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ABSTRACT

Results from detailed studies of the prey organisms and prey commu
nity structure of juvenile chum (Oncorhynchus keta) and pink salmon (0.
gorbuscha) in Hood Canal during the 1977—1979 outmigrations suggested
that the migration rate of and habitat selection by the juvenile salmon
related directly to availability of preferred prey organisms. Both epi—
benthic (harpacticoid copepods, gammarid amphipods) and neritic (cala—
noid copepods, hyperiid amphipods,. larvaceans) zooplankton were impor
tant prey taxa, depending upon the size of the fish and the stage in the
outmigration. Juvenile chum salmon entering Hood Canal early in the out—
migration (February—March), especially naturally—spawned chums less than
40 mm FL, encountered relatively meager prey resources in shallow sublit
toral and neritic habitats. Rapid migraton rates during this period sug
gested a behavioral response to low prey availability might have included
immediate migration into habitats or regions with higher densities of
preferred prey. In spring, as prey resources increased, migration rates
decreased as the juvenile salmon spent more time foraging in nearshore
habitats. During spring, small fish (<—50 mm) initially fed upon epiben—
thic zooplankton; upon growing to 45—55 mm FL (or being released at or
larger than that size from hatcheries) they moved into neritic habitats
and fed upon pelagic and nektonic zooplankton. Both depletion of epiben—
thic zooplankton and growth of the fish to the point that they could
feed upon larger neritic prey and avoid predators may have been responsi
ble for this habitat transition.

Selectivity for large prey was quite apparent in both epibenthic
and neritic feeding modes, and could be attributed to a number of mecha
nisms, including 1) visual perception and active selection, 2) differen
tial prey escape abilities, 3) functional morphology of the juvenile sal
mon, and 4) optimization of bioenergetic cost of foraging with nutri
tional value or prey. Comparison of biweekly estimates of surplus carry
ing capacity of Hood Canal for juvenile chum salmon and the abundance of
almost 16 x 106 juvenile chums entering the canal in 1978 indicate that
the existing densities of fish depleted the resources of utilizable epi—
benthic prey until early May, when the size of fish and increases in
neritic zooplankton enabled the outmigrating chums to move into neritic
habitats to feed. A number of recommendations were proferred relative
to further research and development of hatchery release strategies based
upon the estimated surplus carrying capacity of such estuarine and
nearshore rearing habitats.

xi





1.0 INTRODUCTION

1.1 Previous Investigations and the Argument for
Limited Carrying Capacity of Chum and

Pink Salmon in Hood Canal

Until recently the principal factors assumed to limit the produc
tion of juvenile salmonids in the northeast Pacific have usually in
cluded only those associated with the freshwater phase of their life
history, e.g., spawning habitat, rearing habitat, and freshwater pred
ator populations (McDonald 1960). Of the estuarine and nearshore ma
rine1 influences, predation has been most often implicated as the more
significant factor affecting the survival of juvenile salmon (Parker
1968; Wickett 1958; Gilhousen 1962). Such early marine influences are
especially important to chum (Oncorhynchus keta) and pink salmon (0.
gorbuscha) which, because of their emigration from freshwater at a small
size, appear to require nearshore habitats and environmental conditions
conducive to rapid growth in order to avoid high mortalities due to pre
dation (Parker 1971; Healey 1979).

The role of food limitation in estuarine and nearshore marine envi
rons may be critical to the production of salmon (Healey 1979, 1980;
Gallagher 1980; Gunsolus 1978). While freshwater feeding by chum and
pink salmon prior to outmigration has been reported to be significant in
British Columbia (Sparrow 1968; Mason 1974) and the eastern Soviet Union
(Levanidov and Levanidova 1957), in Puget Sound and many regions of
Alaska and Japan the prevalent migration behavior involves rapid migra
tion from freshwater into estuarine and shallow nearshore marine habi
tats (Neave 1955; Bakkala 1970). Epibenthic and neritic food resources
are utilized extensively during the initial period of marine residence
(Kaczynski et al. 1973; Feller and Kaczynski 1975; Mason 1974; Healey
1979). Thus, in Puget Sound the first few weeks of residence in the
marine environment may actually constitute a “critical” life history
stage for juvenile chum and pink salmon in terms of feeding, growth, and
escape from natural mortality forces such as predators and disease
(Wickett 1958; Mason 1974; Healey et al. 1976; Healey 1979).

While there are few quantitative data on marine mortality rates of
outmigrating juveniles salmon in Puget Sound. Koski’s (1975) and
Schroder’s (1977) analyses of the survival of chum salmon stocks from
the Big Beef Creek Research Station in northern Hood Canal, a fjord of
Puget Sound, illustrated that the total marine survival rate of adults

1See the glossary, Appendix A, for definitions.
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from early (March) chum salmon stocks tends to be lower and more vari
able than that of the late (April) outmigrating chum. This suggested to
us that juvenile chum salmon entering northern Hood Canal early in the
outmigration period may experience low growth, and higher mortality as a
consequence, possibly because they migrated too early to take advantage
of the spring increase in epibenthic and neritic zooplankton. Just what
the mechanisms of mortality are, and how the rates are distributed among
the estuarine, nearshore marine and oceanic phases of the chum salmon’s
life history are still not known. Taylor (1980) documented similarly
differential mortality rates for early run and late run pink salmon from
Auke Creek, Alaska; early run fish had an average ocean life of 515 days
and a marine survival rate of 0.17% while late run fish had an average
ocean life of 513 days and a marine survival rate eight foled (1.46%)
that of the early run. Taylor attributed the differential mortality
rates to the effect of low water temperatures slowing the growth of
early run juveniles, thus making them more vulnerable to size—selective
predators.

The hypothesis that limited prey resources and inadequate foraging
success are responsible for higher mortality rates of outmigrating,
early stock juvenile chum in Hood Canal also suggested that even the
expanded populations of zooplankton present later in the outmigration
could be overexploited given high enough densities of juvenile chum
salmon. Hood Canal is receiving high priority by the Washington
Department of Fisheries as a principal chum salmon production and
harvest region and in fact is being managed almost exclusively for the
production and harvest of chum salmon. By 1979 hatchery releases of
chum salmon for Hood Canal, combined with other hatchery releases by the
U.S. Fish and Wildlife Service and several Indian tribes approached 50 X
106 (Fig. 1). This total is exclusive of juveniles produced by natu
rally spawning chum salmon, the magnitude of which is inadequately
known, although they are presumed to be generally depleted from historic
levels. Enhancement of pink salmon is significantly lower, on the order
of 2.5 X 106 juveniles released annually and is not expected to undergo
the increase projected for chum salmon (J. ~mes, Washington State Depart
ment of Fisheries, personal communication).

Optimal management of these and other chum salmon enhancement pro
grams would seemingly require a basic knowledge of the functional rela
tionships between the state of estuarine and nearshore marine prey
resources and the migration behavior, foraging success, growth, resi
dence time, and mortality rates of outmigrating juvenile chum. Such
research information is certainly required in order to estimate the
potential carrying capacity of Hood Canal at various stages in the juve
nile salmon outmigration. Subsequent research and experimentation
toward salmon hatchery release strategies to minimize the potential
effects of competition and food limitation and increase the total
survival to adult return.
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The purpose of this report is to describe the functional trophic
relationships between juvenile chum and pink salmon and their food re
sources as interpreted from the results of three and one half years of
studies of the chum and pink salmon outniigrations in northern Hood Canal
by the Fisheries Research Institute (FRI), University of Washington. We
present evidence for a direct relationship between salmon outmigration
behavior and the abundance of critical epibenthic and neritic prey popu
lations and suggest that under some conditions the juvenile chum salmon
production may be constrained by the carrying capacity of the Hood Canal
ecosystem.

1.2 Development of Studies

Interactions between the zooplanktivorous juvenile salmon and their
prey resources were examined as a part of FRI’s 1975—1979 investigations
of the chum and pink salmon outmigration in northern Hood Canal that
evaluated the potential impacts of U.S. Navy construction activities
along the east shoreline (Fig. 2). Since it was suggested that the
outmigration behavior of the juvenile salmon might reflect the composi
tion and availability of prey organisms, these influences were also
considered in evaluating the influence of the shoreline construction.
In addition, it was considered important to compare different shoreline
habitats relative to their support of preferred food organisms of chum
and pink fry. Preliminary results of these studies in Hood Canal were
reported in Simenstad (1977), Schreiner et al. (1977), Simenstad and
Kinney (1978, 1979), Bax et al. (1978), and Salo et al. (1980).

1.3 Objectives

The central objective of the trophic studies was to document
predator—prey interactions between juvenile chum and pink salmon and
their prey resources.

Component objectives were to:

1) Describe the temporal and spatial prey composition and
consumption by juvenile chum and pink;

2) Describe the temporal and spatial composition of epibenthic
and neritic zooplankton communities;

3) Evaluate the characteristic selective predation by juvenile
chum and pink salmon upon “available” zooplankton;

4) Evaluate the trophic importance of representative nearshore
habitats;



Fig. 2 . Location of Bangor Annex, Indian Island Annex, and fish
hatcheries at Big Beef Creek, Quilcene~ and Hoodsport.
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5) Relate the observed outmigration behavior of juvenile chum and
pink salmon with their food habits and distribution and compo
sition of prey resources;

6) Evaluate the potential for a limited “carrying capacity”——
i.e., trophic relationships which bioenergetically or behav
iorally set a threshold on the biomass or number of juvenile
chum and pink salmon which can be supported by the Hood Canal
ecosystem at any time.
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2.0 MATERIALS AND METHODS

2.1 Capture of Juvenile Salmon

Earlier studies (Stober and Salo 1973; Tyler 1964, 1972) of outmi—
grating salmonids indicated that migrating juvenile chum and pink occur
mainly in the surface waters of littoral, shallow sublittoral and neri—
tic habitats. Accordingly, floating beach seines and surface trawls
were utilized as the primary sampling gear in FRI’s salmonid outmigra—
tion studies in northern Hood Canal (Salo et al. 1980).

2.1.1 Beach Seine Collections

A 10—rn hand—held beach seine was used in the early stages of the
outmigration until salmonids were captured frequently; thereafter a 37—rn
floating beach seine was used, deployed from an outboard skiff parallel
to and 30 m from the shoreline. Both daytime and nighttime samplings
were made at eleven locations over the five years’ study (Fig. 3). A
detailed description of the 37—rn beach seine is included in Miller et
al. (1977) and the associated operating procedure in Schreiner et al.
(1977).

2.1.2 Townet Collections

The surface trawl utilized in Hood Canal was a 3 x 6—rn opening
townet that was towed spread between two vessels at a water speed of 1.5
to 2.0 knots. Except for 1976, when tow durations varied considerably,
tow durations were standardized at 10 mm. Both daytime and nighttime
collections were made. A detailed description of the townetting proce
dure is available in Schreiner (1977) and Salo et al. (1980).

Twenty—eight townet transects, including shoreline, cross—canal and
parallel offshore tow patterns, were sampled during the five years’
study (Fig. 3).

2.1.3 Handling of Fish Samples

Subsamples of up to 100 juvenile churn and pink salmon were retained
from each collection for length—weight measurements and selection for
stomach analyses. In 1976, co—occurring juvenile coho salmon (Oncorhyn—
chus kisutch) and chinook salmon (0. tshawytscha) and other potential
predators (i.e., cutthroat trout, Salmo clarki, Pacific staghorn scul—
pin, Leptocottus armatus, Pacific torncod, Microgadus proxirnus, buffalo
sculpin, Enophrys bison) were also retained for indication of their
predation upon juvenile chum and pink salrnon.

All juvenile salmon were preserved in 10% buffered seawater for—
malin for at least 7 days before measuring and weighing, after which
variations in length and weight were assumed to have been minimal.
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2.2 Epibenthic Zooplankton Sampling

Epibenthic zooplankton was collected from three shallow sublittoral
habitats in the study area, South Brown Point, North Carlson Point and
Devil’s Hole Delta (Fig. 3). While the two points have similar bottom
characteristics (sand substrate with eelgrass), Brown Point is more
affected by current and wave energy and has a steeper slope than Carlson
Point. Devil’s Hole Delta, the most protected habitat, is characterized
by extensive eelgrass beds and is the only site with any freshwater
dilution (from the small Devil’s Hole marsh). Seasonal production of
benthic algae between April and October is considerable at Devil’s Hole
and Carlson Point, but minimal at Brown Point.

Sampling was conducted from an anchored boat at approximately the
—0.3 m tide level, using a diver—operated suction pump. The pump system
(Fig. 4) drew water and associated plankters through a sealed—register,
totalizing flowmeter and through two nested, conical nets of 0.505—mm
and 0.209—mm mesh sizes with area/aspect ratios of 1:2.5 and 1:5.2,
respectively. The epibenthic organisms were retained in standard net
buckets with window screen of appropriate mesh size.

The 1—m2 area sampling cylinder used in 1977 was reduced in 1978 to
0,25—m2 and modified to exclude extra—area organisms by attachment of
0.209—mm mesh netting over the top of the cylinder and on ports cuts
along the lower margin. SCUBA—equipped divers randomly placed the sam
pling cylinder on substrate bordering eelgrass (typically 50% inside—
outside of eelgrass bed), then proceeded to “vacuum” the epibenthic area
within the cylinder. After pumping 56.8 liters the two nested nets were
then placed within the sampling tank and removed after 372.5 liters had
been filtered in 1977 and after 200 liters were filtered in 1978 and
1979. Samples were fixed with 10% buffered seawater formalin to assure
a solution of at least 5% formalin. Replicate samples were obtained by
moving the sampling cylinder to nearby, similar substrate; duplicate sam
ples were collected in 1977 and triplicate samples were collected in
1978 and 1979.

Epibenthic plankton samplings totaled 84 (each in two size frac
tions) in 1977, biweekly between December 30, 1976, and July 22, 1977.
In 1978, 138 plankton pump samples were collected biweekly between
February and December at these sites, including a diel series of 19
samples at Carlson Point on May 15. Forty—five epibenthic plankton
samples were collected monthly between January and June in 1979, but
only the fifteen samples from Carlson Point were examined.

2.3 Neritic Zooplankton Sampling

Surface neritic zooplankton was collected just offshore of the
three principal epibenthic sites; oblique tows were made farther off
shore of these areas as well as in mid—canal along a transect between
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Brown and Carlson points. A standard 60—cm fiberglass bongo net frame
was equipped with Nitex nets of 0.333—mm mesh having an open area/aspect
ratio of 8:1. Sample volume was determined using a General Oceanics
propeller flowmeter centered in one frame. A recording depth meter was
periodically used to determine the depth path of the gear during oblique
hauls. Engine speed was set to 1000 rpm (1.8—2.7 knots) for both tow
types.

Surface tows of 3 to 6 mm duration were made with the net posi
tioned 350 to port off the stern of the vessel. The gear was lowered
one meter below the surface as the vessel approached the epibenthic
sites, causing the vessel to heel into a spiral transect around the
pivot of the bongo nets.

Oblique tows were made at a constant speed, parallel to shore (ex
cept for the mid—canal transect) with the boom positioned straight off
the stern of the vessel. The gear was released from the boat, 22 m of
cable were rapidly paid out from the winch before being stopped at a
depth of 15 m, and then recovered at a constant speed of 0.25 m/sec).

As with epibenthic samples, neritic zooplankton samples were pre
served in a 5% solution of buffered seawater formalin,

2.4 Stomach Analysis Procedure

Samples of five preserved fish per species per sample (when avail
able) were measured for length (fork length) in millimeters and damp
weight to the nearest 0.1 g. The stomach from the esophagus to just
posterior of the pylorus was dissected from each fish, blotted on paper
toweling, and then weighed to the nearest 0.01 g. The contents were
then removed to a petri dish and the stomach lining immediately blotted
on toweling and reweighed to derive the total contents weight by sub
traction. Stomach fullness was qualitatively evaluated and coded 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 sorted under an illuminated dissecting microscope, enumerated and
identified as specifically as the state of digestion allowed, and the
history stage of the prey and the blotted wet weight of each taxon
recorded to the nearest 0.001 g.

The mouth gape of juvenile chums was determined from selected sub—
samples of 1978 and 1979 chum, using a series of three graduated metal
cones as described by Eggers (in review). A calibrated ocular micrometer
was used to measure a pooled subsample (up to 100) of gammarid amphipods
from tip of rostrum to end of telson, and copepods from anterior—most
margin of hear to end of caudal furca. Amphipods and calanoid copepods
were measured to the nearest 0.1 mm (minus antennae and setae), and har—
pacticoid and cyclopoid copepods to the nearest 0.025 mm.
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2.5 Zooplankton Sorting and Identification

After being fixed at least 7 days in 5% formalin, plankton samples
were transferred to 45% isopropanol with 5% propylene glycol. Rose ben
gal dye was added to the 0.209—mm epibenthic pump fractions at this
time. Prior to sorting, the 0.209—mm fraction usually required panning
to float the organisms away from fine sand and subsampling because of
large numbers of organisms. A 10—ml glass syringe with a 2—mm orifice
attached to a 250—ml flask was utilized in subsampling. The preserved
sample was brought to 200 ml, the syringe was slowly filled with fluid,
then forcibly expelled back into the flask, agitating the sample before
each of five 2—ml subsamples was withdrawn. Neritic zoopankton samples
were split using a Cooney plankton splitter.

The entire 0.505—mm fractions and the 0.209—mm subsamples of each
epibenthic pump replicate and the subsamples of each neritic zooplank—
ton replicate were completely identified and enumerated. In 1978 gam—
marid amphipods were separated from the other organisms, rinsed with iso—
propanol and water to remove glycerol, dried at 70°C for 24 hr, then
weighed separately to the nearest 0.001 g. The two weights were com
bined and recorded as total fraction dry weight.

The lengths of up to 100 specimens of harpacticoid, calanoid, and
cyclopoid copepods, and gammarid amphipods from selected samples were
measured as previously described for the prey organisms.

2.6 Feeding Chronology Experiment

On May 15, during the peak of the 1978 outmigration season, a
series of concurrent epibenthic pump and 10—m beach seine collections
were made at Carlson Point. Seven samples were collected every three
hours between 0200 and 2000, Pacific Standard Time (Table 1). Up to 10
juvenile chum and 10 pink salmon were collected with the 10—m beach
seine and triplicate epibenthic zooplankton pump samples were collected
immediately thereafter.

2.7 Otolith Daily Ring Determinations

Marshall and Parker (1979) have recently shown that sockeye salmon
otoliths (sagittae) grow in diurnal cycles which result in the formation
of a concentric, daily ring pattern as long as allometric growth is oc
curring. To investigate the feasibility of using daily otolith growth
patterns to estimate early marine growth and residence time, otoliths
were removed from a preserved (47% isopropanol) sample of juvenile chum
marked during the 1979 outmigration studies (Salo et al. 1980). The
otoliths were ground to the maximum diameter of the sagittal plane on
600 grit sandpaper, etched for 5—10 seconds with 10% HC1, thoroughly
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Table 1. Samples of juvenile chum and pink salmon and epibenthic
zooplankton collected during diel feeding chronology study,
Carlson Point, 15 May 1972.

Beach Plankton
Seine Pump

Time Size Number of Fish Time Number of
# (PST) (m) Chum Pink (PST) Replicates

1 0200 10 10 6 0340 1
2 0450 10 10 4 0525 3
3 0800 10 12 8 0840 3
4 1100 10 10 10 1130 3
5 1400 37 10 10 1430 3
6 1700 10 10 10 1755 3
7 1945 10 10 5 2010 3

rinsed with water, and set aside to dry. A gummed notebook paper rein
forcer was affixed to the slide around each otolith pair, flooded with
Euparal, and covered with a glass cover slip.

Visual examination and measurements of the otoliths were made micro
scopically at a 200X magnification. Two counts of the concentric rings,
usually made in the posterior—dorsal quadrant, were obtained from the
more readable of the two otoliths and the mean value determined. Spe
cial attention was given to the detection of ring patterns which could
consistently be identified. Those patterns which are consistent through
Out a sample may mark some transitional event in the growth history of
salmon fry (Marshall and Parker 1979). When the chronology of this
event is known, for example hatching or first feeding, the corresponding
ring pattern formed on the otolith becomes a useful marker for initial
izing or correcting ring counts. Thus, these classifiable patterns are
essential for aging juvenile (sub—yearling) salmonids precisely and
reliably.

2.8 Data Manipulation

All data were recorded directly onto National Oceanic Data Center
(NODC) type computer coding forms, which utilize the NODC taxonomic
code. Raw data were verified and checked for accuracy, keypunched, and
stored on magnetic tape for computer processing. Tabulation and basic
statistical analyses of the data were performed using computer program
packages specifically developed for FRI’s stomach content and zooplank—
ton data.
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2.9 Data Presentation and Statistical Analysis

A modification of Pinkas et al. (1971) “Index of Relative Impor
tance” (IRI) was used to rank the importance of prey organisms. The IRI
values for prey taxa are displayed both graphically and in tabular form
where justified by sample size (usually >10). The three—axis IRI graphs
illustrate frequency of occurrence (the proportion of stomachs contain
ing a specific prey organism) plotted cumulatively on the abscissa and
the percentages of total prey abundance and biomass plotted above and
below the abscissa, respectively. Prey taxa with differing stages of
digestion (e.g., partly digested shrimp, as opposed to the family
Pandalidae or the species, Pandalus borealis) are graphed separately.
All prey groups, including those assigned to a broad taxonomic level
(family, order, or class) because of advanced digestion, have been ar
ranged from left to right by decreasing frequency of occurrence.

