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ABSTRACT

Pink, chum and sockeye salmon are the three most commercially important Pacific
salmon. As juveniles, they co-occur in coastal waters of Alaska. To assess the potential
for competition among juveniles of these species, I examined their diets in Prince
William Sound and in nearby continental shelf waters in the summer and fall of 2001 and
quantified surface zooplankton at the same sampling stations. I estimated diet diversity,
diet overlap and prey selectivity of the three species. A large proportion of gelatinous
prey, especially larvaceans, characterized juvenile chum salmon diet. A pteropod,
Limacina sp., was an important prey for juvenile pink and sockeye salmon. Juvenile pink
and sockeye salmon diets consisted of a wider variety of prey than those of chum salmon;
they also had a higher prey overlap with each other than with chum salmon. The three
species showed similar trends in selectivity in Prince William Sound and in shelf waters.
These results suggest that there is a higher probability of competition between juvenile
pink and sockeye salmon than between either juvenile pink or sockeye salmon and chum

salmon.
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INTRODUCTION

Pacific salmon are economically important fish species. There are five species in
the eastern Pacific Ocean: Oncorhynchus gorbuscha (pink salmon), O. keta (chum), O.
nerka (sockeye), O. kisutch (coho) and O. tshawytscha (chinook). After the 1980s, up to
200 million North American salmon have been harvested annually, with Alaska
contributing 80% of the total (Meacham and Clark 1994). Of the five species, pink,
chum, and sockeye salmon constitute the majority of the total catch (Cooney and Brodeur
1998). In this paper I examine prey selectivity and diet overlap between juvenile pink,
chum and sockeye salmon in the coastal region of the northeastern Gulf of Alaska.

Pacific salmon are anadromous, maturing in the ocean and spawning in
freshwater. Pink salmon spawn in late summer to early fall. Their eggs hatch at the
beginning of winter and larvae (alevins) stay in the gravel until early spring when they
migrate downstream. In Prince William Sound, juvenile pink salmon move out into the
coastal area in April and May, where they aggregate in shoals for several weeks before
moving offshore (Mortensen et al. 2000, Boldt 2001). Maturing pink salmon return to
spawn the next year. Pink salmon are important zooplankton grazers and exert significant
predation pressure (Shiomoto et al. 1997).

Like pink salmon, chum do not smolt, but leave the freshwater streams as fry after
spending about a month in streams after hatching. The mature adults return to their natal
streams after 2.5 to 4.5 years of marine residence (Bradford 1995).

The early life history of sockeye salmon is very different. Sockeye fry spend at
least one year in freshwater before smolting and entering the estuarine environment at a
larger size than either of the other two species. This extended freshwater phase is thought
to increase their chances of survival in the marine environment (Bradford 1995).

The period juvenile salmon spend on the continental shelf (the coastal
environment) is an exceedingly important part of their life-history, with a very high rate
of growth in this productive area (Boldt 2001). Most salmon early-life freshwater
histories have been well documented, but much remains unknown of their inter-specific

interactions and relationships with the marine environment (Brodeur and Pearcy 1990).




The coastal phase plays a primary role in determining survival, perhaps more so
than the freshwater phase, as most salmon species experience a substantial natural
mortality in the coastal environment (Brodeur and Pearcy 1990, Boldt 2001).
Consequently, marine growth, feeding and survival of juvenile pink, chum and sockeye
salmon play an important role in interannual variability of adult abundance (Peterman
1987, Brodeur and Pearcy 1990, Healey 1991).

During the coastal phase, juvenile salmon also exhibit higher mortality rates than
during the oceanic phase after a year at sea (Parker 1968). This is probably caused not
only by higher predation pressure on smaller individuals (Godin 1981), but also by
environmental factors, such as water temperature and phytoplankton blooms (Fukuwaka
and Suzuki 2002). Beamish and Mahnken (2001) proposed that there are two stages to
mortality of juvenile salmon in the saltwater environment. The first is primarily from
predation at the onset of the saltwater phase. The second mortality phase occurs in the fall
and winter of the first year at sea if individuals do not reach a certain critical size; larger
fish have lower predation mortality and are better able to cope with the coastal
environment and search for prey than smaller fish. This mechanism has been termed the
“Critical Size Hypothesis” (Parker 1968, Godin 1981, Fukuwaka and Suzuki 2002).

A high growth rate is therefore important for juvenile salmon survival, which can
be affected by inter-specific competition (Godin 1981, Pearcy 1992). Because juveniles
of the three salmon species occupy the same coastal area in their first marine year,
density-dependent growth could result when food is limiting (Bigler et al. 1996). This
could be a factor in the declining body size of recruitment-age salmon since the 1980s
(Bigler et al. 1996).

Diets of juvenile salmon are quite variable, perhaps due to spatial and temporal
variability of their prey and competition by other fishes. As a general rule, juvenile
salmon are non-specialists, feeding opportunistically within certain size ranges (Brodeur

1990). They appear to feed primarily near the surface (Karpenko and Safronov 1985).




