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ABSTRACT

This component of the multi-year project Alaska Predator Ecosystem Experiment (APEX)
investigates forage fish trophic interactions to complement other APEX studies on the abundance,
distribution and composition of forage fish populations in Prince William Sound (PWS).
Understanding variations in the feeding ecology of these prey of seabirds may help to explain the
health of avian predator populations which were impacted during the Exxon Valdez Oil Spill. In
FY98 the diet component focused on 1) processing samples from 1996 collections and preparing
a preliminary analysis of the data for this annual report; and 2) completing analysis of all data
(1994-1996) to submit as chapters in a final report and for publication.

We examined 467 stomachs from three species of forage fish collected near shore by beach and
purse seine during July, 1996. We also analyzed 50 plankton samples collected concurrently in 20
m vertical hauls with a 0.5 m diameter ring net (243 xm mesh). Our report compares 1) the
feeding of juvenile Pacific herring (Clupea pallasi), Pacific sandlance (Ammodytes hexapterus),
and pink salmon (Oncorhynchus gorbuscha) collected from allopatric (single species) and
sympatric (multi-species) aggregations; and 2) the diel feeding periodicity of sandlance collected
in two regions of PWS,

Juvenile herring, sandlance and pink salmon occurred sympatrically in 21-41% of the hauls
whereat least one of the species was present. Zooplankton numerical composition by species was
similar for all aggregations (~80% small calanoids) and mean densities ranged from 1800-4200
organisms*m>. Juvenile herring and sandlance diets were similar (PSI > 60%) only when both
were allopatric. Small calanoids predominated in the diets of both species, but herring also
selected larvaceans. Sandlance consumed both prey taxa in proportion to their availability in the
zooplankton. Pink salmon diets were not similar (PSI < 60%) to those of either herring or
sandlance. Pink salmon selected larvaceans and avoided calanoids. Sandlance were the least
selective of these planktivores.

Diet similarity and shifts were the first indications of potential competition among forage species.
Diet composition of juvenile sandlance and herring shifted significantly (P < 0.05), but not
dramatically, between fish in allopatric (n =14, 10 sets, respectively) and sympatric (n = 4 sets)
aggregations, providing evidence for partitioning of prey. Sandlance also shifted diets when
sympatric with pink salmon, but pink salmon and herring adhered to similar diets whether
allopatric or sympatric. Diet composition of juvenile herring and pink salmon also shifted
significantly (P < 0.05), but not dramatically, between fish in allopatric (n = 10, 3 sets,
respectively) and sympatric (n = 6, 4 sets, respectively) aggregations.

Feeding declines were more dramatic than shifts in diet composition. Measures of food
consumption and fullness declined significantly for all species in sympatric aggregations compared
to those in allopatric aggregations, except for sandlance sympatric with pink salmon. Feeding
declines did not appear to be related to time of day or fish size, but may have been related to
decreased zooplankton densities in areas of sympatric aggregations. Our results suggest that
competitive interactions limit the feeding of these sympatric forage species, which partially
accommodate with shifts in overall diet. The health of forage populations could be affected by
such competition if sympatry occurs regularly.
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INTRODUCTION

The high sea bird mortalities associated with the Exxon Valdez oil spill (EVOS) occurred during a
period of decline in several sea bird populations (Piatt and Anderson 1996). Long-term shifts in
the relative abundance of prominent forage fish species were noted in the 1970's and 1980's
(Anderson et al. 1994), coincident with increasing numbers of juvenile salmonids being released
into PWS by enhancement facilities. The environmental conditions, trophic interactions and other
factors controlling growth and survival of forage fish, as well as sea birds, are not well
understood. However, damage assessment studies since the spill have associated continuing sea
bird declines with decreased availability of high quality forage fish prey. Reproductive failures
were documented among black-legged kittiwakes from oiled areas (Irons 1996) and may be
associated with feeding conditions. Greater declines of pigeon guillemots in oiled areas compared
to non-oiled areas were associated with reduced deliveries of Pacific sandlance, a high energy
prey, to their chicks (Oakley and Kuletz 1996). These forage fish population changes could be
reflected in trophic interactions if food availability limits the carrying capacity of PWS (Cooney
1993; Heard 1998).

Information pertaining to the impact of interactions among forage fish species is essential to an
understanding of their availability to apex predators. Knowledge of forage fish diets, prey
availability and selection, shifts in food habits when fish distributions overlap (allopatry vs.
sympatry), diel feeding chronology, and other aspects of feeding ecology, as well as geographic,
seasonal and interannual comparisons of such trophic attributes, may provide insight into how the
population dynamics of forage fish affect apex predators which utilize forage fish. Most of what
is known about the associations of juvenile Pacific herring, Pacific sandlance and pink salmon
relates to them as prey for piscivorous fish, sea birds or marine mammals (Cross et al. 1978,
Rogers et al. 1979; Field 1988; Heard 1991; Gilman 1994; Schweigert 1997). Numerous diet
reports have been published, yet details of the interactions among these species are poorly
understood. Especially little is known about Pacific sandlance, principally due to its lack of
importance as a commercial species in the eastern Pacific.

This diet study is a sub-project of the Alaska Predator Ecosystem Experiment (APEX 163A-Q), a
multi-disciplinary study designed to understand the PWS food web and its effects on species
injured in the Exxon Valdez oil spill. Understanding the interactions between forage fish species
may help to explain changes in the food habits and reproductive biology of injured marine birds
dependent on them, lending support to the APEX hypothesis that "planktivory is the factor
determining abundance of the preferred forage species of seabirds."

Feeding overlap is one indication of competition. Herring, pink salmon and sandlance have high
potential for feeding overlap due to their shared early life history requirement of nearshore
residency (e.g., Simenstad et al. 1979). Competition among species can be inferred from an
observed shift in resource use when two species co-occur, such as decreased presence in preferred
habitat or decreased use of a preferred prey resource (Sogard 1994). The shift is then reflected in
some measure of health, such as poorer condition, less energy reserves, or decreased growth.
Ultimately, survival may be affected and populations reduced. For this study, samples collected
by APEX 96163 A were adapted to an a posteriori experimental design with nine types of species
aggregations. We addressed the potential for competition between juvenile Pacific herring, Pacific



sandlance and pink salmon by comparing feeding attributes of fish in allopatric aggregations to
those in sympatric aggregations. We examined for a) diet shifts, by comparing prey composition,
prey selection and total diet similarity, and for b) feeding declines, by comparing quantities of
food consumed.

METHODS

The field and laboratory methodologies used to conduct this study are only briefly described
herein. Extended summaries of the 1996 APEX field collections and gear specifications are
described in the 97163 A (Fish Population Sampling) annual report and laboratory methods are
detailed in the FY97 Detailed Project Description (DPD 97163C “Protocol for Collecting and
Processing Samples for APEX Forage Fish Diet Investigations™).

Because of time and budget constraints, the diet study addressed only the first and second of the
objectives listed in the FY98 proposal. We focused on our principal objective, an analysis of
trophic interactions between allopatric and sympatric forage fish aggregations. Our second
objective of determining diel feeding periods succeeded only for sandlance due to limited samples.
We determined the principal time of feeding to provide information on whether temporal
partitioning of prey occurs among different forage species feeding on the same resources. To our
knowledge, this information is not currently available for any juvenile Ammodytes species.
Although all objectives have not been met, all tasks scheduled in the FY98 proposal were
completed. This annual report will be followed by a close-out Final Report in September, 1998,
covering all findings of Project 163C.