The IRI value was computed as follows:

IRI = % frequency of [% numerical + % gravimetric~
occurrence [ composition composition]

and is equivalent to the area encompassed by the bar for each prey cate
gory. In order to compare the IRI values between prey spectra with dif
ferent sample sizes, the overall importance of general prey taxa has
been discussed as a percentage of the sum of the IRI values of all prey
taxa.

Three indices were used to describe numerical and gravimetric tro—
phic diversity of the diet (Pielou 1977):

1) Percent dominance index:

% dominance =

where Pj’S are ratios of the number or biomass of prey i to
the total prey abundance or biomass.

2) Shannon—Wiener diversity index:

H’ = — I(p~log~p~)

where pr’s are the same as above.

3) Evenness index:

e H/inS

where i1 = H and S = number of species and inS is equivalent
to Hmax.
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Diet overlap has been measured using a modified index of affinity
(Sanders 1960), also called percent similarity index or PSI (Cailliet
and Barry 1979):

% S ~min Pj

where pj’s are the ratios of the IRI prey i to the total sum
of all prey IRI’s.

2.10 Determination of Daily Ration

Estimates of daily ration were derived from the results of the
May 15—16, 1978, feeding chronology experiment using the adjusted Bajkov
(1935) method as proposed by Eggers (1977, 1979):

24 Sa C~’ — (~24 —

where S is the mean level of food in the gut during the diel cycle, cx
is the instantaneous rate of gastric evacuation, C~’ is the food con
sumed during the interval 0 to t’ and is the daily ration, S24 and ~
are the levels of food in the stomach at the end and beginning of the
diel period, respectively.

The instantaneous rate of gastric evacuation, a, was estimated
using Eggers’ (1975) exponential decay function fitted for data for
sockeye salmon smolts (40 — 130 mm) in Lake Washington and comparable
data reported in the literature (e.g., Brett and Riggs 1970):

a(T,W) (1 + K1 e —(K2W))K3T

where T = water temperature (°C), W = body weight (grams), K1 = the
constant 4.70988, K2 the constant 0.18703, and K3 = the constant
0.006705.

2.11 Limitations of the Sampling Design

The sampling design from which fish stomachs were obtained was ori
ented toward other objectives (Salo et al. 1980) which required optimi
zing the number of sites and transects sampled in control and experimen
tal areas along the Bangor shoreline and not necessarily toward collec
tion of feeding juvenile salmon. As a consequence of limited sampling
time, the collection of juvenile chum and pink salmon and their poten
tial predators for stomach contents analysis was compromised in many
instances, especially at either end of the outmigration period, when
sample sizes sufficient for stomach analysis were not obtained during
the standard sampling regime. Sampling locations for epibenthic and
neritic zooplankton were chosen, however, to correspond to the best fish
sampling sites in terms of frequency and intensity of effort.
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3.0 RESULTS

3.1 Prey Composition of Outmigrating Juvenile Chum
and Pink Salmon

3.1.1 Juvenile Chum Salmon

Juvenile chum salmon migrating out of Hood Canal fed upon epiben—
thic and neritic zooplankton. A composite IRI prey spectrum from 587
stomach samples1 examined over the three years’ studies indicates that
epibenthic harpacticoid copepods and gammarid amphipods and neritic cala—
noid copepods, hyperid amphipods, euphausiids and larvaceans comprised
the most important prey taxa (Fig. 5). The size (fork length, FL) range
of the juvenile chum salmon included in this summary was between 32 mm
and 121 mm. A complete, detailed breakdown of IRI prey spectra, by
date, sampling location and species, can be found in a separate volume
(Simenstad and Kinney, in press).

The harpacticoid copepods were usually not identified to species
due to their difficult taxonomy, but examination of subsamples from 1977
and 1979 collections indicated that Harpacticus sp. were the prominent
prey. The prevalent gammarid amphipod species were Paracalliopiella
pratti and Ischyrocerus sp.; the common calanoids were Calanus, (paci—
ficus x marshallae complex), Pseudocalanus spp., and Epilabidocera
amphitrites; hyperiid amphipods were primarily Parathemisto pacifica;
and the euphausiids were unidentifiable larvae and juveniles. The lar—
vacean was Oikopleura sp. Most fish larvae were unidentifiable but
larvae of Pacific herring, Clupea harengus pallasi, and Pacific sand
lance, Animodytes hexapterus, were identified on several occasions.

Whether the migrating salmon forage upon epibenthic organisms of
shallow sublittoral habitats or upon neritic organisms in open water
appears to depend upon the size of the fish and stage in the outmigra—
tion period. Immediately upon entry into Hood Canal small (30—40 mm FL)
juvenile chum (typically orginating from naturally—producing populations
or from the spawning channel at Big Beef Creek) fed predominantly upon
the epibenthos, including harpacticoid copepods, gammarid amphipods,
polychaete annelids and crustacean eggs (Table 2). After the fish grew
larger than 45—55 mm FL or entered the Canal at such a size from hatch
ery facilities they fed more upon neritic organisms such as euphausiids,

1only 4 (0.7%) of the total sample of 591 had no prey organisms in
their stomachs; sample sizes from beach seine collections included 270
in 1977, 81 in 1978 and 64 in 1979 and those from townet collections
included 167 in 1977, 6 in 1978, and 3 in 1973.
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PREDATOR 3755010202 — ONCORHYNCHUS KETA
(CHUM SALMON I ADJUSTED SRMPLE SIZE = 587

CUMULATIVE FREQUENCY OF OCCURRENCE

~REQ NUIi. ~,RAV. PREY PERCENT
PREY ITEM ___________Q~C~UR ~QM~C0iiP~ I.L1,101 Ii._1M~_

UNIDENTIFIED ALGAE AN]) EGGS 7~7J~4~ ~J~5 1I.9
CALA~~IOAE 6.98 .98 11.10 84.3 2.17
Co R Y CAL I OAF ~
DtCAFJD~ 6.13 .25 .76 6.2 .16
CRU~TAc~A__ ..42
H~MJPTE~A—APHADOjDEA 5.96 .06 1.56 9.7 .25
P1NNDrHE~1DAE 5.62 .08__,~9_~ .~9~_.02~_________
HYPEiUIOAE 5.11 .72 7.54 42.2 1.09
PQLYCIAETA
CrIAETJGNATr(A 4.43 .04 1.37 6.3 .16
DIPTE~A—CHI~~ONOM1DAE 3.75.23_2_.T2_B,8_~._
PONTELLLDAE 2.73 .13 2.86 8.2 .21
GYMNOLALMATA ~~~907
CALLLOPIIDAE 1.70 .29 2.61 4.9 .13
HARPACTLCQIDA .17 8.53 .00 1.5 .04

PREY TAXA WITH FREG. OCCUR. LESS THAN 5 AND NUMERICAL AND GRAVIMETRIC
COM~OSLTION BOTH LESS T-~AN1ARE EXCLUDED FR~ IHE TABLE kNIL2J.31
(BUT NUT FROM CALCO[ZfTON OF DIVERSITY INDICES)

PERC~NT DOMINANCE IN) LX .17 .15 .19 —

~ H*NN —~E1NER DIVERS I TY _~~7______________ L.
EkENNC)SS INDEX .49 .54 •42

Fig. 5. IRI prey spectrum of juvenile chum salmon in Hood Canal, Wash
ington, 1977—1979. Prey taxa have been pooled to the phylo—
genetic level of family or above.
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calanoid copepods, and hyperiid amphipods. This effect of fish size
upon selection of foraging habitat can also be illustrated by comparing
the prey spectra of fish captured in shallow sublittoral habitats by
beach seining to those captured in neritic habitats by townetting
because there is a general increase in size of chum with increasing
distance from shore (Salo et al. 1980). Larvaceans and harpacticoid
copepods comprised over 60% of the total IRI prey spectrum of beach
seine—caught chums (Fig. 6), whereas over 85% of the prey spectrum of
townet—caught chums was euphausiids, calanoid copepods, and hyperiid
amphipods (Fig. 7). Larvaceans Oikopleura sp. were prominent in the
diet of beach seine—caught chums in the diet of large (x 53 mm FL)
chums in the June 1979 collections. In the three years sampled this
neritic organism appeared most frequently in townet—caught chums and was
rarely found in the 1977 pump samples.

Temporal shifts in the prey composition of juvenile chums captured
in shallow sublittoral habitats (Fig. 8) and those captured in neritic
habitats (Fig. 9) in 1977 (the sampling year with the highest, most
consistent sample size distribution) illustrated that neritic fish were
eating predominantly neritic prey organisms by early May. Although
there were several prominent pulses of nonepibenthic prey consumed by
fish captured in shallow sublittoral habitats, their diet generally
consisted of epibenthic prey throughout the outmigration period until
early July when calanoid copepods became prominent. Variability in diet
composition of juvenile chums captured at the three principal shallow
sublittoral sampling sites——Carison Point, Devil’s Hole Delta, and Brown
Point——was less than among sampling years (Table 3; Appendix B,
Table 1). Although there was considerable variability in overlap of
prey spectra, even within a month, the mean_overlap between sites,
within years, was considerably higher (PSI x = 60.72) than between
years, within site (PSI x 25.78). Diet overlap also appeared to be
consistently higher for larger, neritic—feeding chums captured late in
the outmigration period (Appendix B, Table 1).

Although the sample sizes were often too low to provide good com
parisons, differences in prey composition were evident between juvenile
chum marked and released from the Big Beef Creek Research Station and
unmarked conspecifics captured concomitantly in northern Hood Canal
early in the 1979 outmigration (Table 4; Appendix B, Table 2). Much of
the variation is probably due to differences in size between the marked
and unmarked fry because diet overlap values between marked cohorts were
generally higher (despite size differences) than the overlap between
marked and unmarked chum fry, especially between adjacent size groups.
Diet overlap, however, increased with the progression of the outmigra—
tion. After the transition to neritic feeding the marked fry often
illustrated similar prey composition across different size intervals.
By June, however, larvaceans (Oikopleura sp.) constituted the principal
prey component for all chum fry; only the 50—59 mm—long unmarked chum
fry had less than 80% of the total prey IRI contributed by these pelagic
tunicates.
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Fig. 6, IRI prey spectrum of beach seine—caught juvenile chum salmon in
Hood Canal, Washington, 1977—1979. Prey taxa have been pooled
to the phylogenetic level of family or above.
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Fig, 7. IRI prey spectrum of tawnet—caught juvenile chum salmon in
Hood Canal, Washington, 1977—1979. Prey taxa have been pooled
to the phylogenetic level of family or above.
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Table 3. Overlap (percent similarity index, Sanders 1960) in prey compo
sition (percent total IRI) within site and between sites within
year of collection.

Between years, within site
1977 vs. 1977 vs. 1978 vs. —

Month 1978 1979 1979 x

Carison Point April 17.70 7.18 41.37 22.08
May
June 4.88 4.88

Devils Hole Delta April 33.58 20.69 30.65 28.31
May
June

Brown Point April 50.81 50.81
May
June

25.64 20.89 36.01 25.78

Between sites, within years
Carlson Pt. Carlson Pt. Devils Hole
vs. Devils vs. Delta vs. —

Month Hole Delta Brown Pt. Brown Pt. x

1977 April 28.06 85.84 26.35 46.75
May 86.60 86.60
June

1978 April 57.45 57.45
May
June

1979 April 50.45 17.70 22.58 30.24
May
June 83.03 78.83 85.87 82.58

54.75 60.79 55.35 60.72
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3.1.2 Juvenile Pink Salmon

Pink salmon fry appeared to prey more upon neritic organisms than
did chum fry. In 1978, the only year pink fry were caught, adult cala—
noid copepods and copepod larvae dominated the prey composition while
epibenthic organisms were not prevalent in the stomach contents of pink
fry captured in shallow sublittoral habitats (Fig. 10). The principal
calanoids were Calanus sp., Epiladocera amphitrites and Pseudocalanus
sp.. Despite their prevalence in the prey spectra of co—ocurring chum
fry, Oikopleura sp. were not consumed frequently by pink fry.

3.1.3 Diet Overlap Between Juvenile Chum and Pink Salmon

Despite over 1 cm differences in length of co—occurring juvenile
chum and pink captured in shallow sublittoral habitats in late April
1978, the overlap in their prey spectra approached or exceeded 50%
(Table 5; Appendix C, Table 5). At Carlson Point chum had consumed
predominantly hyperiid amphipods and pinks had fed extensively on
calanoid copepod larvae (nauplii). Diet overlap was higher at Devil’s

Table 5. Diet overlap (PSI) of co—occurring juvenile chum and pink
salmon migrating through Hood Canal, Washington, 1978. See
Appendix C, Table 5, for diet composition.

Sample Fish length Diet
size (FL mm ± 1 s.d.) overlap

Date Site Chum Pink Chum Pink PSI(%)

April 26, 1978 Carlson Point 5 6 43,2 ± 11.9 34.8 ± 0.8 43.40
April 25/26 Devils Hole 5 4 47.2 ± 6.1 33.0 ± 0.8 53.82

1978 Delta
May 1, 1978 Carison Point 6 5 56.5 ± 6.2 54.6 ± 4.4 74.03
May 15, 1978 Carison Point 13 5 54.4 ± 3.8 54.6 ± 4.4 23.44
May 31, 1978 Carlson Point 5 5 48.2 ± 4.9 50.4 2.9 84.23

Hole Delta, where harpacticoid copepods formed the major dietary compo
nent in samples of both species. By early May, when the two species
were approximately the same size, overlap had increased to almost 75% as
both species foraged upon neritic larvaceans and calanoid copepods. The
only difference in the two diet spectra at this time was the predomi
nance of gymnolaemata (bryzoan cyphonautes larvae) in the prey spectrum
of the pinks but not in chums. In mid—May, chums were almost exactly
the same size as co—occurring pinks but diet overlap in samples was
relatively low (23.44%) because chums had fed on calanoid copepods and
hyperiid amphipods and pinks had fed on larvaceans; all prey were neri—
tic zooplankters, however. By late May, both species were foraging
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primarily upon calanoid copepods (Calanus pacificus x marshallae, and
Epilabidocera amphitrites) and had the highest diet overlap (84.23%).

3.1.4 Diel Feeding Chronology Experiment

While the pink fry captured at Carlson Pbint over the diel period
(May 15, 1978) were approximately the same size (32—39 mm fork length),
sizes of the chum fry varied considerably (34—70 mm fork length), declin
ing from night to day (Fig. ha).

The degree of stomach fullness followed the same trend for both
species, but pinks appeared to maintain a much higher (over 50% full)
stage of stomach fullness through the day (Fig. llb). The fluctuating
and larger sizes of chum fry may have confounded this difference. The
general state of digestion of the stomach contents was almost identical
for the two species, i.e., increasing digestion until early morning and,
coincident with an increase in stomach fullness, decreasing digested
material to a constant state through the latter half of the daylight
period (Fig. lie).

Mean total stomach contents biomass generally declined during day
light hours (Fig. lid). When normalized to stomach contents weight as a
percentage of total fish weight (ration), chum illustrated a mid—day
increase in ration, which was unapparent in the pinks, and both species
indicated a generally greater increase in ration at dusk (Fig. lid).
The mean total abundance of identifiable prey organisms in the stomachs
showed quite a different pattern. After an early morning decline there
was rapid increase in prey items until noon but thereafter the number of
prey in chums declined through the remainder of the sampling period
while in the pinks the number of prey continued to climb to an maximum
of 1400 organisms/stomach by late evening (Fig. lie).

An interpretation of these data is that both juvenile pinks and
chums tend to feed in a relatively crepuscular manner. Peak feeding did
occur at dusk but feeding did not resume until mid—morning and both
species continued to feed at a reduced level throughout the day.

Diel shifts in prey composition were evident (Table 6). The diet
of chums in the morning was large calanoid copepods (Calanus spp.)
nauplii supplemented by copepod eggs, decapod larvae, and copepod
nauplii but predominantly large calanoids in afternoon and evening
hours. Hyperiid amphipods (Parathemisto pacifica) were prominent in the
stomachs of chum feeding at dusk and dawn. Juvenile pinks also fed upon
calanoid copepods during early morning hours but concentrated more upon
the smaller species, principally Pseudocalanus sp.; by 0800 however,
their foraging had shifted to cyclopoid copepods, primarily Oithona simi—
lis and Oncaea sp. Copepod nauplii and small calanoids reappeared in
the stomachs in the evening hours and at dusk. Size distributions of
prey organisms did not vary dramatically over the diel period (measurable
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Table 6. Diet composition of juvenile chum and pink salmon over diel
period, May 14—15, 1978, at Carison Point, Hood Canal, Wash
ington.

Chum Pink
Time Prey % % %
(PST) Organisms Abundance Biomass Abundance Biomass

0200 Calanoid copepods 31.02 54.63 72.40 57.14
Copepod eggs 58.27 20.28 0.00 0.00
Hyperiid amphipod eggs 9.88 24.08 0.00 0.00
Harpacticoid copepods 0.00 0.00 14.84 9.52
Copepod nauplii 0.00 0.00 8.07 11.90

0500 Decapod zoea 44.44 2.33 0.00 0.00
Hyperiid amphipods 22.22 69.77 0.00 0.00
Calanoid copepods 22.22 4.65 82.98 20.00
Chaetognaths 11.11 23.26 0.00 0.00
Harpacticoid copepods 0.00 0.00 9.93 30.00

0800 Calanoid copepods 49.00 52.44 7.53 9.10
Copepod nauplii 48.64 28.05 28.47 7.47
Cyclopoid copepods 0.05 1.22 60.25 72.82

1100 Copepod nauplii 77.51 3.13 14.55 2.28
Calanoid copepods 0.20 62.50 4.07 4.48
Gammarid amphipods 0.14 13.54 0.00 0.00
Cyclopoid copepods 20.53 4.17 77.29 85.03

1400 Calanoid copepods 83.00 56.15 5.77 5.65
Calanoid nauplii 9.57 1.54 13.11 2.60
Harpacticoid copepods 3.00 3.85 0.60 1.83
Cyclopoid copepods 0.16 1.54 76.61 75.08
Decapod zoea 0.56 15.38 0.00 0.00

1700 Calanoid copepods 80.88 63.54 5.97 7.59
Copepod nauplii 11.98 3.13 45.02 19.68
Harpacticoid copepods 4.15 4.17 0.65 1.61
Cyclopoid copepods 0.23 3.13 43.80 55.63
Gammarid amphipods 0.54 3.13 0.29 6.77

2000 Calanoid copepods 57.68 17.22 25.91 35.57
Hyperiid au~phipods 30.25 61.60 0.71 13.21
Decapod zoea 1.72 7.10 0.00 0.00
Fish larvae l~34 5.48 0.13 4.18
Chaetognaths 0.52 7.31 0.00 0.00
Cyclopoid copepods 0.00 0.00 22.13 30.39
Copepod nauplii 1.86 0.03 21.77 9.98
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prey in pink stomachs were available in sufficient numbers only from
0800 to 2000) except from the fish feeding at night and dusk, when
larger calanoid copepods were consumed (Fig. 12A and B). Overlap (PSI)
in prey composition of pink and chums over the diel period was highest
(PSI biomass = 54.6%) at night (0200 PST). Overlap in prey biomass
declined at dawn but remained relatively constant for prey abundance
through mid—day, and increased through the evening to dusk (Fig. 13).
The night and late evening overlap values, however, may be artificially
high because the sizes of some zooplankton taxa consumed by the two
species did not overlap as much (Fig. 12).

3.1.5 Estimates of Daily Ration

Using the mean body weights of the chum and pink fry (1.23 ± 0.73 g
and 0.61 ± 0.26 g, respectively) captured during the diel feeding chron
ology experiment and assuming an average ambient water temperature of
11.00C*, we estimated the instantaneous rate of gastric evacuations to

be 0.350 and 0.384 for the juvenile chums and pinks, respectively. This
indicated that their stomach contents were being evacuated approximately
twice daily. Accordingly, with mean stomach contents weights of 0.03 ±
0.03 and 0.02 ± 0.01, respectively, for chums and pinks over the diel
cycle, we estimated daily rations of 0.25 g (20.5% of total body weight)
for chums and 0.18 g (30.2% of total body weight) for pinks. These esti
mates are somewhat higher than those derived by Healey (1979) for juven
ile chum of similar size. He used both active metabolism and gastric
evacuation rate models to estimate a daily ration of 10—18% body weight
per day; Healey settled on 15% as a “conservatively high” estimate. Our
estimate for chum fry is, however, very close to that obtained by
Lebrasseur (1969), especially early in his experiments when the experi
mental fish were of the same general size as those sampled in Hood
Canal.

