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Abstract. - Feeding habits of
juvenile coho Oncorhynchus kisutch,
chinook O. tshawytscha, chum O. keta,
and sockeye O. nerka salmon were
examined from collections taken off
the Oregon-Washington coast dur
ing the summers of 1980-85. The
major prey of both coho and chinook
salmon juveniles were larval and
juvenile fishes, although a substan
tial proportion of the diet of coho
salmon consisted of invertebrates
such as euphausiids, decapod larvae,
and hyperiid amphipods. Juvenile
chum and sockeye salmon had a
more varied diet consisting general
ly of smaller prey, such as juvenile
euphausiids, copepods, amphipods,
and chaetognaths. Diet overlap was
highest between coho and chinook
salmon. Both dietary overlap and
diversity varied substantially among
cruises and individual collections.

Pronounced seasonal and interan
nual variations occurred in the util
ization of the major prey taxa by
coho and chinook salmon which may
have been related to highly variable
oceanographic conditions prevailing
during this period. Areal (latitudinal
and cross-shelf) variations were of
lesser importance in the diets of
juvenile coho and chinook salmon.
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Until recently, much of the inter
annual variability in the survival of
Pacific salmon Oncorhynchus spp.
was believed to be a result of condi
tions occurring in freshwater. It was
surmised that by releasing high and
relatively constant numbers of hatch
ery smolts in freshwater, much of the
interannual variation in salmon pro
duction could be circumvented. Con
trary to this assumption, a number of
recent studies have found that a sub
stantial portion of the total natural
mortality for most salmon species
may occur during estuarine and early
marine residence (Parker 1968, 1971;
Mathews and Buckley 1976; Bax
1983; Furnell and Brett 1986; Fisher
and Pearcy 1988). For coho salmon
O. kisutch originating from Oregon
and Washington rivers, peak mortal
ity appears to happen very early in
the ocean, perhaps within the first
month, and year-class size appears to
be well established by the end of the
first summer in the ocean (Pearcy
1988).

We still do not know the exact
cause of this early ocean mortality.
Annual variability in ocean survival
of Oregon-Washington salmon
stocks appears to be quite large. Both
depensatory environmental factors,
such as upwelling (Gunsolus 1978,

Nickelson 1986), and compensatory
biotic interactions such as compe
tition or predation (Peterman 1982,
Peterman and Routledge 1983,
McGie 1984) have been implicated in
the early ocean mortality of juvenile
salmon. In either situation, early
ocean feeding may be important, and
perhaps critical, to growth and sur
vival of salmonids.

Knowledge of the. feeding habits
and diet variability of juvenile salmon
in the coastal ecosystem off Washing
ton and Oregon is incomplete. Peter
son et al. (1982) described the diets
of juvenile coho, chinook O. tsho.wy
tscho., and chum O. keto. salmon for
one month (June 1979) and three dif
ferent geographical areas off south
ern Washington and Oregon. Em
mett et al. (1986) examined seasonal
variations in juvenile coho and
chinook salmon feeding habits from
three time-periods during 1980, but
did not examine geographic varia
tions in any detail. There were sub
stantial within and between-study
differences in the food composition of
these salmonids, although the rela
tive importance of the geographical
and temporal components of the vari
ability could not be assessed because
of the different sampling designs of
the two studies.
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imately 20 minutes. Ancillary physical (temperature
and salinity) and biological (chlorophyll a and some
zooplankton) data were collected before or after the fish
collections. A detailed listing of the station locations
and many of the physical and biological measurements
are given by Fisher and Pearcy (1985) and Brodeur and
Pearcy (1986).

125" 124"

FIgure 1
Location of sampling transects and geographic subareas defined in
this study.

45"Methods

Collection of stomachs

Juvenile salmon were collected with small-mesh (32 mm
stretched); large volume-(up to 1"million -rn3) herring
purse seines (Pearcy and Fisher 1988). Sampling was
conducted in known areas of salmon concentration in
1980; in following years, predesignated stations were
sampled along parallel transect lines spaced approx
imately 37 km apart (Fig. 1). Along each transect, sta
tions were located every 9.3 km (5 miles) beginning
onshore at the 37-m (20 fm) isobath and continuing out
to 56 km from the coast or until no juvenile salmon
were caught. Data from a total of 15 cruises have been
included in this study, with at least one cruise taking
place during every month from May through Septem
ber (Table 1). June was the most intensely sampled
month and was sampled during each of the 6 years of
the study.

Most collections were made during daylight or
twilight, although several complete diel series were
made (Brodeur and Pearcy 1987). Circular, quantitative
haul sets were made at most stations, although a small
proportion of the fish used in this study were collected
from sets which were held open for up to 45 minutes
or from non-quantitative sets (Pearcy and Fisher 1988).
After pursing the net, the catch was then concentrated
in the bunt of the seine, and either dip-netted out from
the seine or ,hauled onboard the stern of the sampling
vessel. Total sampling time for most sets was approx-

This paper describes the diet composition and feeding
relationships of juvenile coho, chinook, chum, and
sockeye (0. nerka) salmon collected from coastal waters
off Washington and Oregon during a series of summer
purse-seine collections made from 1980 to 1985. Ocean
ographic conditions and biological productivity were
highly variable during this period, both seasonally and
interannually (Fisher and Pearcy 1985, Brodeur and
Pearcy 1986), and thus provided a fortuitous situation
in which to examine the effects of environmental
variability on juvenile salmon feeding habits. In addi
tion to examining the interannual variation in feeding,
the broad seasonal and geographic coverage of the
sampling permitted more detailed intra-annual and
areal resolution than was previously possible. Par
ticular detail will be provided for coho and chinook
salmon juveniles, which were the dominant salmonids
caught (Pearcy 1984, Pearcy and Fisher In press).
Although the importance of other potential sources of
variability in the diet, such as those attributable to the
time of day and predator size, is recognized, these
additional factors are discussed in detail elsewhere
(Brodeur and Pearcy 1987, Brodeur In press).
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Table 1
Summary of sampling off Oregon and Washington by cruise
from 1980 to 1985. Number of sets includes only quantitative.
round hauls taken within 56 km of the coast.

Latitudinal
Cruise Dates of range sampled Number

no. Year cruise (North latitude) of sets

1 1980 June 20-28 46°20'-44°30' 33
2 1981 May 16-25 46°35'-44°30' 63
3 1981 June 9-19 46°35'-43°11' 67
4 1981 July 9-19 46°35'-44°25' 71
5 1981 August 8-19 46°35'-43°11' 66
6 1982 May 19-June 2 48°20'-44°00' 62
7 1982 June 7-22 47°20'-44°20' 56
8 1982 Sept. 4-14 47°20'-44°20' 40
9 1983 May 16-27 48°20'-44°20' 57

10 1983 June 9-27 48°20'-43°00' 58
11 1983 Sept. 15-24 48°20'-43°28' 52
12 1984 June 6-20 48°20'-43°28' 66
13 1984 July 19-30 48°00'-44°00' 40
14 1984 Sept. 1-15 48°20'-44°00' 63
15 1985 June 10-25 48°00'-43°27' 78

Total 865

Once aboard, the juvenile salmon were quickly sep
arated from the rest of the catch and anaesthetized in
MS-222 to prevent regurgitation during handling. Each
fish was tentatively identified, measured to the nearest
mm (fork length), individually labeled, and either pre
served whole in formalin after slitting the body cavity
(1980 and part of 1981) or frozen whole in a -20°C
freezer.

In the laboratory ashore, species identifications were
verified and individual wet weights were recorded to
the nearest 0.1 g. Stomachs were then removed from
a random subsample of up to 10 individuals per species
for each collection, with the stipulation that the entire
size range of each species represented in the sample
be included. Stomachs were individually preserved in
a 10% formalin solution and then transferred to a 70%
ethanol solution prior to examination. Subyearling and
yearling juveniles of each species in their first year in
the ocean were distinguished from adult fish using scale
analysis (Fisher and Pearcy 1988).

Stomach analysis

Stomachs were opened and the relative fullness was
subjectively assessed on a scale from 0 (empty) to 5
(fully distended). The entire stomach contents were
blotted on absorbent paper to remove excess moisture
and weighed to the nearest 1 mg. The contents were
identified under a dissecting microscope to the lowest
possible taxonomic level and life-history stage. During

this analysis, each prey taxon was assigned a digestion
code ranging from 0 (well digested) to 4 (fresh), and
a digestion level for the entire stomach was derived
from these codes based on the relative proportion
by weight of each taxon. Each prey taxon was then
enumerated, blotted to remove excess moisture, and
weighed to the nearest 1 mg.

Statistical analyses

Three measures were used to determine the impor
tance of each prey taxon to a particular predator: the
percent frequency of occurrence in non-empty stom
achs (F), the percent of total number of prey organisms
(N), and the percent of total weight of prey organisms
(W). These measures were combined into a single
number, the Index of Relative Importance (IRI = F
(N +W», modified from that described by Pinkas et al.
(1971) using weight instead of volume, so that com
parisons can easily be made between the relative prey
composition of different collections or species. Prey
items that were digested or taxa difficult to count, such
as gelatinous organisms, were not assigned IRI values.
The IRI values were then converted to percent of total
IRI for each predator species.