Field Methods

Using several nets deployed from several small vessels, we sampled schools of forage fish in PWS
during July, 1996. These samples were obtained while we assisted Project 96163 A in conducting
both offshore and nearshore fish surveys, the principal purpose being to assess the distribution and
abundance of forage species. The offshore hydroacoustic surveys were conducted along
established parallel transects in each APEX area of the sound (northeast, central, southwest).
Nearshore hydroacoustic surveys were conducted concurrently along zig-zag transects in each
area. Various nets were fished to verify acoustic targets, to determine species composition and to
collect diet and other project samples which were routinely preserved or frozen. Schools detected
hydroacoustically in offshore areas were sampled with purse seines and trawls. Schools detected
hydroacoustically in deeper nearshore water or sighted at the surface were sampled primarily with
purse seines, cast nets and dipnets. A nearshore beach seine survey was conducted systematically,
but blindly (without sighting a hydroacoustic target) along shoreline segments defined in each
region. Only alternate beach segments were seined due to time constraints (see Haldorson et al.
1997). We seined three randomly selected, but “fishable” sections out of the ten comprising each
beach segment. The whole segment formed the base of the zig-zag that was hydroacoustically
assessed. When fish were caught in beach seines, zooplankton samples (20 m vertical hauls, 0.5 m
diameter ring net, 243 4m mesh) and epibenthic samples (10 m horizontal hauls, 0.3 m diameter
ring net, 243 «m mesh) were also collected to assess the prey available to fish from pelagic and
epibenthic production systems. Zooplankton samples were collected within approximately 100 m



of the fish sampling site unless the site was too shallow. The epibenthic sled rested 11-cm above
the substrate, thus collecting both epibenthic and planktonic organisms across the integrated
micro habitats near the bottom. Replicates of either type of sample were preserved in 5%
buffered formaldehyde solution in individual 500 ml sample bottles. Few additional plankton
samples were collected offshore; therefore, prey samples collected to complement beach seined
fish were used with purse seined fish samples from the same area in a few cases (see Table 1).

With the above survey priorities and limited time, it was not possible to conduct directed sampling
on specific schools as proposed. Instead, we investigated feeding periodicity and compared diets
between fish in allopatric and sympatric schools (97163C DPD) by adapting survey samples to a
balanced, a posteriori, experimental design which could address competition. This design
considered the factors: a) species, b) allopatric vs. sympatric, and c) species pairing for sympatric
aggregations. With samples of herring, sandlance and pink salmon available, the factors
comprised nine categories of aggregations.

We defined sympatric as any co-occurrence of two species in a sample set at a station. We re-
examined the catch data (97163A) to determine the percent frequency of occurrence of sympatric
Pacific herring, Pacific sandlance and pink salmon. Then we classified all sets catching one of the
three species of interest as allopatric or sympatric (Tables 1 and 2). The criteria for classifying
species aggregations were:

Allopatric Sympatric
° mixed species per area in different hauls . mixed species per area in same hauls
° 2 species with n < 9 for one of them ° 2 species with n >10 each
® 2 size classes for a species occurring alone @ 2 size classes of one species with a co-
(sandlance,11-2B) occurring second species

. additional species present in low numbers,
but not of interest (e.g., tomcod)

We analyzed all sympatric sets available, then selected sets from the more common allopatric
aggregations to complement them and to represent intraspecific spatial variation in diet across the
regions. We pooled sets across regions to make comparisons between allopatric and sympatric
aggregations. Our experimental design was not spatially balanced because allopatric and
sympatric samples of each species were not both captured in the northeast, central and
southwestern regions of the sound, even though all three species were present throughout the
sound.

For the second objective, diel samples were collected at four stations throughout 24 hours of
beach seining in northeastern PWS at the end of the APEX surveys. Two beach segments (see
above) were selected where fish of interest, particularly sandlance and herring, had been
successfully seined earlier. We fished replicate stations on two beach segments, southwestern
Bligh Island (sections N1503 and N1507) and Knowles Bay (sections N0505 and N0506). The
four stations were fished during four, 6-hour diel intervals (I: 10:01-14:00, II: 14:01-20:00, III:



20:01-04:00, and IV: 04:01-10:00) except during time interval III. We successfully collected a 3-
sample diel series of sandlance at Knowles Bay and obtained a S-sample diel series from Cabin
Bay on western Naked Island (Central PWS) by pre-arrangement with pigeon guillemot (PIGU)
Project 96163F.

Laboratory methods

Once the experimental design was outlined, we followed established protocol for analyzing diet
samples. We examined fish stomach contents to determine: a) if different forage species consumed
the same prey types and b) if feeding shifts that could provide evidence of competition occurred
between allopatric and sympatric aggregations of each species. Forage fish stomach samples and
prey samples (zooplankton invertebrates) were analyzed at the NMFS Auke Bay Laboratory
according to the protocol written in 1997. This process was greatly enhanced by having
experienced NMFS employees on staff, compared to other years of the project.

Preserved fish were measured and weighed in the laboratory, stomachs were removed and
weighed, and semiquantitative indices of stomach fullness and prey digestion were recorded from
visual assessment. Relative fullness was recorded as: 1 = empty, 2 = trace, 3 = 25%, 4 = 50%, 5
=75%, 6 = 100% full, and 7 = distended. The state of digestion was recorded as: 0 = fresh, 1 =
partially digested, 2 = mostly digested, 3 = stomach empty. Stomach contents were teased apart
and split according to standard subsampling techniques when stomachs were too full to count
every prey item (Kask and Sibert 1976). We identified zooplankton to determine selection from
pelagic prey fields by fish at each station. Because fish preyed very little on epibenthic prey taxa,
we did not analyze the epibenthic tow samples. Zooplankton samples were split with a Folsom
splitter. Organisms in stomachs and zooplankton samples were identified, enumerated under the
microscope, and numbers were expanded. As much as possible, taxa were identified to allow
examination of prey selection by species, sex and life history stage, and within size groups. Large
copepods were identified as those > 2.5 mm total length (TL). Small copepods were identified as
those < 2.5. mm TL, and include the cyclopoid, Qithona. Taxa such as euphausiid or amphipod
species were similarly defined by length ranges.

Data Summary and Statistical Methods

The numerical percentage composition and mean abundance of prey taxa in plankton samples
were summarized to characterize the general resources available to planktivores at each station
and in the three regions of PWS during July. Density of planktonic prey was standardized to 1
m® water volume using the number of animals per sample divided by the volume (V) of water
sampled:

x(1/
X= '(Vf) , V=nr’D

where x;, = number observed per taxon, f = the fraction of the sample analyzed, r = radius of the
net (0.5 m) and D = depth of the tow. Depth of plankton samples were generally 20 m, filtering
approximately 4 m’ of water. Biomass was calculated by prey multiplying counts by the mean
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weight per taxon-size class from literature values and data-on-file.

Ten fish from each species-size group per station were analyzed from diet sample collections.
Mean preserved fork lengths (FL) for each group was calculated to distinguish between
intraspecific size/age groups. In general, herring and sandlance less than 100 mm were considered
0-age and fish greater than 100 mm were considered 1-age. All pink salmon were 0-age, but were
classified in two similar size classes. Mean fullness index and stomach fullness as mean prey
percent body weight (%BW) were also computed:

> (5, W)
BW-()_x, w)

% BW = 100

Where 7 = 1 to n prey taxa, x; = total number of prey per taxon, w; = the mean weight of each
prey taxon in mg, and BW = the fish body weight in mg.

Overall food habits of forage fish species were summarized for the allopatric and sympatric
groups of each species by pooling the specific prey taxa identified into major prey categories.
These were presented as percent total biomass and percent total numbers. The Schoener Index of
Overlap, also known as the Percent Similarity Index (PSI), was used as the principal measure of
diet similarity (Wieser, 1960, Schoener 1974; Boesch, 1977; Hurlbert 1978; Krebs 1989). The
PSI is computed by summing the minimum percentage of all prey taxa shared between two
species of forage fish :

PSI, = 3. min (p;, py) = 1-05 (X Ip, - Pyl

where p is the biomass proportion of the i prey taxon in n taxonomic categories consumed by
fish species j and . The PSI is a simple and conservative estimator of diet overlap based on the
finest resolution identifications available. We used the measure to compare several groups of fish
diets: interspecific-allopatric (both species allopatric), interspecific-sympatric (two co-occurring
species), and intraspecific allopatric-sympatric (allopatric species compared to itself when
sympatric). Values above 60% were considered significant.