The higher daily ration estimate for pinks than for chums would
appear to be related to their smaller size, and a corresponding higher
instantaneous rate of gastric evacuation (Fange and Grove 1979). Our
estimate is, however, higher than any reported for juvenile salmonids
either in captivity or under natural conditions; no previous estimate
has been generated for juvenile pink salmon per se.

3.1.6 Otolith Microstructure

The analysis of juvenile chum otoliths was performed without a
priori knowledge of recent life history events. Three hatchery—reared,
marked,** and recaptured chum fry were used in the analysis (Table 7).

Based upon the nearshore surface water temperatures measured dur
ing the Hood Canal outmigration studies (Bax et al. 1979).

Spray marked with fluorescent pigment (Salo et al. 1980).
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Sample otoliths of these naturally—spawned juvenile chum were
weakly calcified throughout the interior field and daily growth incre
ments were poorly defined, which, without individual growth histories,
precluded a confident estimate of age (days) since hatching. A notable
and consistent “check” was observed near the margin of each otolith,
with 3—4 well—defined and uniform increments proceeding from this check
to the margin. The check appeared as an abnormally wide increment of
matrix uninterrupted by calcium deposition. Marshall and Parker (1979)
described a similar pattern on. otoliths of sockeye salmon fry and rela
ted it to first feeding. We suggest, in comparing otoliths from natu
rally—spawned chum with those from the hatchery fish which had spent 30
days in Hood Canal, that this check corresponds rather to entry of the
juvenile chum into estuarine waters.

Otoliths of the two larger hatchery—reared fry displayed patterns
similar to those of the native chum. The interior portion of each oto—
lith was weakly calcified and growth increments therefore were difficult
to follow. A distinct check was visible on each otolith, followed by 30
to 35 well—calcified growth increments spaced uniformly to the margin.
Ages of these fry were estimated by increment counts to be 73 days and
75 days, suggesting a period of 43—45 days during which calcification of
the otoliths was severely reduced or absent prior to check formation.
This compares well with the estimated number of days before check forma
tion in otoliths from the native chum (34—45 days).

Known growth histories of the recaptured hatchery chums verified
that: 1) the number of visible otolith increments which formed prior to
the check was not an accurate record of freshwater residence time; and
2) the number of increments deposited after check formation closely coin
cided with residence time in Hood Canal. Juvenile chums actually reared
in the Big Beef hatchery for 3 weeks rather than the 38—43 days esti
mated from otolith ring counts. They were recaptured 30 days after
their release (May 9) into Hood Canal and possessed 30and 37 distinct
growth increments between margin and check, strong circumstantial evi
dence that the check forms during the physiological adjustment required
of fry as they encounter elevated salinities.

More detailed analyses, including experiments controlling tempera
ture, daily food ration and salinity, are needed before the validity of
the estuarine check and daily marine growth ring relationship can be
verified.

3.1.7 Relationship Between Fish Size and Mouth Gape

The morphometric relationship between fish size and maximum mouth
gape was illustrated by the measurements made of 179 juvenile chum sal
mon captured during beach seine and townet collection at Carlson Point
on 24—25 May 1978 (Fig. 14). There were few fish between 30 and 40 mm
FL, but the maximum gape width (mm) does not change much over that inter
val. Thereafter, the gape increases relatively linearly with fish length



MEAN GAPE WIDTH, MM

Fig. 14. Mean mouth gape (mm) of juvenile chum salmon, caught in beach
seine (circles) and townet (triangles) collections, as a func
tiOn of fish length (FL, mm; solid symbols) and weight (g wet;
open symbols), 24—25 May 1978, at Carlson Point, Hood Canal,
Washington. Total sample size, N 179.
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and weight. There is a slight indication of a transition, e.g., a jump
in gape width, (especially relative to weight) between 50 mm and 60 mm
FL; this may also be a function of the uneven distribution of samples
among lengths in that interval relative to the others. This inflection
does, however, coincide with the size interval where most juvenile chums
are transcending between epibenthic and neritic feeding behaviors and
corresponds to a dramatic transition in prey length also described by
Okada and Taniguchi (1971).

3.2 Composition and Standing Stock of Epibenthic
and Neritic Zooplankton

3.2.1 Epibenthic Community Composition

Crustaceans predominated in the epibenthic community. As illus
trated by the Carlson Point collections (Table 8) crustaceans comprised
48% of the epibenthic organisms in 1977, 64% in 1978 and 67% in 1979.
Harpacticoid copepods were the numerically dominant members of the commu
nity, accounting for between 56.1% (1979) and 67.0% (1977) of the total
numbers of organisms. Gammarid amphipods (2.9—6.1%), harpacticoid eggs
(2.0—5.9%), calanoid copepods (2.9—8.1%), other crustacean eggs (0.5—
3.7%), ostracods (3.7%—4.2%), cyclopoid copepods (0.1—5.9%), and asellot
isopods (1.7%—5.8%) were other numerically important members of the epi—
benthic community. Gammarid amphipods usually dominated the community
composition on the basis of biomass, representing from 12.3% (1978) to
30.8% (1977) of the total biomass. Other taxa, however, often predomi
nated or contributed a significant proportion of the total biomass.
These included caprellid amphipods (1.9—24.6%), harpacticoid copepods
(5.7—17.3%), juvenile shrimp (0.4—37.7%), calanoid copepods (1.3—5.3%)
and mesogastropods (4.0—5.1%).

While the harpacticoid copepods were not typically identified to
species due to taxonomic difficulties, the families Tegastidae and
Porcellidiidae were readily identifiable. The abundant harpacticoid
copepods in subsamples from 1977, identified by Ms. Beverly Kask of the
Pacific Biological Station, Nanaimo, B.C., Canada, included Harpacticus
sp., Dactylopodia sp. Amphiascopsis cinctus and species of the families
Ectinosomidae and Laophontidae (Table 9). In similarly detailed analy
ses performed by J. Cordell on the epibenthic pump samples from Carlson
Point on May 15, 1978 Zaus sp., Ectinosoma melaniceps, and Diarthrodes
sp. were numerically predominant (Table 10).

The extensive collections (14 sampling dates) at Carlson Point indi
cated that Aoroides columbiae, Pontogeneia sp. and Synchelidium
shoemakeri were the numerically prominent gammarid amphipods, while
Photis sp., Amphithoe sp., Paracalliopiella pratti, Podoceropsis sp.,
and Westwoodilla caecula occurred frequently, but less abundantly
(Table 11). Over the five monthly samples collected at Carlson Point in
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Table 8. Taxonomic, life history, numerical, and gravimetric composition
of epibenthic zooplankton collected at Carlson Point, Hood Canal,
Washington1, 1977—1979.

Life history stage 1977 1978 1979 —

Eggs! % Composition ~o~3sitio~
Taxon egg cases Larvae Juveniles Adults Abundance Biomass Abundance Biomass Abundance Biomass

Hydroida x 0.01 0.35
Platyhelminthes x 0.01 0.01
Turbellaria 0.01 0.72
Nemertea K X 0.01 0.07 0.01 0.02
Nemutoda x K 1.63 0.23 0.88 0.81 0.31 0.29
Polychaeta K x x 0.47 5.34 0.07 0.20 0.20 0.28
Polynoidae K K 5 0.18 2.05 0.06 0.11 0.09 0.18
Hurmothoe imbricata K K 0.01 0.12 0.01 0.12

Sigalionidae
Pholoeminsta X X 0.01 0.17 0.01 0.07

Phyllodocidae x x 0.02 0.57
Anaitides up. x x 0.01 0.15 0.01 0.03

Hesionidae
Ophiodromus pugettensis X K 0.01 0.09

Pilargidae x x 0.01 0.14
Micropodarke dubia K X 0.01 0.01

Syllidae x x 0.01 0.20 0.02 0.06
Exogone up. x x 0.01 0.01
P. verugera x x 0.01 0.01
Sphaerosyllis up x 5 0.03 0.06

Nereidae x 0.01 0.02
Nereis up. K 0.01 0.01
Platynereis bicanaliculata X x 0.01 0.03 0.03 1.00 0.03 0.14
Micronereis nanainoensis X 0.01 0.14

Sphaerodoridae
~p~perodorun gracilis 5 0.01 0.07
~pi1Eri2dorosi8 minuta X X 0.01 0.05

Spionidae x 5 0.02 0.70 0.04 0.09 0.03 0.05
Prionospio up. X 0.01 0.04
P. cirrifera K X 0.01 0.01
P. p~p~ta X 5 0.01 0.09

Opheliidae X 0.14 0.06
Armandia brevis x x 0.02 0.09 0.06 0.54

Serpulidae c K 0.01 0.01
Oligochaeta x x 0.01 0.30 0.01 0.03 0.11 0)8
Enchytaeidae X X 0.01 0.03
Tubificidae x x 0.01 0.02 0.13 0.13

Gastropoda K K K K 0.30 1.68 0.17 0.37 0.21 0.33
Archaeogautrnpuda K 5 0.01 0.01

Acmaeidae K 0.01 0.01 0.01 0.01
Trochidae
~~p~arites pupillus x 0.01 0.01 0.0) 0.02 0.01 0.01
Lirularia lirulatus K 0.01 0.01 0.01 0.07

Mesogastropoda x x u a 0.48 2.09 0.37 0.73 1.29 1.43
Lacunidae

Lacuna up. K K 0.34 0.12 0.27 2.78 0.41 2.73
Lit torinidae
Littorina 51,. K 0.0) 0.01

gissoidae
Alvinia 51,. K K 0.05 0.05 0.05 0.32 0.01 0.23
Thais 5~. K 0.01 0.01

Euthyneura
Pyramidellidae
Turbonilia up. K 0.01 0.03

Scaphandridae
C~lichna up. x a 0.01 0.01

Sacoglossa K K 0.04 0.54 0.01 0.08 0.70 1.45
Oleidae
Olea hanuineensis x u 0.01 0.02

Nudibranchia x 0.01 0.01 0.01 0.03 0.02 0.05
Onchidiidae a 0.01 0.01

Prosobranchia x 0.02 0.62
Opiuthobranchia K s 0.06 1.58 0.04 0.12 0.01 0.03
Bivalvia K K 0.04 0.82 0.86 0.35 0.13 0.23
Mytilidae K 0.01 0.15 0.0) 0.01
~~l11sedu1is K 0.05 0.24 0.01 0.01 0.01 0.01
Modiolus 51,. K 0.01 0.0)
8. rectus K 0.01 0.02

Veneroida K K 0.05 0.15 0.02 0.05 0.05 0.01
Kellia suburbiculariu 0.01 0.01

Montacutidne
~p~11atumida a ~ 0.01 0.03 0.01 0.12 0.01 0.01

Cardiidae
Clinocardiurn nuttallii x 0.01 0.01 0.02 0.06

Veneridae
Transennella tantilla x x 0.01 0.04
Protothaca utaninea K 0.01 0.01

Arachnida
Araneae 0.01 0.01
Halacaridae K 0.21 3.06 0.06 0.18 (1.0~

Crustacea K K x 5.01 3.92 0.52 0.50
Cladocera
Poiyphemidae

Evadne up. K K 0.05 0.09
Podon up. ~< 0.04 0.12

Outracoda K K 1.13 1.60 0.0! 0.0!
Myodocopa x x 0.01 0.05 0.05 0.1!
Halocyprididae



Table 8. (cant.)

4 L~.

~e history stage 1977 1978 1979
Eggs! 1 Composition % Composition 8 Composition

TaxoC egg cases Larvae Juveniles Adults Abundance Biomass Abundance Eiomass Abundance Biomass

Conchoecia sp. x 0.01 0.01
Podocopa a x 1.54 4.39 3.65 1.39 4.15 0.71
Copepoda a a x x 0.46 2.35 4.09 1.60 1.83 0.37
Calanoida x a a 2.63 6.35 1.18 0.77 6.06 1.85
Calanidae
Calanus sp. a a 0.01 0.12 0.01 0.08
C. ~ç~ficus a x 0.01 0.09
C. plumchrus a 0.00 0.02

Paracalanidae
Paracalanus ~pp~ a x 0.65 0.19

Pseudoealanidae a a 0.04 0.03
Pseudocalanus op. a 0.02 0.03
P. minutus x a a 1.00 0.68 1.88 0.44

Aetideidae x a 0.01 0.01
Metridiidae
Metridia sp. a x 0.01 0.01 0.01 0.01
M. lucens a a a 0.03 0.08 0.01 0.01

Pontellidae
~p~idoce3a ~9phitrites a 0.01 0.01

Acartiidae
Acaria~~~p4mi5 a x a 0.16 0.18 0.13 0.25

Tortanidae
Tnrtanus discaudatus 0.01 0.01

Harpacticoida a a a a 69.15 15.43 64.64 18.13 56.05 13.13
Tegastidae a a 0.08 0.61 0.49 0.31 0.02 0.05
Porcellidiidae a x 0.01 0.25 0.27 0.37 0.21 0.18
Porcellidiun sarsi a a 0.01 0.01 0.08 0.14

Cyclopoida a a 3.20 0.85 0.82 0.18
Oncaeidae

Oncaea op. a a 0.07 0.05
Corycaeidae

~2%Xeiis~gi4cus a a a 0.07 0.49 0.36 0.56 0.06 0.14
Oithonidae

Oithona op. a a a 1.34 0.61 2.59 0.42
Cyclnpinidae
ç~~na op. x a a 0.05 0.49 1.03 0.38 1.83 0.56

Monstrilloida
Monstrillidae
Monstrilla sp. a a 0.02 0.05

Argulidae
~gp~j~s op. x 0.01 0.14

Cirripedia x x 0.01 0.02
Balanomorpha a a a 1.69 2.51 0.71 0.29 0.45 0.37

Balanus op. x 0.01 0.02
Leptostraca
Nebaliidae
Nebalia op. X X 0.01 0.15
N. g~gnsis a a 0.01 0.03

Peracarida
Mysidacea
Mysidae a x 0.01 0.39
~gN.~om six op. x a 0.01 0.01 0.01 0.02 0.01 0.02

Cumacea a x 0.05 1.25
Lampropidae x x 0.09 0.71 0.05 0.12
~g~p~~ps op. x 0 0.10 2.03 0.23 0.87

Diastylidae
~g~~tlis op. a 0.01 0.01

NannastaCidae
Cumella op. x a 0.11 1.75 0.20 0.40 0.42 0.57

Tanaidacea x 0.01 0.03
Paratanaidae
LgpAHgh9.~ia~N~1a x a 0.04 0.95 0.07 0.19 0.03 0.08

Isopoda
Flabellilera a ~ 0.03 0.56 0.01 0.01

Sphaeromatidae a a 0.01 0.05
~820g~3aeggma media a a 0.70 0.51 0.01 0.05

Valvifera ~ x 0.01 0.24
Idoteidae x 0.01 0.01
Idotea op. a 0.01 0.02 0.01 0.03 0.01 0.05

Asellota a a 0.07 1.20
Munnidae

Munna op. a a 0.02 0.23 0.01 0.03 0.25 0.19

M. ubiquita a ~ a 1.28 3.69 5.77 6.10 1.91 1.39
Epicaridea a 0.02 0.35
Criptonicidae
~!0Sis g~g~~99 a 0.02 0.49

Bopyridae a a 0.03 0.70 0.08 0.20 0.14 0.29
Amphipoda
Gammaridea x a 9.96 20.61 0.22 0.37 0.07 0.14
Ampeliocidax

g~~oca ~5~ca x 0.01 0.01
A~ophilochidae a 0.02 0.05
~p~1och51s littoralis a 0.01 0.03
~~j~isvi1ordes a 0.01 0.01 0.01 0.01

Amphithoidne
~92~j5hoe op. 0.01 0.08 0.01 0.01



Table 8. (cont.)

Life history stage 1977 1978 1979
Eggs/ % Composition U Composition ~

Taxon egg cases Larvae Juveniles Adults Abundance Biomass Abundance Bioisass Abundance Biomass

Aoridae a 0.01 0.01
Aoroides columbiae x 0.89 1.58 0.58 2.06

Atylidae

~Yid5~ 1~~4ni x a 0.01 0.01
Calliopiidae
Calliopius sp. x 0.01 0.01
Calliopiella p~g~~i x x 0.03 0.27 0.30 0.89

Corophiidae
Corophium sp. x 0.01 0.01

Dexaminidae a x 0.02 0.03
Guerniea sp. x a 0.01 0.01 0.02 0.04

Eusiridae
Pontogeneia sp. a x 0.44 6.32 1.35 10.69

Gammaridae a x 0.10 0.14
Melita sp. x 0.01 0.01 0.01 0.07
N. dentata x a 0.01 0.06 0.01 0.07
M. desdichata x 0.01 0.01

Isaeidae x 0.02 0.05
Photis sp. x x 0.26 0.47 0.25 0.28
P. brevipes a a 0.01 0.17
Podoceropsis sp. a a 0.07 0.29 0.34 0.77

tschyroceridae
Isehyrocerus sp. a s 0.09 0.41 0.35 1.09

Lysianassidae
Orchomene sp. a a 0.01 0.01

a 0.03 0.06 0.04 0.05Oedicerotidae
Monoculodes sp. ~ 0.01 0.05 0.01 0.03
Synchelidium sp. x a 0.01 0.01
S. shoemakeri a a 0.51 1.24 0.27 0.77
Westwoodilla sp. x a 0.01 0.01
N. caecula x a 0.05 0.69 0.18 1.17

Phoxocephalidae a 0.02 0.06 0.04 0.09
Paraphoxus sp. a x 0.01 0.02 0.05 0.12
P. spinosus x a 0.02 0.05

Pleustidae x x 0.02 0.06 0.01 0.01
Parapleustes nautilus x x 0.01 0.02 0.01 0.01
Pleustes sp. a 0.01 0.01
P. depressa s x 0.01 0.01 0.01 0.03
Pleusirus secorrus a a 0.01 0.04

Stenothoidae a 0.01 0.04 0.07 0.05
Metopella carinata a a 0.14 0.28 0.05 0.15

Hyperiidea x a 0.03 0.56 0.01 0.01
Caprellidea x 0.02 0.35
Caprellidae a 0.06 0.12
Metacaprella kennerlyi a a 0.01 0.05

~iiEp!~la sp. a a 0.01 0.14 0.06 0.37 0.02 1.98
C. alaskana x a 0.01 0.07
C. laeviuscula a x 0.26 2.16 1.39 22.37 0.80 6.77

bounds
Euphausiacea x 0.01 0.01 0.03 0.05

Decapoda a 0.08 0.84
Caridea x x a 0.01 0.21 0.01 0.21
Hippolytidae x x x 0.03 0.08 0.03 4.76 0.01 0.01
Hippolyte clarki a a 0.09 8.36 0.17 22.25
Eualus sp. a 0.01 0.03
B. townsendi x 0.01 0.67
Heptacarpus sp. a 0.01 2.39 0.07 10.31
H. tnidens a 0.01 0.22
H. tenuissimus x 0.01 0.04

Crangonidae x x 0.01 0.07 0.01 0.66 0.01 0.33
~pgon sp. x a 0.01 1.28 0.01 1.48
C. aTha a 0.01 0.94
C. communis a 0.01 0.76
SclerocrPHgppalata a 0.01 0.13

Aaomura
Paguridae a 0.01 0.01
Pagurus sp. a 0.01 0.07

Brachyura a a 0.01 0.03
Majidae x 0.01 0.01
Cancridea x 0.01 0.01 0.01 0.01
Cancer sp. 5 0.01 0.01

Pinnothenidae x 0.01 0.01 0.03 0.05
Insects
Collembola a 0.01 0.14 0.01 0.01
Diptera a 0.01 0.05 0.01 0.02
Nematocera a 0.01 0.01
Ectoprocta x 0.01 0.03
Gymnolaemata a a a 0.71 0.36 0.09 0.11
Cheilostomata 0.01 0.01
Barentsia sp. a 0.01 0.01

Echinodermata
Ophiuroidea a a 0.01 0.01 0.01 0.05
Holothuroidea a a 0.03 0.26
Cbaetognatha a s 0.01 0.01

Eukrohnia hamata a 0.01 0.48
Urochordata a 0.01 0.23
Larvacea

2~e19ra sp. .~ 0.01 0.03
Osteichthys a 0.01 0.01
Teleostei a a 0.01 0.02 0.01 0.78 0.03 (1.07
Sygnathidae
~ g~1inea~p~5 a 0.0! 2.68

Pleuronectidae a 0.01 0.0!
Unidentified a a 0.04 0.79 1.87 0.04 .89 (1.37
Unidentified a a 1.12 2.30
Unidentified parts 0.02 0.14
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1979, Podoceropsis sp. and Ischyrocerus sp. were more predominant than
in 1978 (Table 12). Taxonomic identification of ganirnarid amphipods from
the 1977 collections were not comparable with the detailed, specific com
positions documented for 1978 and 1979 because of the change in sampling
methodology. A complete taxonornic characterization of epibenthic pump
collections at Brown Point between March 17 and July 22, 1977, however,
identified an undescribed Pontogeneia sp. (near P. rostrata), Calliopius
sp., Paracalliopiella pratti, and Anisogammarus pugettensis (Table 13);
the latter species was not found in the 1978 and 1979 collections.