Niche breadth, expressed as the scope of utilization
of food resources by each predator species, was
calculated using the Shannon-Weaver formula:

n

H'i = - ~ Pij (lOg2 Pij )
j= 1

where Pij = the proportion by weight of a prey item
j in predator i (Petraitis 1979). This index is influenced
by both the number of species in the stomachs and the
evenness with which they are distributed among the
stomachs, and attains a maximum value (H'max) of
log2 (number of prey taxa). The ratio of H' to H'max
provides a measure of the evenness with which the
resources are distributed among the predators (Pielou
1977).

Diet overlap was calculated among all species for the
entire data set and between coho and chinook by cruise
or collection where at least 10 stomachs of each species
were examined. Schoener's Percent Similarity Index
(PSI) was used since it was found to have the most
favorable properties within the range of normal overlap
values in the absence of prey availability data (Linton
et al. 1981, Wallace 1981) where:

PSI = [1.0 - 0.5 (~ I Pij - Phj I)] x 100

where Pij is the proportion by weight of food category
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'IIlar/Month/Area

or Station

16 May 1981 Washington Inahore
Surveys

June 1982 Columbia Middle Figure 2River

JUly-August 1983 Oregon Ollshore Hierarchy of data group-

8eptember 1984
ings used in the analysis of
dietary variations in juve-
nile Pacific salmon.

j in the diet of species i, and Phj is the proportion by
weight of food category j in the diet of species h. This
index ranges from 0 when two predators have no prey
in common to 100 when they have identical diets.
Overlap values greater than 60 are generally consid
ered significant. Food availability was considered to be
the same for all predators in anyone comparison.

The detailed stomach data were then truncated to
major taxonomic categories so that general trends in
feeding by month, year, and area could be elucidated.
Stomach samples of each salmon species were grouped
into smaller subsets in a number of different ways to
examine diet variability (Fig. 2). The diets of coho and
chinook salmon were first examined by cruise .so that
temporal variability between cruises could be assessed.
Data were then grouped by month into four time
periods: May (three cruises), June (six cruises), July
August (three cruises), and September (three cruises).
Seasonal changes in diets were then analyzed for these
time-periods, regardless of the year or area of collec
tion. Similarly, diets were analyzed by year of collec
tion for those years (1981-84) when multiple cruises
exist. North-south geographic variations were exam
ined for each of three subareas within the total sam
pling area. The collections were stratified latitudinal
ly (Fig. 1) into three areas: (A) north of 46°40'N, (B)
between 46°40'N and 45°20'N, and (C) south of
45°20'N (Brodeur et al. 1987a). Food habits were ex
amined for each of these areas for all months and years
combined. Finally, diets were examined within each
year/month/area subset or by collection so that smaller
scale variations in the food and dietary overlap could
be assessed.

Another potential source of geographic variability
was that associated with inshore-offshore variations in
prey availability and abundance. This source of varia
tion was examined for several cruises where a large
number of collections of coho or chinook salmon were
obtained far offshore. For these cruises, collections

were divided into inner shelf « 18 km from shore),
middle shelf (18-37 km), and outer shelf (>37 km) sta
tions. Diets of chum and sockeye salmon were also
examined for variation with respect to the different
factors when sample sizes were adequate.

The relative importance of the interannual, seasonal,
and geographic variations seen in the diets of coho and
chinook juveniles was tested by comparing the presence
and absence of a particular major prey category using
a variance test of binominally distributed data (Sne
decor and Cochran 1967) for each factor individually
irrespective of the others. When a value exceeded the
tabulated 0.05 chi-square percentage, the null hypo
thesis that the diets were similar was rejected.

Results

Coho salmon

General food habits Juvenile coho salmon had a
relatively diverse diet with many different prey cate
gories represented in the stomachs examined for all
years combined (Appendix Table 1). A high percentage
(95.2%) of the stomachs contained food, and the overall
stomach fullness (x 3.0) and digestion (x 2.3) codes
were high indicating that many of the juvenile coho had
fed prior to capture.

The primary food groups consumed by juvenile coho
salmon were fishes, decapod larvae, amphipods, eu
phausiids, pteropods, and copepods (Appendix Table
1). Larval and juvenile fishes were the most important
prey making up 72% of the total weight and 60% of
the total IRI. Rockfishes Sebastes spp., northern an
chovies Engra'ulis mordax, and Pacific sand lance
Ammodytes hexapterus were the dominant fish taxa.
Although other fish families were represented in the
diet, notably the Osmeridae, Cottidae, Hexagrammi
dae, and Pleuronectidae, each of these families made
up less than 1% of the total diet by percent IRI.
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Table 2
Food habits by percent weight of major food categories for coho salmon. by cruise, off Oregon and Washington.

1980 1981 1982 1983 1984 1985

June May June July Aug. May June Sept. May June Sept. June July Sept. June

Prey category
Fishes 82.8 75.6 73.3 17.6 65.1 75.6 75.6 83.1 73.2 82.7 81.9 83.6 26.1 61.0 82.1
Euphausiids 4.4 2.0 11.0 22.2 31.7 16.0 13.3 2.9 7.3 0.7 10.5 4.9 15.2 17.5 6.3
Decapods 3.5 804 11.9 3.5 0.3 6.9 4.2 0.6 12.8 15.6 0.1 10.9 13.2 5.6 6.3
Hyperiids 0.9 0.7 004 3.9 1.2 0.8 3.9 5.7 1.5 0.6 3.9 0.1 3.5 13.4 4.8
Pteropods 0.2 10.1 1.6 51.1 0.3 0.3 0.3 6.7 1.6 <0.1 2.1 0.1 0.5 <0.1
Copepods <0.1 0.2 0.3 0.3 0.1 <0.1 <0.1 <0.1 1.3 0.1 <0.1 0.3 004 <0.1 <0.1
Insects <0.1 <0.1 0.1 0.1 0.2 0.1 <0.1 0.3 <0.1 <0.1 <0.1 40.0 <0.1 0.1
Cephalopods 6.9 0.6 0.3 1.2 0.9 <0.1 1.3 004 1.0
Other* 1.1 004 0.8 0.8 <0.1 1.8 1.0 <0.1 0.2 <0.1 0.1 0.1 1.2 <0.1 004

Predator characteristics
No. stomachs 77 245 139 115 94 57 124 144 112 125 102 81 75 61 101
No. empty 1 15 13 3 6 1 4 5 1 7 3 7 7 3 3
Mean length 167.9 153.3 173.7 20004 231.6 151.9 149.6 24704 164.7 191.5 270.5 175.7 208.9 275.0 188.4
Length 81- 111- 113- 92- 138- 124- 120- 137- 117- 125- 152- 121- 144- 177- 113-

range 292 238 314 390 386 188 220 410 421 349 420 247 347 366 262
Mean no. prey 17.8 26.9 45.3 123.2 38.1 9.1 12.1 97.3 35.8 37.2 61.5 20.7 35.3 80.7 35.3
Mean wt. prey 1.46 0.57 1.15 lAO 2.28 0.59 0.50 2.85 0.91 1.23 5.35 1.16 0.70 0.88 1.54

*Includes polychaetes, chaetognaths, gammarids, isopods. cumaceans, cirripedes, mysids, and gelatinous zooplankton.

Many invertebrate prey also occurred frequently or
were important numerically in the diet of juvenile coho
salmon, but were much less important than fish by
weight (Appendix Table 1). Principal invertebrate prey
were Cancer crab megalopae, the hyperiid amphipods
Hyperoche 1nedusaru,m and Themisto paci/ica, the
euphausiids Thysanoessa spinifera and Euphausia
pacifica, and the pteropod Lirnacina hel-icina. Numer
ous other species of decapod larvae and amphipods
were eaten, as well as copepods and insects, but were
of lesser importance. Juvenile Lol-igo squid were also
important prey by weight.

Temporal variations Some between-cruise variabil
ity in the weight composition of the major food cate
gories was evident (Table 2). During June 1980, coho
salmon consumed mainly fishes, although cephalopods
were relatively important compared with other cruises.
Except during July, fishes dominated the diet during
1981. Pteropods, mainly L. helicina., comprised over
one-half the total weight of prey in July 1981. Fishes
(mostly A. hexapterus and E. rnordax) and euphausiids
(mainly T. spin~fe'l"a) dominated the diet during 1982.
During 1983 and 1984, coho salmon juveniles fed more
upon decapod larvae than during most other years
(Table 2). Several anomalous prey items of more
southerly origin appeared in the diet in 1983 and 1984,
including the euphausiid Nyctiphanes simplex, the
pteropod E-uclio p1.J1'irnidata, and the hyperiid am-

phipod Vib·ilia spp. The greatest number of major prey
categories were found during July 1984 when terres
trial insects made up over a third of the biomass found
in the coho salmon stomachs. One large lepidopteran,
Choristoneu'l"a occidentalis, comprised greater than
37% of the total prey IRI. The diet during June 1985
resembled that of June 1982 at both the specific and
general taxonomic levels.

Based on the percent of IRI for the major prey cate
gories, juvenile coho salmon diets changed somewhat
as the summer progressed (Fig. 3). Fishes were the
main prey during May, although decapod larvae and
pteropods were important numerically. During June,
fishes and decapod larvae were the primary prey, with
amphipods and euphausiids of relatively minor impor
tance. By July and August, fish consumption decreased
substantially, and pteropods and euphausiids were the
major taxa consumed. Fishes were again the dominant
food in September, but their importance was based
mainly on weight because individual fish in the stom
achs were comparatively larger. In September, ptero
pods, euphausiids, and amphipods were important prey
numerically.

