104.5 hectares (i.~% of total sublittoral*) will be removed.

The magnitude of this loss cannot be ascertained without further informa

tion on the extent of juvenile salmonid utilization of shallow sublit

toral prey in these habitats (i.e., are they limiting) and whether juve

nile salmonids would utilize alterative rearing habitats in the estuary.

*Based upon an estimated 38.0 square miles (9,842 hectares) of area

below MLLW between Montesano to the jetties and excluding South Bay

(U.S. Army Corps of Engineers .1976).
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9.3 Dynamics of Emigration of Juvenile English Sole into Shallow

Sublittoral Habitats

9.3.1 Mechanisms of Utilization or Selective Forces Determining

Nursery Role of Shallow Sublittoral Habitat: As discussed in Section

4.4, juvenile English sole appear to be transported into Grays Harbor as

larvae or recently metamorphosed postlarvae which were the result of

spawning in nearshore waters outside the mouth of the estuary. Although

we have no information on the abundance or survival of juvenile English

sole outside Grays Harbor, it is suggested that there is a selective ad

vantage to spawning at a time and place that results in the developing

and hatching eggs being passively transported into Grays Harbor (Pearcy

and Meyers 1973). Survival through metamorphosis and the initial few

months of demersal life is probably much higher in the turbid waters and

the productive shallow sublittoral habitats, respectively, of Grays Har

bor. Water turbidity will reduce the effectiveness of visual predators

and high densities of small epibentic crustaceans provide the requisite

abundances of appropriately—sized food particles during the critical

period in the early life history of English sole.

The suitability of Grays Harbor as a nursery area for English sole

is illustrated by the concentration of age 01- sole in the shallow sublit

toral habitats. Emigration into deeper channel habitats occurs during

the winter and is complete 1~y the time the fish have reached 130—150 uni

TL as yearlings. Emigration out of the estuary appears to take place

during the second summer.

9.3.2 Optimal Prey Resource Utilization of Epibenthic Zooplankton:

The extremely selective nature of juvenile English sole foraging upon

epibenthic zooplankton of shallow sublittoral and littoral habitats of

the upper estuary (as represented by the stomach samples examined from

Moon Island collections) further substantiates the role of these habi

tats as nursery areas. The principal taxa and species of prey, includ

ing harpacticoid copepods such as Scottolana canadensis, gammarid
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amphipods such as Corophium spp. and cumaceans such as Cumella sp., are

characteristic of coarse mud—sand habitats above —1 m tide levels. The

high densities of harpacticoid copepods (~ = 28,368 ui3) found at Moon

Island in May illustrates the standing stock of prey available in these

habitats, although their densities may be appreciably higher earlier in

the spring, when the juvenile English sole have first settled or

recruited into the sThiallow sublittoral habitats. ~1~atural selection

appears to have structured the early life history of English sole to

coincide with the maximum production rate of epibenthic crustaceans,

e.g., the population increase of detritivores which occurs as a result

of the springtime increase in temperatures and the concurrent distribu

tion of fine particulate organic carbon (FPOC) over the shallow sublit

toral (see Section 9.3.2).

The gradual transition from diet composed principally of harpacti

coid copepods early in the residence of juvenile English sole in the

estuary to a diet composed of larger epibenthic prey such as gammarid

amphipods in late summer and eventually to larger infaunal macroinverte—

brates in the fall probably indicates changes in the morphological and

bioenergetic constraints upon the fish’s foraging ability, although

changes in prey availability cannot be discounted.

9.3.3 Potential Adverse Effects of Dredging, Adverse Water Quality

or other Perturbations upon Utilization of Shallow Sublittoral Habitats

by Juvenile English Sole: As discussed in Section 9.2.2, dredging could

have the highest impact within the shallow sublittoral and littoral

zones. The permanent loss of habitat due to dredging may be more dele

terious to juvenile English sole than to epibenthic feeding juvenile sal—

monids, since their utilization of these habitats is more specialized.

All the potential deleterious effects of dredging on juvenile salmon

would apply to English sole since the shallow sublittoral and littoral

habitat is utilized as a nursery area by English sole. While juvenile

salmonids are adapted to a transitory, migratory passage through these
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habits, juvenile English sole reside in the shallow sublittoral habitats

until movement into channel habitats in the late fall and winter.

The significance of the rearing habitat lost to dredging depends on

whether the magnitude of metamorphosed larvae coming into Grays Harbor

reaches the carrying capacity of the available habitat. If this is the

case then loss of English sole production from Grays Harbor is equal to

the relative loss of habitat due to dredging.