Among the other contributory species, Paracalanus parvus, and Pseu—
docalanus spp. were the dominate calanoid copepods, Munna ubiquita the
asellot isopods, Cumella sp. the cumaceans, Caprella laeviuscula the
caprellid amphipods and Lacuna sp. the mesogastropods. Among these, the
calanoids are assumed to be neritic species which resided in the near—
surface water column incidentally captured by the pump.

3.2.2 Density of Epibenthic Organisms

Between December 30, 1976 and June 22, 1977, the biweekly density
of epibenthic zooplankton at the three sampling sites averaged 23,434 ±
39,513 individuals (including eggs) per m3. Densities at Carlson Point
fluctuated broadly between 4,962 ± 5,520/m3 on February 17 and 118,628 ±
108,933/rn3 on April 21 (Fig. 15). In 1978, after modification of the
sampling technique to reduce sample contamination, monthly densities
averaged 24,302 ± 18,249/rn3 with several minima: 10,000 ± 4,690/rn3 on
FebruarX 21, another of 11,426 ± 2.530/m3 on June 28 and 11,021 ±
2,660/rn3 on December 15. The maxium in early spring of 50,854 ±
36.566/rn3 on April 6 was generally sustained at that level between
August and November. Density estimates between mid—January and early
June 1979 averaged 29,948 + 18,488/ m3 over the 6—month period with a
maximum of 59,643 ± 6,618/p on March 9, approximately one month earlier
than in 1978.

While most of the fluctuations in density epibenthic of zooplankton
were a function of the density of harpacticoid copepods (Fig. 15), cala—
noid copepods, gammarid amphipods, crustacean eggs, cyclopoid copepods,
cladocerans, ostracods, and isopods often comprised a significant propor
tion of the total numbers of epibenthic zooplankton during the outmigra—
tion period (Fig. 16).

Densities of total epibenthic organisms followed a similar trend at
the three principal sampling sites during the 1977 outmigration period,
with all sites showing similar density maxima from mid—April to early
May. Densities of harpacticoid copepods, however, tended to be more
variable (Fig. 17). Devil’s Hole Delta, with its extensive eelgrass
habitat, typically had the highest densities while the community at
Carlson Point showed more frequent and extreme fluctuations than the
other sites. Densities of gammarid amphipods also varied considerably
between sites and were especially variable at Brown Point.
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Fig. 15. Mean total density (no./m3) of epibenthic zooplankton at
Carison Point, Hood Canal, Washington, 1977—1979.
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3.2.3 Standing Crop of Epibenthic Organisms

Estimates of epibenthic zooplankton standing crop (g/m3) varied
considerably over the 3 years (Fig. 18). Using the less effective sam
pling methodology in 1977, the mean standing crop ranged from 0.063 ±
0.120 g/m3 in early January and late March to 0.025 g/m3 in early May.
Following the improvements in sampling efficiency, standing crop esti
mates were dramatically higher in 1978, averaging 0.801 ± 0.814 g/m3. A
late winter—early spring maximum of approximately 0.8 g!m3, associated
with the increase in harpacticoid copepod abundance, was followed by a
general depression between early April and mid—July that we correlated
with a decrease of harpacticoid copepods (Fig. 19). From July through
November the standing crop increased (maximum of 2.59 g/m3 on Novem
ber 17) due in part to a reoccurrence of high densities of harpacticoid
copepods and the appearance of relatively large zooplankters such as
juvenile shrimp and caprellid amphipods. Standing crop estimates in
1979 followed a somewhat different pattern than those in 1978. There
was an early decline from a maximum of 1.9 g/m3 in January and February
to a minimum of 0.78 gun3 in late April. This trend also coincided with
the increase in abundance of juvenile shrimp and the decline in harpacti—
coid copepod densities.

The 1977 estimates may have been compromised by less accurate bio—.
mass measurements than were obtained for the latter two years because
the improvements in the 1978—1979 sampling methodology appear to have
resulted in more effective collection of large zooplankters such as
gammarid amphipods and juvenile caridean shrimp, which may have been
able to escape the epibenthic pump’s suction during the 1977 sampling.

3.2.4 Relationship Between Epibenthic Zooplankton Community
Composition and Stomach Contents of Juvenile Chum Salmon

Comparison of zooplankton composition in coincident epibenthic pump
samples and stomach contents samples from beach seine—caught juvenile
chum was limited due to the general lack of such concomitant samples; on
only ten occasions were direct comparisons possible (Table 14). A gen
eral trend of decreasing overlap (PSI) with increasing fish length and
period in the outmigration is evident from these few comparisions, how
ever. Due to the numerical predominance of harpacticoid copepods in the
epibenthic pump samples, the overlap values primarily reflected the pro
portional representation of harpacticoids in the stomach contents of the
juvenile chum salmon. Low overlap usually resulted from either, 1) a
high proportion of gammarid amphipods in the stomach contents of the
juvenile chum, reflecting selectivity toward these large epibenthic
zooplankters, or 2) a high proportion of calanoid copepods in the
stomach contents, indicating feeding had occurred in neritic waters
rather than in the shallow sublittoral habitats where they were caught.
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Table 14. Numerical overlap (PSI) between epibenthic zooplankton community
composition and stomach contents of juvenile chum salmon from
coincident epibenthic pump and beach seine samples in Hood Canal,
Washington, 1977—1979.

Length
interval Month
(FL,mm) Fdb~ Mar Apr May Jun Jul

35—39 61.83

40—44 40.61 25.01

45—49 6.71

50—54 26.44 27.71* 17.52

55—59 8.29

60—64 4.86

*Mean of two samples.
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3.2.5 Relationship Between Epibenthic Zooplankton Abundance
and Abundance of Juvenile Chum Salmon

In all 3 years the general decline in harpacticoid copepod densi
ties in early spring appeared to coincide with the peak densities (CPUE)
of juvenile chum salmon in shallow sublittoral habitats (Fig. 20). The
extended sampling in 1978, however, showed an increase in harpacticoid
density after the period of chum and pink salmon outmigration, suggest
ing that epibenthic—feeding chums could be involved in depressing harpac—
ticoid populations during the most intensive outmigration period. This
cannot be verified, however, without more detailed taxonomic, population
biology, and ecological studies of the harpacticoid community.

3.2.6 Neritic Community Composition

Although the sampling of neritic zooplankton was conducted monthly
between June 1978 and June 1979, sample processing was limited to the
June and July 1978 and February, April, and June 1979 collections at
Carlson Point. All but 7 of the 42 taxa identified from the June—July
1978 neritic samples were crustaceans, predominantly calanoid (9 fami
lies, 12 species) and cyclopoid copepods (two families, two species
Table 15). The prevalent species were the calanoids, Paracalanus parvus
and Pseudocalanus sp. (complex of species including P. minuta) and
unidentifiable juvenile caridean shrimp. Calanoid copepods completely
dominated the more comprehensive collections made between early February
and early June 1979. Compared to the previous year’s collections, how
ever, Paracalanus sp. were relatively rare during that period and Pseudo—
calanus sp. and Acartia longiremis constituted the most common neritic
species. Pelagic larvacea, Oikopleura sp., were rare in the 1978 collec
tions, but were third most abundant among the identifiable species in
1979.

3.2.7 Density of Neritic Organisms

The density of neritic organisms at Carlson Point on two dates in
July 1978 averaged 407.6 ± 480.8/rn3 but, as indicated by the high coeffi
cient of variation (0.848), varied considerably between the two sampling
dates. The three collections at Carlson Point during the 1979 chum out—
migration averaged 993.9 ± 952.1/m3, with the maximum density, 2120.9 ±
674.3/m3, occurring in late April.

During the 1979 outmigration the numerical dominance of Pseudocala—
nus in the surface waters declined by May and was replaced by Acartia
(Fig. 21a). In early June, when our sampling terminated, the proportion
al representation of Calanus, Tortanus, and Paracalanus had calanoid
community documented by the 15—rn deep oblique tows (Fig. 21b) was some
what different than the surface tows. Paracalanus declined through the
sampling period while Pseudocalanus and Paracalanus were notably more
abundant. Calanoid eggs were equally distributed in both types of neri—
tic zooplankton collections.
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Table, 15.~ Taxonomic, life history, numerical and gravimetric composition
of neritic zooplankton collected at Carison Point, Hood Canal,
Washington, during 1978 and 1979 chum salmon outmigration.

1978 1979

Eggs! % Composition % Composition
Taxa egg cases Larvae Juveniles Adults Abundance Biornass Abundance Biomass

CNIDARIA 3 A < 0.01 0.03

HYDROIDA L 0.20 4.46

ANTHOMEDUSAE L < 0.01 < 0.10

LEPTOMEDUSAE L 0.01 0.20

SIPHONOPHORA A 0.03 0.10

CTENOPHORA j A 0.06 17.27

TURBELLARIA J < 0.01 0.01

NEMATODA A 0.04 0.02

FOLYCHAETA L < 0.01 0.01

Polynoidae 3 < 0.01 < 0.01

Spionidae j A 0.09 0.11

GASTROPODA E 0.11 0.01

ARCHAEOGASTROPODA J 0.47 0.64

MESOGASTROPODA 3 0.04 0.10

NEOGASTROPODA J 0.04 0.04

CEPHALOPODA J 0.01 0.25

CRUSTACEA

OSTRACODA

MY000COPA A 0.01 0.06

COPEPODA

CALANOIDA E L J A 1.27 0.32 52.68 25.99

Calanidae

Calanus sp. L J A 4.36 14.73 0.55 3.22
C. pacificus L 3 A 0.45 0.30 0.08 0.44
C. plumchrus J A 0.04 0.33

Eucalanidae

Eucalanus sp. J 0.01 0.12

Paracalanidae J A 0.21 0.16

Paracalanus sp. A 24.76 21.53
P. parvus 3 A 0.25 0.01 0.21 0.16

Pseudocalanidae A 2.80 12.72

Pseudocalanus sp. j A 39.30 32.39
Pseudocalanus minutus J A 9.80 12.72
Aetidius armatus A 0.01 0.01

Metridiidae

Metridia sp. A 0.05 0.12
Metridia lucens L 3 A 0.32 0.56

Centropagidae

~~Iaes sp. A 0.51 0.66
C. abdominalis L J A 0.06 0.01 0.05 0.06
~mo americana A <0.01 0.01



Table 15(cont.).

Pontellidae

Acartiidae

Acartia clausi
~. longiremus

Tortanidae

Tortanus discaudatus

HARPACT ICOIDA

Porcellidiidae

CYCLOPOIDA

Corycaeidae

62

Corycaeus sp.
C. anglicus

Oithonidae

Oithona ap.

MONSTRILLOIDA

Monstrilla sp.

BALANOMORPHA

MALACOSTRACA

MYSIDACEA

MyS ida

L J A
L J A

2.41 0.49 0.02
0.34

L J 0,07 0.01

J 0.01 0.01

J 0.01 0.01

J < 0.01 < 0.01

0.01
0.15

ISOPODA

EPICARIDEA

Bopyridae

ANPHIPODA

GAMMARIDEA

Calliopiidae

~oius sp.

Corophiciae

~um

Hyalidae

HYPERIIDEA

Hyper iidae

~che
Parathemisto pacifica

CAPRELLIDEA

Caprellidae

EUCARIDA

EUPHAUSIACEA

Euphaus iidae

DECAPODA

PLEOCYEMATA

0.01 < 0.01

0.15 0.03

0.81 1.04 0.63 0.36

0.11 0.03

0.01 0.12 0.01 < 0.01

1978 1979

Eggs! % Composition % Composition
Taxa egg cases Larvae Juveniles Adults Abundance Biomass Abundance Biomass

Epilabidocera amphitrites L J A 0.03 0.26 0.05 0.10

A 0.60 0.39

J A 0.53 0.26
J A 0.11 0.01 7.78 6.86

L 3 A 0.03 0.01 0.41 0.53

J A 0.04 0.02 0.05 0.03

A <0.01 <0.01

J A 0.75 0.12 0.39 0.07

‘0.01 >0.01

1.02 0.59

A < 0.01 0.01

0.01 0.01 < 0.01 < 0.01

0.15 0.23

3

J

3

3

3

J

3

J

3

A 0.01 0.23 0.01 0.21

< 0.01 < 0.01

< 0.01 < 0.01

0.28 0.19

0.06 0.18

A < 0.01 0.07
A 0.63 0.25 0.02 0.05

L

L

L

L

CARIDEA L 12.96 18.00 0.01 0.01



Table l5(~ont.). 63

1978 1979

Eggs! % Composition % Composition
Taxa egg cases Larvae Juveniles Adults Abundanc Biomass Abundance Biomass

0.04 0.20
L X XHippolyt idae

0.07 0.18
LCrangonidae

ANOMURA
0.01 0.02

L~ianassa sp.
0.01 0.18 0.02 0.15LPaguridae

< 0.01 0.01
LGalatheidae

0.03 0.12L
Porcellanidae

1.84 3.67 0.01 0.01L
BRACHYURA

0.01 0.10
L~ia

0.01 < 0.01
L

Cancridae
0.18 3.70

L~er sp.

BRACHYRHYNCHA
0.04 0.10

bellus L

1.56 2.62 0.91 2.31LPinnotheridae

Grapsidae
0.01 < 0.01

L~~ra~31s sp.

INSECTA
0.01 0.02A

PSOCOPTERA
0.01 < 0.01A

NEMATOCERA

ECTOPROCTA
0.02 0.02 1.58 0.46LGYMNOLAEMATA

J A 0.23 1.13
CHAETOGNATHA

J A 0.21 4.32
0.01 0.21J AS. 4~g~j~s

LARVACEA

~j9Ele~3ra sp. 3 A 0.06 0.02 5.72 3.93

0.16 0.09 0.10 0.79
TELEOSTEI E L

0.01 0.10
Cottidae L

5.97 0.34 14.80 7.12
UNIDENTIFIED EGGS E
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at Carison Point, Hood Canal, Washington, during the 1979 juvenile
chum salmon outmigration.
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3.2.8 Standing Crop of Neritic Organisms

The mean total standing crop from the 1978 neritic samples was
0.026 ± 0.015 g/rn3, 0.840 g/m3 in late April, decreasing to 0.050 ±
0.051 g/rn3 by early June.

Based on standing crop, Pseudocalanus was the only predominant cala—
noid in early February (Fig. 22). In late April, Pseudocalanus had in
creased and Calanus, Pseudocalanus and calanoid eggs were abundant in
surface waters (Fig. 22a). But by early June the standing crop of all
but Calanus had declined in both surface and 15—rn deep oblique
collections.

3.3 Evidence and Characteristics of Prey Selectivity

Size selection of harpacticoid copepods and gammarid amphipods by
juvenile chum salmon was readily apparent. As a representative illus
tration, the mean length of harpacticoids sampled by epibenthic pump in
late April 1977 at Brown Point was 0.72 ± 14 nun while those consumed by
beach seine—caught chum were 1.0 ± 0.22 mm and those consumed by townet—
caught chum were 1.20 ± 11 mm in length (Fig. 23). In some instances
the largest harpacticoids consumed by the chum were completely out of
range of those sampled by the plankton pump. This suggests that either
(1) the epibenthic plankton pump was completely unable to sample harpac—
ticoids much larger than 1.0 mm in length, (2) the large harpacticoids
were not available within the shallow sublittoral habits sampled by the
pump (i.e., in the epibenthos deeper than —1 m or in neritic habitats),
or (3) such large harpacticoids are so rare than our limited sampling
area and frequency did not adequately assess their distribution and
abundance. The prospect of sampling bias would seem to be negated by
the fact that larger, even more mobile fauna, such as gammarid amphipods
and isopods, were effectively sampled by the pump. Neither does the
literature on harpacticoid distribution or our neritic sampling support
the argument of chums foraging upon harpacticoids outside of shallow
sublittoral habitats. Thus, we conclude this size difference to be an
effect of juvenile churn selecting an extremely rare component of the
epibenthic plankton community rather than a sampling bias.

The mean harpacticoid sizes were typically larger in the stomach
contents of juvenile chum caught in neritic waters than from those
caught in shallow sublittoral habitats. This may reflect size selective
predation as a function of predator size since the chums caught in neri—
tic waters with the townet averaged 7 mm larger than those caught in
shallow sublittoral habitats by the beach seine (Fig. 23).

There was also some evidence, though far from conclusive, that
intense size—specific predation was depressing the mean size distribu
tions of harpacticoids during the peak outmigration period of juvenile
chum (Fig. 24), suggesting overexploitation of the larger size component
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of the prey resource. This cannot be verified, however, without more
complete knowledge of the species composition and life history patterns
of the prominent harpacticoid copepods.

Size—selective predation upon gammarid amphipods was also sug
gested, although sample sizes for measurable organisms in the contents
of chum fry stomachs were not sufficient to compare with individual epi—
benthic plankton samples. In one instance, May 18, the size distribu
tion of amphipods consumed by chum fry contained distinctly larger amphi—
pods (Fig. 25). Unlike harpacticoid copepods, gammarids did not decline
in mean size during the peak outmigration period of juvenile chum in
Hood Canal.

Size—selective predation of gammarid amphipods could also be in
ferred from prey species composition in the stomach contents_of juvenile
chum. The larger gainmarids, including Calliopiella pratti (x biomass/
individual = 0.4 mg), Pontogeneia sp. (x = 0.6 mg), and Ischyrocerus sp.
(x = 0.2 mg), were the principal species consumed while the most abundant
amphipod species in situ were much smaller, i.e., <0.1 mg/individual.

Feeding behavior of juvenile chum in neritic waters also appeared
to be highly selective. Comparisons between prey spectra of chum and
surface (where the fish were assumed to feed) neritic zooplankton col
lected in June and July 1978 generated overlap indices of 40.1 and 49.4,
respectively (Table 16). Larvaceans (Oikopleura sp.), chaetognaths,
fish eggs, juvenile euphausiids and shrimp, and hyperiid amphipods
(Parathemisto pacifica) were apparently selected preferentially by the
chum salmon. Calanoid copepods, even though they were the principal
prey, were not preyed upon in proportion to their abundance. When spe
cies and size frequency distributions of calanoids in the prey spectra
of the juvenile chum and the environment are compared, however, selectiv
ity for large calanoid species is quite apparent (Fig. 26; see also
Figs. 11 and 12). The two largest species, Calanus sp. and Epila—
bidocera amphitrites were extremely rare in the daytime, neritic zoo—
plankton collections as compared to the abundant but smaller Pseudocala—
nus, Paracalanus, and Centropages, and cyclopoid copepod, Corycaeus sp..