Juvenile sockeye feed primarily on euphausiids, copepods, ichthyoplankton, and
insects, although a variety of other prey is eaten to a lesser extent (Brodeur 1990). In
Bristol Bay, Alaska, copepods and larval fish were found to be the dominant prey items
(Carlson 1976). Other important prey are crab larvae, euphausiids, amphipods and
insects. Juvenile sockeye salmon in Hecate Strait, British Columbia, consumed
predominantly larvaceans, euphausiids, the amphipod Parathemisto sp., the large
copepod Calanus marshallae and rockfish larvae, although the preferred group of prey
items were copepods (Healey 1991).

Juvenile pink salmon have a diet somewhat similar to juvenile sockeye salmon,
although the prey size is smaller than those of other salmon species (Brodeur 1990). Pink
salmon prey consists mainly of larvaceans, fishes, small copepods, amphipods,
euphausiids, and decapod larvae (Brodeur 1990, Okada and Taniguchi 1971). In Hecate
Strait, British Columbia, crab zoeae were one of the most important prey items, although
euphausiids, larvaceans and copepods were also important (Healey 1991). In the coastal
waters of Kamchatka, main prey of juvenile pink salmon were the large copepod Calanus
plumchrus, the small copepod Pseudocalanus elongatus and pteropod Limacina helicina.
Other prey items included insects, larval fish and other small copepods (Karpenko 1980).
In Chatham Sound, British Columbia, copepods and larvaceans were especially important
prey (Manzer 1969). In the waters of Vancouver Island, British Columbia pink salmon
preyed predominantly on larvaceans, although calanoid copepods and insects were also
important (Perry et al. 1996). Other important prey items found were crab megalopae and
euphausiids.

Juvenile chum salmon have a strikingly different diet with more emphasis on
gelatinous prey (Brodeur 1990). The diet of chum salmon tends to be rich with salps,
ctenophores, and medusae (Welch and Parsons 1993). Ctenophores were the dominant
prey items in most of the 50 chum salmon stomachs examined by Black and Low (1983).
Other prey items utilized are calanoid copepods, euphausiids, hyperiid amphipods,
chaetognaths, decapod and fish larvae (LeBrasseur 1969, Perry et al. 1996, Brodeur

1990). The gelatinous prey, like medusae and appendicularians, are not as nutritious as




crustacean zooplankton. As a result, at least in the Bering Sea, juvenile pink and sockeye
salmon have generally higher body caloric value than juvenile chum salmon (Davis et al.
1998). One important factor in determining a complete diet of juvenile chum salmon is
the rate at which most of the gelatinous prey is digested. The remains of these prey in fish
stomachs, which are quickly broken down by digestive enzymes, are hard to quantify.
This often causes researchers to underestimate their importance or ignore them altogether
(Black and Low 1983).

The diet differences between chum, pink and sockeye salmon are probably the
result of morphological differences. The gill rakers of juvenile pink and sockeye salmon,
used for filtering zooplankton, are similar, being long, slender and set close to each other.
The gill rakers of chum salmon are distinctly shorter and stouter, with larger gaps. Chum
salmon alimentary canal is also quite unlike those of pink and sockeye salmon; their
stomachs are enlarged and contain a large number of esophageal villi, which might aid in
digestion of gelatinous material. The stomachs of chum salmon can be up to 3.5 times
larger in volume than those of other similar-sized salmon species, which allow chum
salmon to ingest a larger quantity of the less nutritious gelatinous prey (Welch 1997).
These characteristics, as well as an increased number of pyloric caeca may render chum
salmon more efficient in digestion and absorption of gelatinous material (Azuma 1995).

In 1991, when maturing pink salmon abundance was high, maturing chum salmon
fed primarily on a more gelatinous diet of pteropods, appendicularians, medusae,
chaetognaths and polychaetes (Tadokoro et al. 1996). The next year, when pink salmon
abundance dropped due to their odd-even year fluctuation, chum salmon shifted their diet
to more nutritious euphausiids, copepods, amphipods, ostracods, mysids, and decapods.
This shift to a less nutritious diet in 1991 may have alleviated competitive pressure
imposed by pink salmon.

Little work has been done to examine diet overlap and prey selectivity among
juvenile pink, chum and sockeye salmon in coastal Gulf of Alaska, an important salmon
rearing habitat. My objectives were to examine resource partitioning between juvenile

salmon species by estimating prey selectivity, diet overlap and diet diversity. This




facilitated an assessment of the potential role of competition among juvenile pink, chum
and sockeye salmon in the northeastern Gulf of Alaska.

Two processes that affect patterns of prey use in fishes are competition and
optimal foraging. Competition occurs when co-occurring populations are using the same
limited resources. In feeding fish, this is usually reflected in increased resource
partitioning (i.e., decreased diet overlap) when resources are low enough to be limiting.
The theory of optimal foraging dictates that predators adjust their diets to maximize their
net energy intake. In general, a fish that follows an optimal foraging strategy will use
fewer prey types when zooplankton is abundant. This would result in increased
selectivity when prey abundance is high. To assess importance of competition, I tested
the following hypotheses:

Hoi: Juvenile pink and sockeye salmon have the highest diet overlap of the three

salmon species,

Hp,: Evidence for competition: overlap among the three species increases when

zooplankton abundance is high,

Hps: Juvenile chum have a higher proportion of gelatinous prey than either pink

or sockeye salmon,

Hos: Juvenile salmon shift diet preferences as they grow, and

Hos: Evidence of optimal foraging: diet diversity decreases with increase in

zooplankton abundance.