Strauss Linear Selection Index was used as the principal measure of prey selection. This measure
compares the percent numbers of prey taxa consumed by fish to the percent numbers available in
prey resource sample (Ivlev 1961; Krebs 1989; Strauss 1979):

L = (p, - )100

i

where i = 1 to n prey taxa, p, is the numerical proportion consumed and e, is the numerical
proportion in the prey resource sample. Selection values were calculated for fish whose stomach
contents could be compared to zooplankton samples collected at the same station; in a few
instances, nearby stations were substituted when exact station samples were not available.
Selection values were calculated for all taxa observed in either the stomachs or the prey samples.
Negative values indicate avoidance, positive values indicate selection, and values near zero
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indicate predation at a rate proportional to the availability of the taxon.

In statistical analyses, the set of fish at a station were the sampling unit, with stations as replicate
observations of allopatric or sympatric occurrences. All data were tested for normality of
distribution and homogeneity of variance. Transformations were unsuccessful; therefore, a
nonparametric analysis was emphasized in tests for diet shifts and declines. We measured feeding
shifts as changes in: a) overall diet similarity, b) prey percent composition, c) prey selection, d)
numbers and biomass of prey consumed, and €) stomach fullness. We converted observations to
ranks, then applied a two-way ANOVA on the ranked data (Conover 1980) with the allopatric-
sympatric classification and species as factors. When the interaction term was significant (P <
0.05), multiple comparisons between allopatric and specific sympatric species combinations were
performed (Mann-Whitney Rank Sum Test).

RESULTS

The locations fished for diet samples are shown in each of the three APEX geographic regions of
PWS in Figure 1. More fish came from the northern region than the other two, but some stations
in both the north and central regions were sampled more than once for the diel study. The
allopatric-sympatric classification and characterics of stations in Figure 1 are shown in Table 1.
All samples were collected in the second half of July during daylight hours (between 06:35 and
20:15), with the exception of set 87-1B-D4 (a diel station), which was fished at dawn (04:40).

The frequency of occurrence, abundance and distribution of forage species were summarized in
the 1996 annual report; however, species associations were not presented (Haldorsen et al. 1997).
We set the stage here by briefly repeating the findings. Forage fish were seldom encountered
offshore in 1996, and differences between areas were noted for nearshore surveys. Of all gear
types, fish were caught most frequently with beach seines onshore, where fishing effort was
focused. Fish were not randomly distributed and were encountered in the north more often than
in the other regions. Herring and sandlance were the most frequently occurring and abundant
species caught in the north. Pink salmon and tomcod were the most frequently occurring species
in the south and central areas, but herring (mostly adults) were the most abundant species in the
south. Catches were generally low in the central area, and although we caught sandlance third
most frequently there, other work suggests that our beach seine sites missed areas where they
commonly occur. Sandlance schools were commonly sighted in the Naked Island complex during
Sound Ecosystem Assessment (SEA) aerial surveys and the PIGU project (96163F) collected a
number of samples for use in our diet study during its beach seining operations at Cabin Bay and
other sites around Naked Island.

Sympatric forage fish aggregations were relatively common in July, 1996 (Table 2). Of the 330
sets that caught fish in the 1996 APEX surveys (excluding the samples provided by the PIGU
project), juvenile Pacific herring, Pacific sandlance and pink salmon were caught in 39, 22 and 34
sets, respectively (Table 2a). We identified sympatric species pairs in 21-41% of the hauls
catching at least one of the three species (Table 2b). All sympatric sets available were analyzed
(four sets of herring-pink salmon, four sets of herring-sandlance, and one set of sandlance-pink
salmon; Table 2¢).
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The total density and biomass of zooplankton available at allopatric and sympatric stations for
each forage species are summarized in Table 3 for comparison of feeding environments to fish
diets and feeding declines. We compared zooplankton densities and composition at allopatric
stations to those at sympatric stations for each species. Mean zooplankton densities across the
nine categories of aggregations ranged from approximately 1800 to 4200*m?; densities at stations
within each type of aggregation generally varied by a factor of 2-3. For aggregations of herring,
reduced zooplankton densities were evident where fish were sympatric with sandlance but not
where they were sympatric with pink salmon. For aggregations of pink salmon, reduced
zooplankton densities were evident where fish were sympatric with herring, but not with
sandlance. For aggregations of sandlance, reduced zooplankton densities were evident where fish
were sympatric with herring and higher zooplankton densities were observed where they were
sympatric with pink salmon.

Although zooplankton densities differed between allopatric and sympatric aggregations, zoo-
plankton composition was virtually identical (Figure 2). Zooplankton in the upper 20 m water
column universally consisted of small organisms, with small copepods forming at least 72% by
number. These were principally the calanoids, Pseudocalanus, Acartia, and Centropages and the
cyclopoid, Oithona. Four taxa comprised the majority of the rest of the organisms present, but
none comprised more than 10%: larvaceans (Qikopleura dioica), pteropod gastropods (Limacina
helicina), cladocerans (Evadne and Podon), and “other” consisting mostly of bivalve larvae.
Barnacle larvae and large calanoids (Calanus pacificus) were occasionally present also (< 3%).
The species composition of zooplankton available to these forage fish aggregations is detailed in
Appendix 2.

Differences in zooplankton total density at allopatric and sympatric stations did not appear to be
due to regional differences. We pooled stations from different regions for the experimental
design, but because more samples were collected in the north, processes there weighted the mean
zooplankton density values. However, density values from the north included both the lowest and
highest observed (Table 3; Appendix 1). Mean density of zooplankters by region was very similar
to mean values among species aggregations, ranging from 2325 to 3490*m™ in the upper 20 m
water column. Between-station variation in density was substantial within all regions and within
all types of forage fish aggregations. Zooplankton composition was very similar between regions,
with small calanoid copepods predominant and other taxa as described above for different fish
aggregations (Appendix 1).

The mean sizes of forage species among stations classified as allopatric and sympatric suggested
that most were 0-age or 1-age fish (Table 4). Within stations, fish FLs were fairly uniform, with
typical coefficients of variation < 10%. Herring FL ranged from approximately 30 mm-191 mm,
with a cluster of fish < 55 mm, a cluster between 100-130 mm, and one set of 191 mm fish (Table
4). Sandlance clustered in groups of < 89 mm and > 112 mm FL. Pink salmon ranged from 62-
130 mm in FL. The interaction term in a two-way ANOVA testing lengths of the forage species
classified as allopatric or sympatric was marginally significant (P = 0.0538). Further tests showed
significant differences (P < 0.001) within species between median sizes of allopatric and sympatric
forage fish (Figure 3). Herring sympatric with pink salmon (107 mm) were significantly larger
than allopatric herring (47mm) and sandlance sympatric with pink salmon (63.5 mm) were
significantly smaller than allopatric sandlance (79 mm). Conversely, herring sympatric with
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sandlance (46.5 mm) and sandlance sympatric with herring ( 76.5 mm) were each similar in size to
allopatric individuals of the same species. Allopatric pink salmon (85 mm) were significantly
smaller than pink salmon in both sympatric aggregations (98 mm). However, comparisons of
species size with allopatric-sympatric classification revealed that virtually the full range of sizes of
any of the three species were found sympatric with either of the other two species (Table 5).