Geographic variations Diets of juvenile coho salmon
in the three geographic areas were similar in that the
same major prey categories were represented, despite
differences in mean size of salmon among the regions.
Fishes, decapod larvae, euphausiids, pteropods, and
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(2.8) and digestion (2.3) states were similar to that of
coho. Also resembling the diet of coho salmon, the main
fish prey identified were E. mordax, Sebastes spp., and
A. hexapterus, but cottid juveniles (Hem-ilepidotus
spinosus) were also frequently eaten. Pleuronectid and
agonid larvae were more common in the diets of juve
nile chinook salmon.

Many invertebrate species were also represented in
juvenile chinook salmon diets. The relative importance
of the various invertebrate taxa was similar to that
found for coho salmon. Decapod larvae, euphausiids,
and hyperiid amphipods were the dominant inverte
brate groups consumed. The dominant species in these
prey categories were C. o?'egonensis megalopae, T.
spin'ifera, and H. medusarum, respectively (Appendix
Table 1). Copepods and mysids were generally more
important, and pteropods and insects less important,
in comparison with juvenile coho salmon.

Geographic variations The feeding patterns of juve
nile chinook salmon were fairly consistent by major tax
onomic categories among the three regions (Fig. 4).
Fishes were the major prey by frequency of occurrence
and weight in all three geographic areas, although the
dominant species varied somewhat. Off Washington,
A. hexapterus, Sebastes spp., and H. sp'inosus were the
main fish prey consumed. Engraulis mordax and H.
spinosus were the dominant prey in the Columbia
region, whereas E. mO?'dax dominated the diet off
Oregon (>65% of the total IRI).

Temporal variations Between-cruise variability in
the consumption of the major prey taxa was less pro
nounced for chinook salmon than for coho salmon
(Table 3). Fishes comprised 75% or more of the biomass
consumed during every cruise, with the exception of
July 1981 when euphausiids and pteropods were also
major prey. The only other invertebrate taxa to con
tribute substantially in other cruises were cephalopods
(May and June 1981), euphausiids (May 1982 and July
1984) and decapod larvae (May and June 1983). In con
trast to the diet of coho salmon, insects were unimpor
tant during July 1984 (Table 3).

Seasonally, the relative IRI proportions of fishes,
decapod larvae, and euphausiids were similar for
chinook salmon (Fig. 4). The diets contained more
major prey categories during July-August when small
zooplankton prey (copepods, pteropods, decapod larvae,
and hyperiid amphipods) were important numerically.
This may be due to the smaller mean size of chinook
salmon collected this period; in July-August, there was
an influx of subyearling chinook salmon into the sam
pling area. Fishes were again the dominant prey in
September, although hyperiid amphipods remained
important numerically.
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Figure 3
Juvenile coho salmon diets by month and area for the major prey
categories as a percent of total IRI. Sample sizes (no. of fish with
food) for each subset are given in the legend. All figures include data
collected off Washington and Oregon, 1980-85.

Chinook salmon

General food habits Fishes dominated the diet of
juvenile chinook salmon, occurring in over 85% of the
stomachs that contained food (n = 795), and accounting
for almost 87% of the total IRI for all years combined
(Appendix Table 1). The overall mean stomach fullness

amphipods were the dominant prey in each area based
on IRI proportions (Fig. 3). The relative proportions
of the major prey categories were similar among the
regions, although fishes were more important off
Washington.

Few differences were observed among the three
regions even at the lowest taxonomic levels. Eng't"au,lis
m.o·rdax and Sebastes spp. were the dominant fish prey
by weight in all three regions. The Washington area
differed somewhat from the other regions in that
Cancer larvae were the dominant invertebrate taxa
numerically, whereasL. helie-ina, T. spinifera, andH.
?nedusarum were dominant in the other regions.
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Table 3
Food habits by percent weight of major food categories for chinook salmon, by cruise, off Oregon and Washington.

1980 1981 198:! 1983 1984 1985

June May June July Aug. May June Sept. May June Sept. June July Sept. June

Prey category
Fishes 92.7 84.5 75.4 38.6 97.3 81.9 94.7 91.9 89.0 80.4 98.2 89.5 75.0 88.5 87.8
Euphausiids 0.1 4.1 0.3 32.7 0.6 13.2 0.4 0.6 1.1 0.1 <0.1 0.1 10.0 6.8 6.3
Decapods 0.4 2.8 8.8 6.9 0.3 3.9 3.1 <0.1 9.4 13.8 0.4 5.2 6.2 2.3 4.9
Hyperiids <0.1 <0.1 3.3 0.5 0.6 <0.1 3.6 <0.1 0.4 0.5 0.2 2.5 1.5 0.3
Pteropods 0.1 <0.1 10.6 0.4 0.1 <0.1 0.1 <0.1 <0.1
Copepods 0.4 <0.1 <0.1 0.4 0.5 <0.1 <0.1 <0.1 0.6 <0.1 2.9 5.8 <0.1
Insects <0.1 0.8 0.2 <0.1 0.6 <0.1 0.6 <0.1
Cephalopods 7.7 14.1 0.9 3.1 0.1 3.6 0.4 1.2 0.1 0.3
Other* 6.2 O.:! 6.9 0.3 <0.1 <0.1 <0.1 0.5 0.2 0.6 0.1 0.5

Predator characteristics
No. stomachs 14 63 32 53 32 121 11:! 10 95 27 89 60 21 37 74
No. empty 0 7 2 6 2 5 :! 0 3 2 1 11 2 3 3
Mean length 232.!i 181.8 196.5 152.9 165.0 :!18.9 203.7 3:!2.9 192.6 :!05.7 220.3 182.2 147.2 215.1 209.9
Length 189- 126- 110- 87- 120- 123- 119- 134- 118- 124- 1:!9- 105- 109- 138- 101-

range 283 290 331 347 347 400 350 435 396 287 325 370 251 412 354
Mean no. prey 14.6 27.8 19.0 17.0 37.4 10.8 9.4 12.0 17.1 16.0 13.7 21.9 17.4 12.3 19.:!
Mean wt. prey 1.85 1.23 1.47 0.44 0.37 2.44 1.50 1.14 0.99 0.78 3.2:! 0.98 0.27 0.75 0.85

*Includes polychaetes, chaetognaths, gammarids, isopods, cumaCtlans, cirripedes, mysids, and gelatinous zooplankton.

'IldRI

o I I I 1.--
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Figure 4
Juvenile chinook salmon diets by month and area for the major prey
categories as a percent of total IRI. Sample sizes (no. of fish with
food) for each subset are given in the legend. All figures include data
collected off Washingtun and Oregon, 1980-85.

FISH EUPH DECA. PTER. AMPH. COPE. CEPH. OTHER

PREY CATEGORY

Chum salmon

General food habits Of the 109 chum salmon stom
achs examined, 101 (92.6%) contained food; however,
overall mean stomach fullness (2.4) and digestion (2.1)
were low. The diet was dominated by zooplanktonic
crustaceans, particularly euphausiids, calanoid cope
pods, and hyperiid amphipods (Appendix Table 2).
Euphausiids (mostly juvenile E. pacifica and T. spini
fera.) accounted for over 54% of the total weight and
47% of the total IRI for all cruises combined. A tax
onomically diverse array of hyperiids. copepods, and
decapod larvae were also consumed. These taxa fre
quently occurred in the stomachs and were important
numerically, but were of lesser importance gravi
metrically. Chaetognaths and larvae and juveniles of
several fish species were the dominant non-crustacean
prey (Appendix Table 2).

Temporal variations Chum salmon diets varied con
siderably during the 5 years examined (Table 4). Some

There were few consistent patterns observed among
the invertebrate taxa consumed between the different
areas (Fig. 4). Hyperiid amphipods were rarely found
in chinook salmon stomachs collected off Washington
as opposed to the other regions. The large numbers of
decapod larvae eaten off the Columbia River were
mainly C. oregonensis and C. magister larvae.
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Table 4
Summary of food habits by percent weight of major prey
categories for juvenile chum salmon, by year, off Oregon and
Washington.

1981 1982 1983 1984 1985

Prey category
Fishes 1.1 15.4 57.2 24.1
Euphausiids 78.3 60.7 20.5 13.7 33.0
Decapods <0.1 8.6 1.0 2.0
Hyperiids 4.8 7.8 1.0 1.5 0.7
Pteropods 0.8 <0.1
Copepods 6.0 21.4 1.0 3.8 36.6
Chaetognaths 1.9 1.4 60.1 17.5 2"
Other' <0.1 0.9 6.1 1.3

Predator characteristics
No. stomachs 24 33 15 8 29
No. empty 2 1 0 1 4
Mean length 190.6 161.6 116.2 165.4 132.2
Length 108- 97- 103- 126- 115-

range 237 223 133 214 155
Mean no. prey 47.4 8.0 78.1 20.1 83.4
Mean wt. prey 0.69 0.04 0.23 0.19 0.22

• Includes polychaetes, ostl'acods, mysids. insects, and
larvaceans.

Table 5
Total number of prey taxa, Shannon-Weaver niche breadth
(H'), maximun niche value (H'm•• )' and evenness (E) for each
salmon species off Oregon and Washington, for all samples
combined.

Figure 5
Shannon-Weaver niche breadth (H') values for juvenile coho and
chinook salmon for each cruise period.