METHODS

Field component

Fieldwork was completed in summer and fall of 2001. Four cruises took place on 8 - 14
July, 11 - 19 August, 18 - 22 September and 21 - 24 October. During each cruise,
samples were collected at six stations along the Seward Hydrological Line in the Gulf of
Alaska (the GAK transect) and at three stations in Prince William Sound (the PWS
transect), Alaska (Fig. 1, Appendix A). The GAK stations start in the mouth of
Resurrection Bay and are spaced 10 nm apart across the continental shelf. The 6™ station
is located over the outer shelf.

At each station, a Nordic 264 surface rope trawl (Nor’Eastern Trawl Systems,
Inc., 30 by 18-m mouth opening, 8.9-cm codend mesh with 0.8-cm mesh liner) was
deployed to sample the upper 10 m for 30 min at around 3 kts. If more fish were needed
for a minimum sample of 10 of each species, a second trawl was deployed. Juvenile pink,
chum and sockeye salmon were sorted to species and frozen immediately in seawater.

Three zooplankton samples were collected at each station with 5-min surface tows
at around 2.5 kts of a 1-m* NIO/Tucker trawl with a 505-um mesh. Plankton samples
were fixed in 10% formalin-seawater solution. Volume filtered was measured by General
Oceanics digital flowmeters (model# 2030) attached in the mouth of the net.

A Seabird Electronics CTD (model# SBE-19), equipped to record fluorescence,
temperature, salinity and conductivity, was deployed to 100 m at each station.
Temperature and salinity averaged from the upper 10 m (where juvenile salmon generally
feed) are reported for each station from the CTD data readings taken at 1-m intervals

(Appendix F).

Laboratory component

Stomach contents (from the esophageal opening to the pylorus) of pink, sockeye
and chum salmon were examined for zooplankton composition. Fish were thawed,

blotted dry, measured and weighed whole, the guts were dissected, blotted dry and
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Figure 1. Stations sampled in the northern Gulf of Alaska and Prince William Sound in 2001.



weighed. The gut contents were removed and fixed in 10% formalin-fresh water solution.
The gut tissue was again blotted dry and weighed.

I counted the number of prey organisms of each group in each fish and weighed
wet gelatinous and non-gelatinous prey from each gut. The gelatinous prey found in fish
guts were composed of gut lining and unidentifiable, digested gelatinous plankton, such
as medusae, ctenophores and larvaceans.

For zooplankton identification, first the whole sample was examined under a low-
power magnification and large and rare organisms were removed. If needed, the Folsom
plankton splitter was used to divide the sample, aiming for a sub-sample of 150 to 200 of
the more common organisms.

The main taxonomic groups of zooplankton in zooplankton samples and fish

stomachs were:

Copepods Gastropods
Large Limacina helicina *
Calanus and Neocalanus spp.* Clione limacina
Epilabidocera longipedata *
Eucalanus bungii * Gelatinous
Candacia sp. Medusae
Metridia sp. Appendicularia (larvaceans) *
Large copepods, other * Siphonophores
Small Chaetognaths
Centropages sp.* Other *
Acartia sp.*
Tortanus sp. Other
Pseudocalanus sp. Fish larvae *
Small copepods, other * Euphausiids
Mysid shrimp *
Amphipods Barnacle nauplii *
Hyperiid Crab megalopae *
Parathemisto pacifica * Zoeae
Paraphronima crassipes Podon sp.
Primno macropa * Crustacean, other *
Gammarid Other *
Cyphocaris challengeri
Caleiopus sp.
Amphipods, other *

* Prey categories used in data analysis.




Fifty-six (56) categories of potential juvenile salmon prey (Appendix B) were
identified from the plankton. This total included 33 prey categories for juvenile chum, 46
for juvenile sockeye and 33 for juvenile pink salmon (Appendices C-E). The majority of
prey items were found in very small numbers, often in just a few fish at one station.
Therefore, for higher statistical power, the prey categories whose proportional
contribution was 5% or less were combined together into higher hierarchical categories
(i.e., Oithona sp. and Pseudocalanus sp. were combined into “small copepods™). This
resulted in 19 aggregate prey categories (indicated by “*”” above) that I used in data

analysis.

Data analysis

Zooplankton density ((# individuals, N;)/m’) was based on the number of
organisms (7;) in each taxonomic group (i) counted in the sub-sample that was split &
times, and the amount of seawater filtered (m3). That is,

N, /sample =n, x2*, and

N,/m*=(N,/sample)/m’ .

The mean number of prey of each category per station was calculated by
summing the number of prey of a particular category eaten by all the fish of the same
species at that station and dividing by the number of fish sampled. A proportional
contribution of a prey item to the total diet in each fish at a particular station was
determined by dividing the number of that prey by the total number of prey in a fish
stomach. To calculate mean proportional contribution of a prey at each station, individual
prey proportions in each fish were averaged over all fish at each station (Boldt 2001).