Overall diet similarities (PSI) were used as the first indication of potential competitive interac-
tions. We computed PSI between species occurring allopatrically, between species occurring
sympatrically, and within species occurring allopatrically and sympatrically (Table 6; Figure 4).
Few differences in the similarity of diets were noted when percent numbers or percent biomass of
shared prey species was used for the comparisons. Interspecific diets were not similar (< 60%),
except for allopatric herring and allopatric sandlance by percent number of prey species (73.1%).
Interspecific diets were not similar for any pair of sympatric species. Intraspecific herring diets
and intraspecific pink salmon diets were similar (61.0-72.7% overlap by both percent number and
biomass) between allopatric aggregations and either sympatric aggregation. Intraspecific diets
were similar (> 60.5% biomass) for allopatric sandlance and sandlance sympatric with herring.

The diet similarity analysis was followed by an examination for shifts in prey composition with
sympatry. Diet compositions of forage species in allopatric and sympatric aggregations are
presented as percent numbers (Figure 5) and percent biomass (Figure 6) of major prey groups to
indicate principal prey and to examine for shifts between aggregations. Principal prey differed
among forage species, and were: for herring, small calanoids and larvaceans; for pink salmon,
larvaceans and fish; and for sandlance, small calanoids. Minor prey included large calanoids,
decapod zoeae, barnacle larvae and molts, hyperiid amphipods, cladocera, gammarid amphipods
and harpacticoid copepods. The frequency of occurrence, percent numerical contribution and
percent gravimetric contribution of prey species consumed by forage species in each type of
aggregation are presented in Appendix 3.

Significant (P < 0.05), but not dramatic, prey shifts occurred within species from allopatry to
sympatry when the proportions of principal prey groups consumed by either number or weight
were tested (Figures 5 and 6). Shifts occurred for sandlance sympatric with either herring or pink
salmon and for herring sympatric with pink salmon. When with herring, sandlance shifted away
from their principal prey, small calanoids, and consumed more larvaceans and alternative prey
(harpacticoid copepods and barnacle larvae; Figures 5 and 6, Appendix 3). Conversely, when
sympatric with pink salmon, sandlance shifted completely away from larvaceans, which consti-
tuted nearly 100% (numerically) of the pink salmon diet in these aggregations. When sympatric
with pink salmon, herring consumed proportionately less small calanoids and proportionately
more larvaceans (P < 0.05). When with sandlance, however, no significant shifts occurred in
herring diet (P > 0.05). Pink salmon did not shift prey significantly when sympatric with either
species (Figures 5 and 6).

Prey selection from the available zooplankton was computed for each species aggregation. We
compared selection among forage species and we compared selection between allopatric and
sympatric aggregations within each species (Figure 7). Prey selection did vary among species.
Sandlance and herring selected small calanoids and larvaceans in fairly close proportion to their
abundance in the environment. Pink salmon avoided small calanoids and strongly selected
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larvaceans. Few shifts in prey selection were noted between allopatric and sympatric fish,
however. Herring had positive selection for large calanoids only when sympatric with pink
salmon. Sandlance had a slightly positive selection value for larvaceans when allopatric, but had
slightly negative values for larvaceans when sympatric with either herring or pink salmon. No
other patterns of prey selection were observed (Figure 7).

Diet attributes used to examine for shifts between species in allopatric and sympatric aggregations
included two measures of the amount of food consumed (total prey numbers and weight) and two
measures of stomach fullness (fullness index and prey percent body weight; Table 7). The
interaction terms in two-way ANOV As testing each of these measures among forage species
classified as allopatric and sympatric were highly significant (P < 0.009). Subsequent tests
revealed that the amount of prey consumed by forage species in most sympatric aggregations was
significantly less than the amount consumed in allopatric aggregations (P < 0.05). Declining
trends of fish feeding in sympatric aggregations compared to fish feeding in allopatric aggrega-
tions are illustrated using prey percent body weight (Figure 8). The median value for prey percent
body weight of allopatric herring was 1.5%, declining to 1.1% for herring sympatric with
sandlance and 0.4% for herring sympatric with pink salmon. The median value for prey percent
body weight of allopatric sandlance was 0.7%, the values for sympatric sandlance were not
significantly different. The median value for prey percent body weight of allopatric pink salmon
was 1.6%, declining to 0.8% for pink salmon sympatric with herring and 0.5% for herring
sympatric with sandlance. Such downward shifts in feeding were observed for at least three of the
four measures of prey utilization for each sympatric species combination except sandlance with
pink salmon (Table 7).

We examined the diel feeding rhythm of sandlance from single locations to determine the time of
peak feeding (Figure 9 and 10). On July 21-22, sandlance collected at the PIGU project “Fuel
Cache” site in Cabin Bay (stations F1, F2) were seined from allopatric aggregations in five time
periods. The fish caught at 08:00 and 12:00 had stomachs nearly 75% full, with mean prey
percent body weight of 1.7% (Table 4). This occurred on the falling tide series. Fullness declined
throughout the rest of the day as the tide rose. Stomachs were nearly empty on two successive
nights at 20:00 (Figure 9). Food composition also changed over the diel period, differing at the
three times when stomachs were at least 50% full (Figure 10). Early in the morning, larvaceans
and decapod larvae predominated (46% and 33% biomass, respectively). In the middle of the
day, the sandlance had eaten small calanoids (45%), barnacle larvae (31%) and other prey items,
mainly harpacticoid copepods (16%). By late afternoon, the proportion of small calanoids present
in the diet increased to nearly 90%.

The second set of diel samples were from Knowles Bay in the north and were collected approxi-
mately one week later than the central PWS diel samples, on July 27-28, during the opposite tidal
cycle. These fish all had near empty stomachs and did not exhibit a feeding rhythm. Trace
amounts of prey in a few stomachs consisted of small calanoids, harpacticoids and gammarid
amphipods.
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DISCUSSION

Species co-occurrence

During July of 1996, between 6.7% and 10.7% of 330 net hauls from APEX surveys in PWS
caught juvenile Pacific herring, Pacific sandlance and pink salmon. In 21-41% of the hauls
catching one of these species, a second species occurred sympatrically. These rates are likely to
be even higher if sympatry is defined loosely, as the presence of two species in separate schools in
a bay, for instance. We report on sympatric species feeding together in virtually single aggrega-
tions.

Few other reports exist that compare the food habits and co-occurrence of juvenile Pacific
herring, Pacific Sandlance, and pink salmon, although each of these species is a common resident
of nearshore habitats on the Pacific and Arctic coast in spring and summer (Craig 1984; Cross et
al. 1978; Orsi and Landingham 1985; Robards and Piatt 1997; Rogers et al. 1986; Simenstad et
al. 1979; Willette et al. In prep.). Their early life history strategies ensure that all three species
overlap in spatial and temporal distributions during parts of this important feeding period. The
interrelationships become complex when considering fish with such diverse life history patterns as
are exhibited by herring, pink salmon and sandlance. Generally, in the spring, herring larvae hatch
in the intertidal zone and spend the first two years of life nearshore (Norcross et al. 1995).
Sandlance larvae are dispersed from intertidal areas where they hatch, moving onshore later in
summer (McGurk and Warburton 1992; Blackburn and Anderson 1997). Pink salmon fry migrate
from fresh water to nearshore estuaries before moving offshore in the summer of their first year of
life (Heard 1991). These population pulses are especially pronounced in areas where millions of
salmon are released by hatcheries (Heard 1997). However, spatial overlaps must decline by fall-
winter, when pink salmon have left protected waters for the Gulf of Alaska (Heard 1991),
sandlance become dormant in soft substrates (Ciannelli 1997), and older juvenile herring have
migrated to different areas (Norcross et al. 1998).

