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ABSTRACT

The food relationships between juvenile pink salmon 

us gorbusaha)and chum salmon ( 0.keta) released from a hatchery in

Prince William Sound are examined. Samples of zooplankton and salmon 

fry were collected from nearshore waters adjacent to the hatchery. Sal

mon fry in this area have little opportunity for spatial segregation by 

habitat and are obliged to use common food resources. An electivity 

index shows that both salmon fry species selectively prey upon available 

zooplankton. The diets of the two salmon species are compared using a 

measure of overlap, Cl, which is calculated using numerical (percent 

number) and mass (percent dry weight) data from stomach analyses. Val

ues of CX calculated from numerical data show a moderate degree of food 

overlap. Values of CX calculated from mass data, however, show less 

overlap. It is concluded that on a basis of diet biomass, these two 

species of salmon fry effectively partition food resources.
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1. INTRODUCTION

1.1 Background
Salmon are the basis of both a large commercial and an important 

subsistence fishery in Alaska. Through an intensive exploitation of 

this resource by fishermen, salmon populations have been severely de

pleted, if not eradicated, in many Alaskan streams and rivers (for a 

synopsis of the history of commercial salmon fishing and salmon enhance

ment in Alaska, see Urquhart, 1979). In an effort to rehabilitate the 

fishery and increase the numbers of returning adult salmon, the State of 

Alaska enacted a program in 1974 to provide funds for establishing pri

vate (non-profit) salmon hatcheries.

In 1975, the University of Alaska, Institute of Marine Science, 

with the support of the Alaska Sea Grant Program, began a three-year 

study of the carrying capacity of waters adjacent to a developing pri 

vate hatchery at Port San Juan, Evans Island, Prince William Sound, 

Alaska. The purpose of the study was to evaluate the ability of these 

waters to support the large numbers of pink ( goi’buschcc')

and chum ( 0. keta) salmon fry to be released each spring, and to deter

mine fry survival during the nearshore estuarine stages of their lives. 

As a result of the information gathered, hatchery personnel will be 

better able to coordinate fry releases with optimum conditions for fry 

survival.
The behavior of pink and chum salmon fry during the early marine 

stages of their lives are similar in respect to schooling and feeding 

(Hoar, 1958). Pink and chum fry have been observed schooling together

1
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during their occupation of nearshore areas (Parker, 1971; Kaczynski 

al., 1973; and Cooney et al. , 1981). Feeding studies conducted in

Puget Sound, Washington (Kaczynski et 1973); Hokkaido, Japan 

(Okada and Taniguchi, 1971); British Columbia, Canada (Manzer, 1969); 

and southeastern Alaska (Bailey et al., 1975) established prey prefer

ences for pink and chum fry in these areas. Results show some differ

ences in food selection by the two species, but their diets are for the 

most part quite similar.

The tendency to assume very similar ecologies in pink and chum 

salmon fry has reduced the focus on possible inter-specific behaviors 

between the species (Gallagher, 1979). There is a question of whether 

or not these two closely related and behaviorally similar species may 

be competing for food in nearshore nursery areas. Little or no infor

mation is available on trophic relationships between juvenile salmon in 

Prince William Sound or areas this far north in the Pacific Ocean. A 

knowledge of trophic interactions between salmon species is of the ut

most importance to proper management of existing and proposed hatcher

ies in Prince William Sound and other areas of Alaska as well as an im

portant addition to the ecology of the genus

In this study the diets of pink and chum salmon fry found schooling 

together are compared. Since fry of both species are released from the 

hatchery into a habitat which affords little opportunity for spatial 

segregation by species, both species must rely on the same community of 

prey organisms for food. If food demands exceed supply, sufficient over

lap of their diets may lead to competition and decreased survival of one 

or both species of fry. Whether or not pink and chum fry partition a
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common food resource and the nature of the partitioning were of interest 

to me and were questions I thought should be addressed.

1.2 Phylogeny of Oneorhynchus

An understanding of the phylogeny of a genus or its species is 

often useful when studying the ecological relationships between closely 

related species. Currently, there are six anadromous species of the 

genus Oncovhynchus found in the North Pacific Ocean. They are 0.

Brevoort (cherry salmon); 0. ki-sutdh Walbaum (coho salmon); 0.

tsoha Walbaum (chinook salmon); O', ner Walbaum (sockeye salmon);
0. keta Walbaum (chum salmon); and 0. Walbaum (pink salmon).

All but 0. masou are found throughout the North Pacific from Japan to 
California and in the Bering and Chukchi Seas. Here these five species 

occupy a large geographical region sympatrically, each species having 

an area of abundance within the ranges of all the other species. Be

cause the species of this genus have not diverged evolutionarily very 

much, their origin can possibly be found in geologically recent times 

(Neave, 1958).
The ancestral habitat of salmonids was a hotly debated issue in 

the early part of this century. Many zoologists supported a theory of 

marine origin of salmonids while others argued just as strongly for a 

theory of fresh water origin. A paper by Tchernavin (1939) gave summar

ies of both sides of the argument, and strongly supported a fresh water 

origin. This hypothesis has remained valid, and has even gained further 

support by later studies of salmonid distribution, morphology, biochem

istry, physiology, and behavior (Hoar, 1976). Tchernavin (1939)
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pictured the ancestral salmonids as small fish inhabiting the cool 

streams and lakes of the Northern Hemisphere, During glacial episodes, 

food became scarce and conditions unfavorable in fresh water, exter

minating many of these salmonids. Some salmonids, however, developed 

a migratory behavior of descending to the sea in order to feed when 

food supplies in the rivers were exhausted. From these fish developed 

the true migratory forms of various genera and species of the Salmonidae.

A new species can be created by isolating a portion of an original 

common stock. The isolation must result in the prevention or restric

tion of interbreeding with the parent stock. With time this isolation 

may result in the accumulation of sufficient genetic differences so 

that interbreeding between the new and parent populations cannot occur 

or does not successfully occur when they come into contact with one 

another (Odum, 1971).

The genus Oncorhynchus is thought to have arisen from a parent 

stock of the genus Salmo (Neave, 1958). This parent stock of Salmo 

reached the North Pacific region after spreading across North America.

To quote Neave (1958): "In one of the furthest regions to which it

penetrated, a large stock became isolated geographically and diverged 

markedly from the populations which continued to inhabit other coastal 

regions of the North Pacific."

The region where Oncorhynchus diverged from the parent stock is 

thought to be the Sea of Japan (Neave, 1958). Unlike the steep, narrow- 

shelved North American coast, the Asiatic coast includes marginal seas 

which became shallow, brackish water seas sometime during the past 

million years. During sea level changes due to glaciation, the Sea of
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Japan became completely isolated from the North Pacific. This happened 

twice during the Pleistocene and may have resulted in the evolution of a 

fish with stronger pelagic behavior than Salmo and a greater tolerance 
for high salinities as juveniles (Hoar, 1976). As stated by Neave 

(1958): "The enclosure of such a great area, situated in the appropri

ate geographical region and associated with climatic changes, might 

surely provide opportunity for the isolation and evolution of a stock of 

salmonids of anadromous or incipient anadromous habits."

This argument is supported by the absence of in this area.

The Sea of Japan is the only coastal area in the world at that latitude 

where Salmo is not present today as an anadromous fish or as relict 
fresh water colonies (Neave, 1958). This is interpreted as meaning 

Salmo did reach the area prior to its isolation and with time became 
"transformed" to Onoorhynohus. Also, relict populations of

occur in Japan and Formosa, but nowhere else in the Pacific. 0. masou, 

one of the relict species, is the most similar to Salmo of all the known 
species of Onoorhynohus (Neave, 1958).

The further development of the new genus Onoorhynohus into several 
species more than likely took place in several regions throughout the 

North Pacific. After the reunion of the Sea of Japan with the Pacific 

Ocean, the newly evolved salmonids spread back into the areas occupied 

by the ancestral stock of Salmo. It is not known whether or not these 

new fish were actually a new "genus" at this time, but there may have 

existed a measure of distinctness adequate enough to allow continued 

divergence. The repeated emergence and submergence of land, and the 

appearance and disappearance of ice barriers at this time may have
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provided conditions favorable for the rapid evolution of a number of 

divergent species and for their rapid dispersal.

The species within the genus Oncovhynchus are quite closely related 

and often require careful examination to identify them. The taxonomic 

characteristics used for distinguishing species from one another are the 

number and size of gill rakers, the number of fin rays, the number of 

scales, the number of pyloric caeca, and the patterns of pigmentation. 

Some degree of overlap in the ranges of these characteristics occurs 

among the species (_Neave, 1958).

In addition to morphological distinction, there are physiological 

and ecological differences between the species that appear to be even 

less distinctive (Neave, 1958). The preferred temperature for the 

young of these species in fresh water is 12°C to 14°C, and lethal tem

peratures vary only from 23.8°C to 25.1°C (Brett, 1952). Preferred 

temperatures in the ocean are also quite similar. Differences in the 

timing and preferred habitat of spawning are frequently apparent, but 

they are far from supplying definitive general distinctions between 

species. It is possible to find each species breeding alongside one 

or more of the other species (Neave, 1958). Similarities in feeding 

habits are also exhibited. Although some quantitative differences in 

the kinds of food eaten can be shown, "the degree of specialization is 

not very great" (Neave, 1958).

1.3 Pink and Chum Salmon Biology

Pink salmon are the smallest and most abundant salmon found in 

Prince William Sound, Alaska. Chum salmon are the second most abundant
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salmon species in this region. The ranges of these species overlap 

almost completely. They are found in the North Pacific Ocean from 

Japan to central California, the Sea of Okhotsk, the Bering Sea, and 

the Arctic Ocean from the Lena River in Asia to the Mackenzie River 

in Canada (Neave, 1958; Hikita, 1962). Their most common range is

the North Pacific and Bering Sea.
Unlike other Pacific salmon, pink salmon have a strict two-year

life cycle which is rarely departed from. In Alaska, adults return to

spawn in small coastal streams from July to September. Spawning often 

takes place within the intertidal zone (Bailey, 1969). The eggs are 

deposited and fertilized in depressions in stream bed gravels and then 

buried. Incubation may last from 60 to 90 days. After hatching, the 

alevins move deeper into the gravel, continue to develop, and emerge as 

fry a few months later. The time of emergence is determined by stream 

water temperatures (Sheridan, 1962). Higher temperatures appear to de

crease the time period from egg deposition to fry emergence. Yolk re

serves nearly depleted, the pink fry emerge individually from the gravel 

and immediately begin migrating to the estuary. In Alaska emergence and 

outmigration usually take place in April and May. At the time of emer

gence, the average pink fry fork-length is about 32 mm.