Consumption of prey is a function of the consumer’s electivity and the abundance
of that prey item in the environment (Lawlor 1980). Selective predation is defined as “the
situation in which the relative frequencies of prey types in a predator’s diet differ from
the relative frequencies in the environment” (Chesson 1978). To compare prey selectivity
of juvenile pink, chum and sockeye salmon, I used Chesson selectivity index (Chesson

1978):
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N 1.
B V0
were p; is the proportion of prey item i in the gut and r; is the proportion of prey item i in
the surrounding environment and m is the number of total prey types available to the fish.
The Selectivity Index, a;, ranges from 0 to infinity and is equal to 1/m when there is no
selectivity. I converted the a; values to the more intuitive electivity index, ¢;, which
ranges from -1 to +1 (Chesson 1983):

8.:————————ma‘_l i=1,..,m

Cm-2)e+l T

and is equal to 0 when no selectivity is detected. Negative values indicate that fish are
selecting against a certain prey item and positive values indicate selectivity for that prey
item.

Diet overlap was described with the Pianka index, Oy, as it is one of the most

widely accepted (Lawlor 1980):

D PPy
J
\/ZPuz 'Zpka
J J

where p;; and pj are proportions of the food item i consumed by predators j and £,

ik

respectively. There is no direct relationship between any overlap index and the
competition level. However, the Pianka index is suitable as an approximation to a
competition coefficient as the latter is rarely available for field studies (Lawlor 1980).

Prey diversity was calculated with the Simpson’s index of diversity (Pielou 1969):

N.\N, -1
D =1—Zf—(—f——), j=1.0sm
™ NV -1)
where N; is the number of prey item j in a fish and N is the total number of prey
consumed by that fish. I tested differences in diversity between species with Mann-

Whitney, a non-parametric pair-wise test, with a P-value of 0.05.
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The null hypotheses were tested as follows:
Ho:: There is no difference in overlap among the three species.
I tested this hypothesis with a non-parametric ANOVA analog, Kruskal-

Wallis test, which compared medians of overlap indices among the

species over all samples (statistic rejected at P-value = 0.05).

Hoz: Overlap is independent of zooplankton abundance.
This hypothesis was tested with regression analyses, using overlap indices
of each pair of species as the dependent variable and zooplankton

abundance as the independent variable (statistic rejected at P-value 2

0.05).
Hos: There is no difference in gelatinous prey content between the species.

I tested this hypothesis with a Kruskal-Wallis test to compare medians of

gelatinous prey proportions of each species (statistic rejected at P-value 2

0.05).
Hos: There is no difference in diet preferences in each species between time
periods.
This hypothesis was tested with a non-parametric pair-wise test, such as
the Mann-Whitney, comparing the selectivity indices for each species

between July and September in Prince William Sound and between
August and September on the GAK transect (statistic rejected at P-value 2
0.05).

Hos: Diet diversity is independent of zooplankton abundance.
I tested this hypothesis with regression analyses, using selectivity of each
species as the dependent variable and zooplankton abundance as the

independent variable (statistic rejected at P-value 2 0.05).
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RESULTS
Zooplankton

Fourteen zooplankton groups were observed in numerical proportions greater than
1% in Prince William Sound (the PWS transect) and in the coastal Gulf of Alaska (the
GAK transect). There was a larger variability in zooplankton composition among stations
on the GAK transect than on the PWS transect (Tables 1, 2). The mean standard
deviation of the upper 5 zooplankton prey proportions on the PWS transect in July was
0.01 and 0.08 in September (Table 2). On the GAK transect, the mean SD of the same
prey groups in August was 0.09 and in September — 0.11.

In July, only samples from Prince William Sound were analyzed. The large
copepod Centropages was the most abundant, making up 79% of all the zooplankton
caught. Larvaceans made up 5% of the zooplankton, followed by a large copepod
complex Calanus/Neocalanus spp. (3%) and a large copepod Epilabidocera longipedata
(also 3%) (Table 2).

In August, four stations on the GAK transect were processed. Centropages sp.
was again the most dominant of the zooplankton (61%). Two other important
zooplankton groups on the GAK transect in August were large copepods Epilabidocera
longipedata (17%) and Calanus/Neocalanus spp. (14%).

In September, we sampled two stations on the PWS transect and four stations on
the GAK transect. There was a large difference in composition of the most abundant
plankton between the two areas. There was also a much higher diversity of plankton on
both the PWS and the GAK transects than in the previous two months. On the PWS
transect, on average, E. longipedata made up 60% of all the zooplankton, followed by
large copepod Centropages sp. (9%), amphipod Parathemisto pacifica,
Calanus/Neocalanus spp. (7%), unidentified small copepods (5%), fish larvae (3%) and
small copepod Acartia sp. (2%). On the GAK transect, Calanus/Neocalanus spp. were
the most abundant (43%), followed by larvacean (24%), Centropages sp. (16%), E.
longipedata (7%), the amphipod P. pacifica (4%), the pteropod Limacina sp. (3%) and
Acartia sp. (2%).
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Table 1. Zooplankton density (#/m*3) and the proportion of its contribution to the total sampled
in July through September. Only zooplantkon are listed that had a proportional contribution of
0.01 or more in at least one station. PWS - Prince William Sound transect, GAK - Seward Line
(Gulf of Alaska) transect.