There are a number of alternatives to these selectivity curves: 1)
The bongo net and sampling design do not representatively sample the
plankton community in the top 3 m of the water column, e.g., zooplank—
ters avoid the net; 2) the townet collections do not capture fish feed
ing in the surface plankton community; or 3) the daytime composition of
the plankton community is not spatially or temporally characteristic of
that in which the chum fry have fed. Of these hypotheses, the first two
are the least plausible: The capture of highly motile crustaceans such
as hyperiid amphipods in the bongo net and the townet’s effective cap
ture of marked chum fry suggests that inefficient sampling by the bongo
net and townet will not explain these discrepancies. The most valid hy
pothesis, therefore, is that the chum fry collected by the townet had
fed either in a deeper stratum where larvaceans, hyperiid amphipods, and



70

— 19 MAY BRONN POINT PLANKTON N= 100
9.---- 18 MAY CARLSON PT. CHUM Nz 75 X~43~3i195~

UI
ci 8

Lii 7

6

~: :
L~_J / ,‘~! ‘~ ,‘ ~A\ j•\ ‘Us /S~I

1 - Jr I

1 2 3 4 5 6 7 8 9 10 11 12 13

CARAPACE LENO~TH IN MM

Fig. 25. Gammarid amphipod size (carapace length) distributions from
the epibenthic zooplankton community (solid line) and in the
stomach contents of juvenile chum salmon (dashed line) in
Hood Canal~ Washington, mid—May, 1977.
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large calanoid species were more abundant, or the fish limited their f or—
aging to dusk and dawn when that plankton community had vertically migra
ted closer to the surface. Stober and Salo (1973) illustrated that 87%
of the juvenile chum salmon migrating through northern Skagit Bay were
near the surface (<3 m), while 10% occurred at 9 m and 3% were 18 m.
Cooney (1971), Damkaer (1964), and Frost (Dept. Oceanography, University
of Washington, unpublished data) provide evidence that Calanus are typi
cally most abundant in the diffuse scattering layer which usually occurs
deeper than 50 m during daylight in Hood Canal. Although Marshall and
Orr (1955) provide strong documentation of the diel vertical migration
of this genus, the behavior of the Hood Canal population is not well
known, so it will require further, more detailed sampling to determine
whether these zooplankters migrate into surface waters, within range of
the predominantly crepuscular—feeding chum fry, or the chum are actually
feeding in deeper strata. It would appear from Damkaer’s (1964) collec
tions in Dabob Bay, while limited to December 1960, that there was some
diel migration of Calanus, although the highest densities still resided
well below the pycnocline (vertical density stratification). Of the com
mon prey species, only Epilabidocera, a large neusstonic, swarming cala—
noid, occured predominantly in the surface waters: the smaller species
which were not fed upon by juvenile chum salmon, i.e., Pseudocalanus sp.
and Paracalanus sp., occurred primarily in the surface layers and
Coryceaus sp~ to just below the pycnocline. Thus, if the calanoid cope—
pod taxa exploited by the chum were consumed within the top 5 m of the
water column, their densities were orders of magnitude lower than the
smaller calanoid taxa. Unless the chum were feeding upon the larger
calanoids below the pycnocline, which we feel is unlikely, the implica
tion of high selectivity toward large zooplankton is substantiated even
during periods when the juvenile chums and their prey overlap spatially
at night.
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4.0 DISCUSSION

4.1 Relationship Between Migration Behavior
and Prey Resources

The migration behavior of juvenile chum and pink salmon, in terms
of residence in shallow sublittoral and neritic habitats and speed of
outmigration through northern Hood Canal, appears to be related directly
to the availability and density of preferred food organisms. Juvenile
chum and pink salmon entering the Canal early in the outmigratiofl period
(February—March), especially native chums and pinks <40 mm FL, encounter
a relatively impoverished state of prey resources in both shallow sublit
toral and neritic environments. The very short residence times (rapid
outmigration rates) documented for these small juvenile chum during this
period suggest that one behavioral response to low prey availability
might be immediate migration out of the canal. Salo et al. (1980)
estimated migration rates of 13 km/day for marked chums in February and
March 1977. Migration rate estimates for the same months in 1978 were
considerably slower, 4 km/day in February 1978 and 5 km/day in March.
Prinslow et al. (1979) hypothesized that the slower migration rate
during 1978 may have been an artifact arising from the newly—installed
security lighting at an extensive pier facility on the Bangor Naval
Base. The expanded mark—recapture studies in 1979 showed a definite
decline in migration rate (increased residence time) as the outmigration
developed: 8 km/ day in February, 14 km/day in March, 7 km/day in
April, and 3 km/day in June (Salo et al. 1980).

It appears that even larger chums (e.g., those fed and released by
hatcheries on Hood Canal) are behaviorally inclined to feed initially
upon large epibenthic organisms such as gammarid amphipods in the
absence of large neritic zooplankters, i.e., Calanus copepods. These
larger chums may vary their migration rate according to the availability
of the larger neritic zooplankters such as Calanus and Epilabidocera.
Salo et al. (1980) described marked chum (48—53 mm FL) released from the
WDF Hoodsport hatchery as migrating at a rate of approximately 8 km/day
in April compared to 5 km/day in June. The preliminary results of a
similar experiment conducted during May 19—23, 1980 indicated a similar
migration rate (8 km/day), although the majority of the released fish
remained in the southern Hood Canal area for 4 days after release and
congregated in the estuarine delta at the mouth of the Skokomish River
(personal communication, C. Whitmus, FRI).

Although they initiate feeding upon epibenthic zooplankton in the
shallow sublittoral habitats, schools of juvenile chums appear to dis
perse at night and move slightly offshore (Schreiner et al. 1977).
Until reaching 45—50 mm fork length, however, they continue to migrate
through shallow sublittoral habitats during the day. Juveniles that con
tinue to reside and grow in Hood Canal, including predominantly those
immigrating into the Canal after April (Salo et al. 1980), gradually
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shift from feeding upon epibenthos to feeding on neritic organisms
(Figs. 8 and 9).

While the mechanism(s) explaining the transition from epibenthic to
neritic feeding has not been firmly established, one hypothesis relates
prey size as a function of the ontogeny of the juvenile salmon during
their outmigration (Foskett 1951; Okada and Taniguchi 1971; LeBrasseur
1969). Our data indicate that the Hood Canal chum fry 30—45 mm in
length feed extensively upon the small, densely distributed harpacticoid
copepods, appearing to select the largest copepods available. This is
consistent with much of the recent literature for other zooplanktivorous
fish species (Brooks and Dodson 1965; Confer and Blades 1975; Werner and
Hall 1974; Galbraith 1967), but contrary to the findings of Feller and
Kaczynski (1975) who documented selection for the smaller fraction of
the available size distribution of harpacticoids, as measured using an
epibenthic pump. As Feller and Kaczynski examined mostly smaller fish
(33.0 — 52.3 mm FL) than we did, the apparent selection they observed
may represent the lower extreme in a rapidly changing size selection on
the part of the rapidly growing salmon fry. An alternative explanation
is that the two epibenthic pumps had opposite biases in sampling repre
sentative size distributions. Composition of the two harpacticoid size
distributions, however, indicated no differences. Another investigator
(B. Marcotte, McGill University, personal communication) has acquired
evidence that the visual focal point of juvenile salmonids may actually
migrate from a ventral (epibenthic) orientation to dorsal (neritic)
orientation during their early ontogeny.

Another explanation of the transition from epibenthic to neritic
feeding is suggested by the apparent depletion of harpacticoid copepod
populations (Fig. 19). During some periods the juvenile chums may en
counter a declining frequency of preferred (size) epibenthic zooplank—
ters and as an option to rapid migration along the shallow sublittoral
zone may search for similarly—sized prey in adjacent neritic waters.
This hypothesis, however, does not account for the usually consistent
size demarkation between epibenthic and neritic—feeding fish found by
ourselves and others (Okada and Taniguchi 1971).

A third explanation for the transition from shallow sublittoral to
neritic habitats is that the shallow sublittoral habitats, with their
eelgrass and algae meadows, offer the smaller juvenile chums an impor
tant refuge from predation. Empirical evidence of extensive predation
by potential predator species is not supported in either neritic or
shallow sublittoral habitats of northern Hood Canal (Simenstad and
Kinney 1978; Salo et al. 1980). However, it may not be necessary for
the juvenile chums to sustain actual predation in order to maintain such
migratory behavior by e.g., perceived predation (the visual presence of
a potential predator species) may be sufficient.

We believe most probable mechanism responsible for the transition
between shallow sublittoral and neritic habitats is the combined
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influence of prey selectivity, resource depression and predator avoid
ance the juvenile chum disperse into the adjacent neritic waters at
night in order to exploit the larger and more abundant prey but shift
back into the shallows during the day to avoid predation in the neritic
habitat. If epibenthic resources are significantly depleted these juve
niles must then rapidly migrate further to other shallow sublittoral
habitats with adequate prey resources, if available. Thus, even though
there may be neritic prey of significant densities and proper sizes to
sustain growth, chum fry <45—50 nun (fork length) may be constrained by
predators to migrate through and feed within the shallow sublittoral
region where prey resources may be depressed or of inadequate sizes for
optimal feeding. Thus, depending upon fish size, residence time may be
a function of prey abundance in both epibenthic and neritic zooplankton
communities. Healey (1979) illustrated rather consistent foraging upon
harpacticoid copepods throughout the chum fry outmigration through the
Nanaimo River estuary. Residence time in that estuary was considered to
be relatively short and would therefore have been confined to epibenthic—
feeding fish. Healey also documented that the principal harpacticoid
consumed by the chum fry was a comparatively rare species, Harpacticus
uniremis, which Sibert (1979) noted to be reasonably large (1.5 mm) and
distinctively marked as adults. Both Healey and Sibert suggested that
the residence and productivity of chum fry in the Nanaimo River estuary
was linked in some way to the production of just H. uniremis.

4.2 Importance of Nearshore Habitats and
Particular Prey Assemblages

As illustrated in Hood Canal and estuarine and nearshore marine re
gions of southern Puget Sound (Kaczynski et al. 1973; Fresh et al. 1979),
Northern Puget Sound and the Strait of Juan de Fuca (Miller et al. 1980),
and the Strait of Georgia (Healey et al. 1976; Mason 1974; Sibert et al.
1977; Healey 1979; Levy et al. 1979), epibenthic crustaceans such as har—
pacticoid copepods and gammarid amphipods which characterize shallow sub
littoral habitats constitute essential prey resources for juvenile chum
salmon <40—45 mm fork length. The highest standing stock estimates of
these organisms generated in our Hood Canal studies occurred at Devil’s
Hole Delta, a broad, eelgrass covered delta, where the densities of epi—
benthic crustaceans were usually appreciably higher than at the more ex
posed, current swept habitats at Carlson and Brown Points. This differ
ence is probably attributable to the high standing stock of harpacticoid
copepods specifically associated with the eelgrass, e.g., harbored upon
the blades or epiphytic flora of the eelgrass plants or associated with
the detritus which tends to accumulate about the base of the plant and
its rhizomes.

In a survey of epibenthic zooplankton in 17 habitats, Simenstad et
al. (1980) found the highest densities of harpacticoid copepods (239,825
± 34,042/m3) in a thick stand of eelgrass in a semi—protected embayment
along the Strait of Juan de Fuca; this density was 4 times higher than
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in an adjacent sand habitat without eelgrass. This also supports
Kikuchi (1974), who documented the importance of eelgrass beds as
habitat for epibenthic macrofauna. Whether or not the eelgrass—
associated harpacticoids are particularly utilized by chum fry has not
been determined although we have observed dense schools of chum fry
feeding upon and among the eelgrass blades.

The standing stock of gammarid amphipods, on the other hand, ap
pears to be higher in more current swept habitats with coarser (more
gravel) substrates, as typified by the gammarid assemblages at Brown
Point. Since gammarids are the principal prey organisms of large (45
60 mm fork length) epibenthic—feeding chum early in the outmigration
period, these habitats also play a role in providing requisite prey
resources. Of importance is the fact that the principal species of
gammarids consumed by chum and pink fry tend to be detritivores which
are nestling or tubicolous on algae (see Simenstad et al. 1980, Appendix
B). Thus, the extensive growths of marine macroalgae (Laminaria,
Agarum, Ulva) which often typify more current swept, shallow sublittoral
habitats contribute significantly to the standing stock of gammarid
amphipods.

The neritic habitat, with its abundance of large zooplankters, in
cluding calanoid copepods, euphausiids, hyperiid amphipods, and larva—
ceans, is the principal foraging habitat of juvenile chum >50—55 mm fork
length (especially hatchery—produced fish later in the outmigration per
iod, i.e., mid—April through early July). Our knowledge of the distri
bution, structure and ecology of the preferred prey species is far too
limited to directly infer the foraging behavior of the chum juveniles
but it appears that they feed most intensively in a crepuscular manner
upon large, diel—migrating calanoid copepods (Calanus sp.). Daylight
feeding appears to be supplemental and restricted to a few large zoo—
plankters (e.g., the calanoid copepod Epilabidocera amphitrites and the
hyperiid amphipod Parathemisto pacifica), smaller calanoids (e.g., Pseu—
docalanus and nauplii) and cyclopoids (e.g., Oithona) which characterize
the neuston community. The principal contribution to the prey of neri—
tic—feeding fish would then appear to originate from vertically—migra
ting calanoid populations, suggesting that these components of the
diffuse—scattering layer community may be the more limiting resource
than the abundant, but much smaller zooplankters co—occurring with the
juvenile salmon.

4.3 Mechanisms, Function, and Significance
of Prey Selection

The high degree of prey selectivity (at least as a function of prey
size, if not taxa) apparently exhibited by outmigrating juvenile chum
salmon is undoubtedly a function of a number of predator and prey
characteristics which interact, usually in consort, throughout the
process of prey acquisition, from search and detection to manipulation
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and ingestion (Hyatt 1979). Thus, the ingested prey spectrum is a
result of the integrated product of such predator characteristics as
visual acuity, mouth, jaw, and gill raker morphology and swimming
ability and prey variables such as size, shape, color, contrast, move
ment, and avoidance response. As with many planktivorous fishes which
have prey spectra composed of organisms larger than represented in the
foraging environment (Hrbacek 1962; Brooks and Dodson 1965; Galbraith
1967), our collections of juvenile chum and pink in Hood Canal indicated
that they consumed only the largest of the “available” epibenthic and
neritic zooplankters. In the case of the harpacticoid copepods, they
even captured animals which were larger than we found in situ.

The mechanisms potentially responsible for this selection include:
1) the greater visual perception of large, high contrast, or active prey
as compared to small or, less conspicuous prey; 2) more effective escape
responses by the small prey; 3) mouth or gill raker morphology of the
juvenile chums which limit the retention of small prey; and 4) bioener—
getic balancing of pursuit, handling and capture expenditures with the
energy obtained from the different prey sizes. While many of these
mechanisms have yet to be tested under controlled situations, LeBrasseur
(1969), LeBrasseur et al. (1969) and Koeller and Parsons (1977) illus
trated that juvenile salmon had greater difficulty obtaining a required
daily ration when consuming small prey (copepods Pseudocalanus minutus,
Paracalanus parvus, Corycaeus anglicus) than when consuming larger prey
(the copepods Calanus plumchrus and Centropages abdominalis), even if
the smaller prey were orders of magnitude more abundant than the larger
ones. The principal consequence of this relationship would be increased
foraging time foi~ juvenile salmon when the optimally—sized prey are
absent or scarce (LeBrasseur 1969) or, in terms of our conceptual model
of outmigrating juvenile chums and pinks, more rapid migration rates and
decreased residence time. What little data we have on total marine sur
vival rates, as described in the introduction, would suggest that extend
ed estuarine residency provides a greater survival advantage than rapid
outmigration. Salo et al. (1980), however, have documented high esti
mates of early marine mortality for juvenile chum salmon migrating
through Hood Canal in February 1978 and 1979, 0.71 and 0.56 for the
first two days of marine existence, respectively. How these rates
relate to the total marine mortality rate cannot be determined without
more extensive research and analysis of existing data.

4.4 Estimated Surplus Carrying Capacity of Hood Canal
for Pink and Chum Fry

The argument for prey resource limitation regulating the number of
juvenile chum which can successfully rear in Hood Canal rests upon a
number of assumptions which are supported, to various degrees, by the
existing data:
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1) The salmon fry are morphologically and bioenergetically con
strained in the sizes and species of prey organisms which they
can consume and still obtain a daily ration sufficient to
maintain growth;

2) The response of the outmigrating fry to inadequate prey compo
sition or density is an increased migration rate which reduces
marine surviva’, and

3) The availability of these “optimal” prey resources is finite
and a function of time and the recent history of predation by
outmigrating salmon fry and other planktivorous predators.

Valid estimation of carrying capacity would therefore require
determination of a) proportional representation of preferred prey organ
isms of the overall plankton community, b) the density and standing crop
of prey necessary for fry to sustain growth, and c) areal and local ver
tical and horizontal distribution of prey and juvenile salmon. While we
have made some progress in the documentation of (a) and (b), we can see
that our basic lack of knowledge of the distributions of predator and
prey and of the functional relationships underlying the foraging process
severely restrict our ability to realistically estimate the carrying
capacity at this stage. The following are, therefore, our first order
approximations and will require further refinement pending the result of
more directed research.

4.5 Epibenthic Carrying Capacity

In calculating the estimate of harpacticoid copepods available for
consumption (in addition to those already consumed by existing fish) we
have utilized the density estimates (converted to no./m2) at Carlson
Point in 1978 and, even though the epibenthic pump did not capture high
numbers of large harpacticoids, we have adjusted these density estimtes
by the biweekly proportions of harpacticoids >0.75 mm in length, the
apparent preferred size range of harpacticoids consumed by juvenile chum
(Fig. 22).

An average wet weight of 20 jjg/harpacticoid was used to generate
estimates of average wet biomass from the biweekly density estimates.
The daily ration for February—March was estimated to be 25% of body
weight per day for fish 35—40 mm FL (0.50 g) and 20% of body weight per
day for fish 40—50 mm FL (0.90 g) in April through June (1.00 g). The
area of Hood Canal available for epibenthic feeding salmon fry was esti
mated to be 1.7 x 106 m2 based on an average 10 m band of shallow sub—
littoral—eelgrass habitat, including river deltas, which characterize
the shoreline of the canal between the Skokomish Rivers delta at the
southern end and Foulweather Bluff at the northern end. Although this
region of the shallow sublittoral zone varies in width between 1—m to
hundreds of meters at river deltas, the 10—m average is probably a good
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first—order approximation. In addition to harpacticoid copepods which
composed 50% to 75% of the prey of epibenthic—feeding churns, gammarid
amphipods, cumaceans, ostracods, and juvenile shrimp were included in
the total estimate of the available standing crop of epibenthic prey
(Table 17). Other than garnmarids, we had little indication of size—
selective predation on these organisms and we assumed that the total
“surplus” standing stock may be available for consumption by the juve
nile salmon. Our use of the term “surplus” acknowledges the fact that
the pump samples were collected from an epibenthic community already
under some predation pressure by juvenile salmon and a variety of other
nearshore, epibenthic—feeding fishes and macroinvertebrates.

In generating an estimate of the carrying capacity for epibenthic—
feeding juvenile salmon we made the assumption that residence of at
least two weeks in Rood Canal was desirable because under adequate feed
ing conditions two weeks of growth would amount to approximately 20 mm;
thus, allowing 30—35 mm FL fish to develop to the stage that they would
be able to effectively feed upon neritic organisms. Our usual two—week
sampling interval, therefore, facilitated this estimate by providing
standing stock estimates of prey prior to the desired residence period.
Total production of prey was determined for the biweekly residence
period by extrapolating from a (biweekly) turnover ratio (TR)* of 0.38,
which was derived from an annual TR value of 10 recommended by Sibert
(1979).

Based upon our biweekly (except for the month of May) production
estimates of available prey (Table 18), the maximum number of additional

Table 17. Standing crop of epibenthic organisms constituting preferred
prey of epibenthic—feeding chum and pink fry over 1978 out—
migration period.

Standing Crop
(mg/rn2)

Harpacticoid Gammarid Juvenile
Date copepods amphipods Cumaceans Ostracods shrimp Total

Feb 21 58 744 1 4 12 761

Mar 7 81 132 4 8 49 193

Mar 21 186 107 20 8 36 171

Apr 6 242 148 53 11 20 232

Apr 17 82 137 39 8 25 209

Mayl 33 60 9 8 61 138

May31 29 40 8 9 19 76

Jun14 20 39 5 11 9 64

Jun 28 19 32 <1 8 <1 40

Turnover ratio, TR (production + mortality) standing crop.
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epibenthic—feeding juvenile chum salmon which could acquire an adequate
ration in Hood Canal over a two—week period was estimated to be 1.10 x
iO6 and occurred just prior to an influx of chums into the Canal
(Fig. 19), when predation upon the epibenthos was minimal. The major
proportion of the prey standing stock at this time was contributed by
amphipods (Table 17). The small (30—35 mm FL) naturally—spawned juve
nile chums which entered Hood Canal at this time may not have been cap
able of fully utilizing the large gammarid amphipods and the surplus
carrying capacity may be more on the order to 3.0 x 106 fish based on
the abundance of the other prey taxa. The marked decline in gammarids
between February 21 and March 7, however, may be a result of intense
epibenthic predation by the juvenile chums. But, again, lack of
detailed information about the life history and population ecology of
these gammarid amphipods prevents us from determining whether predation
is a probable cause for the observed decline. If gammarids were readily
available as prey, the rapid outmigration would appear to be unrelated
to the standing stock of preferred prey items at this time.

Prey production did increase through March, when juvenile chums
were scarce, but began declining again as both the total harpacticoid
production and the proportion of large harpacticoids began dropping in
April. By late June the estimated surplus carrying capacity of the
shallow sublittoral habitats had dropped to less than 0.1 x 106 fish.

On a per—unit—basis, this maximum carrying capacity (0.65 fish/m2)
is approximately one—third the density (2.10 fish/rn2) of juvenile chums
documented for the Nanaimo River estuary during the period of maximum
population of juvenile churn (Healey 1979), although Healey suggested
that at this time there was a food shortage and residence times had
begun to decline.