Total number
Species of prey taxa H' H'mnx E

Coho salmon 157 4.55 7.29 0.62
Chinook salmon 136 5.06 7.09 0.71
Chum salmon 51 4.35 5.67 0.77
Sockeye salmon 36 2.74 5.17 0.53

and larval osmerid fishes. Chaetognaths were found in
substantial numbers but were well digested and not
identifiable to species. The relatively small sample size
of sockeye salmon stomachs precluded a detailed
analysis of diet variability.

of this may be due to the months and areas sampled
in different years. Euphausiids were the main food item
by weight during 1981 and 1982. Although euphausiids
were important during the later years, their contribu
tion to the diet was less compared with chaetognaths,
larval fishes, and calanoid copepods.

Sockeye salmon

General food habits The diet of juvenile sockeye
salmon was similar to that of chum salmon. Juvenile
euphausiids, calanoid copepods, chaetognaths, and fish
larvae were consumed by the small number of fish ex
amined (Appendix Table 2). Although a large number
of prey taxa were identified, only a few were impor
tant. Among these were the euphausiid T. sp-in4em

All salmon species

Niche breadth Niche breadths, maximum possible
niche breadths, and evenness values are given for each
salmon species in Table 5. Chinook salmon had the
highest overall diversity of prey taxa (H' = 5.06), which
was consistent with the high numbers of prey taxa
found per stomach, and a high evenness ratio. Coho
and chum salmon also consumed a diverse array of prey
taxa, although coho stomachs frequently contained
small numbers of prey items and showed low evenness
overall. Chum salmon had a high diversity (H' = 4.35),
despite a substantial amount of unidentified and
digested prey, and had the highest evenness (0.77) of
all salmon species. The overall prey diversity of sockeye
salmon was quite low (H' = 2.74), which may be due in
part to the small sample size and advanced state of
digestion (mean digestion code = 2.0) of prey which
prevented identification to lower taxonomic levels.
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Table 6
Diet overlap by weight among all salmon species off Oregon
and Washington, for all cruises combined.

Figure 6
Diet overlap between juvenile coho and chinook salmon for each
cl'uise period, 1980-85.

Species Coho Chinook Chum Sockeye

Coho
Chinook 54
Chum 26 16
Sockeye 25 24 33

Table 7
Diet overlap by weight between juvenile coho and chinook
salmon for collections off Oregon and Washington fl'Om which
10 stomachs of each species were examined. Also shown are
the intraspecific overlap values for the same species at adja-
cent stations collected on the same day.

Distance PSI
offshore

Date Location (km) Both Coho Chinook

1982
June 1 45°00', 124°05' 6.1 57

1 44°41', 124°24' 18.0 69
7 47°00', 124°25' 18.5 53
S 46°41',124°18' 17.4 47 } 18 40
8 46°41', 124°29' 31.8 49
10 46°30', 124°25' 27.6 45 } 38 31
10 46°30', 124°18' 18.3 33

1983
Sept. 20 45°40', 124°03' 8.9 91

22 45°20', 124°01' 3.7 62 } 59 61
22 45°17', 124°01' 3.7 68

1984
June 8 47°00', 124°25' 18.3 5

1985
June 18 46°19', 124°11' 9.0 56

25 47°40', 124°53' 37.3 15
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Prey diversity varied greatly among cruises for juve
nile coho (Fig. 5). Generally lower values occurred dur
ing 1981, especially in July, when pteropods were very
important in the diet. Coho salmon had higher diver
sity values in 1983 and 1984 than in 1981. Chinook
salmon showed many of the same interannual and
seasonal trends in prey diversity as coho salmon, ex
cept that prey diversity was not appreciably lower in
1981 (Fig. 5).

Dietary overlap Diet overlap by weight among the
salmon species for all cruises combined was generally
low, with none of the six species pairs showing signifi
cant (>60%) overlap (Table 6). The diets of juvenile
coho and chinook salmon were most similar (PSI =
54%), reflecting their common foraging on many of the
same euphausiid, larval decapod, and fish species.
Chum salmon diets showed the least similarity to the
other species, which may be a function of the poor
digestive state of the stomach contents of this species.

To examine the finer-scale variability in diet similar
ity between coho and chinook salmon juveniles, diet
overlap was calculated for each cruise month (Fig. 6).
With the exception of 1983, which showed the highest

overall similarity, monthly overlap values were highly
variable within years containing more than one cruise.
No consistent patterns were observed between years
for the same months.

A wide range of diet overlap values was observed for
the 13 collections from which 10 stomachs of coho and
chinook were analyzed (Table 7). Overlap was highest
in the collections from September 1983, due mainly to
the common utilization of E. 1'nordax and several
hyperiid amphipod species. Intermediate overlaps were
generally observed during June 1982, resulting main
ly from consumption of the same euphausiid species by
both predators. There appeared to be no relationship
between diet overlap and the inshore-offshore location
of the collection. Diet overlap between juvenile coho
and chinook at a particular station was generally higher
than intraspecific overlap for either species at adjacent
stations (Table 7).

Analysis of dietary variations The contingency
table analysis for presence or absence of the four most
commonly-occurring major prey categories showed that
there were generally highly significant variations
(P" 0.001) in diets of coho and chinook juveniles by
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Table 8
Results of the chi-square analysis analyzing each factor in
dependently of the other two for major prey categories of
juvenile coho and chinook salmon off Oregon and Washing
ton. Degrees of freedom are in parentheses below each
factor.

Yeart Month Al'ea
Prey category (3) (3) (2)

Coho salmon
Fishes 75.32* ** 83.38*** 51.54** *
Euphausiids 31.19*** 106.38*** 10.n**
Decapods 39.48*** 38.42*** 7.80*
Amphipods 74.61*** 53.21* * * 2.79 n.s.

Chinook salmon
Fishes 68.25*** 65.95*** 2.51 n.s.
Euphausiids 33.03*** 3.15 n.s. 15.48** *
Decapods 46.92*** 49.15*** 5.96 n.s.
Amphipods 14.36** 60.71*** 13.15**

*P",0.05, **P",O.Ol, ***P",O.OOl, n.s. P>0.05
tTested for 1981-84 only.

year and month (Table 8). The only comparison which
showed non-significant variation by year or month was
the monthly variation in euphausiid occurrences for
juvenile chinook salmon. Three prey categories did not
show significant variation (P>0.05) when analyzed by
area. Comparisons by. ar.ea showed less significant
variation than by year and month for both coho and
chinook salmon juveniles for most of the major prey
categories (Table 8).

Examination of inshore-offshore variations in major
prey composition for four cruises (two each for coho
and chinook salmon) showed generally few significant
variations by occurrence for the dominant prey cate
gories (Table 9). Although the species and life-history
stage composition of the prey was different in inshore
and offshore collections (Le., more Sebastes and En
gmulis larvae offshore, and more juvenile Amm.odytes,
Clupea, and He-milepidotus inshore), all cross-shelf
variations in total fish occurrences were not significant
(P>0.05). The most significant differences were for
decapod larvae, and were due to higher occurrences
of Cance-r spp. megalopae in chinook salmon stomachs
inshore in May 1982 and lower occurrences in coho
salmon stomachs inshore in June 1984.

Discussion

Overall food habits

This study represents the first detailed description of
the diets of several species of sympatric juvenile salmon
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Table 9
Results of the chi-square analysis analyzing inshore-offshore
variations for major prey categories of juvenile coho and
chinook salmon off Oregon and Washington. All significances
are at 2 degrees of freedom.

Coho salmon Chinook salmon
Prey

category May 81 June 84 May 82 June 85

Fishes 3.86 n.s. 5.82 n.s. 1.34 n.s. 1.40 n.s.
Euphausiids 3.14 n.s. 2.66 n.s. 1.82 n.s. 9.76*'
Decapods 3.83 n.s. 15.07*** 9.00* 1.82 n.s.
Amphipods 3.14 n.s. 15.88*** 3.23 n.s. 0.41 n.s.

*P",0.05. **p",o,ln, ***P",O.OOl, n.s. P>O.05

in coastal marine waters off Washington and Oregon.
Despite generally low diet overlaps at the lowest tax
onomic levels, there were some similarities in the major
prey groups consumed by the salmon species. Juvenile
chinook salmon were primarily piscivorous, consuming
a variety of larval and juvenile fishes. The diet of coho
salmon consisted of both fishes and large zooplanktonic
crustaceans, such as euphausiids, crab megalopae, and
hyperiid amphipods. Chum and sockeye salmon diets
were more diverse than the diets of coho and chinook
salmon, with fishes, small crustaceans (euphausiid fur
cilia and juveniles, crab larvae, and copepods), and
·chaetognaths 'being important prey.

Our findings are consistent with what is known of
the marine food habits of juvenile salmon off Wash
ington and Oregon and British Columbia. Juvenile
chinook salmon tend to be more piscivorous than
juvenile coho for the same-sized predator (Healey 1978,
1980; Peterson et al. 1982; Emmett et al. 1986). Coho
collected during this study, however, consumed a larger
overall mean length of fish prey relative to predator
length (Brodeur In press). Juvenile northern anchovy,
Pacific sand lance, and rockfishes were the dominant
fish species eaten off Washington and Oregon (Peter
son et al. 1982, Emmett et al. 1986), and herring and
Pacific sand lance were the main fish species consumed
off British Columbia (Healey 1978, 1980). Many of
these prey fish species tend to be heavily pignlented
and are often associated with the neustonic layer in
coastal waters (Brodeur et al. 1987b, Shenker 1988,
Brodeur 1989).