Although investigators have rarely reported frequency of co-occurrence or species associations in
samples, these three species are common and abundant (eg., Simenstad 1979; Robards and Piatt
1997). Their mutual presence in many areas suggests that habitat and prey utilization must be
shared among them at least some of the time. However, ours is not the first study to report mixed
schools (sympatry) of these species. Richards (1976) observed sympatric schools of herring and
sandlance juveniles in the western Atlantic. Harris and Hartt (1977) reported frequent co-
occurrence for these species near Kodiak and Haegele (1996) reported co-occurrence for juvenile
herring and salmon. The potential for competition, however may vary seasonally, as indicated by
monthly changes in the frequency of species associations observed in SEA juvenile salmon studies
in PWS. SEA collected juvenile fish samples in the southwestern region of the sound from April
to October, 1994 (Willette et al. In prep). The species associations, as well as frequencies of
occurrence and abundance of juvenile herring, pink salmon and sandlance, varied widely over
time. Generally, herring co-occurred with sandlance earlier than with pink salmon. Sandlance co-
occurred with pink salmon at higher rates than with herring. Pink salmon co-occurred with
sandlance at higher rates and earlier than with herring. This information, along with our high rates
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of co-occurrence for these forage species in July, and literature reports on their individual food
habits, suggest that substantial diet overlap and competition for food are likely to occur for
portions of the populations in summer.

Diet similarity

Juvenile Pacific herring, Pacific Sandlance, and pink salmon were grouped by Simenstad et al.
(1979) into the same functional feeding group, pelagic planktivores, among neritic fish assem-
blages inhabiting northern Puget Sound and the Strait of Juan de Fuca, Washington. Sandlance
and herring were defined as obligate, while pink salmon were considered facultative. The diets of
all three species were usually dominated by calanoid copepods, although overlap was not reported
(Simenstad et. al 1979). Calanoid copepods are commonly reported as the majority of prey
weight found in the stomachs of Pacific herring (Willette et. al 1997), Pacific sandlance (e.g.,
Meyer et al 1979; Craig 1987; Field 1988), and pink salmon (e.g., Bailey et. al 1975; Sturdevant
et. al 1996). This similarity of principal prey has been noted by other authors (Hobson 1986;
Field 1988; McGurk and Warburton 1992; Willette et. al In Prep)). The diets of all three,
however, may vary with season and habitat (eg., Simenstad 1979; Sturdevant et. al 1996; Willette
et. al In prep; Craig 1987; Gordon 1984) and even time of day (this paper, diel sandlance). Thus,
seasonal changes in the abundance and distribution of these species can affect both the potential
for food and habitat competion among them and their availability to marine predators.

In our study, the similar composition of herring and sandlance diets was based principally on one
shared resource, small calanoids. However, overall diet similarity was high only between
allopatric aggregations of these species. Their diets diverged when they were sympatric. Because
the composition of herring and sandlance diets was similar (Figures S and 6) and yet diet overlap
was low in sympatric aggregations, we examined the prey size spectrum of these predators.
Preliminary analysis of the data suggests that calanoid copepod prey are actually partitioned by
size and species between sympatric herring and sandlance, decreasing the specific overlap. This
aspect of feeding will be developed for the final report. Pink salmon and sandlance diets included
no common prey.

Herring and pink salmon also shared principal prey resources, larvaceans. Both species, however,
consumed large proportions of a second prey. For pink salmon, unlike herring, prey biomass was
dominated by fish and virtually no copepods were consumed. While herring selected small
calanoids in close proportion to their availability, pink salmon avoided them and were highly
selective of larvaceans. However, small calanoids formed most of the density and biomass of
PWS summer zooplankton, far exceeding the abundance of larvaceans. In contrast to spring
(Cooney 1995; Cooney 1998), large copepods, including Neocalanus spp., were virtually absent
from our 20 m zooplankton hauls. We did not observe large calanoids in many stomachs, but
they are commonly preferred by pink salmon fry at some times in some areas (LeBrasseur and
Parsons 1969; Bailey et al. 1975; Sturdevant et al. 1996; Willette et al 1997). In July, however,
pink salmon have grown too large to be able to obtain a daily ration from this prey (LeBrasseur
and Parsons 1969). Other investigators have suggested that larvaceans are targeted by juvenile
salmon because they are highly visible (Bailey et. al 1975). When their mucous houses are intact,
they are likely a similar size as large copepods, and unlike other gelatinous taxa, have a similar
caloric density as copepods (Davis et al. 1997). Combined with a low escape response and high
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visibility, larvaceans may be a rich alternative prey for fish. In total, these findings suggest that
pink salmon and herring had distinctive diets which they adhere to even when sympatric with
another species. Sandlance generally had diets similar to herring but adhered less strongly to the
preferred diet when sympatric.

Feeding declines and zooplankton

We observed declines in zooplankton density concurrent with feeding declines for four sympatric
aggregations: herring with pink salmon, pink salmon with herring, pink salmon with sandlance,
and sandlance with herring. Changes in prey density can greatly affect the success of fish feeding.
For example, Campbell and Graham (1991) reported that the food supply available to larval
herring during two periods (autumn, when feeding on copepodites and nauplii of small calanoids
and cyclopoids; and winter, when feeding on adult small calanoids) was strongly related to their
survival. In that study, for fish similar in size to the smaller herring we studied, a doubling of the
density of zooplankton maximized larval survival, while halving the density decreased survival by
10-16%. We observed similar differences in zooplankton density between stations within
aggregations and between types of aggregations. If the energy budget of these species requires a
minimum density of appropriately-sized prey in order for calories consumed to balance calories
expended, then the four sympatric aggregations with lower prey densities could have been food
limited.

Both pink salmon sympatric aggregations occurred in areas of lower prey density than where
allopatric pink salmon occurred. Densities could have been higher at areas with allopatric pink
salmon no planktivores were present to crop the small calanoids. For pink salmon as large as
ours, the small calanoids that predominated were not adequate prey for the long term. LeBras-
seur and Parsons (1969) found that, although they would feed on small calanoids, 90 mm pink
salmon could not obtain sufficient ration. In our study, pink salmon were highly selective of larv-
aceans, even though they contributed < 10% to prey composition, on the order of 0.5*liter™.
Larvaceans were not more prominent in aggregations where only one of these two predators
occurred. Pink salmon diets also preyed on low numbers of larval fish at all aggregations. Larval
fish were not quantitatively sampled by our zooplankton net; therefore, we have no estimate of
their relative abundance.

For both herring and sandlance, zooplankton density was lowest for aggregations where these
two species occurred sympatrically, and may have cropped down the resource. These densities
are low compared to those during peak zooplankton blooms in the spring (Bailey et. al 1975;
Cooney 1995; Cooney 1998), providing < 4 prey*liter’. Small calanoids occurred in densities of
approximately 2-3*liter”, up to 4*liter” at allopatric aggregations. These densities could make a
difference to small fish. Herring larvae feeding on microzooplankton (copepod nauplii) did well at
densities of about 4*liter’ (Purcell and Grover 1990), but another study found that 5-12*liter™
was adequate for good feeding, survival and growth (Kiorboe et al. 1985 in Purcell and Grover
1990). Although similar density relationships may hold for the juvenile fish in our study that fed
on later copepod stages, size of prey was probably most important (Parsons and LeBrasseur
1969).
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Mean zooplankton density was 40% lower at herring-pink salmon aggregations compared to
densities at allopatric aggregations, but was not lower at herring-sandlance aggregations. Herring
feeding also declined much more when they were sympatric with pink salmon than when they
were sympatric with sandlance. This is surprising because, of the two predators, only herring fed
on the predominant resource. For these herring, the feeding decline may reflect diminished prey
availability. But for the pink salmon sympatric with herring, which did not feed on the predomi-
nant prey, the feeding decline was not driven by reduced zooplankton density, but by some other
process. Both herring and pink salmon increased selection on larvaceans even though the relative
density of this taxon was about equal to that at allopatric aggregations (Appendix 2). This type of
shift suggests that perhaps fish minimize aggressive interactions while feeding sympatrically by
targeting prey with a low escape response. The decreased energy expenditure to capture prey
would also decrease the rate of encounters with a competitor. However, larvaceans predominated
in pink salmon diets even when no competitor was present.

