Abstract.—First ocean-year feeding
habits were determined for juvenile
salmon (Oncorhynchus spp.) collected
with purse seines in marine waters of
southeastern Alaska in 1983 and 1984
and northern British Columbia in 1984.
Associated prey assemblages were
sampled with neuston and plankton
nets in 1984. Salmon diets included at
least 30 taxa of prey. Crustaceans (prin-
cipally hyperiid amphipods), fish. and
tunicates were the most important prey
of pink (O. gorbuscha), chum (O. keta),
and sockeye (O. nerka) salmon. Fish
were the most important prey of coho (O.
kisutch) and chinook (O. tshawytscha)
salmon and made up the highest per-
centage of stomach content weight for
all salmon species. Diet shifted from
crustaceans in 1983 to fish in 1984 for
juvenile pink, sockeye, and chum
salmon. Diet overlapped significantly
(C,>0.60) between pink and sockeye
salmon, pink and chum salmon, and
chum and sockeye salmon. Coho salmon
diet overlap was <0.60 in all paired
comparisons. Nearly all (98.6%) of the
2,210 stomachs examined were at least
half full. Although, in general, prey con-
sumed were not very similar to prey
observed in the environment, the com-
position of salmon diets was more simi-
lar to neuston collections than to zoo-
plankton collections.
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All Pacific salmon (Oncorhynchus
spp.) migrate as juveniles from shal-
low waters near shore to coastal and
oceanic feeding areas of the North
Pacific Ocean, where species, stocks,
and age classes mix (Hartt and Dell,
1986; Ware and McFarlane, 1989,
Pearcy, 1992). Substantial evidence
suggests that salmon production
around the Gulf of Alaska increased
dramatically in the late 1970’s, pos-
sibly owing to enhanced early ocean
survival (Pearcy, 1992; Beamish and
Bouillon, 1993; Brodeur and Ware,
1995). Increased densities are evi-
dent in the commercial harvest of
salmon in Alaska; for example,
salmon catch reached record num-
bers in 1993, nearly doubling over
25 years to approach 200 million
fish (Wertheimer, 1997). This in-
crease is attributed to several fac-
tors, including growing enhance-
ment efforts and environmental
conditions that favor survival of both
wild and hatchery salmon stocks.
The increase in numbers of sub-
adult and adult salmon feeding in
marine waters has prompted inter-
est in possible density-dependent
effects on survival, growth, and pro-
duction of salmon stocks around the

Pacific rim (e.g. Helle, 1989; Kaeri-
yama, 1989; Ishida et al., 1993;
Helle and Hoffman, 1995). Fishery
managers are concerned about the
effects of increasing interactions
between salmon populations—both
wild and enhanced—in the various
marine habitats where they mature
(MeNeil and Himsworth, 1980;
Peterson et al., 1982; Brodeur, 1989;
Brodeur and Pearcy, 1990; Pearcy,
1992). The feeding ecology of juve-
nile salmon is a pertinent, but not
well known, topic.

The objective of this study was to
describe the feeding habits of juve-
nile salmon during their first sum-
mer in coastal waters of the east-
ern Gulf of Alaska. Although Hartt
and Dell (1986) summarized the dis-
tribution, migration, and growth of
juvenile salmon in the North Pacific
Ocean and the Bering Sea, diet and
feeding were addressed superfi-
cially. Other references concerning
juvenile salmon feeding habits dur-
ing early marine residence, espe-
cially along the open coast, are lim-
ited (Pearcy, 1992; Brodeur!), and
juvenile salmon diets are often

1 See next page for footnote.
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treated as a subset of adult diets (e.g. Groot and
Margolis, 1991). Therefore, as a first step to un-
derstanding trophic interactions during their
first marine summer, our research focused on the
feeding habits and diet overlap of juvenile
chinook (O. tshawytscha), coho (O. kisutch), sock-
eye (O. nerka), chum (O. keta), and pink (O.
gorbuscha) salmon. We compared diet overlap
between species, habitats, months, and years and
also examined the similarity of salmon diets with
samples of prey collected concurrently.

Methods

Fish collection

Juvenile salmon were collected in 120 purse-seine
sets made along transects with two vessels and
two seines (Table 1; see also Jaenicke and
Celewycz, 1994). The 28-m NOAA RV John N.
Cobb fished a table seine in the marine waters of
southeastern Alaska during August 1983 and
July and August 1984 (Fig. 1). The 24-m FV
Bering Sea fished a drum seine in the open
coastal waters of northern British Columbia dur-
ing July 1984. Purse-seine sets at all locations
were standardized to compensate for different
sizes, meshes, and areas enclosed; both nets had
25-mm mesh in the bunt (Jaenicke and Celewycz,
1994). Each station was fished only once during
a period, except on a few occasions when a set
was repeated following an empty haul. Fishing
was conducted almost exclusively between 0600
and 1800 hours. All sets were round hauls (i.e.
the seine was not towed or held open to increase
catches). The distribution, size, and abundance
of juvenile salmon examined for our study have been
summarized in a companion paper by Jaenicke and
Celewycz (1994).

The waters sampled were partitioned into discrete
habitats: 1) outside waters: the open waters adjacent
to the Gulf of Alaska; 2) inside waters: the enclosed
marine waters of the Alexander Archipelago; and 3)
protected outer-coast inlets (Fig. 1). Outside waters
were further partitioned into nearshore (0-37 km
offshore) and offshore (46-74 km offshore) during
August 1984; seining was restricted to within 37 km
of shore during other sampling periods. Inside wa-
ters were partitioned into bays and passages (con-
necting to the Gulf of Alaska). Sampling in outside

1 Brodeur,R. D. 1990. A synthesis of the food habits and feed-
ing ecology of salmonids in marine waters of the North Pacific
(INPFC Doc.) FRI-UW-9016. Fish. Res. Inst., Univ. Washing-
ton, Seattle, 38 p.
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Figure 1

Location of purse-seine sets in southeastern Alaska in 1983 and
1984 and in British Columbia in 1984,

waters was along transects about 72 km apart in
southeastern Alaska and 108 km apart in British
Columbia. Transects began as close to shore as sub-
marine topography and seine depth permitted and
continued up to 74 km offshore, depending on fish
abundance and weather.