Once in the estuary, the fry form large schools which remain in 

protected nearshore areas for as long as two months. As the fry grow 

larger, they gradually move offshore into deeper water. By August most 

of the fry are found in deep water and moving out into the open ocean. 

After spending 12 to 14 months in the open ocean, the mature pink salmon



return to the coast to spawn in the streams where they originated two 

years before. After spawning the adults die within a few days.

Chum salmon mature as three, four, and five year old fxsh, with 

the majority of returning adults being four years old. Spawning takes 

place in streams and rivers from intertidal areas to far up major river 

systems. Chum salmon may migrate as far as 2400 km up the Yukon River 

to spawn (Merrell, 1970). Spawning takes place from July to October.

In general, the life history of chvim salmon is very similar to that of 

pink salmon. Eggs are deposited in the gravel of stream beds and fry 

emerge in April and May of the following spring. The time of emergence 

is again temperature dependent. Chum fry have an average fork-length 

of about 35 mm at the time of emergence.
After they have reached the estuary, chum fry also form schools and 

gradually move offshore as they grow. Chum spend two to four years in 

the open ocean before returning to the coast to spawn. As with all 

Pacific salmon, the adult chums die soon after spawning.

Knowledge of Pacific salmon ecology in the open ocean is quite 

limited. Pink and chum salmon tagged at one locality in the Gulf of 

Alaska have returned to spawn in widely separated areas of the Alaska 

and British Columbia coastlines (Neave, 1964). According to Neave 

(1964), there is a great deal of intermingling of species and popula

tions on the high seas. It is his contention that the movements of sal

mon in the open ocean are active (not passive drifting with currents), 

possibly directed by environmental variables which offer favorable con- 

ditions for growth and survival.
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1.4 Fry Behavior
Pink and chum salmon are essentially obligatory ocean dwellers and 

migrate to a marine environment soon after emerging from the gravel 

(Hoar, 1958). They are the only Pacific salmon which do not have an ex

tended fresh water life stage while they are juveniles. The behavior of 

pink and chum fry in fresh water and in the estuary will be the focus of 

this section. The discussion will be concerned with the period of time 

from emergence from the gravel to migration offshore to the open ocean 

(smolting).
The seaward migration of pink and chum fry after emergence from the 

gravel takes place mainly at night (Neave, 1955; Hoar, 1956; McDonald, 

1960). The fry emerge from the gravel individually, and almost immedi

ately begin a rapid downstream migration.

In general, the seaward migration is regulated by the response of 

fry to light and currents (McDonald, 1960). Pink fry are photosensitive 

and tend to avoid intense illumination. They travel singly, mainly at 

night, and hide under stones on the stream bottom during the day. The 

degree of migration that pink fry undertake during daylight hours is 

affected by the distance to the estuary and instream turbidity. Migra

tion during daylight increases with the increasing distance fry have 

traveled; and increased turbidity decreases light intensity and enhances 

daylight movements of fry (McDonald, 1960). Pink fry show a strong neg

ative rheotaxis, actively swimming downstream with the current (Neave, 

1955), making the migration to the estuary as short and swift as possi

ble. Pink fry do not usually form schools during the seaward migration 

(Neave, 1955; McDonald, 1960). This species is not well adapted to a
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shallow stream environment (Hoar, 1958), It emerges as a silvery, pel

agic fish lacking the camouflaging parr marks of chum and other juvenile 

salmon.

Chum fry are generally not as specialized as pink fry with regard 

to their fresh water migratory behavior (Hoar, 1958). Seaward migration 

of chum fry can be totally at night or it can continue throughout a 24- 

hour period (McDonald, 1960). Chum lack the hiding behavior of pink fry 

during the daylight hours (Hoar, 1958). Following emergence, chum fry 

prefer bright light although they will retreat to less intensely illum

inated areas when exposed to extreme illumination. Chum fry also show a 

strong negative rheotaxis at night, but they can also be seen holding 

position in currents (positive rheotaxis) during the day (Hoar, 1958). 

Schooling of chum fry prior to entering the estuary does occur (McDon

ald, 1960).

Fresh water feeding has been observed for both species (McDonald, 

1960), but the extent of feeding is much less for pink fry. Pink fry 

do not usually begin feeding until they reach the estuary. Chum fry, 

however, may feed extensively during downstream migrations and may even 

show considerable growth before entering the estuary (Hoar, 1958; Mason, 

1974: Bailey et al., 1975).

Subsequent to reaching the estuary, 'both pink and chum fry form 

schools which can be quite large. Their schools are typically in con

stant motion with individuals similarly oriented and moving at a uni

form pace CHoar, 1958). Chum schools are less compact than those of 

pink fry, and there-is a tendency for them to disperse at night, unlike 

pink schools (Schreiner, 1977). Once pink fry have schooled, the
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photosensitivity and light avoidance behavior is lost. Large groups 

of pink fry released from saltwater holding pens at Port San Juan,

Evan's Island, would orient themselves so they were swimming toward 

the sun. The schools of fry would continue swimming in that direction 

until reaching the shore where they would proceed to move out of the 

bay following the shoreline (Cooney al., 1981).

The response of pink and chum fry to disturbance is very different. 

When alarmed, pink fry scatter across the surface of the water in all 

directions. Chum fry, however, dive to the bottom and seek the cover of 

stones or vegetation to escape predators. These behaviors are in re

sponse to changes in light intensity and surface patterns of illumina

tion. The behavior of schooled pink fry is adaptive for the life of a 

pelagic fish living in deep estuarine and oceanic waters (Coburn and 

McCart, 1967). The behavior of chum fry is better adapted to living in 

shallow streams and nearshore estuarine habitats.

The amount of time spent in nearshore estuarine areas is variable. 

The movement of pink and chum fry offshore into deeper water and even

tually out to sea seems to be a function of size rather than time

(LeBrasseur and Parker, 1964). As pink fry attain a size of 45 mm to

55 mm, the schools move farther away from shore into deeper, more open

water. By the time the fry are 100 mm long or longer, they are found

well offshore and moving out to begin the oceanic portion of their lives 

(Manzer and Shepard, 1962).

Chum fry remain in nearshore waters longer than the pink fry. The 

young chum salmon remain in nearshore waters until late July or August 

and attain sizes of 100 mm to 150 mm (Bakkala, 1970). Between



mid-summer of their first year and the following summer, the juvenile 

chum become dispersed into offshore waters.



2. STUDY AREA

Prince William Sound is located on the south-central coast of 

Alaska, bordering the northern Gulf of Alaska. It is a complex fjord- 

type estuarine system of glacial and tectonic origin, and may be thought 

of as a boundary between the Gulf of Alaska and its peripheral fjords 

(Muench and Schmidt, 1975). The Sound interacts with the Gulf of 

Alaska via Hinchinbrook Entrance and Montague Strait. There is also 

limited access through archipelagic islands on the east and west sides 

of the Sound.
Port San Juan is located in Sawmill Bay on the east side of Evans 

Island, in the western archipelagic group (Figure 1). Port San Juan is 

approximately 145 km southwest of Cordova and 80 km east of Seward, 

Alaska. Mean monthly temperatures for this area range from -1°C in 

January to 13°C in August. Precipitation is substantial; approximately 

500 cm of rain and 380 cm of snow fall annually (Schmidt, 1977). The 

tidal range is from 1.8 to 4.3 m. The topography of the islands is 

characteristically steep, and they are separated from one another by 

relatively deep, narrow bodies of water.

Sawmill Bay is 5 km in length and opens to the northeast into 

Latouche Passage. There are two major streams entering the bay:

Larson Creek, at Port San Juan; and O'Brien Creek, which enters Crab Bay 

in north Sawmill Bay. In addition, numerous small streams and seeps 

deliver freshwater seasonally.

■Ns? 13



Figure 1. Study area and location of Port San Juan, site of the Prince William 
Sound Aquaculture Corporation pink and chum salmon hatchery.
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3. METHODS AND MATERIALS

In February, 1978, equipment and supplies were delivered to the 

hatchery at Port San Juan, Evan's Island, by the R/V Aoona. Field 

research personnel arrived on March 18. The hatchery provided a cabin 

which served as both a laboratory and living quarters during the field 

season. The timing of the start of the field work began with the initi

ation of outmigration of pink and chum salmon fry from the hatchery. 

During the spring of 1978, 16.9 million pink salmon fry and 1.0 million 

chum salmon fry were released by the Port San Juan hatchery facility.

The laboratory at the hatchery was equipped with dissecting and 

compound microscopes for sorting and identifying zooplankton from field 

collections and fry stomachs. Sampling of zooplankton and salmon fry in 

the surrounding water was accomplished using a 5-m Boston Whaler skiff 

equipped with a 35-h.p. outboard motor.

3.1 Zooplankton: Sampling and Analysis

Zooplankton samples were taken regularly at a number of sites 

during daylight hours to document the variety and number of organisms 

available as prey to the juvenile salmon. Zooplankton were sampled with 

a standard 0.216 mm mesh plankton net, 0.5 m in diameter and 2.5 m in 

length. The cone-shaped net was connected to a PVC cod-end with 0.216 

mm windows. All zooplankton tows were made horizontally at the surface 

(depth to 1 m) and volumes filtered by the net were determined for all 

samples by attaching a flow meter to the mouth of the net.1 Replicate

1 flow meter - Model 2030, General Oceanics Inc., Miami, Florida

15
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tows were routinely taken to determine the representativeness of sam

ples. Two types of zooplankton collections were obtained: 1) samples

used to monitor species abundance, and the development of zooplankton 

communities; and 2) samples taken in conjunction with fry samples.

Two sampling sites, designated as hydrostations, were established 

to monitor general species abundance, and the seasonal development of 

zooplankton communities. Hydrostation 1 was located inside Sawmill Bay, 

and hydrostation 4 was located at the northernmost end of Elrington Pas

sage (Figure 2). These areas were sampled approximately weekly begin

ning 2 April and ending 1 July to establish a time series. Tows were 

made by pulling the net five to ten meters behind the skiff at a con

stant, low velocity of 1 to 2 m/second.

In addition, zooplankton samples were taken in areas where pink and 

chum fry were collected. These samples were used to establish the se

lection of zooplankton as prey by the juvenile salmon. Samples were 

taken by towing a net through the areas where schools of fry were 

sampled. Because fry schools were often found very close to shore, some 

tows were made by holding the plankton net by hand at the surface at the 

stern of the skiff. The skiff was then backed along shore. In this way 

samples could be obtained very close to the shore and the bottom, and 

submerged obstacles could be easily avoided.