For pink salmon sympatric with sandlance, some measures did decline (%BW, fullness), but
number of prey doubled. Feeding on small prey would make it difficult for fish their size to reach
the daily ration (LeBrasseur and Parsons 1969). Bailey et al. (1975) concluded that a maximum
of 544 copepod prey daily was sufficient for pink salmon up to 58 mm FL, approximately the
number of prey observed in these pink salmon nearly twice that size. Since larvaceans numerically
dominated (98%) the stomach contents of these pink salmon, the substantial prey biomass
contributed by fish larvae having higher nutritional value is a vital dietary supplement. This may
be a factor influencing the size of co-occurring herring-pink salmon and sandlance-pink salmon in
late summer. The sandlance co-occurring with pink salmon were large enough to avoid preda-
tion, but the 0-age herring were probably not (Table 4).

The feeding of sandlance sympatric with herring declined and prey densities were lower than for
allopatric sandlance by about 25%. Both of these species fed on the predominant prey, which
may have been limiting. Sandlance feeding did not decline when sympatric with pink salmon, in
aggregations where zooplankton density was 50% higher than at allopatric aggregations. Because
these two species do not have similar diets, competition for available prey was not a limiting
factor.

Feeding declines, feeding periodicity, size

In addition to patterns for zooplankton densities and feeding declines, we investigated for patterns
by time of day. Downward shifts in prey consumption by fish in allopatric aggregations to that of
fish in sympatric aggregations did not appear to be influenced by proximity of sample collections
to peak feeding times. First, allopatric herring were collected approximately six hours earlier in
the day than reported peak feeding times for juvenile herring (16:00; Willette et al. 1997).
Therefore, they had probably not yet filled their guts. Both sympatric groups of herring were
collected later in the day, near periods of peak feeding (approximately 14:00 and 16:00). They
would therefore be expected to have fuller stomachs and higher prey percent body weight than the
allopatric herring, but did not (Table 6). For pink salmon, peak fullness generally occurs at dusk
(Godin 1981). The allopatric pink salmon we collected at ~11:30 had stomachs 75% fuil and the
highest prey percent body weight we observed (Table 6). These values for allopatric pink salmon
were significantly higher than those of sympatric pink salmon collected later in the day with
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herring (~15:30) or collected at approximately the same time of day with sandlance (~11:00).
Finally, for sandlance, shifts in feeding depended on whom they were sympatric with. Our study
of diel feeding patterns of juvenile sandlance indicated peak fullness occurs during mid-day
(Figure 9). Measures of feeding were high for both allopatric sandlance collected ~14:30 and for
sandlance sympatric with pink salmon collected ~11:00; however, stomach fullness of sandlance
sympatric with herring was significantly lower than for allopatric sandlance, even hough they were
taken at approximately the same time of day (~14:00). If literature values for time of peak
feeding of herring and pink salmon hold for our study, then these results suggest that the feeding
declines observed for sympatric fish were not artifacts of the time of day they were collected.

Few estimates of the diel feeding periodicity, gut evacuation rate or daily ration are available for
either sandlance or herring. Larvae of the Japanese sand-eel (4. personatus) fed visually and
actively all day beginning at dawn (Yamashita et al. 1985). Guts were fullest (60%) at 18:00.
Age-0 and older juvenile herring off of Scotland had different feeding rhythms, each with two diel
peaks in consumption; age-0 fish stomachs were fullest at 13:20 and 22:20, while 1+ fish were
fullest earlier, at 10:20 and 18:20 (De Silva 1973). Age-0 herring in the Baltic Sea also had two
feeding peaks daily (Arrhenius and Hansson 1994), in evening (about 18:00-20:00) and mid-
morning (10:00). If different age classes have separate feeding rhythms, then the herring with
pink salmon in our study could have a different peak feeding period than the herring with
sandlance. If this is true, our conclusions about feeding declines and sampling times may not
hold. For pink salmon peak fullness generally occurs at dusk after feeding throughout the day
(Bailey et al. 1975), reportedly around 20:00 in spring (Godin 1981) and 16:00 in fall (Willette et
al. 1997).

LeBrasseur et. al (1969) compared the diets of larval and juvenile sandlance, pink salmon and
chum salmon in the spring plume of the Fraser River, British Columbia. These species became
prominent in the nearshore at the same time (April-May) that the dominant copepods in zooplank-

ton samples switched from small species of about 500 4m in length (Microcalanus sp., cope-

podites of Calanus pacificus and Pseudocalanus minutus) to a larger species of about 1500 ym
in length (copepodites of Neocalanus plumchrus). In general, fish switched from consuming the
small prey as larvae to the large prey as juveniles. Sandlance larvae feeding on Microcalanus had
empty stomachs much more frequently than the juveniles feeding on Neocalanus. Ration
experiments were not conducted for sandlance, but 85% of the zooplankton prey of juveniles > 40

mm were between 500 14m and 1000 1m in length, smaller than the salmonid’s preferred prey. In
controlled feeding experiments, salmonids could meet their daily ration when feeding on Neo-
calanus but not when feeding on Microcalanus, even when the latter’s density or biomass were
greater. Parsons and LeBrasseur (1970) noted that 90 mm juvenile pink salmon can obtain their
ration of 683 mg of food per day by feeding on Neocalanus plumchrus continuously at prey
biomass of 20 g*m™, but could not meet this food requirement when feeding on a Pseudocalanus
crop even at prey densities of 90 g*m™. Maximum ration consumed by 90 mm pink salmon was
43 mg/hr Neocalanus at prey concentrations of 4,000*m™, but only 10 mg*hr for Pseudo-
calanus at concentrations greater than 670,000*m™. These authors showed that the type and size
of prey and the presence of highly dense patches were at least as important as overall prey
biomass to juvenile salmon in obtaining adequate food efficiently.
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The median prey percent body weight we observed in forage fish stomachs did not exceed 1.5%
for herring, 0.7% for sandlance and 1.6% for pink salmon regardless of the type of aggregation.
We did not compute daily ration, but compared amount of food in stomachs to roughly gauge
feeding success. For pink salmon, we observed only one instance (58-2U; 13:30) close to a
ration published for 90 mm pink salmon, 683 mg*day™ (Parsons and LeBrasseur 1970). For
sandlance, using Gilman’s (1994) estimated ration at temperatures similar to summer in PWS
(2.95% BW), we would expect total daily prey weights of 2.2-4.4 mg for our 63-79 mm
sandlance. The observed values were 25.7 mg for allopatric sandlance, <1 mg for sandlance
sympatric with herring, and 11.7 mg for sandlance sympatric with pink salmon, all taken during
the peak feeding period we determined. For herring, using the 8.8% BW ration observed for 45-
49 mm fish in summer (Arrhenius and Hansson 1994), and the 3.7% BW ration for 200 mm fish
(Koster and Mollman 1997), we estimated daily prey requirements of 4.7 mg for allopatric herring
(47 mm) and herring sympatric with sandlance (46.5 mm) and 36 mg for 107 mm herring
sympatric with pink salmon. Our values for allopatric herring and for herring sympatric with
sandlance were above these estimates, but our value for herring sympatric with pink salmon was
far below the estimate. Daily rations of 0-age herring were higher in summer (up to 17% wet
body weight for 30 mm fish) than fall (as low as 2.1% for 70-80 mm fish; Arrhenius and Hansson
1994). Daily rations of 0.4-3.7% body weight were estimated for herring approximately 200 mm
in length feeding on copepods and ichthyoplankton (Koster and Mollmann 1997). Maximum
percent body weight observed for Ammodytes personatus in spring ranged from 3.3-6.6% for fish
up to 90 mm in length (Yamashita et al. 1985). Gilman (1994) reported a daily ration of 2.95%
BW for A. dubius adults feeding on Calanus finmarchius in July at temperatures similar to those
of the PWS in July Evacuation and therefore ration are more dependent on temperature and food
quality than on other factors, including size (Arrhenius and Hansson 1994).