Fish from each purse-seine haul were anesthetized
with MS 222 (tricaine methanesulfonate), sorted,
identified, and measured on board the vessel. A
subsample of each salmon species (n<25) was pre-
served in 10% formalin-seawater solution for later
stomach analysis (Table 1). Nonsalmonids caught
incidentally were identified and enumerated, catch
per unit of effort (CPUE) was estimated, and a
subsample was measured for length as part of prey
assemblage assessments (see below). Sea surface
temperature (SST) to the nearest 0.2°C was recorded
at every purse-seine site.
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Table 1
Number of purse-seine sets by time period and habitat and subsample size by species of juvenile salmon used in diet analyses.
BC = British Columbia; AK = Alaska.
Number of sets
catching Number of fish
Number juvenile
Habitat of sets salmon Pink Chum Sockeye Coho Chinook
August 1983
Inside inlet 15 3 21 23 2 14 1
Inside passage 39 23 142 112 44 88 2
Outer coast inlet 27 8 60 47 0 21 0
Outside waters 8 4 15 2 9 26 0
Total 89 38 238 184 55 149 3
July 1984
Inside inlet 13 5 14 17 12 63 10
Inside passage 5 2 20 3 9 44 0
Outer coast inlet 14 5 8 3 0 28 0
Outside waters (BC) 21 11 69 30 55 7 3
Outside waters (AK) 33 15 94 40 83 27 1
Total 86 38 205 93 159 169 14
August 1984
Inside inlet 18 6 35 16 10 82 6
Inside passage 19 7 61 10 5 73 10
Outer coast inlet 4 1 0 12 0 3 0
Outside nearshore 26 20 183 97 80 55 5
Outside offshore 11 10 93 41 52 12 0
Total 78 44 372 176 147 225 21
All periods combined
Inside inlet 46 14 70 56 24 159 17
Inside passage 63 32 223 125 58 2056 12
Quter coast inlet 45 14 68 62 0 52 0
Outside waters 929 60 454 210 279 127 9
Total 253 120 815 453 361 543 38

Stomach analysis

Each fish was weighed to the nearest milligram and
measured to the nearest millimeter fork length (FL)
in the laboratory. Stomachs were excised and placed
in 70% isopropyl alcohol. During analysis, stomach
fullness on a scale of 0—6 (0=empty, 6=distended) and
digestion on a scale of 1-4 (1=fresh prey items,
4=completely digested) were visually estimated.
Stomach contents were weighed, and prey items were
separated, identified to the lowest convenient taxon,
and counted. Up to 100 individuals of each prey cat-
egory that had been removed in good condition from
the stomach were used to measure initial wet weights.
Prey fish in an advanced state of digestion were as-
signed to discrete weight categories based on the most
complete specimens encountered: small (estimated
6.0 mg), medium (184.4 mg), and large (580.5 mg). Dry
weights were obtained by drying the samples in an oven
at 60°C until constant weights were obtained.

Sampling and analysis of prey assemblages

Prey assemblages were sampled with neuston and
plankton nets in the areas fished in 1984. Neuston
collections were made with a rectangular 100 x 35-
cm-opening neuston-net frame containing a conical
505-um-mesh net; tows were made at 45 of 54 out-
side-water locations, 7 of 14 outer-coast-inlet loca-
tions, and 5 of 18 inside-water locations. The neus-
ton net was towed horizontally, half-submerged, so
that it sampled the water column from the surface
to approximately 17 cm depth (Brodeur, 1989;
Brodeur2). The plankton collections were made with
a 70-cm diameter conical plankton net of 303-pm
mesh; tows were made along purse-seine transects
at four 4-km locations and six 16-km locations in

2 Brodeur, R. D., W. G. Pearcy, B. C. Mundy, and R. W. Wisseman.
1987. The neustonic fauna in coastal waters of the northeast
Pacific: abundance, distribution, and utilization by juvenile
salmonids. Oregon State Univ. Publ. ORESU-T-87-001, 61 p.
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outside waters, and at six locations in inside waters.
All plankton tows were oblique from the surface to a
depth of 50 m. Samples were preserved in a 10%-
formalin-seawater solution after debris was removed.

Plankton and neuston samples were sorted to re-
move large organisms, such as gelatinous zooplank-
ton. We then split the sample with a Folsom splitter
until a subsample of about 500 organisms remained.
Plankton organisms were identified to the lowest
convenient taxon and counted. Detailed composition
of many of the neuston samples has been presented
elsewhere (Brodeur?).

Data analysis

Stomach data were partitioned into subsets accord-
ing to salmon species, geographic area, habitat, dis-
tance offshore, month, and year. The index of rela-
tive importance (IRI; Pinkas etal., 1971) was calcu-
lated for each data subset. The modified IRI (dry
weight rather than volume) was used to character-
ize the diet of each species and to rank prey taxa:

IRI =(N+W)F,

where N is numerical percentage, W is weight per-
centage, and F is frequency of occurrence (FO) per-
centage. In all comparisons, the IRI is expressed as
a percentage of total IRI for each data subset.

Morisita’s index of overlap as modified by Horn
(1966) was used to calculate overlap between spe-
cies pairs; values range from 0 (no overlap) to 1 (com-
plete overlap):
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where x; and y; are proportions of the numbers of
individuals of prey species i found in the predator
species x and y, respectively.

The percent similarity index (PSI; Whittaker, 1975)
was used to compare stomach samples to plankton
samples:

PSI = Zmin(pa or py),

where p_ is percentage number for a given species in
sample A, and p, is percentage number for the same
species in sample B. A PSI value of 1.00 shows com-
plete similarity; a value of 0 indicates no similarity.
We considered values 20.60 to be significant for both
overlap indices. Chinook salmon were not included

in the analysis of overlap because of small sample
sizes (Table 1). Following Brodeur and Pearcy (1990),
we tested for differences in the occurrence of princi-
pal prey between years, months, areas, and distance
offshore using x2.

We examined data for neuston and plankton prey
samples collected at locations where stomachs of at
least five specimens of one salmon species were avail-
able and included a taxon in the prey collections. To
measure prey selection, we used Strauss’s linear food
selection index (Strauss, 1979):

L= ri_p,"

where r; and p, are the proportional abundances of
prey item i in the gut and habitat, respectively. Se-
lection values range from —1, indicating avoidance
or negative accessibility, to +1, indicating preference
or positive selection; 0 indicates random feeding.
Values are extreme only when the prey item is pro-
portionately abundant but rarely consumed (-1), or
is proportionately rare but consumed almost exclu-
sively (+1). We tabulated selection values >0.10 or
<—0.10 for an indication of the positive or negative
selection of a particular taxon.

To compare the number of stomachs required to
characterize the breadth of diet for each species of
salmon, we pooled the stomachs over all periods and
habitats. Stomachs were selected randomly, and the
cumulative number of taxa were plotted versus the
number of stomachs until the asymptote was reached
{Hurtubia, 1973).

Results

Description of diet

All salmon species The prey spectrum for juveniles
of five Pacific salmon species comprised at least 30
taxa (Table 2). The six taxonomic groups of greatest
importance (IRI) were calanoid copepods, hyperiid
amphipods, euphausiids, decapods, tunicates, and
fishes (Table 3). In pooled samples, fish were the most
important prey for coho and chinook salmon
(IRI=63.8% and 76.4%) but were only moderately
important for the other species (IRI 28.3—-40.3%).
Hyperiid amphipods, most commonly Themisto spp.,
were also important prey for pink, chum, and sock-
eye salmon (IRI 28.0-39.6%). However, the biomass
of teleost prey made up more than 75% of the total
biomass consumed by each of the juvenile salmon
species in pooled samples.

The full breadth of the prey spectrum for juvenile
salmon species was obtained by randomly selecting



Landingham et al.: Feeding habits of juvenile Pacific salmon

289

16-95% of the actual number of stomachs
analyzed (Fig. 2). The highest cumulative
numbers of prey taxa (n=25 and 26, respec-
tively) were observed after we had ran-
domly subsampled 86 coho and 396 pink
salmon stomachs (Fig. 3). Virtually all
chinook salmon analyzed (39) were needed
to reach the 14 cumulative prey taxa ob-
served. The curves of cumulative number
of taxa for pink and chum salmon were
more similar than for any other pair of
species (Fig. 3).