Zooplankters were immediately preserved with a five percent formal

dehyde and seawater solution in 500—ml jars and returned to the labora 

tory. Prior to examination these samples were rinsed in fresh water and 

diluted to a known volume in calibrated beakers. Subsamples represent

ing a known portion of the total sample were taken with a Stemple pipet,
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Figure 2. Location of zooplankton and salmon fry sampling areas adjacent 
to Port San Juan.
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washed into a petri dish, and placed under a binocular dissection micro

scope. The portion of the sample not used in examination was returned 

to a 500-ml jar for storage in a five percent solution of formaldehyde 

and fresh water buffered with hexamethylenetetramine.

All organisms in the subsample were identified to the lowest conven

ient taxonomic level and counted. In the case of abundant or important 

prey organisms, identifications were made to species when possible. To

tal counts of organisms examined were used to calculate the density of 

zooplankters for the date and site where the sample was taken. Count 

variability and representativeness of samples were evaluated through 

duplication of this procedure on replicate samples.

Since the sizes of zooplankters vary a great deal, the dry weights 

of the dominant prey organisms were used to indicate their contribution 

to the fry's diet. Depending on their size, a few to several hundred 

organisms were picked out of zooplankton samples, placed in a weighing 

dish, and dried at room temperature in a chemical desiccator to a con

stant weight (usually 24 hours). Total dry weights were determined on 

a laboratory balance and used to calculate dry weights for individual 

organisms. When prey organisms were unavailable in the zooplankton sam

ples, dry weights were determined from relatively undigested organisms 

removed from the stomachs of fry. Dry weights of prey organisms are 

listed in Appendix C.

3.2 Salmon Fry: Field Observation and Sampling

Observations of pink salmon fry in 1977 and in April of 1978 had 

established patterns of movement and habitat preference (Cooney et al.,
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1978 and Urquhart, 1979). Nearshore, visual surveys were conducted from 

the skiff and on foot as often as possible, weather permitting. Subse

quent to the first release of chum salmon fry on 30 April, observations 

of chum fry movements and interactions with pink fry were initiated. In 

areas where substantial numbers of both species were found schooling to

gether, samples of each were collected.

Small, recently released salmon fry were collected with long 

handled dip net (3-mm mesh) from shore and from the skiff. As the fry 

grew larger and their wariness increased, samples were obtained using 

a 30.5-m beach seine. The seine had tapered wings of 13-mm mesh and 

a central bag of 3-mm mesh. This method of fry capture proved quite 

effective. Depending on the size of the fry schools present, several 

thousand fry could easily be captured from which 200 to 300 individuals 

were taken at random as a sample. At times when the numbers of either 

species appeared to be low relative to the other, individuals of the 

minority species were selected to maintain near equal numbers of each 

species in the sample. All fry were allowed to suffocate in 500-ml 

jars before being preserved (five percent formaldehyde solution buffered 

with hexamethylenetetramine) to prevent regurgitation of food items.

As soon as areas were located where schools of pink and chum salmon 

fry persisted, these areas were sampled on a weekly basis. Four sites 

(B, CC, IS, and BL, Figure 2), which supported large populations of both 

species, were chosen for study.
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3.3 Salmon Fry: Laboratory Analyses

In the laboratory, sampled fry were separated by species. The 

presence of parr marks on the chums were usually used to distinguish 

them from the pink fry. In cases where the preservative had caused parr 

marks to fade, various other distinguishing characteristics were used to 

separate the two species (see Okada and Nishiyama, 1970). Fork-lengths 

were measured for each species to the nearest millimeter after the fry 

had spent at least 24 hours in the preservative. The average wet-weight 

of fry of each species was calculated by weighing the total sample of 

each species and dividing the resultant weight by the number of indivi

duals weighed.
A subsample of 10 to 20 fry of each species was selected randomly 

from each sample for analysis of stomach contents. Each fry was mea

sured (fork-length, FL) and placed in a petri dish. After making a mid- 

ventral incision in the body wall, the stomach and esophagus were re

moved with forceps by breaking them free from the gill arches, swim- 

bladder, and the junction with the pyloric caeca. The stomach and 

esophagus contents were then removed and suspended in water for identi

fication and counting. Clumps of prey items were teased apart with 

fine-tipped forceps until identifiable. Prey items were identified to 

the lowest taxon possible, depending upon the degree of digestion.

The results obtained from the analysis of stomach contents for each 

subsample were pooled and enumerated (see Appendix B). Listed for each 

prey item are the number, the percent contribution (numerically), and 

its frequency of occurrence in stomachs of that subsample expressed as a 

percentage.
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Electivity coefficients were calculated using IvlevTs (1961) for

mula:

E = (%N - P%N)/(%N + P%N).

The value %N is the percent contribution of prey organisms in the pooled 

stomach contents of a subsample, and P%N is the percent contribution of 

that prey organism in the surface zooplankton community at the time of 

fry capture. The coefficients are used to gain an understanding of prey 

selection by the pink and chum salmon fry. The coefficient E theoreti

cally ranges from -1.0 to +1.0; positive values indicate the degree of 

selection, and negative values indicate the degree of avoidance or re

jection. A coefficient equal to zero indicates prey organisms were 

taken in proportion to their abundance as observed in the zooplankton 

community.

An index of niche overlap was used to compare the similarity or 

difference between the diets of the pink and chum fry. The index is 

that devised by Morisita (1959) and modified by Horn (1966). Its formu

la is as follows:
s

£
j=l j=l

where CX is the coefficient of overlap, S is the total number of food 

categories, X j  is that proportion of the total diet of species X  taken 

from a given prey category j , and Yj is that proportion of the total 

diet of species Y taken from a given prey category j . The coefficient
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CX varies from zero when there is no diet overlap (no food categories 

in common) to 1.0 when the diets are identical with respect to propor

tional prey category composition.



4. RESULTS

4.1 Zooplankton

Fifty-four zooplankton samples were collected and analyzed in this 

study (see Appendix A, Tables 1 and 2). Forty samples were taken at 

hydrostations 1 and 4, and 14 zooplankton samples were taken in conjunc

tion with fry samples.

Due to patchiness, the concentration or total abundance of zoo

plankton varied considerably between replicate samples and between sta

tions or sites. Using a one-way analysis of variance, Urquhart (1979) 

calculated that estimates of total zooplankton abundance at any time and 

place may vary by as much as a factor of two. Regardless of this varia

bility, zooplankton densities fluctuate with time in a consistent way 

from year to year (Urquhart, 1979; Cooney et al., 1981).

During late April and early May, hydrostation zooplankton densities 

reached a peak of approximately 3000 animals/m3 (Figure 3). Following 

this period of high zooplankton abundance, densities fell to less than 

500 animals/m3 around 20 May. Densities then increased steadily to a 

second high value during June. These peaks in zooplankton abundance 

are preceded by blooms of centric and chain forming diatoms.

The late April and early May zooplankton community was dominated 

numerically by calanoid and cyclopoid copepods; Acartia and Oithona 

were the genera in the greatest abundance (Tables 1 and 2). The period 

of transition from the first zooplankton bloom to the next was dominated 

by calanoid copepods and cyphonautes larvae (Bryozoa). During early
0

23
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Figure 3. Zooplankton abundance at the hydrostations and salmon fry 
sample sites.



Table 1. The percent 
eight-week s

number of selected 
itudy period.

prey taxa at hydrostations 1 and 4 during the

SAMPLE DATE

Prey Taxa 4/28 5/3 5/10 5/16 5/19 5/23 5/31 6/7 6/13 6/19 6/25 7/1--:—1----------- ------
CALANOID COPEPODS 48.6 40.5 69.8 53.3 49.5 16.0 67.4 63.3 19.0 11.6 15.7 18.6

CYCLOPOID COPEPODS 22.9 42.5 12.9 3.0 11.1 4.6 8.9 11.7 27.2 10.3 10.8 30.3

HARPACTICOID COPEPODS 0.5 — 0.2 — 0.9 0.2 — 0.1 — — 0.8 —

CIRRIPEDIA JUVENILES 3.9 3.4 6.2 0.2 14.5 0.9 2.7 3.4 20.2 6.2 1.2 5.0

LARVACEA 0.7 — 0.4 0.5 0.8 3.9 13.7 8.6 38.8 34.1 16.7

COPEPOD NAUPLII 17.2 8.6 3.0 1.0 0.7 0.5 1.4 2.3 6.4 5.7 7.6 3.6

INSECTS 0.1 — 0.6

AMPHIPODS 0.4 0.2 — 0.1 — — 0.2 —

POLYCHAETES 0.8 2.1 1.3 — 1.9 0.2 0.2 — 0.7 0.2 0.3 0.1

CUMACEA — — — — — — — — — — — —

CLADOCERA 0.1 0.4 6.1 2.8 11.8 5.1

CYPHONAUTES LARVAE 0.7 0.4 4.7 41.9 17.4 75.3 10.5 0.8 1.1 0.6 1.0 0.2

TOTAL % 95.3 97.5 98.5 99.5 96.9 99.3 95.1 95.8 89.3 76.2 83.5 79.6



Table 2. The percent number of selected prey taxa for zooplankton
samples taken in conjunction with fry samples (a + indicates 
a value less than 0.1).

SAMPLE DATE

Prey Taxa 5/1 5/11 5/19 5/27 6/4 6/11 6/20 6/27

CALANOID COPEPODS 25.2 55.0 25.2 9.3 11.9 4.6 7.6 1.2

CYCLOPOID COPEPODS 15.6 4.6 13.9 5.5 9.8 15.2 6.7 14.8

HARPACTICOID COPEPODS 14.6 4.5 21.2 6.0 4.6 3.3 1.0 0.9

CIRRIPEDIA JUVENILES 25.4 10.9 8.7 71.1 18.0 8.8 6.7 1.5

LARVACEA — 0.5 — 1.4 13.1 11.1 4.0 4.7

COPEPOD NAUPLII 6.0 0.8 — 0.7 5.1 1.8 1.1 0.4

INSECTS 0.3

AMPHIPODS — 1.4

POLYCHAETES 0.6 1.6 — 0.4 0.2 0.2 0.7 0.1

CUMACEA 0.6

CLADOCERA 0.1 1.1 0.9 2.4

CYPHONAUTES LARVAE — 10.3 27.2 2.1 3.6 2.0 0.5 +

TOTAL % 88.3 89.6 96.2 96.5 66.4 48.2 29.3 25.2
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June the zooplankton community was again dominated numerically by cope

pods; larvacea and cirripedia juveniles also contributed substantially 

to zooplankton numbers at this time. The organisms dominating the late 

June community were cyclopoid copepods, larvacea, cladocera, and inver 

tebrate eggs. Nearshore zooplankton communities also fluctuated like 

those found at the hydrostations, but epibenthic and intertidal organ

isms contributed to the overall community more markedly, as would be 

expected.
As a whole, zooplankton communities in this area are a mixture of 

neritic and oceanic organisms. Estuarine nearshore and surface waters 

supporting a neritic zooplankton community overlie deep channels and 

basins harboring overwintering populations of oceanic organisms. With 

the onset of spring phytoplankton blooms, vertical migrations of these 

oceanic species bring them in contact with the neritic communities in 

the surface layers.