Macrozooplankton, such as euphausiids, hyperiid am
phipods, and crab larvae, are also readily consumed by
these juvenile salmon. These macrozooplankton prey
may be easily detected due to their large size or darkly
pigmented eyes (Peterson et al. 1982) and occur in large
aggregations near the surface (Brodeur et al. 1987b,
Shenker 1988). Terrestrial insects, which may be blown
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to sea in large numbers during favorable meteorolog
ical conditions, can also contribute substantially to the
diets of juvenile coho salmon and other salmonids
(Brodeur 1989).

Fishes were much less important in the diets of juve
nile chum and sockeye salmon; however, the mean and
maximum size of the individuals of these species ex
amined in this study were smaller than those of coho
and chinook salmon. Juvenile euphausiids were a major
component in the diet of chum and sockeye salmon in
this study. Peterson et al. (1982) found juvenile eu
phausiids were a major prey of chum juveniles off
Oregon, whereas copepods, larvaceans, and hyperiid
amphipods were most important off British Columbia
(Manzer 1969; Healey 1978, 1980). Both chum and
sockeye consumed a greater number of chaetognaths
than coho and chinook, and the importance of these and
other soft-bodied prey may be greatly underestimated
in most studies because they are probably digested very
rapidly in salmon stomachs (Black and Low 1983).

Patterns in dietary variability

The pronounced interannual differences in the diets of
most species were expected, even when the collections
from same months and areas were examined. Ocean
ographic conditions varied greatly among the years,
with both relatively strong (1982 and 1985), weak (1983
and 1984), and highly variable (1981) upwelling occur
ring during the study period (Fisher and Pearcy 1988).
In addition, a strong EI Nino event dominated ocean
conditions in coastal waters of the northeast Pacific
during the summer months of 1983 and 1984, greatly
affecting primary and secondary productivity and fish
production (Mysak 1986, Pearcy and Schoener 1987).

Fish prey, as a proportion of the total diet by weight,
was generally invariant for the same months among
the different years. However, the species composition
alternated between coastal and offshore taxa (as iden
tified by Richardson and Pearcy [1977]) depending on
the prevalent hydrographic regime in the various years.
Several coastal taxa (Amm.odytes hexapte't'Us, Clupea
ha.reng1.ts pallasi, Hemilepidotus spinosus, and Osmeri
dae) were more prevalent during strong upwelling
years, whereas offshore taxa (Engra1tlis mo't'dax,
Sebastes spp., RonquilusJ"ordani, and pleuronectid lar
vae) were eaten more frequently during poor upwell
ing years. Although ichthyoplankton collections were
not made during every year of the stomach sampling,
one limited study lends support to our diet observa
tions. In a series of plankton tows along one transect
off the central Oregon coast in 1983, Brodeur et aI.
(1985) found high abundances of offshore fish taxa at
inshore stations compared with past studies. The lar
vae of the northern anchovy were unusually abundant

that year, and juvenile anchovy made up the majority
of the diet-by-weight of juvenile coho and chinook
salmon during September 1983. Osmerid larvae, gen
erally the dominant larvae inshore off Oregon (Richard
son and Pearcy 1977), were found in low abundance
in both the plankton collections and fish stomachs dur
ing 1983.

Several invertebrate taxa showed substantial inter
annual variation. The pteropod L. helicina was one of
the most important prey consumed in 1981, but was
relatively unimportant in other years. The dominant
inshore euphausiid T. spinifera was extremely abun
dant in the stomachs following periods of active upwell
ing, but was rarely consumed during the EI Nino of
1983 and early 1984 (Brodeur 1986). Several species
of decapod larvae were present in greater numbers in
the diets of all salmon species during 1983 and early
1984. Many other EI Nino-related anomalies that were
observed in the diet of coho salmon during 1983 were
described by Pearcy et aI. (1985). The diets of coho
salmon during 1984 showed above-average abundances
of terrestrial insects, which presumably were blown
offshore by anomalous winds during the summer of
1984 (Brodeur 1989).

Strong seasonal variations in feeding habits of juve
nile coho and chinook salmon were evident in the years
that had multiple cruises over the 5-month sampling
period. Some of the variability may have been due to
the seasonal increase in the mean size of the salmon,
which allowed a greater size range of prey to be con
sumed later in the summer (Brodeur In press). How
ever, much of the diet variation may have been due to
seasonal variations in the abundance of meroplanktonic
prey (e.g., decapod and fish larvae). The timing and
duration of spawning, larval development, and settle
ment to benthic juvenile habitat are relatively fixed for
most meroplanktonic species (Lough 1975, Richardson
and Pearcy 1977, Parrish et al. 1981) such that their
seasonal occurrence in the plankton and the diets of
juvenile salmon are relatively predictable. Exceptions
may occur during anomalous years such as during an
EI Nino (Bailey and Incze 1985, Brodeur et aI. 1985).
Several ofthe major holoplanktonic taxa (e.g., euphau
siids, hyperiids, and pteropods) also showed a consis
tent seasonal succession of developmental stages, but
many species were present throughout the summer
period (Brodeur 1990).

It was not surprising that geographic (north-south)
variations in the diet composition of most salmon
species were not as substantial as temporal variations,
because most of the prey species are distributed
throughout the range of latitudes we sampled. Similar
results were found for adult salmonids and nonsal
monid species by Brodeur et aI. (1987a). However,
oceanographic regimes may be quite variable between
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regions (Brodeur and Pearcy 1986), which could result
in different feeding conditions for juvenile salmonids
within each region. The Columbia River region may be
quite different hydrographically and biologically from
the upwelling regions off Washington and Oregon due
to the presence of a warm, low-salinity plume extend
ing over much of the Columbia River area during the
summer. Oceanic species (e.g., Sebastes spp., E. paci
fica) rarely occurred in the stomachs collected from the
Columbia region, whereas E. mordax, a species whose
northern subpopulation spawns within the relatively
stable Columbia River plume (Richardson 1980), was
generally well represented in salmon stomachs col
lected in this region.

The relatively minor cross-shelf variations in the
major prey taxa consumed by coho and chinook were
not expected, considering that many studies have found
substantial variations in cross-shelf species distribu
tions (Peterson and Miller 1976, Richardson and Pearcy
1977, Richardson et al. 1980, Shenker 1988). However,
the frequency of occurrence of major prey may not be
a representative measure of the diet from a particular
area. The larvae of many meroplanktonic taxa (e.g.,
Sebastes spp., Hemilepidotus spp., and Cancer spp.) are
generally found offshore and progressively migrate or
are transported inshore as they grow prior to settling
to an inshore benthic habitat as juveniles (Richardson
et al. 1980, Shenker 1988). Euphausiids consumed
in our inshore study area were mainly T. spinifera,
whereas .E. pacifica were consumed· in the offshore
area. These euphausiid species have little overlap in
distribution (Hebard 1966). Hyperiid amphipods were
also represented by an inshore species, Hyperoche
medusa'rum, and an offshore species, T. pacifica (Lorz
and Pearcy 1975). These and other cross-shelf species
differences were not detectable when analyzing stom
ach contents at higher taxonomic levels. However,
species-level distinctions may be irrelevant to a forag
ing predator, if the size, energy content, and behavior
of both prey species are similar.

The high prey-diversity and generally high niche
breadth values agree with previous studies which
indicate that many of these salmon species are not
specialists in their oceanic feeding modes, but rather
consume any available prey within the proper size
range. Many of the same geographic, in4!rannual, and
seasonal patterns found in the feeding habits of the
adult salmonids and pelagic nonsalmonid species
(Brodeur et al. 1987a) were found in our study. These
similar patterns suggest that the zooplankton and
ichthyoplankton population cycles, which are intricately
coupled to seasonal production cycles, may be impor
tant determinants of the feeding ecology of these
salmon species. The ability to switch to alternate prey,
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when preferred prey are limiting, may be an important
factor in the marine survival of salmon.

The high overlaps between coho and chinook juve
niles seen for some cruises or individual collections may
signify that some competition for prey may be occur
ring. This interaction could be particularly acute since
coho and chinook exhibit a high degree of spatial
overlap in their distributions (Pearcy and Fisher In
press). This would be conceivable only if prey resources
were limiting.

Because of the highly opportunistic feeding mode of
most salmonids and the substantial heterogeneity in
the physical and biological environment, a large-scale
study over extended time-periods may be necessary to
adequately describe the feeding dynamics of juvenile
salmon. Major departures from the long-term mean
oceanographic conditions, as exemplified by an EI Nino
event, can strongly affect the feeding ecology of many
pelagic planktivores. Fulton and LeBrasseur (1985)
have hypothesized that a northward shifting of the
Subarctic Boundary from its normal position intersec
ting the coast off Oregon or northern California to well
above Vancouver Island, British Columbia, as occurs
in EI Nino conditions, may expose salmon and other
pelagic predators to a novel suite of available prey, with
a corresponding downward shift in prey size. Grover
and Olla (1987) found that a smaller mean size of
copepod was consumed by larval sablefish Anoplop01na
fimbria during the EI Nino year of 1983 than during
1980, a year of relatively normal oceanographic
conditions.