Pink salmon The prey of juvenile pink
salmon (85-222 mm FL; x=142 mm;
SD=22.9) encompassed 26 taxa and sev-
eral life-history stages. Hyperiid amphi-
pods, especially the genus Themisto, had
the highest total IRI (Fig. 4) and highest
FO and mean abundance over all periods
and habitats (Table 3). Juvenile fish had
the second-highest IRI and the greatest
biomass—76% of pooled weight of stom-
ach contents. In 1984, the IRI for fish prey
did not rank first, but it was more than
twice the 1983 value; fish prey ranked
higher in Alaska than in British Colum-
bia. Tunicates, primarily the larvacean
Oikopleura dioica, were the third most
important prey in pooled samples.

Chum salmon The prey spectrum for ju-
venile chum salmon (80-276 mm FL;
x¥=151 mm; SD=28.4) included 22 taxo-
nomic groups and several life-history
stages. Juvenile fish, tunicates (salps and
the larvacean O. dioica), and hyperiid
amphipods (Themisto spp.) had the high-
est IRI’s overall (Fig. 5).

Sockeye salmon The prey spectrum for
juvenile sockeye salmon (91-202 mm FL;
x¥=151 mm; SD=18.9) encompassed 18
taxonomic groups and several life-history
stages. Fish prey had the highest IRI
(40.3%) and the greatest average weight
(87.2%) pooled over all habitats and peri-
ods (Table 3; Fig. 6), although no fish were
sampled from outer-coast inlets (Table 1).
Fish prey were more important in 1984
than in 1983, especially in the outside
waters of southeastern Alaska in July 1984
and inside inlets and outside waters (>37
km) in August 1984 (Fig. 6). Hyperiid am-
phipods (Themisto spp.) were the second

taxon is listed.

Table 2
Prey from juvenile salmon stomachs as index of relative importance
(IRI). IRI = (N + W)FO, where N= numerical percentage, W = weight
percentage, and FO = frequency of occurrence percentage. Numbers in
parentheses are totals of taxonomic groups for which more than one

IRI (%)
Prey Pink Chum  Sockeye Coho Chinook
Polychaeta
Unidentified <0.01 <0.01 — <0.01 <0.01
Mollusca 0.90) (0.16) (0.17) (0.02) {(—}
Gastropoda
Limacina helicina 0.82 0.16 0.15 0.02 —
Bivalvia
Unidentified <0.01 <0.01 — — —
Cephalopoda
Unidentified 0.08 <0.01 0.02 <0.01 0.18
Copepoda (3.71) (2,93 (4.15)  (0.02) (<0.01)
Neocalanus
cristatus <0.01 — — — —_
Epilabidocera
longipedata <0.01 - <0.01 — —
Unidentified 3.70 2.93 4.14 0.02 <0.01
Cumacea
Unidentified <0.01 <0.01 — — —
Amphipoda
Hyperiidea (39.61) (28.03) (36.48) (6.84) (0.10)
Hyperia sp. 0.01 0.01 0.01 0.02 0.01
Themisto spp. 38.75 27.44 36.11 6.73 0.08
Primno macropa 0.83 0.58 0.36 0.09 0.01
Vibilia sp. 0.02 <0.01 0.01 <0.01 —
Euphausiacea (5.95) (6.18) (12.62) (3.88) (18.34)
Euphausia pacifica <0.01 — — <0.01 —
Thysanoessa spinifera <0.01 0.01 — 0.01 0.08
Unidentified 5.94 6.17 12.62 3.86 18.26
Decapoda
Unidentified 4.67 3.16 3.64 2526 4.81
Insecta
Unidentified 0.01 <0.01 <0.01 0.01 —
Chaetognatha
Unidentified 0.01 0.01 <0.01 <0.01 —
Urochordata
(tunicates) (13.566) (30.32) (2.26) (0.03) —
Salpidae
Unidentified <0.01 0.21 — <0.01 —
Larvacea
Oikopleura dioica 13.56 30.11 2.26 0.03 —
Osteichthyes (31.11) (29.88) (40.27) (63.78) (76.42)
Clupea pallasi — — — 0.01 0.26
Osmeridae <0.01 0.02 — <0.01 0.61
Myctophidae 0.02 0.02 <0.01 — —
Theragra
chalcogramma — — — 0.01 —
Sebastes spp. 0.04 — 0.03 0.04 —
Cottidae — — — <0.01 —
Stichaeidae <0.01 — <0.01 <0.01 0.02
Ammodytes
hexapterus <0.01 0.03 — 0.30 0.47
Pleuronectidae — <0.01 <0.01 0.02 —
Unidentified 31.04 29.80 40.22 63.39 75.06
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Table 3
Stomach contents of juvenile salmon in marine waters of southeastern Alaska and northern British Columbia in 1983 and 1984.
N is numerical percentage, W is dry weight percentage, FO is frequency of occurrence percentage of fish with prey item i, and IRI
is percent of total IRI for all prey taxa. IRI = (N + W)FO. Taxa are omitted if IRI is <1% for all salmon.
Pink salmon Chum salmon Sockeye salmon Coho salmon Chinook salmon
N W FO IRI N W FO IRI N W FO IRI N W FO IRI N W FO IRI
% (B B (R (% (B (B (B (B (B (B (B (B (B (B (B (R (%) (%) ()
All periods combined
Calanoids 56 09 479 37 54 08 329 30 90 05 415 42 — — — — — — — —
Decapods 38 40 486 47 24 36 366 31 54 26 432 36 520 0.1 563 253 112 02 385 48
Euphausiids 52 55 462 60 60 59 398 61 165 43 574 126 128 0.1 358 39 526 02 333 183
Hyperiids 452 58 903 396 295 57 736 280 462 3.7 901 365 229 01 464 68 15 02 7.7 01
Tunicates 322 01 352 136 525 01 467 301 164 <01 131 23 — — — — — — — —
Teleosts 13 760 39.1 312 09 827 286 283 29 872 470 403 84 995 732 638 302 990 718 764
Total 93.3 923 988 96.7 98.7 986 964 983 99.5 96.1 99.8 998 955 99.5 99.6
August 1983
Calanoids 64 29 626 66 20 47 397 31 109 46 527 6.0 04 <01 1201 <01
Decapods 43 86 609 89 09 121 326 48 11 83 309 22 464 05 631 264
Euphausiids 49 141 529 114 53 327 462 184 170 390 764 315 58 06 369 20
Hyperiids 370 124 710 336 315 280 647 385 585 30.7 945 551 415 06 59.7 21.7
Tunicates 38.7 02 487 203 568 05 609 288 87 01 145 09 01 <01 6.0 <01
Teleosts 04 567 299 166 02 202 196 46 03 167 218 2.7 27 964 611 49.1
Total 91.7 949 974 967 982 982 965 994 984 969 93.1 992
July 1984
Calanoids 150 08 390 73 234 14 280 11.0 121 04 43 56 0.7 <01 71 <01
Decapods 47 19 420 33 11 21 269 14 88 08 321 32 543 01 657 276
Euphausiids 70 50 463 66 48 81 376 7.7 230 34 623 170 166 0.1 337 38
Hyperiids 452 43 683 394 260 63 538 271 378 20 704 289 61 01 254 0.8
Tunicates 119 <01 176 25 343 01 290 158 91 <01 75 07 41 <01 53 <0.1
Teleosts 36 842 390 384 39 774 323 350 42 920 459 439 155 997 84.0 676
Total 874 96.2 975 935 954 98.0 950 98.6 99.3 973 100 99.8
August 1984
Calanoids 23 07 379 13 38 03 251 15 47 05 327 18 02 <01 27 <01
Decapods 32 39 434 37 50 29 429 50 45 53 612 64 583 0.1 427 247
Euphausiids 48 37 393 39 173 24 297 42 96 38 415 59 197 0.1 324 63
Hyperiids 50.1 50 653 408 279 30 53.1 226 475 51 687 365 103 0.1 240 21
Tunicates 344 <01 347 144 528 <0.1 371 289 283 <0.1 197 59 <01 <01 01 <01
Teleosts 11 851 385 355 0.8 908 280 373 3.1 831 476 434 107 996 729 668
Total 959 984 996 97.6 994 995 97.7 978 999 9092 99.9 999