July July August
PWS 1 PWS 2 GAK 2
Density Proportion Density Proportion Density Proportion

Calanus/Neocalanus spp. 0.1 0.03 0.05 0.02 3.36 0.29
Epilabidocera longipedata 0.17 0.05 0.03 0.01 3.43 0.30
Centorpages sp. 2.88 0.79 1.98 0.79 3.60 0.31
Acartia_sp. 0.13 0.04 0.03 0.01 0.00 0.00
Copepods, small 0.04 0.01 0.03 0.01 0.13 0.01
Parathemisto pacifica 0.00 0.00 0.00 0.00 0.00 0.00
Amphipods 0.00 0.00 0.00 0.00 0.22 0.02
Larvaceans 0.09 0.02 0.17 0.07 0.00 0.00
Limacina sp. 0.04 0.01 0.01 0.00 0.14 0.01
Gelatinous plankton 0.06 0.02 0.07 0.03 0.16 0.01
Barnacle nauplii 0.02 0.00 0.02 0.01 0.04 0.00
Shrimp 0.01 0.00 0.02 0.01 0.00 0.00
Fish larvae 0.00 0.00 0.01 0.00 0.01 0.00
Other 0.05 0.01 0.06 0.02 0.47 0.04

August August August

GAK 3 GAK 4 GAK 5

Density Proportion Density Proportion Density Proportion

Calanus/Neocalanus spp. 8.58 0.16 0.14 0.04 0.23 0.08
Epilabidocera longipedata 0.72 0.01 0.86 0.24 0.38 0.13
Centorpages sp. 40.90 0.77 2.35 0.64 2.03 0.71
Acartia_sp. 0.03 0.00 0.03 0.01 0.02 0.01
Copepods, small 0.42 0.01 0.16 0.04 0.02 0.01
Parathemisto pacifica 0.01 0.00 0.01 0.00 0.01 0.00
Amphipods 0.01 0.00 0.00 0.00 0.07 0.03
Larvaceans 0.00 0.00 0.00 0.00 0.00 0.00
Limacina sp. 0.07 0.00 0.01 0.00 0.01 0.00
Gelatinous plankton 0.25 0.00 0.02 0.01 0.01 0.00
Barnacle nauplii 0.03 0.00 0.00 0.00 0.00 0.00
Shrimp 0.00 0.00 0.00 0.00 0.00 0.00
Fish larvae 0.01 0.00 0.00 0.00 0.00 0.00

Other 1.78 0.03 0.05 0.01 0.10 0.04
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Table 1 (continued). Zooplankton density (#/m3 and the proportion of its contribution to the total
sampled in July through September. Only zooplantkon are listed that had a proportional
contribution of 0.01 or more in at least one station. PWS - Prince William Sound transect, GAK -
Seward Line (Gulf of Alaska) transect.

September September September
PWS 1 PWS 3 GAK 3
Density Proportion Density Proportion Density Proportion
Calanus/Neocalanus spp. 0.09 0.10 0.36 0.04 26.00 0.57
Epilabidocera longipedata 0.46 0.47 6.37 0.73 10.17 0.22
Centorpages sp. 0.14 0.14 0.29 0.03 2.22 0.05
Acartia sp. 0.03 0.03 0.04 0.00 0.43 0.01
Copepods, small 0.10 0.10 0.03 0.00 0.08 0.00
Parathemisto pacifica 0.05 0.05 0.98 0.11 4.32 0.09
Amphipods 0.00 0.00 0.02 0.00 0.01 0.00
Larvaceans 0.02 0.02 0.07 0.01 0.09 0.00
Limacina sp. 0.01 0.01 0.06 0.01 2.15 0.05
Gelatinous plankton 0.00 0.00 0.00 0.00 0.07 0.00
Barnacle nauplii 0.00 0.00 0.12 0.01 0.06 0.00
Shrimp 0.02 0.02 0.03 0.00 0.04 0.00
Fish larvae 0.03 0.03 0.22 0.02 0.03 0.00
Other 0.01 0.01 0.06 0.01 0.07 0.00
September September September
GAK 4 GAK 5 GAK 6
Density Proportion Density Proportion Density Proportion
Calanus/Neocalanus spp. 8.61 0.25 4.90 0.1 15.71 0.80
Epilabidocera longipedata 0.40 0.01 0.31 0.01 0.72 0.04
Centorpages sp. 10.77 0.31 9.65 0.21 1.10 0.06
Acartia sp. 1.14 0.03 1.54 0.03 0.06 0.00
Copepods, small 0.61 0.02 0.53 0.01 0.02 0.00
Parathemisto pacifica 0.26 0.01 0.02 0.00 1.31 0.07
Amphipods 0.12 0.00 0.00 0.00 0.00 0.00
Larvaceans 10.69 0.31 29.11 0.63 0.01 0.00
Limacina sp. 1.85 0.05 0.03 0.00 0.47 0.02
Gelatinous plankton 0.00 0.00 0.01 0.00 0.12 0.01
Barnacle nauplii 0.00 0.00 0.00 0.00 0.00 0.00
Shrimp 0.00 0.00 0.00 0.00 0.00 0.00
Fish larvae 0.00 0.00 0.00 0.00 0.01 0.00

Other 0.01 0.00 0.04 0.00 0.01 0.00




Table 2. Monthly mean (average by region) zooplankton density, #/m ° and the proportion of its contribution to the total
sampled in July -September. Only zooplantkon are listed that had a proportional contribution of 0.01 or more in at
least one station. PWS - Prince William Sound transect, GAK - Seward Line (Gulf of Alaska) transect.