9.4 Baitfish Utilization of Grays Harbor

9.4.1 Importance of Grays Harbor as a Spawning Habitat: While the

longfin smelt and American shad utilize the tributaries of Grays Harbor

for spawning, the FRI studies between March and mid—October 1980 imply

that the estuary is not a major spawning habitat of “baitfish” or school

ing neritic fishes. This result generally corroborates the conclusions

of Smith (1976) that herring in the estuary in 1974 and 1975 were part

of a larger population which existed largely outside Grays Harbor.

Recent observations in similar coastal estuaries, Willapa Bay and the

Columbia River estuary, have suggested that spawning of Pacific herring

could be occurring in Grays Harbor both earlier (before March) or later

(June—July) than our sampling indicated. Similarly, northern anchovy

did not appear to be spawning within the estuary, as evidenced by the

lack of any relationship between adults in spawning condition and the

occurrence and abundance of larvae. While both clupeids and osmerids

are known to spawn in inland estuaries such as Puget Sound (Bruce

Miller, College of Fisheries, personal communication), spawning in the

large coastal estuaries may not be a predominant phenomenon. There are

a number of potential explanations for this including the lack of suit

able spawning substrate for Pacific herring and the high turbidity

levels in the estuaries during the period of spawning. Eelgrass, which

is a major spawning substrate for Pacific herring, was located in areas

of the lower estuary, although not in the broad distribution and densi

ties defined by Smith (1976). The turbidity and lack of visual clarity
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in the highly turbid Grays Harbor may limit the feeding success of Paci

fic herring and northern anchovy larvae.

9.4.2 The Survival Advantage of Transport of Larval and Juvenile

Baitfish into Grays Harbor and Extended Residence within the Estuary:

Baitfish larvae, postlarvae and juveniles are transported into Grays

Harbor, often in high densities. For some fish’ such as larval English

sole, extended residence (e.g., at least through the “critical” period

of first feeding) in the estuary may provide distinct survival advan

tages. Predation by visually feeding piscivores is limited in the tur

bid waters of Grays Harbor while small, neritic zooplankton important as

prey during the early life history of the baitfish (e.g., Acartia

clausi, Centropages abdominalis, Pseudocalalnus sp., Eurytemora ameri

cana) often occur in the high densities necessary for adequate growth.

Growth for most fish provides the ultimate refuge from predation and the

turbid waters of Grays Harbor may well function as an opportune sanctu

ary for baitfish, allowing them to acquire sufficient growth to reduce

predation in the more clear coastal waters where they mature. Unfortu

nately, we haveno data to compare the relative survival rates of bait—

fish larvae within and without Grays Harbor.

Although there is considerable variability in the relative abun

dances (CPUE) of juvenile baitfish (Figs. 5—2 to 5—4) between March and

October in Grays Harbor, there were numerous cases where catches in the

purse seine were sustained at a relatively constant level over six to

ten weeks. This is particularly true in the case of northern anchovy at

Cow Point and Pacific herring at Cosmopolis and Cow Point between late

July and late September. Considering the mobility of these schooling

fishes, these catches suggest sustained residence in the upper estuary

during this period, rather than passive transport via the various marine

water masses which surge into this area on the flood tide. The interest

ing association with the high standing crop of neritic zooplankton at

Cow Point and Moon Island during this same period (Fig. 6—2) suggests

that the baitfish were residing in this region in response to high prey
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densities. However, Crangon franciscorum, a large epibenthic shrimp and

unlikely baitfish prey organism, often accounted for these high zooplank—

ton standing crop estimates and this association is not substantial.

9.4.3 Baitfish as Prey Resources of Juvenile Salmonids: Juvenile

baitfish were generally not important components in the prey spectra of

juvenile salmonids in Grays Harbor, with the prominent exception of juve

nile chinook at Moon Island. At this site, juvenile northern anchovy

were the most frequently consumed organism and composed over 50% of the

prey composition by weight (Fig. 8—6). As such, these juvenile baitfish

represent the most prominent neritic organism consumed by juvenile

chinook migrating through the estuary.

9.4.4 Potential Adverse Effects of Dredging or Adverse Water

Quality upon Baitfish Utilization in Grays Harbor: As described for

juvenile salmonids, the effects of dredging upon baitfish utilization of

Grays Harbor may be short—term and restricted to behavioral modifica

tion, rather than long—term reduction in carrying capacity. The promi

nent baitfish utilization of the upper estuary in the vicinity of Moon

Island and Cow Point during the summer months (July—September) of 1980

may have resulted from low freshwater flows (Fig. 2—1) allowing intru—

tion of relatively clear marine water masses, in which case the high tur—

bidities associated with dredging operations in the upper estuary could

reduce the baitfish utilization of the upper estuary during late summer.