most important prey group (IRI=36.5%) and had the
highest FO and average count (Table 3).

Coho salmon The prey spectrum of juvenile coho
salmon (112-309 mm FL; ¥ =222 mm; SD=35.1) en-
compassed 25 taxonomic groups, including eight iden-
tifiable fish families (Table 2). Teleosts made up
99.5% of the total prey weight, with a mean number
of 8.4 fish consumed by 73.2% of the coho predators
(Table 3). Juvenile fishes were the principal compo-
nent of coho salmon diet in all habitats except in the
outside waters during August 1983 (Fig. 7), when
decapod larvae were more important (IRI=66%). The
IRI for prey fish ranged from 51% to 81% in the other
habitats, with Pacific sand lance (Ammodytes
hexapterus) the most prevalent species. Other iden-

tifiable prey fish (in order of importance) included
walleye pollock (Theragra chalcogramma), rockfish
(Sebastes spp.), flatfish (Pleuronectidae), Pacific her-
ring (Clupea pallasi), smelt (Osmeridae), prickle-
backs (Stichaeidae), and sculpins (Cottidae). Fish
were more important in 1984 than in 1983 and higher
in Alaska than in British Columbia.

Chinook salmon The prey spectrum of juvenile
chinook salmon (139-324 mm FL; ¥=224 mm;
SD=58.4) encompassed 14 taxonomic categories and
four identifiable fish families (Table 2). Fish were
the most important prey: IRI’s ranged from 28% to
100% among habitats (data not shown). Fish made up
99% (biomass) of chinook salmon stomach contents in
pooled samples, with a mean of 30.2 individuals con-
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sumed by approximately 72% of the
predators (Table 3). Identifiable fish %0

(in order of importance) included

smelt, Pacific sand lance, Pacific her- eco
ring, and pricklebacks. Euphausiids 0
were an important prey principally 2
in inside inlets during July 1984. é 00
Incidental prey included decapod lar- S
vae, squid, and hyperiid amphipods. 5

_é 400
Variation in principal prey 2
Diets of all four species varied greatly 200
(Table 4). Variation in the FO of the o

six principal prey (calanoids, decapod
larvae, euphausiids, fish, hyperiid 0
amphipods, and tunicates) was great-
est when compared between years:
the FO of most invertebrate taxa

. Total stomachs

Number of stomachs sampled
to achieve full prey spectrum

49%
28%
36% 16%
Chum Sockeye Coho Chinook
Figure 2

decreased significantly (P<0.05) in
the diets from August 1983 to August
1984, whereas the FO of teleost prey
increased (Tables 3 and 4). Except for

Total number of stomachs sampled for five species of juvenile Pacific salmon
and number and percentage of randomly selected stomachs, from samples
pooled over habitats and time periods, which were required to achieve the full
prey spectrum for each species as defined in this study.

coho salmon, variation in the FO of
fish was greatest for inshore-offshore

comparisons; significantly more fish

were consumed by the other species 28

offshore (>37 km from the coast) than 26 - many
inshore (0—37 km from the coast) 24 - ‘
(Table 4; 12.69<x2<47.72; P<0.001). 22 - +
In 1984, the FO of two principal prey 20 -

taxa differed consistently in opposite S 18

directions between areas: pink, ?, 16

chum, and sockeye salmon ate teleost £ 141

prey significantly less often (6.94< 2 42

%2<18.42; P<0.01), whereas all four % 10

species consumed euphausiids sig- 2 e e gﬂﬁm
nificantly more often (5.66<)2<17.13; 3 &- ¢ oo Sockeye
P<0.05) in British Columbia waters 4 - aons g:i':;ok

than in Alaska. The diet of sockeye 2

salnunlvariedxnorethaxlﬁhatofthe 0 LI I I N N I B B S A D S B B B e e

other species between years (August
1983 and August 1984), months (July
and August), and areas (British Co-
lumbia and southeastern Alaska;
Table 4).

Diet overlap

40 80 120 170 210 250 290 330 370 410

Curves of cumulative number of prey taxa versus pooled number of fish ex-
amined from five Pacific salmon species in marine waters of southeastern
Alaska and northern British Columbia.

Number of stomachs

Figure 3

Samples pooled over time and

habitat Significant diet overlap (¢ ,>0.60) was found
between pink and sockeye salmon, pink and chum
salmon, and chum and sockeye salmon when all
samples were pooled. Coho salmon diet overlap was
less than 0.60 in all comparisons. Diet overlap was not

calculated for chinook salmon because of small sample
sizes (Table 1). The greatest diet overlap was between
pink and sockeye salmon juveniles ( é}. =0.93; Table 5);
both species ate fish and hyperiid amphipods. The sec-
ond-greatest diet overlap (C ,=0.91) was between pink
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Inside water (IRI)
(partitioned into inlets and passages)
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Figure 4

Index of relative importance (IRI) of principal prey of juvenile pink salmon in inside and outside waters and
outer coast inlets of southeastern Alaska in 1983 and 1984 and outside waters and outer coast inlets of northern

and chum salmon; both ate hyperiid amphipods, fish,
and Oikopleura dioica. The third-highest diet overlap
in all pooled samples was between chum and sockeye
salmon (¢ ,=0.73); both species consumed fish, hyperiid
amphipods, and euphausiids.

Temporal diet overlap The degree of diet overlap
among salmon species pairs varied by time period when
habitat was not considered. In August 1983, diet over-
lap, based on the consumption of hyperiid amphipods,
was greatest for pink and chum salmon juveniles
(C ,=0.95; Table 5), O. dioica, and euphausiids. Diets of
juvenile pink and sockeye salmon overlapped signifi-
cantly (CA'/l =0.72) on the basis of hyperiid amphipods
and euphausiids. A lesser, but still significant, diet over-
lap ((A;'A=0.62) occurred between sockeye and coho
salmon on the basis of hyperiid amphipods, decapod
larvae, and fish.