As previously mentioned, these estimates are compromised by the fact
that they are based upon epibenthic zooplankton communities under preda
tion by both salmon fry and other epibenthic zooplanktivorous organisms.
In Hood Canal the latter category would include juvenile English sole
(Parophrys vetulus), tube—snout (Aulorhynchus flavidus), and a variety
of nearshore sculpins (Family Cottidae, including Oligocottus spp.,
Leptocottus armatus and Clinocottus spp.) and shrimps (Heptacarpus
spp.). And it is highly probable that, although the density of epiben—
thic—feeding salmon fry usually begins declining by mid—May, the popula
tions of non—salmonid predators are by that time expanding in the shal
low sublittoral environs and may be responsible for the continuing
decline in the standing stock of epibenthic prey. The only effective
method to discriminate the predation influences of the various epibenthic
planktivores would involve in situ inclusion and exclusion experiments
and would also allow a “natural” (unexploited) population development in
the harpacticoid copepod community. Monitoring of population density
and life history stages in such an unexploited community would provide a
direct comparison with the communities we hypothesize to be depressed
and restructured by predation. Until these or equivalent experiments
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are conducted, we have no assurance that we have not monitored a multi
tude of natural species and life history stage fluctuations in the har—
pacticoid community. This problem of interpretation does not, however,
alter our estimates of the relative availability of an appropriate size
spectrum of epibenthic prey to juvenile chums; it does pose the question
of whether or not these organisms were consumed beyond the capacity of
their populations to be replaced by growth and recruitment. The fact
that the juvenile chums are so size—selective in their feeding upon
harpacticoids (we have observed egg—bearing females to be especially
prominent) suggests that the natural population development of harpacti—
coids may be affected during the outmigration of juvenile salmon.

4.5.2 Neritic Carrying Capacity

Considering our restricted sampling of the neritic zooplankton
community, direct estimation of the potential carrying capacity for
neritic—feeding chum and pink is impossible. Samples processed were
limited to three, widely spaced sampling dates (February 6, April 27,
June 5, 1979) and we have virtually no information on the vertical or
temporal distribution of prey in the water column or on the vertical
feeding behavior of the salmon fry. The importance of this information
gap is evident when we consider that the preferred prey, Calanus sp.,
were consumed by the salmon fry on a crepuscular periodicity, when the
calanoids may have migrated vertically into the feeding realm of the
salmon. Unfortunately, we have neither estimates of Calanus density
during the period when they were presumably available near the surface
of the water column nor estimates of the standing stock of the Calanus
population in the diffuse scattering layer (much less an idea of the
proportion which vertically migrates each diel period).

Using our daytime collections in the surface water, where the sal
mon fry are assumed to feed, we have generated order—of—magnitude esti
mates of the carrying capacity based upon the densities of the five
principal prey of neritic—feeding salmon (Table 19). The same basic
assumptions concern~ing desirable residence time (two weeks) and daily
production used for the epibenthic feeding fish were also applied to the
neritic fish. They were also assumed to be fully recruited to the neri—
tic waters at 50 mm FL. Daily rations were estimated at 15% of total
body weight for 50—60 mm FL (1.5 g) fish the first week and 10% for 60—
70 iinn FL (2.5 g) fish the second week of residence. Extrapolating over
the top 10 meters of the water column, the carrying capacity was esti
mated to be 0.01 fish/rn3 in early February, and late April and 0.03
fish/rn3 in early June. With a rough estimate of 100 x 107m2 neritic
feeding area in Hood Canal north of the Skokornish River delta, these
estimates project to range from 1 to 7.1 x 106 neritic—feeding juvenile
salmon which could be supported over a two—week period in Hood Canal at
these times. We have no way of knowing how the supposed diel availabil
ity of Calanus would change these figures, but based upon Damkaer’s
(1964) data, it would not be unreasonable to consider them an underesti
mate by at least an order of magnitude.
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4.5.3. Relationship between Carrying Capacity Estimates
and Chum Salmon Outmigration

These estimates of the total carrying capacity inherently assume
uniform distributions of salmon fry and prey which is more than likely
an invalid assumption. Juvenile chum and pink salmon, especially those
feeding in the shallow sublittoral zone, tend to aggregate in dense
schools during daylight; schools of up to tens of thousands of fry may
be present during the peak of the outmigration (Bruce Snyder, FRI,
personal communication). Similarly, harpacticoid copepods, gammarid
amphipods and some calanoid copepods (Epilabidocera) are known to swarm
in dense patches, although the mechanisms responsible for aggregation
are relatively unknown. Such patchy distributions of predator and prey
may functionally reduce the carrying capacity, depending upon the fre
quency of prey encounter by the schools of salmon fry and the density,
size and distribution of the prey swarms. Eggers (1975) has theorized
that while schooled predators have a greater probability of encountering
a patch of prey (due to the greater total visual field of the school)
large schools of predators would have to encounter a large number of
prey patches, if these patches were small, for all members to receive an
adequate ration. Considering the offsetting efficiencies of large
schools preying upon small or large patches, it is probable that the
effects of patchy predator and prey distributions balance out over the
course of the outmigration.

These results suggest a number of strategies which could be advanced
for optimizing the carrying capacity of Hood Canal for juvenile chum and
pink salmon, since the variables influencing the foraging and migrating
behavior of the juvenile salmon——time, size and density of release——are
all manipulated by the artificial propagation facilities which liberate
20 to 40 x 106 juvenile chum salmon into the canal each year.

The relationship between our estimates of surplus carrying capacity
of epibenthic—feeding chums and the total abundance of juvenile chum sal
mon in Hood Canal during the 1978 outmigration is illustrated in Fig. 27;
the three estimates of the carrying capacity of neritic—feeding fish gen
erated from the 1979 outmigration are also denoted. Weekly introduc
tions of chum into the canal were derived from the sum of hatchery re
leases (Appendix C, Table 1) and estimates of naturally—spawned fry; the
latter were based upon 1) Washington Department of Fisheries (WDF) es
capement figures for 1978 (James Ames, WDF, personal communication), 2)
50:50 male:female ratio, and mean fecundity values of 3364/female, 3259/
female for early and late Hood Canal stocks (Koski 1975), 3) 1.5% egg
retention and 4.25% survival to emergence (Hunter 1959), and 4) a mean
45% outmigration survival (Hunter 1959; Fresh et al. 1980). Residence
time was calculated on a weekly basis using Salo et al.’s (1980) emigra
tion rate estimates and an assumed 78 km migration out of the Canal;
daily survival during this period was calculated to be 0.69, based upon
the survival rates of 0.51 for 2 days and 0.20 for 4 days documented ex
perimentally during FRI’s 1980 studies (Nic Bax, FRI, unpublished data).
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The majority of the epibenthic—feeding juvenile chums which entered
Hood Canal early in the 1978 outmigration were naturally—spawned “early
run” fish as hatchery—propagated juveniles were not introduced into Hood
Canal until late March. By our results, the small fish (40—49 mm FL)
released from the hatcheries in early— to mid—April would also consume
epibenthic organisms. It is at this time, though, that the epibenthic
carrying capacity begins to decline dramatically, suggesting that up to
2 x 106 fish (per week) abundance may have been encountering declining
prey resources at this time. From the existing information, we cannot
determine whether they were the predators which were inducing the decline
in epibenthic prey or whether it was due to 1) other predators, 2) a
natural decline in epibenthic production or 3) the latent results of the
foraging by the native fish during earlier months. We suggest, however,
that introductions of juveniles 30—45 mm FL in size at this time in the
outmigration would be exceeding the capacity of the shallow sublittoral
epibenthos to support them. Releases of such small fish in early
February, however, might be productive considering the high surplus of
epibenthic prey apparently available at that time, although the fish
should be of a size range which can effectively utilize gammarid amphi—
pods, the dominant epibenthic prey at that time. Excessive overlap with
native juveniles, however, may not be desirable and further research
into the abundances of native outmigrants and their migration rates
would be necessary before such a strategy is seriously implemented.

It could be inferred, however, that introduction of small, epiben—
thic—feeding juvenile chums and pinks after early May would not be pro
ductive from the standpoint of the depressed densities of preferred prey
after that time. This would suggest that releases from egg box incuba
tors, which allow the volitional emigration of the juveniles into estu—
anne and marine waters, should not be designed around stocks naturally
migrating at a time when the epibenthic prey populations are low or
naturally—spawned juvenile chums and pinks were abundant. At least, the
potential decreased survival rates suggested to result from such re
leases should be taken into consideration when assessing the cost—bene
fit ratios of egg box incubator systems.

Furthermore, the manipulations of conventional hatchery releases
should be considered in the context of the costs of the various options
(e.g. x days feeding before release, volitional or nocturnal releases)
versus the estimated costs or gains in survival which could be predicted
to occur as a function of the projected carrying capacity at that time.
This may be especially important in the case of neritic—feeding juven
iles, whose migration behavior may be closely linked to unique prey
resources such as Calanus and Epilabidocera, hyperiid amphipods, and
larvaceans.

The most direct way to implement such an evaluation of hatchery re
lease strategies is, of course, to conduct full scale production releases
in the framework of an experimental design which incorporates the moni
toring of growth, behavior and survival of outmigrating juvenile chum
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and pink salmon and the structure and standing stock of their prey
resources. All these release strategies and experiments are predicated
upon the relatively precise measurement of estuarine and marine survival
rates, something that is seldom documented, diffucult to assess, and
even less frequently incorporated in hatchery management policies at
this time for these reasons. We are at a stage in the science of sal—
monid propagation where, if we are to implement effective enhancement
programs, we must reach the point where we can implement production—
scaled, structured experiments based upon testable hypotheses concerning
predicted survival rates of alternate hatchery release strategies.

In addition to adjusting total release timing and density to the
relative availability of preferred prey, spreading the individual re
leases out over an extended time period might reduce the mean size of
the migrating schools, thus reducing the potential for short—term prey
depletion. It might also be argued that a diverse size distribution of
the released fry would minimize overexploitation of a single size or
taxa of prey. Precise monitoring of preferred prey populations, al
though expensive, would allow even more control of the foraging pressure
such that releasing fry during periods of reproductive intensity or high
densities of egg—bearing female prey organisms may be avoided in order
to ensure sufficient generations of prey for subsequent releases.
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5.0 RECOMMENDATIONS

As ever, descriptive research of the type described in this report
usually results in many more questions and hypotheses than were raised
initially. The following recommendations address further research ne
cessary to illucidate the mechanisms affecting the foraging and migra
tion behavior of juvenile chum and pink salmon, the dynamics of their
zooplankton prey communities and the interactions between these preda
tors and their prey. Subsequent postulation and testing of alternative
hypotheses, as a consequence of the limited carrying capacity hypothesis
presented here, are imperative to the formulation of hatchery release
strategies based upon optimum conditions for growth and survival during
the early marine residency of salmon. The following are recommended:

1. While we now have a picture, though unclear in many areas, of
the prey taxa utilized by outmigrating juvenile chum and pink
salmon, our knowledge of the population dynamics and life his
tory of the organisms is extremely limited. Proper interpreta
tion of the predator—prey interactions between these organisms
and the foraging salmon requires detailed ecological studies of
the principal prey communities (harpacticoid and calanoid cope—
pods and gammarid amphipods) and manipulation experiments to
differentiate the effects of predation upon their population
structure.

2. Although we have examined the foraging and migration behavior
in shallow sublittoral habitats, we have no detailed data on
the distribution and movement of juvenile salmon in neritic
waters. This is an especially critical gap in terms of the
location and feeding chronology in this habitat. A series of
diel, depth—stratified collections should be conducted at sev
eral periods during the outmigration and be coordinated with
similarly structured sampling of the neritic zooplankton
community.

3. Considering the magnitude and expense involved in mark and
recapture studies and the apparent feasibility of enumerating
daily growth rings on otoliths, an experiment should be conduc
ted to test the applicability of using otolith microstructure
as an indicator of growth and residence time of juvenile salmon
in estuarine and nearshore environs. Marking of the otolith
with oxytetracycline or alazarin red organic dyes prior to
release of juvenile salmon should also be investigated as a
method of permanently fingerprinting the juveniles at various
stages in their freshwater rearing.

4. Our hypotheses of low survival for juvenile chum salmon which
have short residence times in Hood Canal is based upon a meager
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data set from Big Beef Creek. This information requires analy
ses of the scales from returning adults for age composition.
Scales from subsequent years of the Big Beef Creek chum salmon
runs should be analyzed, if available, comparable data gener
ated for the Hoodsport and Quilcene hatchery populations.

5. In addition to the basic biological and ecological studies
still required for the prey communities, there is a definite
need to investigate the basic environmental parameters (light,
temperature, nutrients, detritus decomposition and microbial
colonization, chlorophyll a production) which might be directly
involved in the timing of zooplankton population expansion and,
as such, could be used as predictors of the availability and
perhaps standing stock of preferred prey organisms.
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APPENDIX A

The following definitions apply to terms and abbreviations used in
this report:

Carrying capacity: The maximum number of chum fry which can suc
cessfully rear in estuarine and nearshore marine
habitats, sustaining growth and minimizing density—
dependent losses due to predation, bioenergetic
stress, parasitism, and disease.

Detritus: Finely divided sinkable material of organic or inor
ganic origin which is suspended in the water.

Epibenthic: Associated with interface between the surface of the
bottom and the water column directly above the bottom.

Estuarine: Related to estuaries, semi—enclosed bodies of water
wherein the water is measurably diluted below the
salinity of open ocean water by freshwater associated
with land runoff.

Habitat: The total of environmental conditions of a specific
place that is occupied by an organism, a population,
or a community.

IRI: Index of Relative Importance (see Section 2.9).

Meiofauna: Organisms < 0.5 mm in size.

Nearshore: The region of oceanic waters immediately adjacent to
the foreshore, usually including the littoral, shallow
sublittoral, and neritic zones where water depth is
K 20 mm.

Neritic: Associated with the shallow surface water zone extend
ing from the high—tide mark to the edge of the conti
nental shelf.

Pelagic: Inhabiting the water column.

Sublittoral: Associated with the benthic zone extending from mean
low water to 200 mm, or the edge of the continental
shelf usually defined as being 200 mm deep.

Trophic: Related to food and nutrition.
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Appendix Table B.~-2, Prey taxa composition, based on percent total Index of Relative
Importance, of outmigrating chum fry in northern Hood Canal
according to marked and unmarked fish and fish size interval,
1979.

February 6, 1979 30—39 mm 40—49 mm 50—59 mm
unmarked marked marked

(5) (2) (3)

Harpacticoid copepods 77.88 7.37 10.47
Calanoid copepods 7.00 1.38 13.46
Decapod larvae 6.42 4.02 2.77
Chaetognaths . 5.44
Gammarid amphipods 2.13 65.46 56.91
Cyclopoid copepods 0.82
Hyperiid amphipods 0.16 0.69 11.54
Insects 0.16 0.58
Barnacle larvae 20,38 1.97
Cumaceans 0.69 2.30

April 25, 1979 40—49 mm 50—59 mm 60—69 mm
unmarked unmarked unmarked

(7) (7) (1)

Harpacticoid copepods 58,06 7.36
Gammarid amphipods 25,08 5.95
Copepod larvae 9.28 0.88 1.64
Larvaceans 5.84 46.44 61.37
Calanoid copepods 0.91 5.33 3.37
Insects 0.49 0.50
Euphausiids 0.11 32.3.6 11.26
Barnacle larvae 0.06 0.35
Cyclopoid copepods 0.04 0.02
Polychaete annelids 0.21 8.67
Decapod larvae 0.13 12.04
Chaetognaths 0.21
Mesogastropods 0.06 1.64
Fish larvae o.os
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Appendix Table B—2, (continued)

58.86
36.50

84.16
5.97
9 .04
1.69
0.93
0.35
0.52
0.86
0.32
0.31
0.03
0.02
0.02

89.01
0.47
3.69
3.12
0.96
0.02
1.96
0.45
0.01
0.01

<0.01

90.40
0.18

2.75
1.01
0.01
0.46
0.02

83.35
2.85
1.39
9.74
0.61
0.16
0.17
0.35
0.15

82.31
4.84
0.61
0.16
6.68

<0.01
3.45
0.35
1.27

June 5, 1979 40—49 mm 50—59 mm 50—59 mm 60—69 mm 60—69 mm 70—79 mm
marked marked unmarked marked unmarked marked

~ (4) (14) (3) (3) (11)

Larvaceans
Copepod larvae
Insects
Cyclopoid copepods
Calanoid copepods
Hyperiid amphipods
Euphaus iids
Polychaete annelids
Fish larvae
Debris
Mesogastropods
Caprellid amphipods
Cumaceans
Unidentified eggs
Barnacle larvae
Decapod larvae 0.10
Harpacticoid copepods
Cladocerans
Chaetognaths 0.01 0.10
Gammarid amphipods

0.18
0 .18

0.65

0.05

8.18

<0.01

0.03
0.02
0.04

0.17
0.02
0.06
0.09

0.26
0.49
0.45

0.08
0.07
0.07
0.06

<0.00

0.01



107

Appendix Table B-3. IRI prey spectra of co—occurring juvenile chum and
pink salmon in Hood Canal, Washington, April 25—26,
May 1, May 15, and May 31, 1978.

Carison Point — April 26, 1978
% Total IRI

0. keta (n=5) 0. gorbuscha (n=6)
49.2 ± 11.9 mm FL 34.8 ± 0.8 mm FL

Hyperiid amphipods 24.82
Euphausiids 24.00 15.48
Fish larvae 18.60 4.78
Calanoid copepods 14.93 8.32
Harpacticoid copepods 13.46 12.94
Gammarid amphipods 1.10 1.27
Cyclopoid copepods 0.69 7.32
Larvaceans 0,13 0.04
Insects 0.05
Barnacle larvae 0.05 0.23
Copepod larvae 49.52
Decapod larvae 0.04
Thecosomata 0.05

Devils Hole Delta — April 25/26, 1978

0. keta (n=5) 0. gorbi~scha (n=4)
47.2 ± 6.1 mm FL 33,0 ± 0.8 mm FL

Fish larvae 37.85 6.18
Harpacticoid copepods 31.53 59.99
Calanoid copepods 16.78 13.15
Euphausiids 9.23 8.10
Larvaceans 3.31
Gaurmarid amphipods 0.73 0.82
Cyclopoid copepods 0.32 0.13
Insects 0.12
Chaetognaths 0.12
Copepod larvae 10.97
Decapod larvae _________________________ - 0.66
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Appendix Table B—3. (continued)

Carison Point — May 1, 1978
% Total IRI

0. keta (n=6) 0. gorbuscha (n= )
56.5 ± 5.2 mm FL 54.6 ± 4.4 mmii FL

Larvaceans 83,22 57.52
Calanoid copepods 12.72 20.71
Euphausiids 2.25 2.57
Harpacticoid copepods 1.10 1.18
Gymnolaemata(cyphonautes larvae) 0.27 15.15
Hyperiid amphipods 0.18
Insects 0.08 0.87
Fish eggs and larvae 0.07 0.90
Cyclopoid copepods 0.05
Decapod larvae 0.03
Barnacle larvae 0.01 0.20
Gammarid amphipods 0.01 0.29
Mesogastropods 0.38
Decapod larvae 0,13
Copepod larvae 0,07
Polychaete annelids 0.02

Carlson Point May 15, 1978

0. keta (n=l3) 0. gorbuscha (n=5)
54,4 ± 3.8 mm FL 54.6 ± 4.4 mm FL

Calanoid copepods 71.10 20.71
Hyperiid amphipods 22.94
Fish eggs and larvae 1.50 0.90
Decapod larvae 1.31 0.13
Harpacticoid copepods 1.19 1.18
Chaetognaths 0.86
Copepod larvae 0.64 0.07
Larvaceans 0.15 57.52
Insects 0.13 0.87
Gammarid amphipods 0.08 0.29
Gymnolaemata(cyphonautes larvae) 0.06 15.15
Cyclopoid copepods 0.02
Barnacle larvae . 0.02 0.20
Mesogastropods 0.01 0,38
Caligoid copepods 0.01
Unidentified eggs 0.01
Polychaete annelids 0,02
Euphausiids — 2.57
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Appendix Table B—3m (continued)

Carison Point — May 31, 1978
% Total IRI

0. keta (n= ) 0. gorbuscha (n=5)
48.2 ± 4.9 mm FL 50.4 ± 2~9 m~n FL

Calanoid copepods 79.39 77.90
Gammarid amphipods 10.16 2.54
Chaetognaths 2.39
Euphausiids 2.15 0.59
Hyperiid amphipods 1.74 0.61
Harpacticoid copepods 1.43 10.73
Insects 2.20 1.16
Valviferan isopods 0.26
Larvaceans 0.19
Cumaceans 0.10
Decapod larvae 1.40
Fish eggs and larvae 0.08
Cyclopoid copepods 0.40
Mesogastropods 0,40
Polychaete annelids 0.27



A
p

p
e

n
d

ix
T

a
b

le
B—

4.
S

p
e

ci
e

s
an

d
li
fe

h
is

to
ry

c
o

m
p

o
s
it
io

n
,

a
b

u
n

d
a

n
ce

an
d

b
io

m
a

ss
o

f
e

p
ib

e
n

th
ic

z
o

o
p

la
n

k
to

n
sa

m
p

le
d

d
u

ri
n

g
d

ie
l

fe
e

d
in

g
c
h

ro
n

o
lo

g
y

e
xp

e
ri
m

e
n

tn
15

M
ay

,
1

9
7

8
,

C
a

rl
s
o

n
P

t~
,

H
oo

d
C

a
n

a
l,

W
a

sh
in

g
to

n
~

F
E

.
3

.
-
.
-

08
:4

5
AB

U1
1O

AN
C

LI
FE

H
IN

T.
0

8

F.
C

.
2

~—
o-

O
5:

30
AB

UN
DA

NC
E

LI
FE

HI
NT

A
N

A
du

lt
(J

o)
66

.7
8.