July August September September
PWS GAK PWS GAK
Density Proportion Density Proportion Density Proportion Density Proportion

Calanus/Neocalanus spp. 0.08 0.03 3.08 0.14 0.23 0.07 13.81 0.43
Epilabidocera longipedata 0.10 0.03 1.35 0.17 3.42 0.60 2.90 0.07
Centorpages sp. 2.43 0.79 12.22 0.61 0.21 0.09 5.93 0.16
Acartia sp. 0.08 0.02 0.02 0.00 0.03 0.02 0.79 0.02
Copepods, small 0.03 0.01 0.18 0.02 0.06 0.05 0.31 0.01
Parathemisto pacifica 0.00 0.00 0.01 0.00 0.51 0.08 1.48 0.04
Amphipods 0.00 0.00 0.08 0.01 0.01 0.00 0.03 0.00
Larvaceans 0.13 0.05 0.00 0.00 0.04 0.01 9.97 0.24
Limacina sp. 0.03 0.01 0.06 0.00 0.04 0.01 1.12 0.03
Gelatinous plankton 0.06 0.02 0.11 0.01 0.00 0.00 0.05 0.00
Barnacle nauplii 0.02 0.01 0.02 0.00 0.06 0.01 0.01 0.00
Shrimp 0.02 0.01 0.00 0.00 0.03 0.01 0.01 0.00
Fish larvae 0.00 0.00 0.00 0.00 0.12 0.03 0.01 0.00
Other 0.05 0.02 0.60 0.03 0.03 0.01 0.04 0.00

Sl
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Fish catch
Not all stations sampled had sufficient numbers (at least 15) of the three species of
salmon for a statistically sound analysis. Pink and chum salmon were the most abundant
in our catches, with at least 10 fish of each species at most stations. Ten or more juvenile
sockeye salmon were caught at only four stations, all on the GAK transect in September
(Table 3).

Juvenile pink salmon were slightly but significantly shorter (P<0.05, ANOVA) in
July and August than juvenile chum and sockeye salmon, which were about equal in
length. Chum salmon were significantly longer in September (P<0.01, ANOVA) (Table
4, Fig. 2).

Juvenile pink salmon weighed the least at almost all stations in the three months
sampled (P<0.001, ANOVA). Chum salmon weighed significantly more than pink and
sockeye salmon at all stations in September (P<0.001, ANOVA) (Table 4, Fig. 3).

Fish diet

Pink salmon
In Prince William Sound, over the three-month period, Limacina sp. and the amphipod
Parathemisto pacifica were the most numerically important prey items, making up, on
average, 58% of the gut content by number. Limacina sp. and two large copepods
Epilabidocera longipedata and Eucalanus bungii composed half of the prey items
consumed on the GAK transect (Table 5).

In July, Limacina sp. comprised the numerical majority of prey of pink salmon on
the PWS transect, making up 56% of prey. Larvaceans were the second most important
prey, making up 10% of total prey, followed by P. pacifica (8%) and crab megalopae
(5%) (Table 6).

In August, on the GAK transect, pink salmon preyed predominantly on E.
longipedata (24%), Limacina sp. (23%), Calanus/Neocalanus spp. (11%) and crab
megalopae (7%).




Table 3. Stations with sufficient numbers of fish for analysis and the number of fish
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caught and dissected at those stations. All stations were sampled in 2001. PWS stations
were on the Prince William Sound transect and GAK stations were on the Seward Line
(Gulf of Alaska) transect.

Cruise Station Date  Time Pink salrpon Sockeye salmon Chum salmon
Caught Dissected Caught Dissected Caught Dissected

Jul PWS 1 12-Jul 15:24 140 15 6 6 245 15
Jub PWS 2 12-Jul  12:39 46 15 3 3 12 12
Aug GAK2 15-Aug 10:02 34 15 9 9 11 11
Aug GAK 3 19-Aug 08:34 16 15 5 5 17 15
Aug GAK4 13-Aug 12:20 33 15 6 6 15 15
Aug GAKS5 13-Aug 15:27 18 15 8 8 39 15
Sep PWS 1 23-Sep 08:18 5 5 6 6 6 6
Sep PWS 3 21-Sep 18:56 10 10 2 2 6 6
Sep GAK 3 20-Sep 17:58 9 9 38 15 12 12
Sep GAK4 20-Sep 16:30 25 10 25 15 14 14
Sep GAKS5 20-Sep 13:22 13 13 10 10 22 15
Sep GAK 6 20-Sep 09:52 35 14 14 14 14 11

Table 4. Monthly mean (across all stations at each transect) fork lengths (mm) and mean
wet whole-fish weights (g) with standard errors (in parentheses) for fishes collected on the
PWS (Prince William Sound) and the GAK (Seward Line) transects.

Cruise Area

Pink salmon

Sockeye salmon

Chum salmon

Length

Weight

Length

Weight

Length

Weight

Jul
Aug
Sep
Sep

PWS
GAK
PWS
GAK

932 (1.6)

9.9

(0.5) 1016 (4.3) 159 (2.0) 99.9 (1.8) 138 (0.6)
133.0 (1.6) 24.9 (0.9) 147.7 (4.8) 43.4 (3.5) 149.6 (1.7) 42.0 (1.4)
164.3 (3.3) 52.2 (3.3) 162.6 (4.5) 59.4 (4.5) 176.4 (5.3) 72.5 (7.7)
1752 (1.9) 585 (1.9) 178.9 (2.9) 74.0 (3.0) 203.9 (3.3) 114.6 (5.8)
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Figure 2. Mean fork lengths of the three salmon species with standard error bars.
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Figure 3. Mean wet weights of the three salmon species with standard error bars.