Diet overlap was lower in July 1984, when samples
included waters outside of British Columbia, than in
August 1984. Diet overlap was significant for combi-
nations of pink, chum, and sockeye salmon, but not for
combinations including coho salmon (Table 5). The
greatest overlap occurred between pink and chum
salmon ( C ,=0.80), pink and sockeye salmon ( C L =0.79),
and chum and sockeye salmon (C,=0.73), which was
principally due to similar proportions of hyperiid am-
phipods and juvenile fish. The relative importance of
larvaceans accounted for the greatest difference in the
diets of these three species: O. dioica made up nearly
20% of the IRI for chum salmon, compared with less
than 3% for pink and sockeye salmon.

In August 1984, the diets of pink, sockeye, and chum
salmon overlapped greatly, whereas coho salmon diet
did not overlap with that of any other species (Table 5).
Diets of pink and sockeye salmon overlapped almost
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Index of relative importance (IRI) of principal prey of juvenile chum salmon in inside and outside waters and
outer coast inlets of southeastern Alaska in 1983 and 1984 and outside waters and outer coast inlets of northern

completely ( C,=0.99); prey composition and IRI for each
prey category were highly similar (Table 2). Pink and
chum salmon diets (C =0.88) and sockeye and chum
salmon diets (¢ ,=0. 85) had almost identical prey spe-
cies compositions, although proportions of prey catego-
ries differed (Table 2).

Spatial diet overlap Diet overlap was more com-
mon for species comparisons in outside waters than
in inside waters. Of all possible habitat comparisons,
diet overlap was significant ( (A;'/1 20.60) in 42% of the
outside-waters comparisons, 39% of inside-passage
comparisons, and 29% of inside-inlet comparisons
(Table 5). Within each habitat, mean overlap (all pe-
riods) was significant in inside inlets for pink and
chum salmon ( C)_ =0.66), inside passages for pink and
chum salmon (C,=0.91), and chum and sockeye
salmon (C)_ =0. 73) and outside waters for pink and

sopkeye salmon (¢ ,=0.83), chum and sockgye salmon
(C,=0.68), and pink and chum salmon (C,=0.67).

Fullness and digestion

Most salmon stomachs were evaluated to be at least
half full (fullness index of 3); coho salmon stomachs
were more full than those of other species (Table 6).
Stomach fullness was always greater for fish from
the inside waters than from outside waters; stom-
achs of fish caught 0-37 km offshore were less full
than those of fish caught >37 km offshore. Only 32 of

2,210 (1.4%) stomachs sampled were empty: 72% in

outside waters, 3% in coastal inlets, and 25% in in-
side waters. The contents of most stomachs were
“partly digested” (digestion index of 2). Pink, chum,
and coho salmon from inside waters had stomach
contents in an earlier stage of digestion than fish
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Index of relative importance (IRI) of principal prey of juvenile sockeye salmon in inside and outside waters and
outer coast inlets of southeastern Alaska in 1983 and 1984 and outside waters and outer coast inlets of northern

from outside waters; the reverse was observed for
sockeye salmon.

Salmon diet and the prey assemblages

Neuston samples from the outside waters of British
Columbia and southeastern Alaska included 13 and
14 major taxa, respectively (Table 7). In British Co-
lumbia, decapod larvae made up 83% of the number
of prey, hyperiid amphipods 12%, calanoid copepods
4%, and all other taxa <1%. Prey diversity of neus-
ton samples was more even for southeastern Alaska
than for British Columbia; half of the 14 taxa repre-
sented >2% of the total abundance. In Alaska,
calanoid copepods were the most abundant organ-
ism (59% of the total), decapod larvae were second
(21%), and gammarid amphipods were third (9%).
The density of neustonic organisms was about five

times greater in samples from British Columbia than
in those from southeastern Alaska.

In zooplankton samples, the number of individuals
and dominant taxa differed with time and habitat
(Table 7). Zooplankton abundance in outside waters was
about twice that of inside waters of southeastern Alaska
in July 1984. Calanoid copepods were the dominant
organisms in the samples (90% of total abundance).

The PSI indicated little relationship between prey
consumed by salmon and prey available in the envi-
ronment (Table 8). Neuston samples were generally
more similar to salmon diet than were zooplankton
samples. Similarity for the neuston samples ranged
from 0% to 37.8% and averaged from 9.1% for sock-
eye salmon to 16.7% for coho salmon (Table 8). The
PSI values for the plankton samples ranged from
0.2% to 24.9% and averaged from 2.2% for chum
salmon to 9.3% for sockeye salmon.
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Index of relative importance (IRI) of principal prey of juvenile coho salmon in inside and outside waters and outer
coast inlets of southeastern Alaska in 1983 and 1984 and outside waters and outer coast inlets of northern

We examined patterns of prey selectivity by ap-
plying Strauss’s linear index of food selection to the
same sets of predator-prey samples that had been
analyzed for similarity. Pink and sockeye salmon
selected (L>0.10) neustonic prey more often than
planktonic prey, and neustonic hyperiid amphipods
were the most frequently selected organism. Chum
and coho salmon selected neustonic and planktonic
prey in nearly equal frequencies (Table 9). All salmon
species avoided (L <—0.10) neustonic decapod larvae.
Selection patterns for planktonic prey varied more
than for neustonic prey; however, salmon generally
selected planktonic decapod larvae, hyperiid amphi-
pods, euphausiids, and fishes and avoided the pro-
portionately more abundant calanoid copepods.

Discussion

This study of the food habits of five sympatric spe-
cies of Pacific salmon during their first summer in

the marine waters of southeastern Alaska and north-
ern British Columbia is the first detailed study for
this geographic area. Feeding patterns were dynamic,
with shifts in the important prey categories between
salmon species, years, and areas.

We analyzed the importance of two major prey cat-
egories, zooplankton and teleosts, and examined data
for temporal and spatial shifts in feeding patterns
among salmon species. First, in pooled samples (all
periods and habitats), zooplankton were much more
important in pink, chum, and sockeye salmon diets
(60—70% IRI) than in coho and chinook salmon diets
(36% and 24% IRI; Table 3). When the two years of
data were analyzed separately, however, contrasting
patterns emerged. In 1983 (August), pink, chum, and
sockeye salmon were mostly planktivorous (83-97%
IRI), and zooplankton IRI was over 50% even for coho
salmon. In 1984 (July and August), the proportional
number, weight, and FO of teleost prey increased in
diets of all salmon species; however, whereas zoo-
plankton remained most important in the diets of pink,
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chum, and sockeye salmon (56-65% IRI), teleosts
were most important in coho salmon diets (68%IRI).