4.2 Salmon Fry: Diets

From 1 May to 27 June, a total of 16 samples of salmon fry were 

collected in the four study sites. Of these, 12 were selected for 

analysis (Appendix B, Table 1). Since overall differences or similari

ties in the diets of the two salmon species were to be examined, the 

results of fry stomach analyses for some of the sample sites were com

bined. The result was a series of eight samples, one for each of the 

eight weeks the study was in progress. Collections of fry from differ

ent sites taken on the same date were treated as one sample in the 

stomach analysis summaries. Sampling was discontinued after 27 June
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because neither species of salmon fry were available in the nearshore 

areas.

Forty-six taxa of prey organisms were identified from the stomachs 

of 140 chum fry (Table 3). For the eight week sampling period as a 

whole, larvacea were the numerically dominant prey taxa (Table 4). Fol

lowing larvacea in order of numerical importance were harpacticoid 

copepods, insects, and ciadocera.

The diet of chum fry was dominated by insects and harpacticoid 

copepods for the first three weeks of sampling (Table 5), Harpacticoids 

continued to be a major prey item in all but the eighth week. Larvacea 

first appeared in the diet during the fifth week and numerically ac

counted for more than 65% of the diet in weeks seven and eight. Cuma- 

ceans were a major contributor to the diet during the fourth week and 

declined in number in the following weeks. Calanoid and cyclopoid 

copepods, cirripedia juveniles, amphipods, polychaetes, and copepod 

nauplii, though present, made only minor contributions to the diet at 

any one time. Ciadocera and cyphonautes larvae were important in the 

eighth and fifth weeks respectively.

Thirty-eight taxa of prey organisms were identified from 140 pink 

salmon fry stomachs (Table 3). For the eight week sampling period as a 

whole, copepod nauplii were the numerically dominant prey taxa (Table 

4). Other dominant prey, in order of importance, were harpacticoid 

copepods, calanoid copepods, and larvacea.

Harpacticoid copepods were numerically important prey for pink fry 

in all but the eighth week (Table 6). Calanoid copepods contributed 

substantially to the diet, also becoming less important in the eighth
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Table 3. The percent frequency of occurrence of prey taxonomic groups 
in. the stomachs of 140 chum and 140 pink fry.

Percent Frequency 
of Occurrence

Taxonomic Group Chum Pink

Cnidaria
Scyphozoa

(larvae)

Bryozoa
(Cyphonautes larvae)

Mollusca
Bivalvia

(juveniles) 
Gastropoda 

(egg cases) 
Thecostomata. 

(pteropods)

2

6
11

4

3

Nematoda
(Unidentified spp.)

Annelida
PoL'ychaeta

(trochophore) 
y"' (juveniles)

• (Unidentified spp.)

Arthropoda
Arachnida

Acarina
Araneae
Pseudoscorpiones

Crustacea
Branchiopoda 

Diplostraca 
Evadne spp.
Podon spp. 

Ostracoda
Conchoeo-La spp. 
(Unidentified spp.) 

Copepoda 
(nauplii)

4
14
1

6
1
1

13
1

2
2

1
8

13
1

11
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Table 3. (continued)

Percent Frequency 
of Occurrence

Taxonomic Group Chum Pink

Calanoida
Acartia spp.
Calanus spp.

Epilabddoeera spp. 
Eurytemova spp.

Metrddia spp. 
Pseudooalanus spp. 

(Unidentified copepodids) 
Cyclopoida 

Oithona spp.
Harpacticoida

(Unidentified spp.) 
Cirripedia 

(nauplii)
(cyprids)

Malocostraca 
Amphipoda 

Gammaridea 
Hyperiida 

Cumaeea
y' '(Unidentified spp. )

/  ̂ Decapoda
(crab zoea)

Euphaus iacea 
(nauplii)
(calyptopis)
(furcillia)
(Unidentified spp.)

Isopoda
(Unidentified spp.)

Insecta
Coleoptera

(Unidentifed spp.)
Diptera

(larvae)
(Unidentified spp.) 

Hemiptera
(Unidentified spp.) 

Trichoptera 
(larvae)

2
14

1
3

16
1

74

6
27

21
8
14

6
4
1
6

13
67

1

4

4
40
1

13 
61

8
7

77

10
26

14 
11

6

1

6
1

16
1

6
18
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Table 3. (continued)

Percent Frequency 
of Occurrence

Taxonomic Group . Chum__________ Pink

Chaetognatha
(Unidentified spp.) 2 7

Echinodermata
(plutei) 1

Chordata
Larvacea 28 29
Osteichthyes

fish (eggs) 7 4
fish (larvae) 4 9

Unidentified (eggs) 5 6



Table 4. Abundance of prey taxa in the stomachs of 140 chum fry and 
140 pink fry collected between 1 May and 27 June 1978 (a 
+ indicates a value less than 0.1).

CHUM FRY PINK FRY

Prey Taxa N %N %F0 N %N %FO
CALANOID COPEPODS 121 1.0 30 1838 19.7 74
CYCLOPOID COPEPODS 209 1.8 6 389 4.2 7
HARPACTICOID COPEPODS 3212 27.4 74 2091 22.4 76
CIRRIPEDIA JUVENILES 109 0.9 26 196 2.1 32
LARVACEA 5247 44.8 28 1311 14.0 29
COPEPOD NAUPLII 347 3.0 9 2483 26.5 11
INSECTS

■' /' 894 7.6 71 56 0.6 22
AMPHIPODS 76 0.7 26 67 0.7 25
POLYCHAETES • ' ✓ 93 0.8 17 35 0.4 10
CUMAC£&'' 260 2.2 14 43 0.4 6

".iADOCERA 636 5.4 13 492 5.3 13

CYPHONAUTES LARVAE 210 1.8 3 1 + 1

OTHER 304 2.6 39 394 3.7 41

TOTAL 11718 9351



Table 5. The percent number and percent frequency of occurrence (in parentheses) of prey taxa 
in chum fry stomachs for e^jch weekly sample.

\
SAMPLE PERIOD (date)

Prey Taxa
1

5/1
2

5/11
3 . 

5/19
4

5/27
5

6/4
6

6/11
7

6/20
8

6/27
CALANOID 0.7 4.1 2.6 0.8 0.6 0.1 1.9 0.1COPEPODS (20) (50) (40) (20) (15) (10) (50) (30)
CYCLOPOID — ---- ____ __ — — __ 5.5COPEPODS (80)
HARPACTICOID 74.6 41.0 01.3 37.3 35.3 58.5 17.3 0.4COPEPODS (85) (60) (90) (80) (85) (80) (60) (40)
CIRRIPEDIA 0.8 1.5 1.1 1.2 5.5 1.1 0.6 0.2JUVENILES (20) (15) (20) (20) (45) (25) (25) (50)
LARVACEA — — — — 6.5 24.9 65.7 67.6

(25) (55) (65) (100)
COPEPOD — — — — 0.5 __ 0.1 9.0
NAUPLII (10) (5) (100)
INSECTS 21.6 52.2 10.8 26.3 6.3 7.1 5.4 0.1(80) (80) (55) (100) (70) (80) (75) (20)
AMPHIPODS 1.8 — 0.2 2.4 0.8 1.1 0.8 0.1

(35) (5) (30) (10) (50) (65) (10)

u>u>



\
Table 5. (continued) v

\

1 2
Prey Taxa ____________5/1______5/11

POLYCHAETES 0.5 1.2
(10) (5)

CUMACEA

CLADOCERA

CYPHOUAUTES
LARVAE

3
5/19

3.7
(15)

TOTAL % 100.0 100.0 99.7

SAMPLE PERIOD (date)

4
5/27

5
6/4

6
6/11

7
6/20

8
6/27

0.1 1.2 0.9 0.2
(5) (15) (50) (40)

31.2 12.3 2.3 1.5 —
(40) (25) (30) (20)

— — 0.3
(15)

0.4
(25)

16.1
(100)

— 27.4
(20)

— ---- ----

99.2 95.3 96.6 94.6 99.3

u>
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Table 6. The percent number and p^cent frequency (in parentheses) of prey taxa in pink fry 

stomachs for each weekly siample.
\\

SAMPLE PERIOD (date)

Prey Taxa
1

5/1
2

5/11
3 \

5/19'
4

5/27
5

6/4
6

6/11
7

6/20
8

6/27

CALANOID 11.0 13.1 60.1 23.1 54.3 18.2 37.9 1.4
COPEPODS (65) (55) (90) (80) (90) (60) (80) (70)

CYCLOPOID __ _ ---- — 0.2 — 0.1 8.5
COPEPODS (5) (5) (80)

HARPACTICOID 87.3 69.8 28.1 58.4 32.3 37.6 38.5 0.2
COPEPODS (80) (65) (95) (90) (75) (75) (80) (40)

CIRRIPEDIA 0.2 1.0 7.4 7.8 3.5 4.2 3.1 0.1
JUVENILES (5) (10) (35) (50) (25) (55) (60) (20)

LARVACEA — — _ _ — 2.3 26.3 12.0 21.1
* (35) (65) (50) (100)

COPEPOD _ 0.7 0.5 0.2 — 0.3 53.9
NAUPLII (5) (10) (5) (15) (100)

INSECTS 0.8 3. 6 0.4 — 1.9 3.1 0.9 —

(20) (30) (5) (25) (40) (35)

AMPHIPODS 0.2 1.1 1.4 0.2 1.4 2.0 1.9 —
(5) (10) (25) (10) (35) (20) (75)

OJ
Ln



Table 6. (continued)

1 2
Prey Taxa______________ 5/1 5/11 5/tg

POLYCHAETES 0.4 9.9 0.5
(10) (25) (5)

CUMACEA —  0.5
(5)

CLADOCERA

[PLE PERIOD (date)

4 5 6 7 8
5/27 6/4 6/11 6/20 6/27

0.2 0.4 — — 0.3 _
(10) (10) (15)

8.9 0.3 - 0.1 0.1
(30) (10) (5) (10)
__ _ 0.7 0.4 10.5

(10) (30) (100)

CYPHONAUTES —  ~  “  ”  °'2
LARVAE (5)

TOTAL % 9 9 . 9  99.0 98.6 99.1 97.0 92.1 95.5 95.8

u>
O n
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week, Larvacea were important during weeks six through eight. Copepod 

nauplii and ciadocera were major prey only in the eighth week. Cyclo- 

poid copepods, cirripedia juveniles, insects, amphipods, polychaetes, 

and cumaceans were present in the diet in low numbers during the eight 

weeks of sampling.