9.5 Structure and Standing Stock of Neritic and Epibenthic Zooplankton

Communities

9.5.1 Role of Grays Harbor in Production of Two Zooplankton

Communities: The standing stock and much of the structure of the neri—

tic and epibenthic zooplankton communities described in our studies of

Grays Harbor are directly related to their different carbon sources.
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The neritic zooplankton production is based both on autotrophic produc—

tion in the water column and suspended detrital material. The epiben—

thic zooplankton production is based on detrital material and epiphytic

diatom production associated with the sediment water interface in the

extensive littoral and sublittoral zones of Grays Harbor.

Grays Harbor receives high inputs (ca 900 x io6 kg C/yr) of both

particulate and dissolved organic carbon through the six major rivers

and many small tributaries which enter it (R. Thom, U.S. Army Corps of

Engineers, Unpubl.). The terrestrial “wetland” habitats surrounding the

estuary also contribute extensively (ca 200 x io6 kg C/yr) to the detri

tus pool. Eelgrass beds also appear to be a source of particulate and

dissolved organic matter to the estuary.

Because of high turbidity the water column autotrophic production

is low. Detrital material could be an important source of the neritic

zooplankton production. Estuarine frontal zones are regions of high

bottom turbulence and high stream velocities (Bowman and Iverson 1978).

These facilitate suspension and accumulation of detrital material. The

location and duration of these estuarine frontal zones are quite vari

able in a complex system such as Grays Harbor, and would depend on river

flow, tidal stage, and wind conditions. Nevertheless, they provide a

mechanism for transport of detrital material to the neritic community.

In view of this, the most important sources of the Grays Harbor epiben—

thic and neritic zooplankton production are allochthonous detrital

material, eelgrass and epiphytic algae.

9.5.2 Possible Sources of Detrital Carbon to Important Detriti

vorous Zooplankton with Trophic Linkages to Juvenile Salmonids and

English Sole: A large component of the neritic zooplankton community

standing stock consists of organisms that are exogenous (i.e., produced

outside) to Grays Harbor. Freshwater organisms enter from the tributar

ies to the estuary or purely marine forms are swept in with tidal fluxes.

The production of the epibenthic zooplankton community, on the other
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hand, is endogenous (produced within) Grays Harbor. That production is

fueled in part by the influx of detrital material from terrestrial

sources via the rivers; thus, most of this detritus input occurs during

the high flow period, during the winter and spring. Accumulation zones,

where both terrestiral and estuarine detritus are deposited by the

action of currents, wind and tides, play an important role in the bio

chemical decomposition of the detritus, for it appears that the micro—

flora which colonize detritus particles form the principle food source

for detritivorous crustaceans. Thus, the most rapid conditioning of the

refractory (biologically inert) component of detritus take place in the

accumulation zones where the essential requirements of bacterial and

fungal growth——nutrients, temperature, physical stability—are optimum.

Although there have been no studies of detritus accumulation or process

ing in Grays Harbor, studies in other regions would suggest that the

high littoral region of fine, unconsolidated sediment habitats, e.g.,

channels in saitmarshes and mudflats, meet these criteria. Detritus

from both terrestrial and estuarine sources accumulates in these regions

and is physically degraded during the fall and winter, biochemically

decomposed in the spring, and distributed as fine particulate organic

matter (FPOC), heavily colonized by inicroflora, throughout the shallow

sublittoral habitats by spring tides. This FPOC, with its associated

microflora is grazed upon by epibenthic and infaunal detritivores.

The other important base of epibenthic zooplankton production is

benthic diatoms and macroalgae produced within the estuary. The great

expanse of mud— and sandflats are exposed to high solar radiation, par

ticularly during the spring, and nutrients are continually replaced by

tidal inundation. The epibenthic zooplankton can graze the epiphytic

algae directly or indirectly with the epiphytic algae entering the

detrital pool.

9.5.3 Possible Effects of Dre’dging and Adverse Water Quality on

Epibenthic and Neritic Zooplankton: Not considering the potential

effects of toxic compounds ~which may be released or resuspended in
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dredging plumes, the dredging process should not impact neritic zooplank—

ton communities dramatically. The dominant neritic zooplankton communi

ties characterizing Grays Harbor are adapted to the high turbidity and

mixing which occur during all but a few months of the year. Photosyn

thesis may be depressed by dredging during this period in the vicinity

of the dredging plume but potential introduction of nutrients from

dredge sediments may actually enhance primary production.

Epibenthic zooplankton production, on the other hand, will be af

fected by the dredging in proportion to the area of shallow sublittoral

and lower littoral zone that is permanently removed. Further impact may

result from sedimentation and reduction in water quality beyond the area

actually dredged; however, considering the high turnover rate and mobil

ity of epibenthic zooplankton, recovery of sublittoral and littoral habi

tat would be expected to be relatively rapid, e.g., within three months

(Rhoads et al. 1977).
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