Spatial factors that influence both predator and
prey, especially latitude and proximity to shore, may
account for similarities or differences in principal
prey (Andrievskaya, 1970; Brodeur and Pearcy, 1990).
Most species of salmon are opportunistic and feed
on a wide variety of prey (Beacham, 1986; Brodeur!),
but their diets are commonly composed of a few taxa
readily available at a given time and location. The
importance of zooplankton in the diets of juvenile
pink, sockeye, and chum salmon in our study is simi-
lar to results reported in other studies from the east-
ern Gulf of Alaska (Manzer, 1969; Jaenicke et al.,

Table 4

Chi-square (x2) values for variation in frequency of occur-
rence of principal prey in four species of juvenile salmon.
Comparisons were made between years (August 1983 and
August 1984), months (July 1984 and August 1984), area
(northern British Columbia and southeastern Alaska), and
distance offshore (0—37km vs. 46-76km). No asterisk indi-
cates P > 0.05. * = P<0.05; ** = P<0.01; and *** = P<0.001.

2

x2

Between

inshore

Between Between Between and

Taxon years months areas offshore

Pink salmon

Calanoids 35.29*** 0.07 2.47 0.35
Decapods 18.41%*#* 0.07 1.82 13.04***
Euphausiids 11.35%** 2.90 17.13#%* 3.86*
Hyperiids 2.34 0.62 1.18 8.60%**
Tunicates 7.13%* 19.48%*%* 6,08*%  13.83%**
Teleosts 6.39*% 0.00 7.33%% 47 72%**
Chum salmon
Calanoids 8.62%** 0.25 6.08% 0.37
Decapods 4.02% 6.63* 2.04 5.94*
Euphausiids 9.06*** 1.74 5.66* 5.15%
Hyperiids 4.93* 0.01 0.12 15.30%%%
Tunicates 3.78 1.77 3.43 1.36
Teleosts 3.63 0.53 6.94%% 26.46*¥*
Sockeye salmon
Calanoids 6.84** 3.73 3.72 0.08
Decapods 14.77%%*  26.12%+* 1.74 1.36
Euphausiids 19.47***  13.21%%* 14.81*** (.68
Hyperiids 73.17*%*  57.10%+* (.34 0.04
Tunicates 0.72 9.77*** 5 45% 4.51*
Teleosts 11.05%** 0.09 13.42%%* 12 69%**
Coho salmon
Calanoids 9.26%** 4.35% — —
Decapods 14.96***  20.50*** 0.00 1.46
Euphausiids 0.80 0.07 7.20**  3.98%
Hyperiids 48.46%** 0.11 3.86* —
Tunicates 0.86 7.00%*  0.33 —
Teleosts 5.77* 6.90** 1.84 0.59

1984; Hartt and Dell, 1986), the Sea of Okhotsk
(Andrievskaya, 1968, 1970), and other regions of the
northeastern Pacific Ocean (Peterson et al., 1982;
Brodeur, 1989; Brodeur and Pearcy, 1990). We found
that hyperiid amphipods were especially important
in pink and sockeye salmon diets, and less so in chum
salmon diets. The principal hyperiid amphipod found
in diets of these species in the northeastern Pacific
Ocean, lincluding our study, was Themisto pacifica.
In the more southern latitudes of coastal Washing-
ton and Oregon, another hyperiid amphipod
(Hyperoche medusarum) is an important component
in chum, coho, chinook, and sockeye salmon diets
(Brodeur and Pearcy, 1990). In that area, however,
euphausiids are more important in juvenile chum
diets and, to a lesser extent in juvenile coho and
chinook salmon diets, than are hyperiid amphipods
(Peterson et al., 1982; Brodeur and Pearcy, 1990).
Similarly, we found that euphausiids occurred less
frequently and were less important in diets of all
juvenile salmon located off southeastern Alaska, a
downwelling region, compared to diets of salmon from
southern British Columbia to Oregon, where up-
welling is more prevalent (Ware and McFarlane,
1989).

Although our study showed that chum salmon are
primarily planktivorous, like pink and sockeye
salmon, we observed another difference in their most
important prey. Tunicates (larvacea and salps) were
important only in the diets of chum salmon. The IRI
for tunicates, especially the larvacean Oikopleura
dioica, was greater than for any other taxon in chum
salmon diets (30.1%). Tunicates were most prevalent
in samples from outer coast inlets and outside wa-
ters (0—37 km). This finding is not unusual.
Oikopleura was the dominant prey item in two other
studies of the diet of juvenile chum salmon from
northern British Columbia: 62% FO in fish 32-106
mm FL from Chatham Sound (Manzer, 1969) and 70—
76% FO in fish 105-158 mm FL from Hecate Strait
(Healey, 1991).

In addition to interspecific differences in the most
important prey, shifts in diet differed among the four
salmon species both spatially and temporally. We
observed spatial differences in July 1984, when sam-
pling included waters of northern British Columbia,
and in August 1984, when sampling was extended to
76 km offshore. Pink, chum, and sockeye salmon con-
sumed fish prey about twice as often offshore as they
did inshore, and more often in British Colombia than
in Alaska. The more piscivorous coho salmon, how-
ever, consumed fish just as frequently inshore as off-
shore and just as frequently in marine waters of
Alaska and British Columbia. Diet varied by season
and distance offshore for the highly similar pink,
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Table 5
Diet overlap values ( (:‘,_, Morisita's index for prey numbers; Horn, 1966) for inside and outside waters of British Columbia (BC)
and Alaska by sampling period and pooled over time. Nearshore = 0—37 km; offshore = >37 km. An asterisk indicates a significant
value.
Diet overlap ( é,l )
July 1984 August 1984
Pooled

Comparison Aug 1983 BC Alaska Nearshore Offshore over time
Inside inlets

Pink-chum 0.55 0.87* 0.56 0.66*

Pink-coho 0.89* 0.04 0.29 0.41

Pink-sockeye — 0.21 0.15 0.37

Chum-coho 0.47 0.11 0.14 0.24

Chum-sockeye — 0.25 0.85* 0.51

Coho-sockeye — 0.64* 0.01 0.55
Inside passages

Pink-chum 0.94% — 0.91* 0.91*

Pink-coho 0.54 0.11 0.09 0.25

Pink-sockeye 0.85% 0.49 — 0.58

Chum-coho 0.45 — 0.20 0.25

Chum-sockeye 0.74* — — 0.73*

Coho-sockeye 0.65* 0.46 — 0.49
Outside waters

Pink-chum — 0.44 0.82* 1.00* 0.85* 0.67*

Pink-coho 0.26 0.24 0.10 0.12 0.11 0.20

Pink-sockeye 0.77* 0.85*% 0.97* 0.67* 0.79* 0.83*

Chum-coho — 0.96* 0.10 0.10 0.09 0.32

Chum-sockeye — 0.39 0.82* 0.53 0.97* 0.68*

Coho-sockeye 0.16 0.20 0.17 0.13 0.09 0.17
Al] habitats

Pink-chum 0.95% 0.80* 0.88* 0.91*

Pink-coho 0.43 0.21 0.18 0.38

Pink-sockeye 0.72* 0.79* 0.99* 0.93*

Chum-coho 0.31 0.15 0.25 0.24

Chum-sockeye 0.58 0.73* 0.85* 0.73*

Coho-sockeye 0.62* 0.37 0.18 0.49

chum, and sockeye salmon in the Sea of Okhotsk and
the Bering Sea (Andrievskaya, 1968). In our study,
temporal patterns based on seasonal (monthly) dif-
ferences in the FO of fish prey were rare; the diets of
pink, chum, or sockeye salmon included fish as fre-
quently in July 1984 (when transects extended only
to 37 km) as in August 1984. However, interannual
differences were observed: all species, except chum
salmon, ate fish more frequently in August 1984 than
in August 1983. These observations suggest that in-
creased frequency of fish prey in salmon diets is re-
lated more to annual variations in teleost prey abun-
dance than to distance offshore.