Our study also demonstrated anomalies in species
composition in the diet during 1983 and early 1984
compared with other years; relatively large northern
euphausiids were replaced by much smaller decapod
larvae (Le., Graspidae, Porcellanidae, and Pinnotheri
dae) and euphausiids (Nyctiphanes simplex) of southern
origin (Brodeur 1986). Similar interannual shifts were
seen in the fish prey-size spectrum consumed by coho
and chinook salmon juveniles with generally smaller
prey consumed during 1983 and 1984 (Brodeur In
press). Consumption of smaller prey must be balanced
by consumption of a greater number of prey of equi
valent caloric content in order to maintain the similar
growth rates seen for coho salmon during the early
summers of 1983 and 1984 as non-Nino years (Fisher
and Pearcy 1988). Unless prey are more aggregated
during EI Nino years, smaller prey would require a
substantial increase in time and energy spent forag
ing, relative to time spent avoiding predators. This in
creased foraging time, at the expense of predator
avoidance, may have led to the low coho and chinook
salmon survival in the ocean during the EI Nino years
(Johnson 1988).
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Appendix Table 1
Percent frequency occurrence (F), percent number (N), percent weight (W), and percent index of relative importance ORI) of food
items in juvenile coho and chinook salmon stomachs taken off Oregon and Washington, for all years combined. Numbers in paren-
theses refer to summaries for major taxonomic groupings.

Coho salmon Chinook salmon

Prey taxa F N W IRI F N W IRI

Cnidaria
Velelltt lIelelia 0.3 <0.1 <0.1 <0.1

Ctenophora
Unidentified <0.1 <0.1 <0.1 <0.1 0.5 <0.1 <0.1 <0.1

Siphonophora
Unidentified 1.0 <0.1 <0.1 <0.1 0.5 <0.1 <0.1 <0.1

Annelida
Tomopte"/'is septentl'ionalis <0.1 <0.1 <0.1 <0.1
T01l!01Jte"/'is sp. 0.6 0.1 <0.1 <0.1
Pelltgobia sp. 0.1 <0.1 <0.1 <0.1
Nereidae 0.1 <0.1 0.1 <0.1
Unidentified 0.5 <0.1 <0.1 <0.1 0.1 0.2 <0.1 <0.1

Mollusca
Gastropoda 08.4) (1304) (5.9) (4.1) (1.3) (0.3)

Limacina heliei1w 16.5 13.0 5.5 lOA 4.0 1.3 0.3 0.3
Euclio PY1'Umida.t(~ 1.5 0.3 0.5 <0.1
Clio lirl/.(wina 0.1 0.1 <0.1 <0.1
Pteropoda unidentified 004 <0.1 <0.1 <0.1 0.2 <0.1 <0.1 <0.1

Cephalopoda (2.0) (0.1) (0.9) (2.0) (0.4) (1.5)
Loligo opaleseens 1.0 0.1 0.8 <0.1 0.7 004 1.1 <0.1
Ab1'Uliopsi.~ sp. 0.1 <0.1 <0.1 <0.1
Gonatidae 0.1 <0.1 <0.1 <0.1 0.1 <0.1 <0.1 <0.1
Octopus dojleini 0.2 <0.1 0.1 <0.1
Unidentified U.8 <0.1 0.1 <0.1 0.9 <0.1 0.2 <0.1

Arthropoda
Copepoda (9.6) (2.1) (0.2) (8.5) (2.6) (0.2)

GmtSsia prinl'eps 0.1 <0.1 <0.1 <0.1
Neo(x~ltmus c1'istat~tS 3.2 0.5 0.1 <0.1 3.8 0.7 0.1 0.1
Neoealanus plwnch1'lls 0.5 <0.1 <0.1 <0.1 0.2 <0.1 <0.1 <0.1
Calttnu.~ 1Iwrshl~1l{/t' 0.5 <0.1 <0.1 <0.1 0.2 0.1 <0.1 <0.1
Calnnus pl~cificus 1.7 0.5 <0.1 <0.1 004 1 '1 <0.1 0.1
ealanus spp. copepodites 0.6 0.1 <0.1 <0.1 0.1 <0.1 <0.1 <0.1
Eueala-m~s bun-gii 0.3 0.6 <0.1 <0.1 0.9 0.2 <0.1 <0.1
Met-ridia. pacijica 0.2 <0.1 <0.1 <0.1 0.2 <0.1 <0.1 <0.1
Epilabidoeera longipedata 1.6 0.1 <0.1 <0.1 0.6 <0.1 <0.1 <0.1
Euchaeta elongltta 0.1 <0.1 <0.1 <0.1
Eu.rytenwra. america.na 0.1 <0.1 <0.1 <0.1
Candada bipinnata 0.1 <0.1 <0.1 <0.1
Unidentified 3.4 0.2 <0.1 <0.1 2.6 0.3 <0.1 <0.1

Cirripedia
Unidentified cypris 1.7 U.1 <0.1 <0.1 0.4 <0.1 <0.1 <0.1
Unidentified remains 0.2 <0.1 <0.1 <0.1

Mysidacea
Aea.nthomysis macropsis 0.1 <0.1 <0.1 <0.1 1.0 <0.1 <0.1 <0.1
Neomysi.s kadiakens·is 0.5 0.1 <0.1 <0.1 1.0 0.1 0.1 <0.1
Mllsidopsis eal~to1'nica 0.1 <0.1 <0.1 <0.1
Unidentified 0.3 <0.1 <0.1 <0.1 0.5 0.3 <0.1 <0.1

Cumacea
Eudo"/'ella sp. 0.1 0.2 <0.1 <0.1
Unidentified <0.1 <0.1 <0.1 <0.1

Isopoda
S!fnidotelt bicuspida 0.1 0.2 <0.1 <0.1
Gn01'imosphlteroma ol"egolwnsis 0.1 <0.1 <0.1 <0.1
I dotea fewkesi 0.2 <0.1 <0.1 <0.1
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AppendIx Table 1 (contInued)

Coho salmon Chinook salmon

Prey taxa F N W IRI F N W IRI

Arthropoda (continued)
Amphipoda (42.0) (22.3) (3.1) (20.7) (9.6) (0.4)

Atylus tridens 2.5 1.9 <0.1 0.2 2.5 2.1 <0.1 0.2
Calliopius laeviusc.ulus 0.2 0.3 <0.1 <0.1
Cyphoc.aris c.hallengeri 0.1 <0.1 <0.1 <0.1
Unidentified Gammaridea 0.3 <0.1 <0.1 <0.1 0.2 <0.1 <0.1 <0.1
Hyperia medu.sarum 5.8 1.1 0.2 0.3 2.3 <0.1 0.1 <0.1
Hyperia spin-igera 0.1 <0.1 <0.1 <0.1 0.1 0.2 <0.1 <0.1
Hyperoche medusa.ru7l~ 27.6 13.4 1.6 13.9 12.4 6.7 0.2 3.6
Themisto pacifica 13.7 4.2 0.6 2.2 1.9 <0.1 <0.1 <0.1
Primno breviden.s 0.5 <0.1 <0.1 <0.1
Primno mac'/"opa 0.6 <0.1 <0.1 <0.1 1.5 <0.1 <0.1 <0.1
Pk/"onima sedentaria 1.5 0.1 0.1 <0.1 0.9 <0.1 <0.1 <0.1
Paraphronima crassipes 0.3 <0.1 <0.1 <0.1
Paraph1-onima gracilis 0.5 0.1 <0.1 <0.1
lTib-ilia. annata 3.6 0.2 <0.1 <0.1 1.0 <0.1 <0.1 <0.1
Vibilia austra.lis 1.3 0.1 <0.1 <0.1 0.2 <0.1 <0.1 <0.1
Vibilia p'ropinquus 3.1 0.1 0.1 <0.1 0.2 <0.1 <0.1 <0.1
Vibilia pyripes 0.2 <0.1 <0.1 <0.1
VibiHa viatrix 1.7 0.1 0.1 <0.1 0.1 <0.1 <0.1 <0.1
Vibiliidae unidentified 0.8 <0.1 <0.1 <0.1 0.2 <0.1 <0.1 <0.1
St1'eetsia cha.llengeri 0.1 <0.1 <0.1 <0.1 0.1 <0.1 <0.1 <0.1
Oxycepkalus clausi 0.2 <0.1 <0.1 <0.1
Lestrigonus schizogeniosis 0.1 <0.1 <0.1 <0.1
Brachyscelus crusc.ulu1n 0.5 '<0.1 <0.1 <0.1 0.1 <0.1 <0.1 <0.1
Unidentified Hyperiidea 10.6 0.8 0.4 0.4 3.9 0.5 <0.1 0.1
Caprella incis(l 0.1 <0.1 <0.1 <0.1
Caprella '!JerrltC-osa 0.1 <0.1 <0.1 <0.1

Euphausiacea (33.7) (15.6) (10.2) (18.2) (13.0) (4.7)
Eupha1UJia pacifica 10.0 1.6 3.9 1.9 2.8 0.8 0.8 0.2
NematosceHs diffuilis 0.2 <0.1 <0.1 <0.1 0.1 <0.1 <0.1 <0.1
Thysanoessa spinifera 19.5 11.6 5.1 11.0 11.1 10.3 3.5 6.4
Nyctiphanes simplex 3.0 0.4 0.2 0.1 1.6 0.1 <0.1 <0.1
Unidentified furcilia 1.3 1.0 <0.1 <0.1 0.6 <0.1 <0.1 <0.1
Unidentified 11.8 1.0 1.0 0.8 5.5 1.7 0.3 0.5