Table 5. Proportions by number of the top 6 prey consumed by each species
on the PWS and the GAK transects. All months and stations on both
transects are pooled together.

PWS Transect

Limacina sp.
Parathemisto pacifica
Fish larvae
Larvacean

Primno macropa
Shrimp

Primno macropa
Limacina sp.
Larvacean
Parathemisto pacifica
Fish larvae

Shrimp

Larvacean
Parathemisto pacifica
Primno macropa
Limacina sp.

Shrimp

Copepods, small

Pink salmon
0.39 Limacina sp.
0.19 Epilabidocera longipedata
0.08 Eucalanus bungii
0.07 Calanus & Neocalanus sp.
0.06 Parathemisto pacifica
0.04 Larvacean

GAK Transect

Sockeye salmon

0.27
0.24
0.17
0.14
0.07
0.04

Limacina sp.
Eucalanus bungii

Calanus & Neocalanus sp.

Larvacean
Shrimp
Parathemisto pacifica

Chum salmon

0.72
0.12
0.06
0.05
0.01
0.01

Larvacean

Calanus & Neocalanus sp.

Acartia sp.
Copepods, small
Eucalanus bungii
Limacina sp.

0.25
0.15
0.11
0.09
0.07
0.06

0.25
0.15
0.14
0.12
0.07
0.06

0.19
0.14
0.13
0.13
0.13
0.11
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Table 6. Proportions of the top 6 prey items consumed by each species, broken down by month and

location. Standard errors are (in parentheses).

Pink Sockeye Chum
Limacina sp. 056 (0.07) Limacina sp. 045 (0.15) Larvacean 0.84 (0.06)
Larvacean 011 (0.05) Larvacean 032 (0.13) Limacina sp. 0.07 (0.04)
July Parathemisto pacifica 008 (0.02)  Primno macropa 005 (0.04) Parathemisto pacifica 0.05 (0.03)
PWS Crab megalopa 005 (0.03) Parathemisto pacifica 005 (0.03) Copepods, small 001 (0.00)
Other 004 (0.02) Copepods, small 003 (0.02) Crab megalopa 001 (0.01)
E. longipedata 004 (0.01) Acartiasp. 0.02 (0.02)  Primno macropa 0.01 (0.01)
E. longipedata 024 (0.04) Limacina sp. 022 (0.06) Larvacean 028 (0.06)
Limacinasp. 023 (0.04) Calanus/Neocalanus spp. 010 (0.03)  Calanus/Neocalanus spp. 023 (0.05)
August Calanus/Neocalanus spp. 011 (0.02)  Shrimp 009 (0.04) Limacinasp. 0.09 (0.03)
GAK Crab megalopa 007 (0.02) Larvacean 008 (0.04)  Shrimp 0.07 (0.03)
Barnacle nauplii 005 (0.01) Crab megalopa 0.08 (0.03) Copepods, small 0.07 (0.03)
Eucalanus bungi 004 (0.02) Copepods, small 0.07 (0.04)  Parathemisto pacifica 0.05 (0.02)
Parathemisto pacifica 041 (0.05)  Primno macropa 051 (0.09) Larvacean 047 (0.09)
Fish larvae 025 (0.08) Parathemisto pacifica 024 (0.09) Parathemisto pacifica 029 (0.05)
September  Primno macropa 0.13 (0.03)  Fish larvae 0.12 (0.08)  Primno macropa 0.19 (0.05)
PWS Shrimp 010 (0.03)  Shrimp 008 (0.04)  Shrimp 004 (0.02)
Limacinasp. 003 (0.03) Crab megalopa 003 (0.01)  Acartia sp. 0.00 (0.00)
Amphipod, other 002 (0.02) Copepods, small 002 (0.02) Copepods, small 0.00 (0.00)
Limacina sp. 027 (0.05) Limacina sp. 026 (0.04) Acartia sp. 024 (0.03)
Eucalanus bungii 0.19 (0.05)  Eucalanus bungii 019 (0.04)  Eucalanus bungii 020 (0.04)
September Parathemisto pacifica 0.15 (0.04)  Calanus/Neocalanus spp. 016 (0.04) Copepods, small 0.18 (0.02)
GAK Larvacean 010 (0.04) Larvacean 013 (0.04) Limacina sp. 0.13 (0.03)
Shrimp 008 (0.03)  Parathemisto pacifica 009 (0.02) Larvacean 011 (0.02)
Calanus/Neocalanus spp. 007 (0.02)  Shrimp 006 (0.02) Calanus/Neocalanus spp. 0.06 (0.01)

0¢
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In September, on the PWS transect, P. pacifica (41%), fish larvae (25%), P. macropa
(13%) and shrimp (9%) made up the numerical majority of the diet. On the GAK
transect, pink salmon fed on Limacina sp. (27%), E. bungii (19%), P. pacifica (15%),
larvaceans (10%), shrimp (8%) and Calanus/Neocalanus spp. (7%).