The caloric requirements of larval Ammodytes americanus appeared to be lower than for other
species (Buckley et al. 1984) leading to speculation that sandlance were adapted to survival at
low food concentrations. For Pacific sandlance, storage of fats for winter must depend on high
levels of feeding throughout summer and fall because they burrow into soft substrates and become
dormant during winter (Ciannelli 1997). Digestion time and food storage may be extended in
Pacific sandlance to optimize uptake of nutrients from the gut during this period (Ciannelli 1997).
Similarly, herring depend on stored energy to survive the winter (Paul 1998), when food
abundances are low, but this characteristic may vary among species and regions A high frequency
of low level winter feeding continued among 0-age herring (C. harengus), while older juveniles
had a more seasonal rhythm (De Silva 1973). De Silva (1973) also noted that co-occurring
herring and sprat partitioned prey seasonally by having different peak periods of feeding intensity.
Paul and Willette (1997) concluded that growth of pink salmon may have been limited by
intraspecific, density-dependent competition for food in western PWS, and noted a lack of data
on the abundance of other competitors. Adequate growth is critical to pink salmon, which
require sufficient energy storage and continued feeding to undergo their migration to the Gulf of
Alaska (Perry et al. 1996). Some have speculated, in fact, that this characteristic migration is
performed in response to reduced food levels (Healey 1980). For all of these species, the degree
of food-limiting, negative interactions and competition experienced in spring and summer could
have a profound effect on nutritional status and survival.

The lack of feeding of the sandlance collected in our Knowles Bay diel series is puzzling. Others
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have reported on regional differences in the oceanographic environment of PWS (Cooney 1995
Cooney and Coyle 1998). We observed that mean densities of plankton in the northeast region
were lower than in the other two regions (Table 3). The densities of zooplankton at Cabin Bay
station 47 and at Knowles Bay station 80, both collected near high tide at about the same time of
day, were close to 3000 organisms*m™. Sandlance feeding was near its peak in Cabin Bay at that
time but sandlance stomachs from Knowles Bay were empty. However, they were also empty at
other times, when plankton densities were among the lowest observed (1360 and 775 organ-
isms*m™, respectively) in the sound. We cannot explain this observation. If sandlance have a
tidal feeding rhythm instead of an endogenous, strictly diel rhythm, then these two sample sets one
week apart could exhibit opposite times for peak feeding. If sandlance emergence from substrates
and their feeding are regulated by tidal rhythm, we could have missed a feeding period on the
incoming tide between 18:00 and 06:00 at Knowles Bay. Winslade (1974) concluded that 4.
marinus activity was controlled both by a light-regulated endogenous diel pattern (emergence at
dawn, burial at dusk), and the presence of food. Food was detected visually, not by olfaction, and
buried sandlance did not respond to the presence of food. Therefore, low levels of partial
emergence and swimming activity that occurred in darkness could lead to feeding at this time.

Declines in the amount of food consumed by sympatric fish compared to allopatric fish (Figure 7)
were also unrelated to size (Table 6). Mean sizes of fish at each station were fairly uniform, with
typical coefficients of variation < 10% (Table 5). The amount of food consumed by herring
sympatric with pink salmon declined from the allopatric condition independently of size (Table 4).
Feeding also declined for herring sympatric with sandlance and sandlance sympatric with herring,
although they were not different in size than their allopatric counterparts. For pink salmon
sympatric with sandlance, a significant increase in number of prey but significant declines in total
prey weight, percent body weight, and fullness index occurred. The mean total weight of prey
consumed by pink salmon was greater than 20 mg in all cases, roughly half the maximum
observed in B.C. pink salmon of similar size (LeBrasseur et al. 1969). Compared to pink salmon
28-58 mm examined from mid-April to mid-June in Southeast Alaska (Bailey et al. 1975),
however, the number of prey consumed by the larger pink salmon in our study was at the lower
limit of daily consumption when they co-occurred with herring (136) but at the upper limit when
they co-occurred with sandlance (544). Southeast prey densities were much higher than we
observed, ranging from 9-51*1" in April to 76-563*I"" in June (Bailey et al. 1975). Although
interspecific sizes differed between allopatric and sympatric aggregations of forage fish, and the
amount of food declined in all but one case (sandlance sympatric with pink salmon), species’ size
ranges were similar between categories of aggregations. In almost all cases, the range in
measures of fullness varied similarly within and between size classes of fish species in both
allopatric and sympatric aggregations. Therefore, declines in measures of food consumption
within species in sympatric aggregations do not appear to be an artifact of size differences
between allopatric and sympatric forage fish aggregations.

Part of the diel change in prey composition for sandlance could have been size-related and part
due to sympatry. The sandlance at station 84 were sympatric with herring, while the other two
sets (80 and 88) were allopatric. The fish hand dug from a coarse sand berm at the edge of the
water at station 88 were larger than those collected at the other times. This occurred at dawn
near low tide, after we failed to catch specimens from a school of smaller sandlance in shallow
surface water. Although we sampled the same site, we did not always sample the same school of
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fish.

Sandlance were the most adaptable of these species when in sympatric aggregations. Sandlance
prey utilization shifted when they were sympatric with either pink salmon or herring, but their
total food consumption declined only when they were with herring. Sandlance with pink salmon
was the only sympatric species combination in which feeding did not decline significantly from the
amount consumed in allopatric aggregations. However, sandlance mean stomach fullness was
already the lowest observed for these species, suggesting a factor other than competition
contributed to the low incidence of feeding in these samples. Pacific sandlance are known to have
a longer digestion time and food retention in the gut (Ciannelli 1997).

Juvenile Pacific herring, Pacific sandlance and pink salmon co-occur commonly during spring
(Willette et al. In prep) and summer in PWS. Forage fish catches were extremely variable (Table
1) and we did not attempt to account for relative densities of these schooling species. Diets of
herring and sandlance were sometimes similar, but pink salmon consumed different prey. All,
however, exhibited reduced feeding when sympatric, independently of time of day and fish size.
The declines may have been related to reduced prey densities in some cases. Forage species total
diets were not greatly similar, but sandlance and herring were more similar than other species
pairs. Contrary to other’s findings of a specialized diet for sandlance (Simenstad et al. 1979) we
found that sandlance were the more adaptive of these species because of their feeding flexibility.

Our findings concerning diet similarity indicate some important ideas about the trophic relation-
ships of these species: 1) that herring and sandlance have similar prey requirements, but when co-
occurring in the same prey environment, they tend to partition prey; 2) sandlance shifted prey
most readily; and 3) pink salmon and herring adhere to similar diets whether allopatric or
sympatric. Diet shifts were generally not disadvantageous in terms of nutritional value. The
predominantly crustacean and larvacean prey are all relatively energy dense (Davis et. al 1996).
However, total food consumption decreased for all three species when they were sympatric
compared to when they were allopatric. This downward shift in feeding occurred even though
declines in plankton densities were not consistent and composition did not differ between
allopatric and sympatric stations, suggesting that competitive interactions do occur among
nearshore forage species. The behavioral interactions which reduce feeding or cause prey shifts in
these forage species have not been examined. Competition resulting in a less ideal diet, either in
composition or quantity, could lead to lower survival or slower growth. Such effects of competi-
tive interactions among forage fish remain to be tested, but if forage species occur sympatrically
frequently enough to suggest that competition is a regulating factor, their interactions could lead
to a decrease in the availability of high quality forage species to marine birds and mammals.
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Table 1. Sample area, location, date, sampling time, times at low and high tide, and numbers of fish caught at stations with aliopatric
and sympatric aggregations of juvenile Pacific herring, Pacific sandlance, and pink salmon in PWS during July, 1986. Samples from
stations C and F were collected by the PIGU project outside the APEX survey sites. Stations with the letter "D” were part of the diel
sample series. Gear typa: BS = beach seine , PS = purse seine, Cast=cast net, Hand=hand dug.