4.3 Trophic Relationships

Ivlev electivity coefficients (Table 7) indicate that both species 

of fry feed selectively. Most of the prey taxa were consistently selec

ted or avoided, but the degree of selection or avoidance differed 

slightly for the two salmon species. The most striking difference is 

seen within the calanoid copepod taxa. Chum fry consistently avoided 

calanoid copepods, and pink fry selected these copepods in six of the 

eight sampling periods. Larvacea were selected more strongly by chum 

fry than pink fry in the last two weeks of sampling. Insects, amphi

pods, an/i cumacea were rarely found in zooplankton samples which 

3#6ounts for the large number of +1.00 values for these categories.

,/ Cyclopoid copepods, cirripedia juveniles, and cyphonautes larvae were 

rarely as abundant proportionally in fry stomachs as they were in the 

surrounding water.

The coefficients of overlap are found in Table 8 and Figure 4. Two 

values of Morisita?s CA were calculated. The first, CA1# was calculated 

using the percent number C%N) of the twelve prey taxa. The second, CA2, 

was calculated using the percent dry weight (%DW) of the twelve prey 

taxa. A value of CA greater than or equal to 0.60 was considered to be



Table 7. The Ivlev's electivity coefficients relating the abundance 
of prey taxa in the stomachs of pink and chum fry to the 
abundance of prey taxa in the surrounding waters.

SAMPLE PERIOD (date)

Prey Taxa
Fry

Species
1

5/1
2

5/11
3

5/19
4

5/27

CALANOID Chum -0.95 -0.86 -0.81 -0.84
COPEPODS Pink -0.39 -0.62 +0.41 +0.43

CYCLOPOID Chum -1.00 -1.00 -1.00 -1.00
COPEPODS Pink -1.00 -1.00 -1.00 -1.00

HARPACTICOID Chum +0.67 +0.80 +0.59 +0.72
COPEPODS Pink +0.71 +0.88 +0.14 +0.71

CIRRIPEDIA Chum -0.94 -0.76 -0.78 -0.97
JUVENILES Pink -0.98 -0.83 -0.08 -0.80

LARVACEA Chum 0.00 -1.00 0.00 -1.00
Pink 0.00 -1.00 0.00 -1.00

COPEPOD Chum -1.00 -1.00 0.00 -1.00
NAUPLII Pink -1.00 -1.00 +1.00 -0.17

INSECTS Chum +0.97 +1.00 +1.00 +1.00
Pink +0.45 +1.00 +1.00 0.00

AMPHIPODS Chum +1.00 -1.00 +1.00 +1.00
Pink +1.00 -0.12 +1.00 +1.00

POLYCHAETES Chum -0.09 -0.14 +1.00 -1.00
Pink -0.20 +0.72 +1.00 -0.33

CUMACEA Chum -1.00 0.00 0.00 +1.00
Pink -1.00 +1.00 0.00 +1.00

CLADOCERA Chum 0.00 0.00 0.00 0.00
Pink 0.00 0.00 0.00 0.00

CYPHONAUTES Chum 0.00 -1.00 -1.00 -1.00
LARVAE Pink 0.00 -1.00 -1.00 -1.00
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Table 7. (continued)

SAMPLE PERIOD (date)

Prey Taxa
Fry

Species
5

6/4
6

6/11
/

6/20
a

6/27

CALANOID Chum -0.90 -0.96 -0.60 -0.85
COPEPODS Pink +0.64 +0.60 +0.67 +0.08

CYCLOPOID Chum -1.00 -1.00 -0.99 -0.46
COPEPODS Pink -0.96 -1.00 -0.97 -0.27

HARPACTICOID Chum +0.77 +0.89 +0.89 +0.60
COPEPODS Pink +0.75 +0. 84 +0.95 +0.33

CIRRIPEDIA Chum -0.53 -0.78 -0.84 -0.76
JUVENILES Pink -0.67 -0.35 -0.38 -0.88

LARVACEA Chum -0.34 +0.38 +0.89 +0.87
Pink -0.70 +0.41 +0.50 +0.64

COPEPOD Chum -0.82 -1.00 -0.83 +0.91
NAUPLII Pink -0.92 -1.00 -0.57 +0.99

INSECTS Chum +1.00 +1.00 +1.00 +1.00
Pink +1.00 +1.00 +1.00 0.00

AMPHIPODS Chum +1.00 +0.83 +0.78 +1.00
Pink +1.00 +0.90 +0.90 0.00

POLYCHAETES Chum -0.33 +0.71 +0.13 +0.33
Pink +0.33 -1.00 -0.40 -1.00

CUMACEA Chum +1.00 +1.00 +1.00 0.00
Pink +1.00 0.00 +1.00 +1.00

CLADOCERA Chum -1.00 -0.57 -0.38 +0.74
Pink -1.00 -0.22 -0.38 +0.63

CYPHONAUTES Chum +0. 77 -1.00 -1.00 -1.00
LARVAE Pink -0.89 -1.00 -1.00 -1.00



Table 8. The coefficients of overlap indicating the similarity 
of chum and pink fry diets.

COEFFICIENTS

Week Date

OF OVERLAP

ci1* cv *

1 1 May- 0.95 0.37

2 11 May 0.65 0.27

3 19 May 0.44 0.52

4 27 May 0.70 0.22

5 4 June 0.39 0.08

6 11 June 0.88 0.26

7 20 June 0.40 0.29

8 27 June 0.50 0.75

Eight-week Summary 0.59 0.25

* calculated using percent number (%N)

** calculated using percent dry weight (%DW)
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Figure 4. The coefficients of overlap indicating the similarity 
of pink and chum salmon diets.
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a significant overlap (Zaret and Rand, 1971). This is an assumed value 

chosen as a means of comparing the calculated values.

The values of CXi and CX2 were quite different, the values of CX2 

being usually lower than CXj. Only in weeks three and eight is the 

value of CX2 greater than CXX. The value of CX]̂  for week one indicates 

nearly identical diets for the two salmon fry. Subsequent values of CX^ 

for the remaining weeks indicate a decreased similarity in diets with 

overlap values oscillating around the critical value of 0.60 (Figure 4).

All values of CX2 but one lie below the critical value. Only in 

week eight did CX2 exceed 0.60. These values reach a peak of 0.52 for 

week three, then decrease to a low of 0.08 for week 5. At this point 

the diets of the two fry species are quite dissimilar. During the fol

lowing weeks the overlap values of CX2 increase to an overall maximum 

of 0.75 during week eight.



5. DISCUSSION

5.1 Fry Behavior

Pink and chum salmon fry are euryhaline and even as alevins have a 

greater ability to osmoregulate than other salmon (Weisbart, 1968).

Both species are able to migrate from streams directly into salt water. 

Pink fry released from saltwater holding pens at Port San Juan usually 

moved out of Sawmill Bay into the adjacent passages within 24 to 48 

hours. The presence of an extensive freshwater lens on the surface of 

Sawmill Bay was possibly responsible for pink fry avoiding that area 

(Urquhart, 1979). The exceptions to this were pink fry found schooling 

with chum fry within the bay at sites B, IS, and CC. It was thought

that pink fry were attracted to resident schools of chum fry and re

mained with them at these sites.

After release from saltwater pens, chum fry could be found school

ing at the mouth of Larsen Creek and other freshwater outlets from sev

eral hours to a few days. This behavior did not persist, however, and 

fry surveys indicated that the majority of chum fry also moved out of

Sawmill Bay within a few days. This is contrary to chum fry behavior

described by Mason (1974), Healey (1979), and others. They reported 

that chum fry remained in or just beyond the mouths of streams for two 

to three weeks. Mason (1974) found that these chum fry attained consid

erable growth by exploiting prey of fresh and saltwater origin. Port 

San Juan and Sawmill Bay lack the extensive intertidal mud flats and 

channels described by these two studies. The shore line is steep and
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rocky, and stream mouths are devoid of vegetation, either fresh water 

or marine, which small chum fry use for cover. Because of the lack of 

suitable habitat or perhaps the lack of food resources at a preferred 

habitat, chum fry at Port San Juan were obliged to utilize areas also 

occupied by pink fry.

Once established in nursery areas the two species of fry moved 

slowly about in both mixed schools and segregated schools. Recently 

released fry were more apt to be in mixed schools than the larger, older 

fry. During the day the schools moved near the surface in water 0.5 

to 1.0 m deep, presumably feeding.

When the fry became larger and more vigorous (FL > 45 m), segrega

ted schools of pink and chum fry were sometimes observed. Pink fry 

would be in large, compact schools within a meter of the surface but 

offshore far enough to be in water 2 to 5 m deep. Because of the steep 

shoreline these schools were often within a few meters of the shore

line. The chum fry would remain in shallower water, usually 1 m or 

less, and more loosely schooled. This segregation was neither permanent 

nor predictable, but it occurred more often in late June as the fry 

became larger. The segregated schools were usually only a few meters 

apart and sometimes overlapped.

The steep and rocky shorelines of this area offer little diversity 

of nearshore habitat to the juvenile salmon released fro'm the Port San 

Juan hatchery. Species which normally may be spatially separated 

because of differences in habitat preference are forced to coexist in 

essentially a single habitat.
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5.2 Fry Diets
Reports on the diets of juvenile pink and chum salmon from several 

areas in the North Pacific are available in the literature (Manzer,

1969; Okada and Taniguchi, 1970; Kaczynski 1973; Bailey et al.,

1975; and Feller and Kaczynski, 1975). Manzer (1969) described pink and 

chum fry collectively as being planktophagous, feeding mainly on cope

pods and larvacea. This was true at Port San Juan also. These two prey 

taxa accounted numerically for a majority of the prey items of both fry 

species during most of the sampling periods.

Studies of pink and chum fry conducted in Puget Sound (Kaczynski et 

al., 1973) revealed some differences between the diets of these species. 