64

Jo
or

Ad
1.

7
0.

02
~

Jo
or

Ad
1.

7
0.

02
Jv

or
Ad

1.
7

0.
02

A
du

lt
5.

0
0.

05
Jo

or
Ad

1.
7

0.
02

A
du

lt
1.

7
0.

02

F.
C

.4
11

:3
5

I
P.

C
.

5
.
-
~

14
:4

0
08

00
0A

NC
AB

UN
DA

NC
I

LI
FE

61
ST

.
0

LI
FE

H
IN

T.
0

iP
ol

yp
1.

7

A
du

lt
(J

o)
23

8.
3

l.3
31

A
du

lt
(J

o)
36

8.
3

A
du

lt
1.

7
0.

01

0.
01

Jo
or

Ad
1.

7
0.

01
1.

50
A

du
lt

(J
o)

56
6.

7
2.

43
A

du
lt

Jo
(A

du
lt)

1.
7

0.
01

Jo
or

A
du

lt

A
du

lt

1.
7

0.
01

1.
7

0.
01

A
du

lt
(J

o)
8.

3
0.

03
Jo

or
A

du
lt

1.
7

0.
01

A
du

lt
1.

7
0.

01
Jo

or
A

du
lt

1.
7

0.
01

A
du

lt
1.

7
0.

01

A
du

lt
1.

7
0.

01

Eg
g

36
.7

0.
15

A
du

lt
33

.3
A

du
lt

1.
7

A
du

lt
1.

7
Jo

or
A

du
lt

1.
7

Ju
ve

ni
le

1.
7

A
du

lt
1.

7

0.
14

0.
01

0.
01

0.
01

0.
01

0.
01

F.
C

.
6
~

18
:0

0
F.

C
.

7
~

20
:1

5
AB

ON
DA

NC
AB

UN
DA

NC
E

LI
FE

H
IN

T.
0

0
LI

FE
H

IN
T.

0

66
.7

0.
47

A
du

lt)
Jo

)
12

33
.3

8.
27

Ju
ue

ni
le

33
.3

0.
22

A
du

lt
1.

7
0.

01

A
du

lt
or

Jo
70

.0
0.

47
Eg

g
38

.3
0.

27
Eg

g
33

.3
0.

22

Ju
ve

oi
le

33
.3

0.
23

Ju
oe

oi
le

13
.3

0.
09

Ju
ve

ni
le

12
1.

7
0.

85
Ju

oo
ui

le
13

.3
0.

09
A

du
lt

1.
7

0.
01

Ju
ve

oi
le

1.
7

0.
01

Jo
(A

du
lt)

3.
3

0.
02

Ju
un

oi
le

33
.3

0.
11

16
8.

3
0.

94
1.

7
0.

01

Eg
g

66
.7

0.
37

Ju
ve

ni
le

21
0.

0
1.

17
Jo

un
d

Ad
Jo

uo
d

Ad

10
.0

0.
06

Jo
(A

du
lt)

Eg
g

Ju
ue

oi
le

Ju
ve

ol
le

Ju
ve

ni
le

Jo
(A

d
u

lt)

—
AL

L
NN

IP
LE

S
CO

MB
IN

ED
~

F
.C

.l
‘—

~
03

:4
0

—
~N

0U
N0

AN
CE

—
-—

—
—

—
.—

.O
IO

IIA
NS

—
—

-
A1

09
0A

NC
E

08
0A

SI
SM

LI
FE

AI
ST

08
9

U
S.

D
.

U.
X

SD
N

LI
FE

61
ST

.
X

N

~5
yO

e
up

.
P

ol
yp

0.
3±

1.
1

0.
60

.0
00

±
.0

0.
01

N
en

ie
rte

a-
E

no
pl

u
Jo

or
Nd

0.
3±

1.
1

0.
00

.0
00

±
.0

0.
11

Ne
n:

at
od

a
Ad

(J
o)

41
7.

1±
62

g.
6

2.
24

.0
08

±
.0

1.
83

A
du

lt
30

5.
0

0.
81

P
ol

yc
hu

et
a

Jo
(A

d)
16

.3
±

51
.1

Bo
g

.0
01

±
.0

0.
24

Jo
(A

d)
20

5.
0

0.
54

P
ol

yn
oi

du
e

Jo
or

Ud
0.

5±
1.

6
0.

00
.0

01
±

.0
0.

11
Jo

or
Ad

5.
0

0.
01

00
~T

Ai
(~

9.
A

SF
.

Jo
or

Ad
0.

3±
1.

1
0.

00
.0

01
±

.0
0.

11
Ila

~0
:u

th
oe

irn
br

ic
at

u
Ad

(J
o)

2.
1±

4.
2

0.
01

.0
04

±0
1

0.
91

A
nu

iti
de

s
sp

E
Jo

or
Ad

0.
3±

1.
1

0.
00

.0
00

±
00

0.
01

M
ic

ro
po

da
rk

o
du

bi
a

A
du

lt
1.

1±
3.

6
0.

01
.0

03
±0

1
0.

74
N

yl
lid

ue
Jo

or
Nd

0.
0±

1.
6

0.
00

.0
01

±
00

0.
12

E
xo

0o
ne

lo
ur

e~
Jo

or
Ad

0.
3±

1.
1

0.
00

.0
00

±
00

0.
01

~p
1i

oi
!:Q

uy
.lI

iU
.

up
.

A
du

lt
5.

3±
22

.g
0.

03
.0

01
±

00
0.

11
sp

i:u
e

in
sy

lli
u

br
an

dh
or

st
i

A
du

lt
0.

8±
1.

9
0.

00
.0

00
±

00
0.

02
Bl

oo
m

b
re

y
j~

~
y
5

e
a

A
du

lt
0.

3±
1.

1
0.

00
.0

00
±

00
0.

01
tc

u
n

ie
lla

up
.

Jo
or

Ad
0.

3±
1.

1
0.

00
.0

00
±

00
0.

01
0!

ro
io

op
.

Ju
ue

oi
le

0.
3±

1.
1

0.
00

.0
00

±
00

0.
01

?
Jo

~
ya

r.
0

i3
~

i0
n

a
iic

L
iU

~
5

.J
0

o
e

n
b

i~
5.

3±
22

.g
0.

03
.0

10
±0

7
3.

40
S

ph
uo

ro
do

r~
p7

)3
m

ifl
ut

a
A

du
lt

0.
3±

1.
1

0.
00

.0
00

±.
00

0.
06

S
ph

ae
ro

do
rv

n
b

is
e

ri
u

lis
A

du
lt

0.
3±

1.
1

0.
00

.0
00

±
00

0.
06

N
pi

oo
id

ae
Jo

or
Ad

0.
5±

2.
3

0.
00

.0
00

±
00

0.
01

Jo
or

Ad
10

.0
0.

01
~

e
ro

p
ra

o
u

P
L

~
op

.
Jo

or
Ad

0.
3±

1.
1

0.
00

.0
00

±
00

0.
01

A
rc

hi
an

ne
lid

u
A

du
lt

0.
3±

1.
1

0.
00

.0
00

±
00

0.
01

N
lig

oc
ha

et
a

Ad
an

d
Jo

11
.6

±
31

.3
0.

06
.0

01
±

00
0.

24
Ad

or
Jo

10
.0

0.
0:

G
us

tru
po

da
Eg

g
55

.0
±

84
.3

0.
30

.0
05

±0
1

0.
58

Ac
rn

ae
id

ue
Ju

ve
ni

le
0.

3±
1.

1
0.

00
.0

00
±

00
0.

01
M

ar
~a

rit
C

s
up

.
Ju

ue
oi

le
0.

5±
1.

6
0.

00
.0

00
±

00
0.

01
M

es
og

as
tro

pu
da

Eg
g

0.
8±

2.
5

0.
00

.0
00

±
00

0.
01

lle
uo

ga
ut

ro
po

da
Ju

ve
ni

le
10

7.
4:

12
5.

3
0.

08
.0

06
±0

1
1.

25
Ju

ve
ni

le
40

0.
0

1.
01

La
cu

vu
op

.
Jo

or
Ad

15
1.

6±
12

6.
2

0.
81

.0
25

±
02

5.
35

Jo
oe

oi
lo

11
5.

0
0.

31
A

lv
in

ia
op

.
Jo

or
Ad

7.
9±

23
.9

0.
04

.0
05

0.
01

0.
97

N
eo

ga
st

ro
po

du
Ju

ve
ni

le
0.

3±
1.

1
0.

00
.0

00
0.

00
0.

01
Ju

rb
u

n
ill

a
up

.
Jo

or
Ad

0.
3±

1.
1

0.
00

.0
00

±
60

0.
01

Jo
or

Ad
5.

0
0.

01
llu

di
br

ao
ch

iu
Jo

(A
du

lt)
3.

2±
5.

6
0.

02
.0

07
±

02
1.

59
O

pi
ut

ho
br

an
ch

ia
Ju

ve
ni

le
1.

1±
3.

6
0.

01
.0

02
0.

01
0.

46
Ju

oo
ol

le
15

.0
0.

04
D

iu
al

vi
a

Ju
ve

ni
le

10
.5

±
31

.5
0.

06
.0

01
±

00
0.

23
Ar

an
ea

e
Jo

or
Ad

0.
3±

1.
1

0.
00

.0
00

±
00

0.
01

A
al

ac
ar

id
ae

Jo
an

d
Ad

63
.2

±
89

.5
0.

34
.0

04
±0

1
0.

91
C

ru
st

ac
eu

Eg
g

24
7.

4±
40

0.
7

1.
33

.0
06

±
00

1.
38

Eg
g

72
5.

0
1.

92
lly

ud
uc

op
a

A
du

lt
0.

3±
1.

1
0.

00
.0

00
±

00
0.

01
Po

do
co

pu
Jo

an
d

Ad
93

1.
1±

11
68

.9
5.

00
.O

lO
±.

0N
2.

19
Ad

an
d

Jo
48

60
.0

12
.8

4
Co

pe
pu

du
Eg

g
76

0.
4±

52
5.

0
4.

13
.0

09
0.

00
1.

93
Co

pe
po

da
So

up
an

d
CF

21
0.

5±
28

4.
6

1.
13

.0
06

±
00

1.
36

Nu
op

80
0.

0
2.

12
C

al
an

oi
da

A
du

lt,
Np

.C
p

25
8.

2±
51

6.
7

1.
39

.0
05

~.
0l

1.
14

Jo
or

Ad
22

05
.0

5.
84

P
ar

ac
al

ao
us

p4
Jy

uu
A

du
lt

31
0±

10
0.

2
0.

17
.0

01
±

00
0.

23
Pu

eu
do

cu
la

nu
u

nf
nu

tv
u

A
du

lt
30

6.
6±

55
2.

0
1.

65
.0

04
0.

01
0.

81
C

en
tr

up
ea

s
op

.
A

du
lt

0.
3±

1.
1

0.
00

.0
00

0.
00

0.
01

E
u

rj~
yu

ra
a

m
o

ric
a

n
a

A
du

lt
15

.8
±

68
.8

0.
08

.0
01

±
00

0.
11

E
ur

yt
en

:A
ra

hi
ru

nd
oi

dv
u

A
du

lt
26

.3
±

00
.6

0.
14

.0
0l

±
.0

0
0.

23
Ila

rp
ac

tic
oi

da
Eg

g
24

4.
7±

45
8.

9
1.

31
.0

04
±

00
0.

81
Eg

g
13

00
.0

3.
44

K
ar

pa
ct

ic
oi

da
OF

,
Cp

,
Ad

,
,l0

45
9.

7±
6l

S
N

.l
56

.1
5

.0
3

0
:0

9
6.

57
Ad

,
15

77
0.

0
41

.7
5

Te
ga

ut
id

ue
A

du
lt

36
.8

±
95

.5
0.

20
.0

02
±

00
0.

34
A

du
lt

30
0.

0
0.

79
P

vr
ce

lli
d

iid
a

e
A

du
lt,

63
.9

:
20

5.
9

0.
34

.0
02

±
00

0.
47

Ad
,

gO
O

.0
2.

30
C

yc
lo

po
id

u
A

d
u

lt,
6

17
64

.2
±1

57
6.

1
9.

47
.0

10
±

00
2.

10
A

du
lt

61
05

.0
16

.1
6

C
or

yc
ae

uu
up

.
A

du
lt

10
.5

±
31

.5
0.

06
.0

01
±

00
0.

23
OR

u~
öi

iI~
?p

.
A

du
lt

46
3.

2±
65

3.
0

2.
49

.0
07

0.
00

1.
40

la
sa

lia
p

~
g

iy
3

J°
A

du
lt

0.
3±

1.
1

0.
00

.0
00

±
00

0.
06

A
du

lt
5.

0
0.

01
S

ys
id

ue
Ju

ve
ni

le
0.

3±
1.

1
0.

00
.0

00
±

00
0.

01
La

vp
ro

pi
du

e
Jo

ao
d

A
du

lt
11

6.
3±

15
9.

4
0.

62
.0

07
±0

1
1.

50
L

o
o

p
ra

y
up

.
Jv

an
d

A
du

lt
37

.1
±

83
.3

0.
20

.0
02

±
00

0.
46

Jo
6

Ad
10

6.
0

0.
21

0.e
!oi

Ja
so

02
0U

.u
p.

Jo
an

d
A

du
lt

7.
6±

16
.0

0.
04

.0
02

±0
1

0.
51

~
Jo

an
d

A
du

lt
62

.6
’

78
.9

0.
34

.0
06

±0
1

1.
20

Jo
0

Ad
17

5.
0

0.
41

B
n4

ot
,-o

,~
ao

A
du

lt
0.

3±
1.

1
0.

00
.0

00
±.

00
0.

01
Ta

na
id

ae
Ju

ve
vi

le
10

.5
±

45
.9

0.
06

.0
01

±
00

9.
11

Ln
pl

.o
ch

el
ia

du
bi

u
Jo

ao
d

A
du

lt
47

.1
:

61
.4

0.
25

.0
06

±0
1

1.
40

0~
N.

s0
PA

Q
C0

!A
Ui

N~
i0

.
Jo

(A
d

u
lt)

0.
8±

2.
5

0.
00

.0
00

0.
00

0.
01

M
uo

na
up

.
Ju

ve
ni

le
10

.5
±

31
.5

0.
06

.0
01

±
00

0.
23

l1
un

ea
(0

5
it4

Jo
,

Ad
,

13
0.

5±
16

7.
0

0.
70

.0
06

±0
1

1.
21

D
op

yr
id

ae
A

du
lt

42
.1

±
83

.8
0.

23
.0

03
±

00
0.

57
D

ur
na

rid
ea

Jo
(A

du
lt)

96
.3

±
32

2.
0

0.
52

.0
03

±
00

0.
58

fti
0p

hi
th

oe
up

.
Jo

(A
du

lt)
4.

5±
6.

4
0.

02
.0

03
±

00
0.

58
So

p]
Tu

7S
o

ui
nv

la
nu

A
du

lt
0.

3±
1.

1
0.

00
.0

05
±

02
1.

13
So

pS
f~

So
S1

So
~F

So
0o

Ju
ve

ni
le

6.
1±

26
.4

0.
03

.0
06

±
03

1.
36

~6
~T

d~
cv

lu
nb

ia
e

Jo
an

d
A

du
lt

33
.2

±
44

.0
0.

18
.0

06
±

0)
1.

33
,

N
yt

lu
s

tr
id

en
s

Ju
ve

ni
le

0.
0±

2.
5

0.
00

.0
00

±
00

0.
01

ca
(ii

o
p

T
)iS

u
p

.
Jo

or
A

du
lt

0.
3±

1.
1

0.
00

.0
01

±
00

0.
11

C
±

(l
io

p
iu

u
j~

~
y
ju

.~
i(
!~

A
du

lt
0.

3±
1.

1
0.

00
.0

01
±

00
0.

23
C

a(
T

iu
pi

el
la

oro
.~!

i.
Jo

,
Ad

,
4

52
.4

±
76

.0
0.

28
.0

06
±0

1
1.

40
S

eT
S

oi
in

iia
e

Jo
or

A
du

lt
0.

5±
2.

3
0.

00
.0

00
±

09
0.

01
r0

0
0

u
y
o

,.
o

ia
s
p

.
Jv

on
d

O
d

o
lt

3N
4.

2n
00

6.
0

1.
99

.0
74

±1
1

15
.0

9
FSo

i0o5
TO

ro
u

tr
a

ta
Jv

or
A

du
lt

.1
±

4.
6

0.
01

.0
00

±
00

0.
06

‘I
c
lit

a
up

.
Ju

ve
ni

le
0.

8±
1.

9
0.

00
.0

00
0.

00
0.

02
n

n
lit

a
d

e
n

ta
ta

Ju
ve

ni
le

3.
2±

13
.8

0.
02

.0
00

0.
00

0.
06

1.
7

0.
02

35
.0

0.
34

1.
7

0.
02

66
.7

0.
64

81
.7

0.
79

11
.7

0.
11

1.
7

0.
02

1.
7

0.
02

66
.7

0.
64

80
.3

0.
09

43
5.

0
4.

18
40

0.
0

3.
84

56
6.

7
5.

45
33

.3
0.

32

1.
7

0.
01

23
3.

3
0.

95
26

3.
3

1.
07

36
.7

9.
15

36
.7

0.
11

1.
7

0.
01

3.
3

0.
01

13
3.

3
0.

55
23

1.
7

0.
91

33
.3

0.
14

Jo
an

d
A

du
lt

16
6.

7
09

3
Eg

g
27

0.
0

1.
51

Jo
or

Ad
80

0.
0

4.
41

Eg
g

13
33

.3
7.

4)
So

up
10

0.
0

0.
51

N
au

p,
Cp

36
6.

7
2.

04

6.
7

0.
03

Ju
ve

ni
le

33
.3

0.
14

Jo
an

d
ad

66
.7

0.
27

Eg
g

16
6.

7
0.

60
A

du
lt

1.
7

0.
01

Jo
an

d
Ad

15
41

.7
6.

29
Eg

g
36

6.
7

1.
50

So
up

,
CF

23
3.

3
0.

95
Jo

or
Ad

,
Cp

16
6.

7
0.

68

A
du

lt
60

1.
7

2.
46

A
du

lt
1.

7
0.

01

Jo
or

Ad

Eg
g

Ju
ve

ni
le

Ju
ve

ni
le

Ju
ve

ni
le

Jo
an

d
Ad

Ju
ve

ni
le

Ju
ve

ni
le

A
du

lt
Eg

g

Jo
an

d
Ad

Eg
g

Na
up

Jo
or

Ad

Eg
g

Ad
(J

o(
M

P4

A
du

lt
A

du
lt,

A
du

lt

Jo
&

Ad

Jo
or

Ad
Jo

(A
d)

Jo
,

Ad
.

+
A

du
lt

Jo
or

Ad

Jo
an

d
Ad

Eg
g

Jv
ve

ui
1e

Eg
g

Ju
00

0i
lv

Ju
ve

ni
le

Ju
ve

ni
le

Eg
g

Jo
an

d
Ad

~
~

d
id

C
po

di
d

A
du

lt

Eg
g

Ad
,M

P,
C

p,
+

A
du

lt
A

du
lt

Ad
,

+
A

du
lt

A
du

lt

63
3.

3

96
8.

3
96

6.
7

33
.3

33
.3

66
.7

2.
72

4.
15

4.
15

0.
14

0.
14

0.
29

33
.3

48
78

.3

33
.3

12
66

.7

15
60

.7

0.
32

1
os

.o
gl

9P
IP

,N
p,

Cp
.A

d9
56

8.
3

53
.2

6

I H C

0.
32

12
.1

8
Ad

,

12
.1

8
A

du
lt

Eg
g

A
d,

IIP
.+

A
du

lt
A

du
lt

Ad
,

5
A

du
lt

A
du

lt

22
00

.0
12

.2
4

26
6.

7
1.

48

10
.0

0.
04

12
47

0.
0

53
.4

0
10

0.
0

0.
41

38
.3

0.
11

29
01

.7
12

.4
1

33
.3

0.
11

26
6.

7
1.

10

Ju
ve

ni
le

13
3.

3
0.

74
Jo

an
d

Ad
Ju

ve
ni

le
Jo

ao
d

Ad
41

.7
0.

23
Jo

an
d

Ad
A

du
lt

13
.3

0.
07

Jo
an

d
Ad

Jo
or

A
du

lt
13

6.
7

0.
76

Jo
an

d
Ad

A
du

lt
33

.3
0.

23
Ju

ve
ni

le
66

.7
0.

45
Eg

g
10

0.
0

0.
7

Eg
g

66
.7

0.
46

Jo
ao

d
Ad

16
8.

3
1.

10
Jo

an
d

Ad
36

6.
7

2.
46

Eg
g

86
6.

7
6.