Juvenile fishes are often identified as important
prey for juvenile salmon, although seldom to the ex-
tent that we observed in 1984 in northern southeast-
ern Alaska. Comparison of our results with other
studies of juvenile salmon diet in Alaska suggests

that, although pink, chum, and sockeye salmon feed
principally on planktonic taxa, they readily switch
to teleost prey when available. For example, crusta-
ceans were the principal prey of pink, chum, and sock-
eye salmon in the outside waters of southeastern
Alaska in 1982, whereas fish were the principal prey
of coho salmon (Jaenicke etal., 1984). In our study in
southeastern Alaska in 1983, prey fish made up only
half as much biomass as that observed in juvenile
sockeye salmon stomachs collected from the Gulf of
Alaska and Bering Sea in 1967 and 1968 (Hartt and
Dell, 1986); in 1984, however, we recorded substan-
tially higher teleost prey biomass than that observed
by Hartt and Dell (Table10). Although we found that
sockeye salmon diet varied more than that of the
other species, increases in the FO of predation on
teleosts were consistent among pink, chum, and sock-
eye salmon.
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Some of the interspecific differences in the utiliza-
tion of fish prey may also be attributed to differences
in predator size. The mean size of juvenile coho and
chinook salmon was greater than that of pink, chum,
and sockeye salmon. Although the importance of size-
related variability in prey consumption of juvenile
salmon is recognized (e.g. Brodeur, 1991), we consid-
ered that a detailed analysis by predator size was
beyond the scope of this study.

Increased fish prey in the diets of juvenile salmon
in 1984 may reflect higher abundances of larval and
juvenile stages of certain prey species compared with
the previous year. Unfortunately, most fish prey spe-
cies found in the salmon stomachs in our study could
not be identified. However, we noted opposite trends
in the CPUE for two potential teleost prey species
from 1983 to 1984: the CPUE of juvenile walleye pol-
lock in our seine catches increased 25-fold whereas
that of juvenile herring declined 40-fold. In 1984, ju-
venile walleye pollock were important in the diet of
adult coho salmon (Fisk3); the conditions that pro-
longed offshore feeding by adult coho salmon on these
fish in 1984 may also have favored increased
piscivory by juveniles.

An increase in available fish prey between years
may also correlate with an increase in environmen-
tal temperature. The average SST in 1984 (x=14.5°C)
was higher than in 1983 (x=13.7°C). Increased SST
in northern waters may have beneficial effects on
the early life history of fish preyed upon by juvenile
salmon (Bailey and Incze, 1985). Temperatures in
outside waters in 1984 followed a long-term warm-
ing trend related to the 1982-83 El Niiio event. Tem-
perature increased at depth as well as at the sur-
face, and positive temperature anomalies persisted
in northern waters beyond 1983 (Cannon et al., 1985;
Royer, 1985). In coastal waters off Oregon and Wash-
ington, oceanographic conditions varied greatly ow-
ing to the 1982-83 El Nino event and affected prey
species composition, but the proportion of fish bio-
mass in juvenile salmon diets generally did not vary
for the same months between years (Brodeur and
Pearcy, 1990).

Changes in salmonid diet patterns may reflect den-
sity-dependent species interactions. Other workers
have noted such changes with respect to an increase
in the density of pink salmon, typically the most
abundant species: 1) the diet of other salmonids be-
came more diverse, particularly in chum salmon; and
2) diet overlap among pink, chum, and sockeye
salmon decreased (Birman, 1969; Andrievskaya,

3 Fisk, G. 1985. Final report 1984 troll logbook program.
Alaska Trollers Assoc., 130 Seward St., No. 213, Juneau, AK
99801, 41 p.

Table 6

Estimated mean fullness (0=empty, 6=distended), degree
of digestion (1=fresh, 4=completely digested). and percent-
age of empty stomachs for pooled habitats and time peri-
ods for juvenile salmon collected in marine waters of south-
eastern Alaska and northern British Columbia in 1983 and
1984; n = sample size.

Stomach Degree of Empty
fullness digestion stomachs

Habitat n (0-6) (1-4) (%)
Pink salmon
Inside inlet 70 4.0 1.9 0
Inside passage 223 3.9 2.3 0.4
Quter coast inlet 68 3.5 2.7 15
Outside (0-37 km) 361 3.0 2.2 3.3
Outside (>37 km) 93 4.0 2.3 0
Chum salmon
Inside inlet 56 4.2 2.3 0
Inside passage 125 4.7 2.4 0
Outer coast inlet 62 4.6 2.2 0
Outside (0-37 km) 169 2.6 2.7 5.3
Outside (>37 km) 41 3.3 24 0
Sockeye salmon
Inside inlet 24 4.3 2.5 0
Inside passage 58 4.5 3.0 1.7
Outer coast inlet 0 — — —
Outside (0-37 km) 227 3.4 23 0.9
Outside (>37 km) 52 3.6 2.5 0
Coho salmon
Inside inlet 159 4.2 2.3 1.3
Inside passage 205 44 2.3 0.5
Outer coast inlet 52 4.2 2.5 0
Outside (0-37km) 115 4.0 2.4 0
Outside (>37 km) 12 4.3 3.0 0

1970; Tadokoro et al., 1996). In the Sea of Okhotsk,
diet overlap was lower in the coastal zone, where
salmon density was greatest (Andrievskaya, 1970).
We did not observe such density effects. We found
significant diet overlap even in the four cases out of
five where density effects could have been demon-
strated among these species (see Jaenicke and
Celewycz, 1994). The exception, when chum salmon
diet did not overlap significantly with either pink or
sockeye salmon diets, occurred during July 1984 in
the outside waters of British Columbia.
Density-dependent effects on diet may be reflected
in a third dietary attribute, the amount of food con-
sumed. In the eastern coastal zone of the Sea of
Okhotsk, for example, 30% of juvenile pink salmon
and 66% of juvenile chum salmon sampled with gill
nets (time of day not presented) had empty stom-
achs, a condition not found offshore, where juvenile
salmon density was lower (Andrievskaya, 1970).
Feeding conditions appeared to be much better for
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Table 7
Neuston and zooplankton organisms {number per 100 m?) from outside- and inside-water habitats in British Columbia (BC) and
Alaska, collected in July 1984.
Zooplankton
Neuston Outside
Outside BC Combined Alaska BC Alaska Inside Alaska
Number of samples 20 16 3 9 5
Invertebrate eggs — — 343.00 1,449,78 304.20
Polychaeta 0.13 0.13 — — —
Gastropoda
Limacina helicina — — 124.67 243.67 62.80
Bivalvia — — — — 26.60
Cephalopoda 0.05 0.13 31.00 — —
Cladocera — — 145.33 524.00 234.20
Calanoida 39.77 114.56 48,672.34 60,074.67 25,956.00
Harpacticoida 0.50 4.31 0 34.33 5.20
Cirripedia 1.90 0.75 187.00 3,203.44 543.40
Mysidacea — 0.13 0 579.89 —
Gammariidea 0.92 18.17 0 2.22 —
Hyperiidea 126.12 5.21 436.33 566.33 1,142.00
Euphausiacea 8.86 0.17 4,072.70 126.78 164.80
Decapoda 873.11 40.18 363.67 510.33 230.00
Insecta 0.21 0.21 — — 3.00
Chaetognatha 0.34 5.63 249.33 171.67 42.20
Larvacea 0.15 5.00 62.33 262.78 204.00
Teleosts! 1.46 0.79 31.00 6.11 —
! Eggs, larvae, and juveniles combined.
salmon in our study (seined during the day); of 2,216
stomachs examined, only 32 (1.4%) were empty. Al- Table 8