Chum fry there ate significantly more harpacticoid copepods and adult 

diptera than pink fry. Pink fry stomachs contained more invertebrate 

eggs than chum fry stomachs. The authors attributed these differences 

to electivity by the fry which reflect true behavioral preference. In

sects also were consistently more numerous in chum fry stomachs and were 

eaten more frequently by chum fry than pink fry at Port San Juan. Har 

pacticoid copepods, however, seemed almost equally important to the

diets of both species.
The diets of pink and chum fry in southeast Alaska are discussed by 

Bailey et al. (1975). Pink fry stomachs from their study contained 

mostly planktonic prey, mainly copepods and cirripedia juveniles. Chum 

fry also fed heavily on copepods and cirripedia but also utilized lar

vacea, cladocera, and insects as major prey. The authors noted that 

chum fry tended to eat larger and harder shelled prey such as
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harpacticoid copepods, insects, and cumacea. This is also similar to 

the dietary information collected at Port San Juan.

The diet of a species is a function of many factors such as habi

tat, mouth size, dentition, and methods of feeding (Zaret and Rand,

1971). The results of stomach analyses are lists of prey organisms that 

m a y  or may not give clues to the roles of the fry's morphology and be

havior in the diet. The presence and abundance of prey species in fry 

stomach contents were rarely reflected in the community of potential 

prey species. This disproportion due to selection on the part of the 

fry of preferred prey is common in studies of juvenile salmon diets.

The basis of prey selection is in part visual. Juvenile salmon are 

dependent on their eyes for the location and capture of food (Hoar, 

1958). Urquhart (1979) suggested that some copepods may be selected 

by fry because of their high visibility. Bailey . (1975) also

attributed the presence of larvaceans in the diet of pink and chum fry 

to their visibility. Potential prey which are abundant in the water 

column may not show up in fry stomach contents due to their small size 

or transparent bodies. Two other factors which enter into the selection 

process are the ease of capture and the size of prey. Some potential 

prey may be able to escape predation by out-swimming or hiding from 

pursuing fry. This seems unlikely, however, because salmon fry are very 

strong swimmers, while zooplankton are not. The size of potential prey 

also enters into the process of selection. Prey too large to be grasped 

or swallowed are unlikely to be seen in stomach contents. Feeding ex

periments conducted on chum fry by LeBrasseur (1969) indicated that 

copepods within a certain size range were selected over copepods that
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were smaller or euphausids which were larger. It would seem, then, that 

the process of prey selection by pink and chum is to some extent based 

on their morphological characteristics.

The pink and chum fry collected and analyzed in this study presum

ably used the same habitat and were exposed to the same potential prey 

community. Whether or not there are morphological differences between 

the species which could account for differences in their diets is not 

known. Since the two species of fry were nearly the same sizes and have 

very similar morphologies it was assumed that differences in prey pre

ferences were not due to morphological differences, but rather to behav

ioral differences.

The feeding behaviors of pink and chum fry have received little 

attention in the literature. Studies conducted by LeBrasseur (1969) 

indicated that chum fry not only feed selectively on prey of preferred 

sizes, but also can be conditioned to select certain organisms as prey. 

This conditioning was also demonstrated with chum fry by Levy (1979).

He found that fry which had learned to feed on a mysid, Neomysis mev- 

oedisy while in captivity, were more likely to use this organisms for 

food in the wild than unconditioned fry. This may also be characteris

tic of pink fry. The pattern of feeding has also been described for 

chum fry. Congleton (1979) found that the timing of chum fry feeding is 

keyed to tidal rhythms. Fry fed more intensively during high tide when 

marsh areas were submerged than at low tide when the fry were restricted 

to tidal channels.

It would seem, then, that differences between the diets of pink and 

chum fry are due to behavioral differences, either learned or innate.
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Since the goal of this study was to describe the differences and simi

larities of pink and chum diets, the feeding behaviors of these species
*

were not investigated. Future studies of the morphological and behav

ioral bases of juvenile salmon feeding may demonstrate how juvenile 

salmon coexist with minimal competition for common food resources.

5.3 Diet Overlap
In most studies of juvenile salmon the diets of each species are 

listed but not rigorously compared. There has been little effort to 

quantify ecological relationships between species of juvenile salmon.

In this study a measure of overlap is applied to prey data to indicate 

whether or not pink and chum salmon fry are potential competitors for 

food resources.
Overlap measures are designed to quantify the degree that two spe

cies share common resources or utilize the same part of the environment 

(Lawlor, 1980). There are several formulae used to calculate overlap, 

all of which have different application and responses (see Hurlbert, 

1978; Cailliet and Barry, 1979). The formulae are mostly derived from 

mathematical theories of probability. They are not really measurements 

of competition except under special circumstances (Hurlbert, 1978). The 

overlap measures applied in this study were not used as measures of com

petition but as measures of common resource use by two species. At no 

time during the study was there thought to be any resource (food) limi

tations. Had food resources become limiting, the overlap measures may 
%

have indicated competitive interactions. Chances are, however, that 

interspecies interactions would have been different under competitive
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circumstances (Colwell and Futuyma, 1971; Zaret and Rand, 1971). Col

well and Futuyma (1971) discuss the relationships between overlap and 

competition in some detail. According to their criteria the data pre

sented here are insufficient to prove or disprove the existence of com

petition between pink and chum fry.

The use of the overlap measures in this study should be quite 

straight-forward. The assumption of both species utilizing the same 

habitat, and thus the same prey community, renders comparisons of diet 

free of those complications common to studies of species from different 

habitats.
In general, the trend for the eight sampling periods is one of var

iable similarity in diets. The variability of overlap from one week to 

the next could be due to a number of factors. Changes in the composi

tion or availability of prey in the water column may be a factor affect

ing overlap. The addition of cohorts of fry with different prey selec

tion preferences (conditioning) may affect overlap. Other factors such 

as weather or tides may also influence prey selection and thus the over

lap of diets.

Overlap values calculated using numerical data (%N) resulted in 

values of overlap greater than the critical value for weeks one, two, 

four and six. For week one, harpacticoid copepods were by far the most 

dominant prey taxa for both species of fry, hence the high overlap.

Week two is similar, but the predominance of insects in the chum stom

achs, and not pink, decreased overlap considerably. The near critical 

values of overlap for week four are probably due again to the high inci

dence of harpacticoids in the diets of both fry species. During week
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six the overlap values were quite high. This was due to harpacticoids 

being the dominant prey taxa and larvacea the second most abundant prey

item for both pink and chum fry.
The remaining weeks had overlap values less than the critical val

ues. The dominant prey taxa for these samples were different for the 

fry species. Organisms capitalized on by one species of fry were usual

ly of less importance in the diet of the other. The overlap value cal

culated using the eight week summary is reflective of values for the 

separate weeks. The summary value for CXi lies quite close to the cri

tical value. Again, the importance of harpacticoid copepods in the 

diets of both fry species is largely responsible for these results.

The values of CX2 calculated from the ^DW data generally lie well 

below the critical values. Overlap for week one is largely due to the 

importance of harpacticoid copepods in the diets of both fry species. 

Harpacticoids become less important to the fry during week two, espe

cially in the case of pink fry. The relatively high value of CX2 for 

week three is due to the importance of both calanoid and harpacticoid 

copepods in the diet of both fry species. Harpacticoid copepods again 

can account for much of the overlap for weeks four through seven as 

well as cumacea in week four, insects in week five, insects and amphi- 

pods in week six, and calanoid copepods in week seven. The high overlap 

value of 0.75 during week eight is largely due to the importance of 

larvacea in both species' diets, as well as cladocera to a lesser extent. 

The overlap value calculated for the eight week summary, 0.25, is con

siderably lower than that calculated from the %N data. Most of this
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overlap is due to the high numbers of harpacticoid copepods, and hence 

biomass, in the diets of the two fry species.

Again, overlap values calculated from the %DW data were much lower 

than those calculated using numerical data. Though perhaps not surpris

ing, this result was most interesting. The numerical data give no real 

indication of the importance of prey to the diet. Large numbers of 

small prey such as O'tthona spp. or larvacea may be less important nu

tritionally than a few large prey organisms such as Calanus spp. or 

insects. It appears that partitioning of food resources in this in

stance is on a nutritional (mass) rather than numerical basis. Numeri

cal data showed pink and chum fry to have very similar diets. The %DW 

data, however, indicates that the bulk of their diets, by weight and 

therefore most likely their nutrition, are based in quite different 

prey. For pink fry, calanoid copepods are the major source of nutri

tion while chum fry rely mainly on insects, and to some extent, larvacea 

and harpacticoid copepods.



6. CONCLUSIONS

This study was an attempt to quantify whether or not food resources 

are partitioned by juveniles of the two salmon species, Oncovhynchus 

govbuscha and 0. keta. The results show that although there is some 

overlap in their diets, the bulk of their diets, by weight and therefore 

nutrition, is based on different prey. Having similar morphologies, 

resource partitioning for these species is probably based on behavioral 

differences.

A primary behavioral mechanism of resource partitioning for pink 

and chum salmon fry is probably segregation due to differences in pre

ferred habitat. Pink fry prefer high salinity waters which often place 

them in a different part of the estuary than chum fry (Mclnerney, 1964), 

who usually congregate on intertidal mudflats and channels at the mouths 

of streams and rivers. At Port San Juan, however, both species of fry 

released from the hatchery were obliged to use the same nearshore habitat.

The behavioral bases of salmon fry diets are poorly understood.

The differences in diets exhibited here could be due to a number of be- 

haviorally influenced factors. Behavioral differences in prey selec

tion alone could account for dietary differences. Differences in diets 

could also be due to microhabitat selection. By exploiting different 

microhabitats pink and chum fry in the same nearshore area could consume 

different prey. Then again, perhaps there are different feeding strate

gies employed by each species of fry, one being more of a generalist or 

a specialist than the other. Also, it could possibly be that more than
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one of these factors are combined. The behavioral basis of a species' 

diet is essential to understanding its ecology and relationships with 

other species.
In the future, more salmon hatcheries will be brought into opera

tion in the north Pacific Ocean. Some of these hatcheries will release

as many as five species of salmon fry from a single facility. Up to 

100 million fry may be released from a single hatchery each spring.

What effect these artificially introduced fry species will have on each

other and other sympatric fish species is not known.