07
Eg

g
93

3.
3

6.
25

C
po

di
d

66
.7

0.
47

Ho
op

66
.7

0.
45

Ad
,

C
po

di
d

26
6.

7
1.

07
Jo

or
A

du
lt

33
.3

0.
22

A
du

lt
13

3.
3

0.
93

A
du

lt
68

.3
0.

46
A

du
lt

11
38

.3
7.

97
A

du
lt

13
5.

0
0.

90

A
du

lt
10

0.
0

0.
67

A
du

lt
16

6.
7

1.
12

Eg
g

13
3.

3
0.

89
5d

,M
P,

+
93

50
.0

65
.4

9
Ad

,M
P,

C
p,

5
96

51
.7

64
.6

9

A
du

lt
30

0.
0

2.
10

Ad
,

4
80

1.
7

5.
37

A
du

lt
46

6.
7

3.
27

A
du

lt
66

.7
0.

45

Ju
ve

ni
le

1.
7

0.
01

Ju
ne

ni
ln

15
1.

7
1.

06
Ju

ve
ni

le
73

.3
0.

49
Ju

ve
ni

le
13

3.
3

0.
93

Jo
an

d
Ad

35
.0

0.
25

A
du

lt
26

.0
0.

17
A

du
lt

1.
7

0.
01

Ju
ve

ni
le

66
.7

0.
45

Ju
ve

ni
le

35
.0

0.
25

Jo
or

Ad
73

.3
0.

49

Ju
ve

ni
le

33
.0

0.
23

Ju
(A

d
u

lt)
1.

7
0.

01
A

du
lt

66
.7

0.
45

Ju
ve

ni
le

13
.3

0.
09

Ju
ve

ni
le

1.
7

0.
01

A
du

lt
1.

7
0.

01

94
0.

0
3.

84
15

07
0.

0
61

.5
0

33
.3

0.
14

33
.3

0.
14

16
68

.3
6.

81
33

.3
0.

14
30

0.
0

1.
22

18
0.

0
07

3
66

.7
0.

2)
6.

7
0.

03
51

.7
0.

21

40
.0

0.
11

33
0.

3
1.

38

66
.7

9.
27

1.
7

0.
01

33
.3

0.
16

66
.0

0.
27

78
.3

0.
75

8.
3

0.
08

5.
0

0.
05

19
1.

7
lO

g
33

.3
0.

32
3.

3
0.

03

1.
7

0.
02

Jo
an

d
Ad

19
8.

3
0.

85

Jo
an

d
Ad

13
6.

0
0.

58

A
du

lt
10

.0
0.

03

Jo
,

Ad
,

32
5.

0
0.

86
A

du
lt

30
0.

0
0.

79
Ju

ve
ni

le
14

16
.0

3.
75

Jo
an

d
Ad

30
.0

0.
00

Jo
or

Ad
5.

0
0.

01

Ju
ve

ni
le

5.
0

0.
01

Jo
or

Ad
10

.0
0.

03
Jv

o
r

Ad
ON

.O
0.

23

Jo
,

Ad
,

Ju
ve

ni
le

Jo
(A

d
u

lt)

Jo
an

d
Ad

Ju
ve

ni
le

66
.7

0.
35

35
.0

0.
19

3:
3

0.
02

51
.7

0.
29

5.
0

0.
03

Jo
,

Ad
.

A

Ju
ve

ni
le

Ju
ve

ni
le

Jo
ve

ni
le

Jo
an

d
Ad

A
du

lt

Jo
ve

vi
1e

Jo
,

Ad
.

A
A

du
lt

Ju
ve

ni
le

Ju
ve

ni
le

Jo
an

d
Ad

1
.)

0.
01

33
.3

0.
14

13
0.

0
0.

56
66

.7
0.

29
33

.3
0.

14
8.

3
0.

04

81
.7

0.
35

Jo
o

r
Ad

03
.3

O.
OC

Jo
or

Ad
6.

7
0.

01
Ju

ve
ni

le
3.

3
00

3

Jo
an

d
A

d
u

ltl
4

l.7
0.

79

Jo
,

Ad
,

Jo
an

d
A

du
lt

21
0.

0

A
du

lt
40

.0
0.

16
Jo

,
Ad

,
A

0.
80

Ju
ve

ni
le

20
.0

0.
01

1.
7

0.
01

13
0.

0
0.

56
Ju

ve
ni

le

14
15

.0
6.

07
Jo

an
d

Ad

1.
7

0.
01

Jv
an

d
Ad

Ju
ve

ni
le

75
.0

0.
53

Jo
an

d
A

du
lt

85
.0

0.
57

lS
O

.3
1.

11
Ju

ve
ni

le
20

6.
7

1.
39



A
p

p
e

n
d

ix
T

a
b

le
B

..-
4,

(c
o

n
tin

u
e

d
)

-
-

-
-

AL
L

SA
MP

LE
S

CO
MB

IN
ED

AB
UN

DA
NC

E
01

09
05

5
O

R
G

AN
IS

M
__

__
__

__
LI

FE
AI

ST
00

8
0

S.
D

.
N

SD

36
.7

O
.l6

lJ
u

ve
n

ile
0.

18
.0

03
±0

1
0.

65
0.

00
.0

00
±

00
0.

01
0.

31
.0

06
±0

1
1.

20
0.

32
.O

O
Sv

.0
l

0.
99

0.
00

.0
00

±
00

0.
01

0.
00

.0
00

±
00

0.
01

0.
43

.0
00

±0
1

1.
63

0.
06

.0
03

±0
1

0.
66

0.
03

.0
01

±
00

0.
12

0.
00

.0
00

±
00

0.
01

0.
03

.0
U1

±.
O

O
0.

10
0.

00
.0

00
±

00
0.

01
0.

00
.0

00
±

00
0.

01
0.

00
.0

00
±

00
0.

01
0.

00
.0

00
±

00
0.

01
0.

00
.0

00
±

00
0.

01
0,

06
.0

01
±

00
0.

23
1.

46
.0

32
±0

4
6.

92
0.

20
.0

26
±

03
5.

66
0.

00
.0

00
±

00
0.

06
0.

01
.0

23
±

05
4.

08
0.

00
.0

01
±

00
0.

11
0.

00
.0

00
±

00
0.

06
0.

00
.0

05
±0

2
1.

08
0.

00
.0

00
±

00
0.

06
0.

01
.0

01
±

00
0.

28
0.

00
.0

00
v.

00
0,

01
0.

04
.0

01
±

00
0.

31
0.

28
.0

04
±0

1
0.

91
0.

05
.0

03
±0

1
0.

66
0.

03
.O

U
l±

.0
0

0.
18

0.
00

.0
01

±
00

0.
11

0.
03

.0
01

±
00

0.
11

0.
00

.0
01

±
00

0.
12

1.
05

.0
06

±
00

1.
14

0.
14

.0
02

±
00

0.
34

33
.3

0
.2

3
lJ

u
ve

n
ile

iv
(A

du
lt)

33
.7

±
60

.0
Ju

ve
ni

le
0.

3±
1.

1
Ju

,
Ad

,
o

57
.6

±
10

9.
5

Ju
an

d
A

du
lt

59
.7

±
13

2.
3

Jo
or

A
du

lt
0.

3±
1.

1
Jo

or
A

du
lt

0.
3±

1.
1

Jo
un

d
A

du
lt

79
.5

±
12

6.
4

Jv
un

d
A

du
lt

10
.5

±
24

.9
Ju

ve
ni

le
5.

8±
22

.9
Jo

or
A

du
lt

0.
3±

1.
1

Jo
an

d
A

du
lt

6.
3±

22
.8

Ju
ve

ni
le

0.
5±

2.
3

Ju
ne

A
du

lt
0.

3±
1.

1
Jv

or
A

du
lt

0.
3±

1.
1

Jo
or

A
du

lt
0.

3±
1.

1
Ju

ue
ni

le
0.

3±
1.

1
Ju

ne
ni

le
10

.0
±

31
.5

Jv
,

Ad
,

27
2.

0±
24

3.
0

Ad
,

•
52

.6
±

79
.1

Ju
ue

ni
le

0.
3±

1.
1

Jv
(A

du
lt)

1.
8±

4.
2

Ju
ve

ni
le

0.
3±

1.
1

Ju
oe

ni
le

0.
3±

1.
1

Ju
ve

ni
le

0.
8±

1.
9

Ju
ve

ni
le

0.
3±

1.
1

Ju
ve

ni
le

1.
3±

2.
8

Zn
ea

0.
5±

1.
6

la
ru

a,
a

d
u

lt
8.

2±
22

.9
C

yp
hv

na
ut

es
52

.6
±

77
.2

C
ol

on
y

10
.0

±
16

.0
Ju

uv
ni

le
6.

3±
26

.3
Jv

or
A

du
lt

0.
3v

1.
1

La
rv

a
5.

3±
22

.9
ER

A
0.

5±
1.

6
Eg

g
19

6.
0±

in
de

te
rm

in
ab

le
26

.3
±

65
.3 18

62
7.

89
10

05
0.

03 .5
4

P
ho

tiu
up

.
f)

io
~

P
r!

y±
p

u
P

od
oc

er
00

5l
u

up
.

Is
ch

jru
C

er
uu

sp
.

Ly
si

an
au

ui
da

e
O

rc
ho

ve
ne

up
.

~y
~c

he
1i

d
io

n
3l

1n
en

a~
er

j
W

eu
tu

oo
di

lT
a

ca
e~

i~
(a

P
hv

uo
ce

ph
al

id
ue

?
o

~
o

o
.!

up
.

?.
A

LA
p.

hq
uA

u
S

J~
po

uu
u

P
le

us
tid

ae
Pa

ra
~o

jc
us

Se
s

n
a

u
til

u
s

f~
.o

!io
.5

M
o.

~A
P

i0
3U

!
P

le
us

iru
s

se
co

rr
uu

An
ph

ip
od

a—
Ily

pe
ri

id
ea

C
ap

re
l1

id
ae

co
llr

iT
JJ

!
sP

.
C

ap
re

fla
~

e
vi

u
sc

u
la

W
ip

po
ly

tid
ae

Hi
J?

J)
O

ly.
t~

si
Ar

!a
[le

pt
ac

ar
pu

s
up

.
C

ra
vg

vn
id

ae
cL

00
0P

!!
up

.
~.

cj
.~

tp
~i

A.
g0

.°i
U

up
.

?A
O

iir
iL

S
~

P
in

nv
th

er
id

ae
Di

pt
er

a
U

yv
vr

ol
ae

na
ta

G
yv

no
la

eo
ut

u-
ch

ei
~u

ut
on

ut
a

O
ph

iu
rn

id
ea

~8
TA

)i!
P~

2.
LL

A
ug

ua
na

ta
AS

c
id

ia
ce

a
T

el
ev

ut
ei

U
n

id
e

n
tif

ie
d

eg
o

U
n

id
e

n
tif

ie
d

TO
TA

L
AD

UN
DA

NC
E

8
TO

TA
L

AD
UI

ID
AN

CE
S.

D
.

b
lA

t
A0

00
0A

IIC
E

CU
EF

.
OA

R.

SA
MP

LE
WE

T
W

EI
GH

T
SA

MP
LE

WE
T

W
EI

UI
IT

S
O

.
SA

MP
LE

WE
T

W
EI

GA
T

CO
OP

.
VA

R.

TO
TA

L
NO

.
CA

TE
GO

RI
ES

S[
IA

IA
IU

O-
W

EI
NE

R
IN

DE
O

NO
.5

61
01

10
55

BR
IL

LA
UI

1I
S

I1I
DE

X

Ju
ve

ni
le

Ju
oe

ni
1e

Jo
(A

du
lt)

Jo
or

Ad
Jo

an
d

Ad

Jn
an

d
Ad

Ju
ve

ni
le

Ju
ve

ni
le

Jo
or

Ad
A

du
lt

Ju
ve

ni
le

Jo
,

Ad
,

8

Ju
oe

ni
le

Ju
ve

ni
le

63
.3

0.
27

23
6.

7
1.

02

15
3.

3
0.

66
1.

7
0.

01
33

.3
0.

14
1.

7
0.

01
1.

7
0.

01

33
.3

0.
14

47
5.

0
2.

04

5.
0

0.
02

1.
7

0.
01

F
.C

.l
03

:4
0

F.
C

.2
05

:3
0

P
.C

.
3

.—
.~

08
:4

5
F.

C
,4
~

11
:3

5
P.

C
.

S
—

14
:4

0
I

P.
C

.
6
~

10
:0

0
I

F.
C

.
7

‘.
~

2O
:l~

AB
UN

DA
NC

E
A0

00
00

NC
E

AB
UN

DA
NC

E
AD

ON
OA

IIC
E

AB
00

0A
NC

EI
AO

UN
DA

NC
EI

AU
G1

0
AO

L:
LI

FE
91

ST
.

0
5

LI
FE

H
IN

T.
~

N
LI

FE
lu

S
T.

8
LI

FE
III

S
T.

0
0

LI
FE

61
ST

.
A

..
.~

_
4

L
IF

E
H

IN
T.

5
.~

_
4

L
IF

E
M

IS
T.

O
s

Ju
ve

ni
le

10
8.

3
0.

6
Jn

ve
ni

le
1.

7
0.

01
33

.3
0.

22
Ju

ne
ni

le
5.

0
0.

01
Jv

or
A

du
lt

40
.0

0.
11

Ju
,

A
d,

.
3.

3
0.

03
Jo

,
A

du
lt

91
.7

0.
51

Ad
,

Jo
.

8
19

3,
3

0.
79

Ju
ve

ni
le

33
.3

0.
32

Ju
ve

ni
le

10
0.

0
0.

56
Jv

an
d

Ad
6.

7
0.

03
A

du
lt

1.
7

0.
01

Jo
or

Ad
1.

7
0.

01
Ju

or
A

du
lt

5.
0

0.
01

Ju
an

d
Ad

80
.0

0.
21

A
du

lt
3.

3
0.

03
Jo

(A
d

u
lt)

22
6.

7
1.

26
Jo

an
d

Ad
85

.0
0.

35
1.

7
0.

01
Jo

or
A

du
lt

6.
7

0.
04

Jo
an

d
Ad

25
.0

0.
07

Ju
an

d
Ad

5.
0

0.
05

Jo
(A

d
u

lt)
38

.3
0.

21
Ju

ve
ni

le
3.

3
0.

01
3.

3
0.

02
Jv

an
d

A
du

lt
6.

7
0.

04
Ju

ve
ni

le
3.

3
0.

01

Jo
(A

du
lt)

10
.0

0.
03

Jo
(A

du
lt)

35
.0

0.
14

Ju
oe

ni
le

3.
3

0.
02

Ju
or

A
du

lt
1.

7
0.

01
Je

or
Ad

al
E

1.
7

0.
01

Jo
or

A
du

lt
1.

7
0.

01
Ju

ue
ni

le
1.

7
0.

01
Ju

oe
ni

le
33

.3
0.

14
Ju

ve
ni

le
30

0.
0

0.
79

Ju
ve

ni
le

13
3.

3
1.

28
Ju

ve
ni

le
23

3.
3

1.
3

Jv
an

d
Ad

24
3.

3
0.

99
Jo

,
Ad

,
39

8.
3

2.
70

Jn
ve

ni
le

14
0.

0
0.

94
A

d
u

lt,
•

19
0.

0
0.

50
Jo

,
Ad

,8
40

.3
0.

46
Ju

an
d

A
du

lt
11

0.
0

0.
61

Ad
,

•
11

1.
7

0.
46

Ju
ve

ni
le

1.
7

0.
01

Ju
oe

ni
le

5.
0

0.
01

Ju
(A

d
u

lt)
5.

0
0.

03
Ju

ve
ni

le
1.

7
0.

01
Ju

ve
ni

le
1.

7
0.

01
Ju

ve
ni

le
5.

9
0.

01
Ju

ve
ni

le
1.

7
0.

01
.

Ju
ve

ni
le

1.
7

0.
01

Ju
oe

ni
le

1.
7

0.
01

Ju
oe

ni
le

3.
3

0.
02

Ju
ve

nI
le

3.
3

0.
02

20
ev

5.
0

0.
01

Zo
ea

1.
7

0.
02

la
rv

a
41

.7
0.

40
La

rv
a

3.
3

0.
02

La
rv

a
1.

7
0.

01
A

d
u

lt,
Lr

v
5.

0
0.

03
C

yp
ho

na
ut

es
10

0.
0

0.
56

C
yp

ho
na

ut
es

66
.7

0.
27

C
yp

ho
va

ut
eu

66
.7

0.
45

C
ol

on
y

16
.7

0.
09

C
ol

on
y

23
.3

0.
10

3.
3

0.
02

Ju
ve

ni
le

40
.0

0.
16

Jo
nr

A
du

lt
1.

7
0.

02
La

rv
a

33
.3

0.
19

Eg
g

5.
0

0.
01

Eg
g

1.
7

0.
01

Eg
g

60
0.

0
1.

59
Eg

g
66

.6
0.

64
Eg

9
36

6.
7

2.
04

Eg
g

23
3.

3
8.

95
Eg

g
34

0.
6

1.
47

Eg
g

33
.3

0.
23

U
ni

de
nt

.
10

0.
0

0.
56

O
ni

de
nt

.
66

.7
0.

27

37
77

0.
00

10
40

3.
33

17
96

8.
33

24
00

3.
33

23
31

5.
00

14
27

6.
67

14
02

0.
00

0.
17

18
.6

6
59

18
.4

9
16

58
7.

29
11

95
5.

60
28

10
.3

8
50

97
.8

8
0.

.1
7

.3
3

.6
8

.5
1

.2
0

.3
4

.9
85

.3
52

.6
75

.7
05

.7
93

.4
32

.4
10

0.
.1

63
.3

87
.3

12
.2

84
.0

30
.0

04
0.

.4
62

.5
74

.4
42

.3
58

.0
70

.2
05

43
.

47
.

50
.

64
.

57
.

38
.

39
.

2g
B

2.
81

2.
88

2.
63

2.
81

2.
23

2.
27

4.
59

4.
51

4.
66

4.
60

4.
01

4.
12

4.
36

2.
98

2.
80

2.
87

2.
63

2.
81

2.
23

2.
27

C
yp

ho
na

ut
es

10
0.

0
0.

43
C

ol
on

y
20

.0
0.

09
C

vl
on

y

h

.5
03

.2
80

.4
79

11
9. 2.

94
5.

24
2.

93

LI
FE

hI
ST

O
RY

ST
AG

E
AB

BR
EV

IA
TI

O
NS

:
Jo

Ju
ve

ni
le

,
Ad

=
A

d
u

lt,
lip

=
N

au
pl

iu
s,

Op
=

C
op

ep
ud

id
,

PIP
R

at
in

g
P

a
ir
,

Eg
g

be
ar

in
gF

en
al

e,
))

su
sp

ec
te

d



3rtpuoddy

~-tT



A
p

p
e

n
d

ix
T

a
b

le
C—

l.
E

s
ti
m

a
te

*
o

f
m

e
a

n
le

n
g

th
o

f
ch

u
m

fr
y

a
t

ti
m

e
o

f
re

le
a

s
e

fr
o

m
h

a
tc

h
e

ri
e

s
;

b
a

s
e

d
o

n
fi
s
h

/l
b

d
a

ta
(F

ro
m

S
a

lo
e

t
a

l.
1

9
8

0
).

S
am

pl
in

g
F

in
al

Da
y

S
iz

e
o

f
M

ea
n

Le
ng

th
*

H
at

ch
er

y/
s.

W
ee

k
In

W
ee

k
R

el
ea

se
E

st
im

at
e

(m
m

)

13
A

p
ri
l

1
1,

32
4,

07
5

49
Ho

od
C

an
al

14
A

p
ri
l

8
99

,9
53

44
Ho

od
C

an
al

15
A

p
ri
l

15
1,

22
6,

90
0

43
Ho

od
C

an
al

16
A

p
ri
l

22
1,

33
3,

06
7

49
Ho

od
C

an
al

17
A

p
ri
l

29
72

5,
50

6
56

Ho
od

C
an

al

18
Ma

Y
6

34
6,

95
3

61
S

ko
ko

m
is

h

19
M

ay
13

2,
28

7,
03

0
59

Ho
od

C
an

al
;

Q
ui

lc
en

e

20
M

ay
20

1,
29

8,
24

5
63

Ho
od

C
an

al
;

S
ko

ko
m

is
h

21
M

ay
27

54
0,

41
6

63
Ho

od
C

an
al

22
Ju

ne
3

89
0,

35
9

55
S

kà
ko

m
is

h

23
Ju

ne
10

1,
15

6,
20

0
?

Ho
od

C
an

al

24
Ju

ne
17

3,
49

0,
45

0
68

Q
ui

lc
en

e

*
T

hi
s

is
a

ro
ug

h
es

tim
at

e
ca

lc
u

la
te

d
fr

om
fi
s
h

/l
b

da
ta

o
n

ly
as

su
m

in
~

th
a

t
co

n
d

iti
o

n
fa

ct
o

r
=

0.
75

in
a

ll
ca

se
s.