Decapoda (45.1) (28.2) (4.8) (35.0) (29.1) (3.3)
Hippolyte clarlci 0.1 <0.1 <0.1 <0.1
Hippolytidae unidentified 0.2 <0.1 <0.1 <0.1 0.2 <0.1 <0.1 <0.1
Pa.'ndaJus j01"dani 2.3 0.4 0.1 <0.1
Pandalus spp. zoea 0.3 <0.1 <0.1 <0.1 1.6 1.4 <0.1 0.1
C1"angon spp. zoea 3.1 1.0 0.1 0.1 5.2 1.1 0.1 0.3
Natantia unidentified 0.5 0.1 <0.1 <0.1 0.5 <0.1 <0.1 <0.1
Callianassa sp. zoea 0.6 <0.1 <0.1 <0.1 0.1 <0.1 <0.1 <0.1
Upogebia sp. zoea 0.1 <0.1 <0.1 <0.1 0.1 <0.1 <0.1 <0.1
Emerita a1wloga 0.2 <0.1 <0.1 <0.1 0.2 <0.1 <0.1 <0.1
Pagu:rus granosimanus 0.1 <0.1 <0.1 <0.1
Pagurus spp. zoea 0.9 <0.1 <0.1 <0.1 0.6 <0.1 <0.1 <0.1
Pagurus spp. megalopae 4.4 1.0 0.1 0.2 2.6 2.4 <0.1 0.3
Petrolithes cinc.tipes 0.2 <0.1 <0.1 <0.1
PetroUthes eri01n61ous 0.1 <0.1 <0.1 <0.1 0.1 <0.1 <0.1 <0.1
Pachycheles pubescens 0.6 <0.1 <0.1 <0.1 0.7 0.2 <0.1 <0.1
Pachycheles rudis 0.5 0.1 <0.1 <0.1 0.2 <0.1 <0.1 <0.1
Pachycheles sp. zoea 0.2 <0.1 <0.1 <0.1 0.4 0.1 <0.1 <0.1
Porcellanidae zoea 1.4 0.1 <0.1 <0.1 0.6 0.2 <0.1 <0.1
Porcellanidae megalopae 2.5 0.4 <0.1 <0.1 2.6 0.7 <0.1 0.3
01"egonia gracilis 0.5 <0.1 <0.1 <0.1 0.2 0.2 <0.1 <0.1
Chionoecetes tanneri 0.2 <0.1 <0.1 <0.1 0.6 <0.1 <0.1 <0.1
Pugettia p1"Oducta zoea 3.2 0.1 <0.1 <0.1 3.1 0.3 <0.1 <0.1
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Appendix Table 1 (contlnuedJ

Coho salmon Chinook salmon

Prey taxa F N W IRI F N W IRI

Arthropoda (continued)
Decapoda (continued)

Ca.nce1· a.'/l.tennarius megalopae 3.6 1.0 <0.1 0.1 2.5 1.3 0.3 0.2
Cancer magiste1' megalopae 8.0 1.1 1.0 0.6 6.0 2.5 1.4 1.0
Cancer oregonensis megalopae 24.2 13.2 2.2 12.5 13.8 8.0 0.6 5.0
Cancer spp. zoea 8.6 5.5 0.3 1.7 1.9 0.6 <0.1 <0.1
Cancer spp. megalopae 4.1 0.4 0.2 0.1 3.3 0.3 0.2 0.1
Fabia subquadrata 0.8 0.1 <0.1 <0.1 1.1 3.3 0.1 0.2
Pinni.xia. sp. megalopae 0.2 <0.1 <0.1 <0.1
Pinnotheridae zoea 5.7 2.7 0.3 0.6 4.0 2.7 0.1 0.5
Pinnotheridae megalopae 2.0 0.3 0.1 <0.1 3.9 2.0 0.1 0.3
Lophopanopeus bellus 2.9 0.4 <0.1 <0.1 0.7 0.1 <0.1 <0.1
Pachygrasp'lt8 c.rassipes 0.1 <0.1 <0.1 <0.1
Hemigraspus oregonensis 0.2 <0.1 <0.1 <0.1
Unidentified larvae 3.6 0.1 <0.1 <0.1 2.6 0.7 0.1 0.1

Unidentified Crustacea 3.2 <0.1 0.2 <0.1 1.1 <0.1 <0.1 <0.1
Insecta (6.9) (1.4) (0.9) (3.1) (0.6) (0.1)

Psocoptera 0.1 <0.1 <0.1 <0.1 0.1 <0.1 <0.1 <0.1
Hemiptera 0.2 <0.1 <0.1 <0.1
Cicadellidae 0.1 <0.1 <0.1 <0.1
Aphididae 0.1 <0.1 <0.1 <0.1 0.1 <0.1 <0.1 <0.1
Homoptera 0.2 <0.1 <0.1 <0.1
Coccinellidae 0.1 <0.1 <0.1 <0.1
Coleoptera 0.1 <0.1 <0.1 <0.1
Hemerobiidae 0.9 <0.1 <0.1 <0.1 0.1 <0.1 <0.1 <0.1
Neuroptera 0.2 <0.1 <0.1 <0.1
Choristoneura uccidentalis 1.3 0.4 0.8 0.1
Geometridae 0.1 <0.1 <0.1 <0.1
Lepidoptera 0.4 0.1 <0.1 <0.1
Nematocera 0.5 <0.1 <0.1 <0.1
Brachycera 0.6 <0.1 <0.1 <0.1 0.4 <0.1 <0.1 <0.1
Chironomid larvae 0.1 0.1 <0.1 <0.1
Diptera 0.5 <0.1 <0.1 <0.1 0.2 0.2 <0'.1 <0.1
Formicidae 0.1 <0.1 <0.1 <0.1
Hymenoptera 0.1 0.1 <0.1 <0.1 0.1 0.2 <0.1 <0.1
Unidentified 4.1 0.7 0.1 0.1 2.4 0.1 <0.1 <0.1

Chaetognatha
E·ukhronia. hQ.1l1a.ta 0.1 <0.1 <0.1 <0.1
Sagitta elegans 0.3 0.6 <0.1 <0.1
Unidentified 1.2 <0.1 <0.1 <0.1 0.1 <0.1 <0.1 <0.1

Salpidae
Unidentified 0.4 <0.1 <0.1 <0.1 0.1 <0.1 <0.1 <0.1

Chordata
Osteichthyes (66.7) (15.2) (72.0) (85.3) (42.1) (88.3)

Clupea harengus pallasi 3.4 0.1 2.5 0.3 6.3 0.3 1.8 0.5
Engraulis mordax 7.4 0.4 23.3 5.9 12.2 2.0 34.9 18.9
AlloSmeruB elongutus 0.2 <0.1 0.7 <0.1 0.9 <0.1 2.0 0.1
Spirinch-us sta1'ksi 0.1 <0.1 0.4 <0.1
Osmeridae unidentified 3.4 0.7 1.3 0.2 5.8 0.5 2.9 0.8
Myctophidae unidentified 0.2 <0.1 <0.1 <0.1 0.1 <0.1 <0.1 <0.1
Ga.dus mac.rocephalus 0.1 <0.1 <0.1 <0.1 0.1 <0.1 <0.1 <0.1
MiC1'ogad·us prorimus 1.7 0.1 1.6 0.1 1.8 0.7 0.6 0.1
Sebustes jordani 0.2 <0.1 0.3 <0.1 0.2 <0.1 0.3 <0.1
Sebastes spp. 14.7 2.6 13.0 7.7 11.7 2.9 8.4 5.5
Hexagra1n1MS decagra11~mus 0.1 <0.1 0.1 <0.1 0.1 <0.1 <0.1 <0.1
Hexagra1n1MS spp. 0.3 <0.1 0.3 <0.1
Ophiodon elongatus 0.5 <0.1 0.2 <0.1 0.6 <0.1 0.1 <0.1
Hexagrammidae unidentified 1.1 0.1 0.9 <0.1 0.4 <0.1 0.1 <0.1
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Appendix Table 1 (contlnuedJ

Coho salmon Chinook salmon

Prey taxa F N W IRI F N W IRI

Chordata (continued)
Osteichthyes (continued)