How closely related species, such as salmon, existing sympatrically 

partition resources is not a new question nor one that is easily an

swered. Research conducted on commercially important fish species such 

as Pacific salmon often fails to even ask these questions let alone 

attempts to answer them. A knowledge of the ecological relationships 

between these species should be developed before further large-scale, 

artificial propagation programs are initiated. The fate of hatchery 

released salmon, as well as other species which utilize the same habi

tats, are dependent upon further scientific inquiry.
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Zooplankton samples collected at hydrostations 
1 and 4 and at salmon, fry sample sites
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Sample location and number Average number of
Week______ Date__________ of zooplankters/m3____________zooplankters/m3

Table 1- The location and number of zooplankton/m3 for samples
taken in conjunction with salmon fry samples.

1 1 May CC
1367 1367

2 11 May* DL
103

R
1989

Hydro 1 
223 775

3 19 May B
297

Is
145 221

4 27 May BL
1229 1229

5 5 June BL
1046

B
3606 2326

6 11 June BL
3483

B
2479

B(replicate)
3008 2990

7 20 June BL
1761

B
6746 4254

8 27 June BL
6883 6883

* No zooplankton samples were taken in conjunction with the salmon 
fry sample. These three samples were used to represent the abun
dance of zooplankton on this date.



Table 2. The dates and numbers of zooplankters/m3 from the hydro
station zooplankton samples.

Hydrostation 1 Hydrostation 4
Date_________________ replicate____________replicate Average number/m3

28 April 1820 764 1506 - 1363

3 May 3920 2442 2079 3399 2960

10 May 223 - 895 1505 864

16 May 1429 552 359 525 717

19 May 37 - 435 - 263

23 May 252 288 755 415 428

31 May 4720 2171 2192 1580 2666

7 June 681 672 5082 2275 2178

13 June 3189 - 3990 - 3590

19 June 2465 1582 2397 2732 2295

25 June 876 1169 2803 - 1616

1 July 2707 2326 3911 - 2981



APPENDIX B

Salmon fry samples and the results of stomach contents analyses
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Table 1. The dates, location, and number of fry of each species are 
listed. Also included are the average fork-lengths and 
weights and the number of fry examined for stomach contents 
from each sample.

Average Average
Sample Salmon Fork-length Weight Number

Date______ Site______ Species_____ n_________(mm)___________ (g)______ Examine*

1 May CC Chum 88
Pink 102

11 May CC Chum 109
Pink 94

19 May B Chum 39
Pink 142

Is Chum 33
Pink 202

27 May BL Chum 52
Pink 105

4 June B Chum 243
Pink 92

BL Chum 89
Pink 263

11 June B Chum 267
Pink 59

BL Chum 115
Pink 145

20 June B Chum 145
Pink 26

BL Chum 41
Pink 110

27 June BL Chum 155
Pink 129

34.5 0.31 20
31.1 0.19 20

34.5 0.36 20
32.1 0.23 20

36.4 0.41 10
35.8 0.36 10

37.2 0.44 10
33.8 0.29 10

40.0 0.56 10
37.6 0.42 10

41.7 0.66 10
47.4 0.94 10

47.1 0.99 10
49.2 1.08 10

44.4 0.83 10
58.4 1.87 10

48.7 1.09 10
54.0 1.43 10

43.0 0.69 10
46.7 0.78 10

52.0 1.26 10
61.6 2.08 10

53.1 1.46 10
52.5 1.21 10
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Table 2. Results of stomach analyses. Listed for each prey taxa are 
the number (N), percent number (%N), and percent frequency 
of occurrence (%F0). (A + indicates a value less than 0.1).

Date: 1 May 1978 Number of samples : 1
Week: 1 Sample site: CC

CHUM FRY PINK FRY
n = 20 n = 20

FL = 34.6 mm FL = 31.9 mm
Prey taxa N %N %F0 N %N %F0
Harpacticoid copepods 552 74.6 85 427 87.3 80
Diptera (adult) 154 20.8 75 3 0.6 15
Diptera (larvae) 5 0.7 10 1 0.2 5
Amphipod (gammarid) 13 1.8 35 1 0.2 5
Calanus spp. 0 - - 2 0.4 10
Polychaete (larvae) 4 0.5 10 2 0.4 10
Pseudocalanus spp. 5 0.7 20 52 10.6 60
Barnacle cyprids 6 0.8 20 1 0.2 5
Coleoptera (adult) 1 0.1 5 0 —

TOTAL 740 489

Date: 11 May 1978 Number of samples: 1
Week: 2 Sample site: CC

CHUM FRY PINK FRY
_ n = 20   n = 20

FL = 35.2 mm FL = 33.4 mm
Prey taxa N %N %F0 N %N %F0
Harpacticoid copepods 198 41.0 60 134 69.8 70
Diptera (adult) 252 52.2 80 6 3.1 25
Diptera (larvae) 0 - - 1 0.5 5
Pseudocalanus spp. 6 1.2 15 8 4.2 25
Calanus spp. 13 2.7 45 17 8.9 45
Barnacle cyprids 7 1.5 15 1 0.5 5
Barnacle nauplii 0 - - 1 0.5 5
Polychaete (larvae) 6 1.2 5 19 9.9 15
Amphipod (gammarid) 0 - - 2 1.1 10
Chaetognath 0 - - 1 0.5 5
Cumacea 0 - - 1 0.5 5
Acartla tumida 1 0.2 5 0 - -

Fish larvae 0 - - 1 0.5 5
TOTAL 483 192
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Table 2. (continued)

Date: 19 May 1978
Week: 3

Prey taxa

Number of samples: 2
Sample sites: B, Is

CHUM FRY
  n = 20
FL = 36.6 mm 

N %N %F0

PINK FRY 
_  n = 20 
FL = 34.9 mm 

N %N %F0
Harpacticoid copepods 504
Diptera (adults) 67
Calanus spp. 15
Pseudoealanus spp. 1
Calanoid copepods (unident.) 0 
Calanoid copepodids 0
Acartia spp. 0
Amphipods (gammarid) 1
Euphausids (furcillia) 2
Barnacle cyprids 
Barnacle nauplii 0
Copepod nauplii 0
Polychaete (larvae) 23
Epdlabidooeva amp 0
Acarina 0

81.3
10.8
2.4
0.2

0.2
0.3
1.1

3.7

90
55
30
5

5
5

20

15

248
4

28
456

3
20
20
12
10

6
59

6
6
2
1

28.1
0.4
3.2 

51.8
0.3
2.3
2.3
1.4 
1.1
0.7
6.7
0.7
0.7
0.2
0.1

95
5

75
85
5

30
10
25
45
25
15
5
5
5
5

TOTAL 620 881

Date: 27 May 1978 Number of samples : 1
Week: 4 Sample site: BL

CHUM FRY PINK FRY
n = 10 n = 10

FL = 40.0 mm FL = 38.7 urna
Prey taxa N %N %F0 N %N 5SFO
Harpacticoid copepods 92 37.3 80 233 58.4 90
Cumacea 77 31.2 40 35 8.9 30
Diptera (adult) 62 25.1 100 0 - -
Pseudoealanus spp. 0 - - 84 21.1 80
Barnacle nauplii 0 - - 27 6.8 30
Barnacle cyprids 3 1.2 20 4 1.0 20
Acantia spp. 0 - - 8 2.0 30
Amphipod (gammarid) 6 2.4 30 1 0.2 10
Trichoptera (larvae) 3 1.2 30 0
Calanus spp. 2 0.8 20 0 — —
Euphausid (furcillia) 1 0.4 10 2 0.5 20
Isopods 1 0.4 10 1 0.2 10
Copepod nauplii 0 - — 2 0.5 10
Polychaete (larvae) 0 - — 1 0.2 10
Acarina 0 - - 1 0.2 10

TOTAL 247 399



Table 2. (continued)

Date: 4 June 1978 Number of samples: 2
Week: 5 Sample sites: B, BL

CHUM FRY PINK FRY
  n = 20   n = 20
FL-= 44.7 mm FL = 47.0 mm

Prey taxa N %N %F0 N %N %F 0
Harpacticoid copepods 270 35.3 85 184 32.3 75
Diptera (adult) 38 5.0 70 9 1.6 20
Diptera (larvae) 10 1.3 25 2 0.3 10
Cumacea 94 12.3 25 2 0.3 10
Larvacea 50 6.5 25 13 2.3 35
Pseudoealanus spp. 1 0.1 5 210 36.8 70
Calanus spp. 0 - - 49 8.6 65
Metr'idia spp. 0 - - 40 7.0 20
Cyphonautes larvae 210 27.4 20 1 0.2 5
Barnacle cypris 23 3.0 45 13 2.3 25
Barnacle nauplii 19 2.5 30 7 1.2 15
Calanoid copepodids 2 0.3 10 11 1.9 5
Copepod nauplii 4 0.5 10 1 0.2 5
Amphipod (gammarid) 3 0.4 10 4 0.7 20
Amphipod (hyperiid) 3 0.4 10 4 0.7 15
Euphausid (calyptopis) 0 - - 2 0.3 5
Euphausid (furcillia) 2 0.3 10 5 0.9 10
Crab zoea 1 0.1 5 0 —
Acarina 1 0.1 5 0 - —
Pteropods 14 1.8 10 0 - —
Gastropod egg cases 12 1.6 25 2 0.3 10
Fish larvae 1 0.1 5 5 0.9 20
Lamellibranch (larvae) 3 0.4 10 0 — _

Isopods 2 0.3 5 0 — —
Polychaete (trochophore) 1 .1 5 1 0.2 5
Polychaete (larvae) 0 - - 1 0.2 5
Acartia spp. 1 0.1 5 0 —
Euvytemova hevdmani 1 0.1 5 0 — —
Odthona spp. 0 - — 1 0.2 5
Chaetognath 0 - - 2 0.3 10
Fish eggs 

TOTAL
0

766
1

570
0.2 5
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Table 2. (continued)