though we found few empty stomachs, we did find
evidence of decreased feeding in the 0—37 km region
of outside waters, which includes the region of peak
catches of pink and chum salmon (Jaenicke and
Celewycz, 1994); fullness was lower for all species,
and empty stomachs were most common for pink and
chum salmon collected in these outside waters.
Juvenile coho salmon diet rarely showed signifi-
cant overlap with pink, chum, and sockeye salmon
diets. Coho salmon differed in distribution and size
from the other three species (Jaenicke and Celewycz,
1994) and were more piscivorous. Curves of cumula-
tive number of taxa (Fig. 3) sloped more steeply for
coho salmon than for the other species; this rapid
rate of increase in prey types may reflect opportu-
nistic feeding of juvenile coho salmon. Diets are even
more diverse among coho salmon individuals than
among pink salmon individuals, which consumed a
similarly broad array of prey taxa. Less aggregation
and lower densities (CPUE) than those for other
salmon (Jaenicke and Celewycz, 1994) allow coho
salmon to exploit fully all locations within a habitat
type. The other three species tended to occur in fewer

Mean percent similarity index (PSI) values indicating
amount of overlap between prey fields and juvenile salmon
diet. Stations where prey were collected were included in
the analysis for a particular salmon species if at least five
stomachs were collected at the station.

Similarity values

Number of
stations Mean Range
Neuston collection
Pink 8 10.8 0-24.6
Chum 2 9.3 0-18.5
Sockeye 8 9.1 0-37.8
Coho 2 16.7 0-33.3
Zooplankton collection
Pink 8 8.0 1.0-22.7
Chum 5 22 0.2-6.8
Sockeye 4 9.3 1.0-24.9
Coho 6 6.2 0.7-11.7

locations (although they were well represented
within habitat types) and tended to be more highly
aggregated, increasing the tendency toward more
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Table 9

Prey selection frequencies (Strauss's linear index of food selection (L); Strauss 1979) in juvenile salmon diet for neuston and
zooplankton collections, July and August 1984. A positive (pos.) value indicates that a prey was more abundant in the diet than in
the environment at a level of 20.10. A negative (neg.) value indicates that a prey was less abundant in the diet than in the
environment at a level of <0.10. A random (ran.) value indicates that a prey was about equally abundant in the diet and in the
environment. Absent indicates that a prey item was absent from the diet and from the environment in a particular location.
N = number of groups tested, where group size was 5 or more of a species.

Prey selection frequency

Pink salmon

Chum salmon

Sockeye salmon Coho salmon

Taxon

Pos. Neg. Ran. Absent Pos. Neg. Ran. Absent Pos. Neg. Ran. Absent Pos. Neg. Ran. Absent

Neuston
Polychaetes
Pteropods
Squid
Calanoid copepods
Barnacle larvae
Gammarid amphipods
Hyperiid amphipods
Euphausiids
Decapod larvae
Insects
Chaetognaths
Salps
Larvaceans
Teleosts

Percent selection
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similar diets. Many seine sets caught only coho
salmon, whereas catches of the more highly aggre-
gated species often also contained coho salmon. In
laboratory experiments, coho salmon smolts in sea-
water demonstrated agonistic behavior which, if oc-
curring in the wild, would maintain discrete feeding
territories and a dispersed population (Paszkowski
and Olla, 1985).

Differences in diet, distribution, and size indicate
that juvenile coho salmon have a distinct feeding
ecology in comparison with these other, more plank-
tivorous, juvenile salmon co-occurring in the south-
ern Gulf of Alaska. In both our study and that of
Brodeur and Pearcy (1990), fish were more impor-
tant in the diets of juvenile coho salmon than in other
species. During the second year of our study—when
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Table 10

Principal prey of juvenile sockeye salmon in southeastern
Alaska and northern British Columbia in 1983 and 1984
and in the Gulf of Alaska and Bering Sea in 1967 and 1968
(Hartt and Dell, 1986). Values are percent biomass of total
diet. The number of fish sampled is shown in parantheses,
followed by fork length ranges (mm).

Pooled Pooled August July August
1967-68 1983-84 1983 1984 1984
(996) (361) (55) (159) (147

Prey 130-180 100-300 130-249 100-209 110-300
Copepods 5.1 0.5 46 0.4 0.5
Decapod

larvae — 2.6 8.3 0.8 5.3

Euphausiids 42.0 4.3 39.0 3.4 3.8
Amphipods 1.6 3.7 30.7 2.0 5.1
Pteropods 6.2 — — — —

Larval fish 30.8 87.2 16.7 92.0 83.1

teleost prey increased in all diets—pink, chum, and
sockeye salmon readily switched from small zoo-
plankton to larger teleost prey in response to an ap-
parent increase of available larval fish prey. The abil-
ity of salmon species to maintain plasticity in their
diets may be an adaptation to changing ocean condi-
tions—one that may improve marine survival.

On the basis of our comparisons between the prey
composition of juvenile salmonids and the taxa found
in neuston and plankton tows, we conclude that these
juveniles are selecting a limited subset of available
prey. Although other factors besides feeding prefer-
ences (e.g. prey patchiness, gear selectivity, differ-
ential digestion rates of prey) could lead to low se-
lectivity values, certain taxa do appear to be con-
sumed in high proportions in relation to their abun-
dance. Our results suggest that juvenile salmon are
visual predators and select prey on the basis of prey
size and visibility and not on local abundance. For
example, relatively rare hyperiid amphipods were se-
lected by most salmon, whereas slightly smaller but
much more numerous copepods were ignored. As ob-
served by Peterson et al. (1982), this prey selection
may be due to the heavy pigmentation and unusual
swimming motion of hyperiids in contrast to the light
pigmentation and fast swimming motion of copepods.

Although the diets of both chum and coho salmon
appear to be more similar to the neuston than the
zooplankton catches, a reliance on neustonic fauna,
as suggested by Brodeur (1989) for coho salmon off
Washington and Oregon, is not conclusively demon-
strated because of the small number of comparisons
that we were able to make. More detailed field and
laboratory studies are required to determine whether

juvenile salmon show a reliance on certain prey or
an inability to switch to alternate prey when pre-
ferred prey resources are depleted. Under these con-
ditions, the availability of the right kinds of prey may
have more important implications for the survival of
juvenile salmon in coastal waters than the overall
production of prey.
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