Agonopsis 'lJ'ldsa 0.1 <0.1 <0.1 <0.1
Odontopyxis trispinosa. 1.5 0.2 <0.1 <0.1
Stellerina xyosterna 0.1 <0.1 <0.1 <0.1
Agonidae unidentified 0.1 0.1 <0.1 <0.1 0.9 <0.1 <0.1 <0.1
Cyclopteridae unidentified 0.1 0.1 <0.1 <0.1 0.6 <0.1 0.1 <0.1
Artedius fenestralis 0.1 0.1 <0.1 <0.1 0.1 <0.1 <0.1 <0.1
Artedius harringtoni 0.6 <0.1 <0.1 <0.1
Artedius mea.nyi 0.1 <0.1 <0.1 <0.1 1.0 <0.1 <0.1 <0.1
Hemilepidotus spinoS1(,8 5.8 0.2 2.2 0.5 14.0 0.8 6.8 4.5
Radulinus aspre1l1(,8 0.1 <0.1 <0.1 <0.1 0.5 0.2 <0.1 <0.1
Sc01-paenichthys ma17/Wrat1/.S 0.8 0.1 0.1 <0.1 0.1 <0.1 <0.1 <0.1
Chitonotus pugetensis 0.1 <0.1 <0.1 <0.1 0.2 0.2 <0.1 <0.1
Cottidae unidentified 1.3 <0.1 0.2 <0.1 4.1 3.5 0.4 0.7
A1nmodytes hexapterus 9.5 2.7 4.4 2.3 13.7 4.4 4.3 5.1
Pholidae unidentified 0.1 0.1 <0.1 <0.1
Ronquilu,s jordani 1.6 0.8 0.6 0.1 2.5 4.5 0.4 0.5
Stichaeidae unidentified 0.1 <0.1 <0.1 <0.1
Coryphopter1(,8 nicholsi 0.1 <0.1 <0.1 <0.1
Citharichthys sordidus 0.1 <0.1 <0.1 <0.1 0.4 <0.1 0.1 <0.1
Citharichthys stigmaeus 0.2 <0.1 0.1 <0.1 1.0 <0.1 0.7 <0.1
Atherestes sto'mias 1.0 2.8 0.5 0.1
Eopsetta jorda.ni 0.1 <0.1 <0.1 <0.1
Glyptocephalus zachirus 0.4 <0.1 <0.1 <0.1 1.0 <0.1 0.3 <0.1
Hippoglossoides elassodon 0.1 <0.1 <0.1 <0.1
Isopsetta isolepis 0.5 <0.1 <0.1 <0.1 3.6 0.2 0.6 0.1
Lepidopsetta. b-ilinea.ta 0.1 <0.1 <0.1 <0.1
Lyopsetta exilis 0.6 <0.1 0.1 <0.1
Parophrys vetulus 0.4 <0.1 0.1 <0.1 3.3 0.1 0.4 0.1
Psettichthys melanostict1(,8 1.5 0.1 0.5 <0.1 6.7 1.6 1.9 1.0
Pleuronectidae larvae 1.6 <0.1 0.3 <0.1 7.7 0.4 1.1 0.5
Unidentified larvae 8.9 1.3 1.1 0.7 18.7 5.1 3.5 6.8
Unidentified juveniles 4.4 1.7 2.9 0.7 6.2 2.5 4.8 1.9
Unidentified remains 38.0 3.4 14.5 22.9 41.5 8.3 10.2 32.3

Plant material 3.0 0.4 0.2 0.1 1.3 <0.1 <0.1 <0.1
Unidentified material 16.9 0.2 1.2 0.8 9.1 0.1 0.7 0.3

Number of stomachs examined 1652 844
Number of empty stomachs 79 49
Mean fork length (mm) 193.80 200.47
Fork length range (mm) 81-421 81-435
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Appendix Table 2
Pel'cent frequency OCCUl'l'ence (F), percent number (N), percent weight (W), and percent index of relative importance (IRI) of food
items in juvenile chum and sockeye salmon stomachs taken off Oregon and Washington, for all years combined. Numbers in paren-
theses refer to summaries for majol' taxonomic groupings.

Chum salmon Sockeye salmon

Prey taxa F N W IRI F N W IRI

Cnidaria
Velella I'eleila 1.0 <0.1 0.1 <0.1

Siphonophora
Unidentified 2.0 0.2 0.1 <0.1

Annelida
Tomopteris spp. 16.7 0.3 2.2 1.0
Unidentified 2.0 0.3 <0.1 <0.1

Mollusca
Gastropoda

L inwcina hel-icina 3.0 0.1 0.5 0.1 16.7 1.5 2.5 1.7
Arthropoda

Ostracoda
Unidentified 1.0 <0.1 <0.1 <0.1

Copepoda (49.0) (39.2) (11.5) (46.7) (11.0) (5.n
Cet/a.nus mm'shallae 4.9 0.1 0.3 0.1 3.3 <0.1 0.1 <0.1
Cahmus petcificus 12.9 7.4 3.1 4.7 3.3 7.6 2.1 0.8
Calan-us spp. copepodites 3.0 1.0 0.4 0.1 3.3 <0.1 0.1 <0.1
NeocalmlUs c1"istat-us 10.9 2.3 1.8 1.6 10.0 0.1 0.3 0.1
Neocalanus plu.ll/cltrus 7.9 0.6 0.5 0.3 20.0 1.3 0.6 1.0
Eucalan,us bungii 13.9 17.0 3.8 10.0
Epilabidocem longi1)edata 1.0 0.8 0.1 <0.1 6.7 0.3 0.2 0.1
Unidentified 20.8 10.3 1.9 8.8 26.7 1.6 1.5 2.0

Cirripedia
Unidentified cypris 3.0 <0.1 0.1 <0.1

Mysidacea
Acemtlwm.ys·is nwcrops'is 1.0 0.3 0.1 <0.1

Amphipoda (46.1) (5.8) (7.8) (46.7) (2.7) (3.6)
Hype1'ia medusa1'lol/ 1.0 0.6 <0.1 <0.1
Hyperoche medllsa1"lul/ 27.7 2.4 3.1 5.3 36.7 1.4 2.0 3.0
Themisto pa.c(fica 7.9 2.3 0.3 0.7 13.3 0.4 0.3 0.2
P"imno nwc1'opet 1.0 0.3 <0.1 <0.1
Vibil-ia annetta 1.0 <0.1 0.1 <0.1
Vibil-ia austmlis 3.3 0.2 0.1 <0.1
Vibilia via.t·rix 1.0 <0.1 0.1 <0.1
Unidentified Hyperiidea 14.8 0.2 0.8 0.5 23.3 0.7 0.9 0.9

Euphausiacea (49.0) (15.7) (51.1) (63.3) (46.2) (15,1)
Euphm/sitt WWI)ica 19.8 3.2 40.8 30.3 20.0 0.4 5.4 2.8
Thysa.noessa spin~te"l"tl. 20.8 10.4 7.1 12.7 26.7 44.6 4.2 31.7
Unidentified furcilia 7.9 0.6 0.3 0.3 6.7 0.6 0.3 0.1
Unidentified remains 14.8 1.5 5.9 3.9 33.3 0.5 3.8 3.5

Decapoda (22.5) (12.5) (1.3) (25.0) (4.9) (4.6)
Hippolytidae zoea 2.0 0.9 0.1 0.1
Natantia lal'vae 3.0 0.1 0.1 <0.1 3.3 <0.1 0.1 <0.1
Pagm'us spp. megalopae 3.3 0.3 0.3 <0.1
Pugettia p1'Odueta. zoea 6.9 1.2 0.2 0.3 3.3 0.4 0.1 <0.1
Cancel' a.ntenna1·ius meg. 1.0 0.6 <0.1 <0.1 3.3 <0.1 0.1 <0.1
Cancer magister meg. 1.0 <0.1 <0.1 <0.1
Cance1' o1'egonensis meg. 5.9 3.7 0.3 0.8
Cance-r spp. zoea 7.9 5.6 0.5 1.6 3.3 <0.1 0.1 <0.1
Pa"hycheles pubescells 3.3 1.1 1.0 0.2
Pachycheles 1'1/dis 3.3 1.0 0.1 <0.1
Porcellanid zoea 3.3 0.1 0.1 <0.1
Lophopa.nopeus bell-us 3.3 0.1 0.1 <0.1
Pinnotherid megalopae 1.0 0.6 <0.1 <0.1 3.3 0.5 0.5 0.1
Hemigmspus ol'egonensis 3.3 1.1 0.5 0.1
Unidentified larvae 1.0 <0.1 <0.1 <0.1 10.0 0.2 0.4 0.1
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Appendix Table 2 (continued'

Chum salmon Sockeye salmon

Prey taxa F N W IRI F N W IRI

Arthropoda (continued)
Crustacean remains 11.9 0.1 9.5 4.0 10.0 0.1 1.2 0.3
Insecta

Diptera 1.0 <0.1 <0.1 <0.1
Unidentified 3.0 <0.1 <0.1 <0.1

Chaetognatha
Sagita elega.ns 5.9 2.8 2.8 1.2
Unidentified 18.8 5.0 5.3 6.8 26.7 18.0 7.5 16.6

Chordata
Larvacea

Oikopleura sp. 2.0 2.4 0.4 0.2
Osteichthys (30.4) (15.0) (10.4) (56.7) (16.2) (58.2)

Clupea harengus pallasi 3.3 0.2 3.1 0.3
Engraulis m.ordax 4.9 0.3 1.8 0.4 6.7 0.2 0.2 0.1
Osmeridae 2.0 0.6 0.6 0.1 20.0 1.1 29.0 14.7
Scorpaenichthys m.a1"7nOratus 1.0 <0.1 <0.1 <0.1
Ckitonotus pugetensis 1.0 0.3 0.1 <0.1
Cottidae 1.0 0.3 <0.1 <0.1
Ammodytes hexapterus 2.0 0.9 1.1 0.1
Ronquilu8 jordani 6.9 5.2 1.6 1.6
Unidentified larvae 7.9 3.2 1.3 1.2 16.7 14.1 9.3 9.5
Unidentified juveniles 1.0 1.4 0.3 1.0
Unidentified remains 10.9 2.9 2.1 1.9 13.3 0.5 11.3 3.8

Number of stomachs examined 109 32
Number of empty stomachs 8 2
Mean fork length (mm) 154.8 129.8
Fork length range (mm) 97-237 104-149