Sockeye salmon
Over the three-month period, the top prey of juvenile sockeye salmon were the amphipod
Primno macropa and Limacina sp. (51% of the total) on the PWS transect and Limacina
sp., E. bungii, and large copepods Calanus and Neocalanus spp. (54%) on the GAK
transect.

In July, in Prince William Sound, juvenile sockeye salmon fed primarily on
Limacina sp. (45%) and larvacean (32%), with some emphasis on amphipods P. macropa
(5%) and P. pacifica (5%) (Table 5).

In August, sockeye salmon on the GAK transect preyed on Limacina sp. (22%),
Calanus/Neocalanus spp. (9%), shrimp (9%), larvacean (8%), crab megalopae (8%) and
small unidentified copepods (7%).

In September, more than half of sockeye diet on the PWS transect was P.
macropa (51%). Other important prey items there were P. pacifica (24%), fish larvae
(12%) and shrimp (8%). On the GAK transect, juvenile sockeye salmon preyed on
Limacina sp. (27%), E. bungii (19%), Calanus & Neocalanus (16%), larvacean (13%), P.
pacifica (9%) and shrimp (6%).

Chum salmon
Larvaceans were, over the three-month period, the most important prey items on the PWS
transect (72%) and on the GAK transect (19%), although in Prince William Sound, it was
almost an exclusive food item (Table 4). Amphipods P. pacifica (12%) and P. macropa
(6%) also played an important role on the PWS transect. On the GAK transect, there was

a much higher prey diversity, with Calanus & Neocalanus spp., small copepod Acartia
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sp., unidentified small copepods, E. bungii and Limacina sp. being consumed in about the
same numerical proportions (11% — 14%).

In July, on the PWS transect, juvenile chum salmon fed primarily on larvaceans
(84%), with Limacina sp. as the second most abundant prey at 7% of the diet.

In August, on the GAK transect, the two most important prey were larvaceans
(28%) and Calanus & Neocalanus spp. (23%). Other important prey were Limacina sp.
(9%), shrimp (7%), small unidentified copepods (7%), and P. pacifica (5%).

In September, on the PWS transect, larvaceans (47%), P. pacifica (29%) and P.
macropa (19%) compoéed the majority of diet. On the GAK transect, prey was composed
of Acartia sp. (24%), E. bungii (20%), small unidentified copepods (18%), Limacina sp.
(13%) and Calanus/Neocalanus spp. (6%).

Prey use
Prey overlap

Juvenile pink and chum salmon exhibited the smallest diet overlap on the PWS and the
GAK transects, followed by sockeye and chum salmon at both areas. Diet overlap
between sockeye and pink salmon was significantly greater (P<0.005) than between pink
and chum salmon (Fig. 4 a, b).

In July, at station PWS 1, pink and sockeye salmon had the highest Pianka
overlap index (0.48) (Table 7), whereas at PWS 2, the highest overlap was between chum
and sockeye salmon (0.44).

In August, all sampled stations except GAK 5 had relatively low overlap indices.
The highest diet overlaps at all stations were between pink and sockeye salmon. At GAK
5, the diet overlap between pink and sockeye salmon was 0.50. Unlike all the other
stations in August, at GAK 5, pink and chum salmon (0.35) had a slightly higher overlap
than chum and sockeye salmon (0.32).

In September, all stations except PWS 1 had the highest diet overlap between pink
and sockeye salmon. In Prince William Sound, at PWS 1 station, the highest diet overlap

was between chum and sockeye salmon (0.39), followed closely by pink and chum
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Figure 4. Pianka overlap indices with standard error bars. Stations were pooled over all sampling
months and the (a) PWS transect and the (b) GAK transect. There is a significant difference
(P<0.005) between pink and chum salmon and pink and sockeye salmon pairs at both transects.




Table 7. Pianka overlap indices at all stations for (a) 19
categories making up 95% of prey and (b) top 6 prey at each

station.

(a) Cruise Station S::g:;;,e CP;]nukn; chr::in;y-e

il PWS 1 0.48 0.12 0.25

PWS 2 0.18 0.16 0.44

GAK'2 - 0.23 0.06 0.16

Angust GAK 3 0.32 0.26 0.28

GAK4  0.35 0.14 0.34

GAK 5 0.50 0.35 0.32

PWS 1 0.27 0.38 0.39

PWS3  0.47 0.12 0.12

September ol P g o

GAK4  0.48 0.40 0.45

GAK 5 0.43 0.42 0.31

GAK 6 0.38 0.17 0.22
(b)  Cruse  Station SE(':T(';;,e i s%hcukrSLe

wy ~ PWS1 048 0.12 0.25

PWS 2 0.17 0.16 0.45

GAK2  0.17 0.03 0.15

August e o o e

GAK 4 0.33 0.1 0.30

GAK § 0.49 0.35 0.32

PWS 1 0.26 0.37 0.39

PWS 3 0.47 0.11 0.12

September G2 o 2 s

GAK 4 0.48 0.40 0.45

GAK5  0.42 0.41 0.30

GAK 6 0.36 0.15 0.19

24
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salmon (0.38). At station PWS 3, diet overlap between chum and pink salmon and pink
and sockeye salmon were the same (0.12). On the GAK transect, at GAK 5, the diet
overlap between pink and sockeye salmon (0.43) was similar to that of pink and chum
salmon (0.42).
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