Date: 11 June 1978 Number of samples: 2
Week: 6 Sample sites: B, BL

CHUM FRY PINK FRY
  n = 20   n = 20
Ft-—  46.1 mm FL — 55.1 mm

Prey taxa_____________________ N_____ %N_____ %F0__________ N_____ %N_____ %F0
Harpacticoid copepods 999 58.5 80 170 37.6 75
Larvacea 425 24.9 55 119 26.3 65
Diptera (adult) 103 6.0 75 13 2.9 40
Diptera (larvae) 17 1.0 35 0 - —
Cumacea 39 2.3 30 0 - -
Pseudocalanus spp. 2 0.1 10 38 8.4 45
Calanus spp. 0 - - 27 6.0 35
Metrddia spp. 0 - - 14 3.1 20
Acartia spp. 0 - - 3 0.7 5
Evadne spp. 5 0.3 15 3 0.7 10
Barnacle cyprids 17 1.0 35 19 4.2 55
Amphipods (gammarid) 18 1.0 50 7 1.6 10
Amphipods (hyperiid) 1 0.1 5 2 0.4 10
Gastropod egg cases 3 0.2 15 23 5.1 20
Fish larvae 1 0.1 5 6 1.3 20
Trichoptera (larvae) 1 0.1 5 0 - -
Acarina 6 0.3 20 2 0.4 10
Nematoda 4 0.2 15 1 0.2 5
Euphausid (furcillia) 1 0.1 5 1 0.2 5
Euphausid (adult) 0 - - 1 0.2 5
Coleoptera (adult) 0 - - 1 0.2 5
Polychaete (larvae) 20 1.2 15 0 - —
Crab zoea 16 0.9 25 2 0.4 5
Pteropods 11 0.6 15 0 - -
Fish eggs 10 0.6 10 0 - -
Barnacle nauplii 1 0.1 5 0 - -
Ostracods 5 0.3 15 0 - -
Araneae 1 0.1 5 0 - —

TOTAL 1706 452
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Table 2. (continued)

Date: 20 June 1978 Number of samples : 2
Week: 7 Sample sites: B, BL

CHUM FRY PINK FRY
n = 20 n = 20

FL' = 51.1 imm FL = 53.7 mm
Prey taxa N %N %F0 N %N %F0
Harpacticoid copepods 581 17.3 60 688 38.5 80
Larvacea 2200 65.7 65 215 12.0 50
Diptera (adult) 42 1.3 60 5 0.3 20
Diptera (larvae) 133 4.0 20 11 0.6 20
Cumacea 50 1.5 20 1 0.1 5
Pseudoealanus spp. 34 1.0 45 193 10.8 80
Calanus spp. 5 0.1 10 121 6.8 50
Metvddia spp. 26 0.8 20 363 20.3 50
Evadne spp. 14 0.4 25 8 0.4 30
Podon spp. 1 + 5 0 - -
Barnacle cyprids 16 0.5 25 53 3.0 60
Barnacle nauplii 2 0.1 5 1 0.1 5
Copepod nauplii 2 0.1 5 5 0.3 15
Euphausid (nauplii) 13 0.4 25 3 0.2 15
Euphausid (furcillia) 4 0.1 20 12 0.7 40
Amphipod (gammarid) 14 0.4 35 13 0.7 25
Amphipod (hyperiid) 15 0.4 35 21 1.2 55
Polychaete (larvae) 27 0.8 40 5 0.3 15
Polychaete (trochophore) 5 0.1 15 0 -
Polychaete (adult) 1 + 5 0 — —
Chaetognath 8 0.2 15 20 1.1 35
Eggs (unidentified) 95 2.8 35 10 0.5 15
Fish eggs 20 0.6 30 4 0.2 15
Fish larvae 6 0.2 15 4 0.2 15
Isopods 1 + 5 0 - -
Odthona spp. 1 ” + 5 1 0.1 5
Ophiopluteus 1 + 5 0 - —
Gastropod egg cases 3 0.1 15 1 0.1 5
Insect (unidentified) 1 + 5 0 - -
Conchoeoda sp. 7 0.2 15 24 1.3 30
Crab zoea 13 0.4 5 4 0.2 5
Pteropods 1 + 5 0 - -
Acarina 2 0.1 10 1 0.1 5
Araneae 1 + 5 0 - -
Hemiptera (adult) 3 0.1 10 0 - -
Pseudoscorpiones 1 + 5 0 — —■

TOTAL 3349 1787



Table 2. (continued)

Date: 27 June 1978 
Week: 8

Prey taxa

CHUM FRY 
n = 10

Number
Sample

ran
%F0

of samples 
site: BL

: 1

PINK FRY 
n = 10

FL
N

= 53.6 i 
%N

FL
N

= 52.5 
%N

mm
%F0

Larvacea 2527 67.6 100 964 21.1 100
Evadne spp. 615 16.1 100 478 10.4 100
Copepod nauplii 341 9.0 100 2469 53.9 100
O-tthona spp. 208 5.5 80 387 8.5 80
Eggs (unidentified) 0 - - 104 2.3 60
Euphausid (nauplii) 0 - - 79 1.7 60
Calanoid copepodids 0 - - 54 1.2 40
Pteropods 21 0.5 70 5 0.1 20
Harpacticoid copepods 16 0.4 40 7 0.2 40
Pseudocalanus spp. 5 0.1 20 11 0.2 50
Barnacle cyprids 5 0.1 40 0 - -
Barnacle nauplii 3 0.1 20 4 0.1 20
Polychaete (trochophore) 4 0.1 20 0 - -

Polychaete (larvae) 2 0.1 20 0 - -
Crab zoea 2 0.1 20 0 - -
Aoccrtia spp. 1 + 10 2 + 20
Acarina 1 + 10 0 - -
Amphipods (hyperiid) 2 0.1 10 0 - -
Euphausid (calyptopis) 2 0.1 20 2 + 10
Scyphozoa (larvae) 1 + 10 0 - -
Lamellibranch (larvae) 1 + 10 0 - -

Fish eggs 2 0.1 20 4 0.1 20
Diptera (adult) 1 + 10 0 - -
Trichoptera (larvae) 1 + 10 0 - -

Podon spp. 1 + 10 3 0.1 20
Euphausid (furcillia) 0 - - 1 + 10
Cumaeea 0 - - 4 0.1 10

TOTAL 3807 4579
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The dry weights of selected prey taxa and the 
percent dry weight of those prey taxa in 

the salmon fry
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Table 1. The dry weights of selected prey taxa.

Prey taxa_________ _
Calanoid copepods 
Pseudocalanus spp. 
Calanus spp.

Metrddia spp. 
Acantia spp.

Cyclopoid copepods
Oithona spp.

Harpacticoid copepods

Cirripedia juveniles 
nauplii 
cyprids

Larvacea

Copepod nauplii

Insects
adults
larvae

Amphipods
gammarid
hyperiid

Polychaetes (larvae)

Cumacea

Cladocera

Cyphonautes larvae

Dry weight (mg) Source

0.025
0.511
0.071
0.020

0.002

0.018

0.002
0.044

0.006

0.002

0.185
0.012

0.233
0.102

0.017

0.035

0.002

0.016

Urquhart, 1979 
Urquhart, 1979 
Urquhart, 1979 
this study

Urquhart, 1979 

Urquhart, 1979

Urquhart, 1979 
Urquhart, 1979

Urquhart, 1979

this study

this study 
this study

this study 
Urquhart, 1979

Urquhart, 1979

this study

this study

this study



Table 2. The number, %N and %DW, of selected prey taxa from the
eight-week summary data. (A + indicates a value less
than 0.1).

Prey catagory N
CHUM FRY

%N %DW N
PINK FRY 

%N %DW
Calanoid copepods 118 1.0 7.4 1746 19.6 70.3
Pseudoealanus spp. 54 0.5 0.5 1052 11,8 10.2
Calanus spp. 35 0.3 6.3 244 2.7 48.3

Metrddiaspp. 26 0.2 0.6 417 4.7 11.5
Aeartda spp. 3 + + 33 0.4 0.3

Cyclopoid copepods 209 1.8 0.1 389 4.4 0.3

Harpacticoid
copepods 3212 28.1 20.6 2091 23.5 14.6

Cirripedia juveniles 109 1.0 1.3 196 2.2 1.7
nauplii 25 0.2 + 99 1.1 0.1
cyprids 84 0.8 1.3 97 1.1 1.6

Larvacea 5247 46.0 11.2 1311 14.7 3.1

Copepod nauplii 347 3.0 0.3 2483 27.9 1.9

Insects 894 7.8 48.3 56 0.6 3.0
adult 724 6.3 47.6 41 0.4 2.9
larvae 170 1.5 0.7 15 0.2 0.1

Amphipods 76 0.7 5.3 67 0.7 3.9
gammarid 55 0.5 4.5 40 0.4 2.9
hyperiid 21 0.2 0.8 27 0.3 1.0

Polychaetes 93 0.8 0. 6 35 0.4 0.2

Cumacea 260 2.3 3.2 43 0.5 0.6

Cladocera 636 5.6 0.5 492 5.5 0.4

Cyphonautes
TOTAL

210
11411

1.8 1.2 1
8910

+ +
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Table 3. The percent dry weight of selected prey taxa in the stomachs
of chum fry for each weekly sample. (A 4* indicates a value
less than 0.1).

Sample Period (week)
Prey taxa 1 2 3 4 5 6 7 8
Calanoid

copepods 0.3 11.9 25.6 5.6 0.2 0.1 11.2 0.8

Cyclopoid
copepods - - - - - - + 2.2

Harpacticoid
copepods 22.6 6.2 30.1 9.0 23.0 38.7 22.3 1.5

Cirripedia
juveniles 0.6 0.5 1.0 0.7 5.0 1.6 1.5 1.2

Larvacea - - - - 1.4 5.5 28.2 81.5

Copepod nauplii - - - - + - + 3.6

Insects 69.0 81.2 41.2 52.6 33.9 41.1 21.6 1.0

Amphipods 7.3 - 0.8 7.6 4.8 9.3 10.2 1.1

Polychaetes 0.2 0.2 1.3 - 0.1 0.7 1.2 0.5

Cumacea - - - 14.6 15.6 2.9 3.7 -

Ciadocera - - - - - + 0.1 6.5

Cyphonautes
larvae . _ _ _ 15.9 _ —
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Table 4. The percent dry weight of selected prey taxa in the stomachs
of pink fry for each weekly sample. (A + indicates a value
less than 0.1).

Sample Period (week)
Prey taxa 1 2 3 4 5 6 7 8
Calanoid

copepods 21.3 66.9 75.7 27.7 82.3 63.6 80.5 2.4

Cyclopoid
copepods - - - - + - + 5.9

Harpacticoid
copepods 70.6 18.2 12.7 51.4 8.2 12.3 10.8 1.0

Cirripedia
juveniles 0.4 0.3 1.1 2.8 1.5 3.4 2.0 0.1

Larvacea - - - - 0.2 2.9 1.1 44.3

Copepod nauplii - - + 0.1 + - + 37.8

Insects 5.2 8.4 2.1 - 4.2 10.4 0.9 -

Amphipods 2.1 3.4 8.0 2.8 3.3 7.4 4.5 -

Polychaetes 0.3 2.4 0.3 0.2 0.1 - 0.1 -

Cumacea - 0.3 - 15.0 0.2 - + 1.1

Cladocera - - - - - + + 7.4

Cyphonautes
larvae + . _ _