Fish Zoop. Gear Sample Transect Day- Sample High Low Number
station station type area Location leg Month  time tide tide  caught

Pacific Herring

Allopatrio
14-1B 14-P BS  South W. of Pt. Countess §1002 17-July 10110 1548 9:16 13
47-28 60-P Cast North NE Bligh Island N1703A 23-July 17:30 7:26 12:45 414
47-5U 60-P PS  North NE Bligh istand N1703A 23-July 16115 7:26 12:45 176
54-1B 54-P BS North  Galena Bay W. of Narrows N1904 23-July 11:10 7:26 12:45 17
61-1B 61-P BS  North W. Landiocked Bay Bidarka Pt. N1302 24-July 11:45 8115 13:39 95
68-18 68-P 8S  North E. Porcupine Pt. NO704 25-July 1040 9140 1448 10
68-5U 68-P PS North  Goose Island, off Porcupine Pt. NO7018 26-July 19:00 1100 16:09 234
79-18-D1 79-P BS  North Knowies Bay NO505 27-July  9:55 1156 5:31 303
87-1B-D4 87-P BS North  Knowles Bay NO505 28-July 440 12:52 6:24 88
C-7-15 48P BS Central NW Naked Is., E. Bob Day Bay C0701 22-July - 1212 1847 90

Sympatric with pink salmon
03-2U 10-P PS South  Prince of Wales Passage S0604 16-July 1548 1518 8:43 650
10-18 10-P BS South  Bainbridge Pt. $0805 16-July 15:30 15118 8:43 430
20-18 20-P BS  South Paddy Bay S$1609 17-July 1842 1548 9:16 56
24-18 24-P BS South  Italian Bay, SW Knight Is. $2008 18-July 13.00 16119 950 48
Sympatric with di

18-2U 29-P PS Central Bay of Isles, E. Knight Is. Cc01058 19-July 12:30 16:50 10:20 1300
60-18 60-P BS North  West Bligh Is. N1507 24-July 950 815 13:39 32000
72-1B 71-P BS North  Knowles Bay/Red Head NO505 25-July 15:20 940 14:48 595
84-1B-D2 84-P BS North  Knowles Bay/Red Head NO506 27-July 18:00 23:29 17:21 9
Pacific Sandlance

Affopatric
11-2B 11-P BS South  inside Bainbridge Pt. $0806 18-July 17:.40 1518 8:43 33
11-2B 11-P BS  South inside Bainbridge Pt. S0806 16-July 17:40 15118 843 33
47-1B 47-P BS Central S. Cabin Bay CO0705 22-July  9:55 1847 11:59 50
63-1B 63-P BS North  Boulder Bay (inside Bidarka Pt.) N1308 24-July 13:35 815 13:39 52
64-28 64-P BS North  Irish Cove, Port Fidalgo NO905 24-July 15:20 815 13:39 579
66-1B 66-P BS North  Port Fidaigo NO0909 24-July 18:05 815 13:39 127
80-1B-D1 80-P BS  North Knowles Bay/Red Head NO506 27-July  11:10 11:56 531 11000
82-1B-D2 82-pP BS  North West Bligh Is. N1507 27-July 1500 11:56 1721 11
88-1X-D4 88-P Hand North Knowles Bay/Red Head NO506 28-July 635 1252 6:24 16
F-1-D08 47-P BS Central Cabin Bay, Naked Is., "Fue!l Cache" CO704 21-July  19:55 18:02 11:33 12
F-1-D12 47-P BS Central Cabin Bay, Naked Is., "Fuel Cache" CO0704 22-July 800 559 1212 15
F-2-D13 47-P BS Central Cabin Bay, Naked Is., "Fuel Cache” CO704 22-July 12110 559 12:12 17
F-1-D15 47-P BS Central Cabin Bay, Naked Is., "Fuel Cache" CO704 22-July 16105 1847 12:12 32
F-2-D16 47-P BS Central Cabin Bay, Naked Is., "Fuel Cache" CO0704 22-July 2015 1847  0:.07 15

Sympairic with Herring
18-2U 29-P Ps Central Bay of Isles, E. Knight {s. C01058 19-July 12:30 16:50 10:20 28
60-1B 60-P BS North  Wast Bligh Is. N1507 24-July  9:50 815 13:39 600
71-18 71-P BS North  Knowles Bay/Red Head NO506 25-July 14:30 9:40 14:48 13500
84-1B-D2 84-P BS North  Knowles Bay/Red Head NO506 27-July 18:00 23:29 17:21 17
Sympatric with Pink Salmon

48-1B 48-P BS Central Pt. off N. arm of Cabin Bay COo701 22-July 10:50 18:47 11:59 151
Pink Salmon

Al
49-1B 49-P BS Central S. Storey Island C0608 22-July  12:10 1847 1159 137
53-18 53-P BS North  N. Galena Bay N1908 23-July 900 T7:26 1245 67
58-2U 68-P PS North  Outer Port Fidalgo, Porcupine NOSO1A 25-July 1330 940 1448 61

Sympatric with Herring
03-2u 10-P PS South  Prince of Wales Passage S0604 16-July 1548 15:18 843 78
03-2U 10-P Ps South  Prince of Wales Passage S0604 16-July 15148 15:18 843 78
10-18 10-P 8BS South  Bainbridge Pl. S0805 16-July 156:30 15:18 8:43 199
10-1B 10-P BS South  Bainbridge Pt. S0805 16-July 15:30 15.18 8:43 199
20-1B 20-P BS South Paddy Bay S1609 17-July 18:42 1548 9:16 46
24-18B 24-P BS South Italian Bay, SW Knight is. S2008 18-July 13:00 16:19 9:50 25
Sympatric with Sandl

48-18 48P BS  Central Pt. off N. arm Cabin Bay C0701 22-July 10:50 1847 11:59 64
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Table 2. Species associations of juvenile Pacific herring, Pacific
sandlance and pink salmon from PWS in July, 1996 as (a) total number
of APEX stations catching forage fish, (b) percent frequency of
occurrence of sympatric species, and (¢) number of sets analyzed for
diet study. Two species were classified as sympatric if any were
present together, however, not all stations yielded samples sizes large
enough to analyze both. Allopatric fish are indicated by shaded cells.

(a) Number of sets with species present

Second species

First species Herring Sandlance  Pink Salmon
Herring 39 8 13
Sandiance 8 22 9

Pink Salmon 13 9 34

(b) Percent frequency of sympatric sets

Second species

First species Herring Sandlance  Pink Salmon
Herring - 20.5 33.3
Sandlance 36.4 - 40.9
Pink Salmon 38.2 26.5 -

{¢) Number of sets analyzed

Second species
Sandlance  Pink Salmon

First species

Herring 4 4
Sandlance 4 1
Pink Salmon 6 1
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Table 3. Zooplankton density (numbers‘m'a) and biomass (mg'm‘3 wet weight) available to juvenile
Pacific herring, Pacific sandlance and pink salmon at stations corresponding to allopatric and sympatric
aggregations sampled in PWS during July, 1996. Values in parentheses are standard deviations of the
means. Replicate zooplankton samples were collected in 20 m vertical hauls using a 0.5 m diameter ring
net with 243 um mesh.

Zooplankton Total Total Gear Dato Time
Station Density Biomass Depth (m)
Pacific Herring
Allopatric
14-P 37233 (577.8) 300.7 ©2.7) 20 17-Jui-96 10:40
48-P 3642.0 (376.0) 2231 (76.5) 20 22-Jul-96 11.05
54-p 1680.2 (63.7) 3894  (322.3) 20 23-Jul-96  11:35
60-P 1989.2 (182.0) 1689 (3.0) 20 24-Jul-96 10:10
61-P 24064 (321.6) 3457 (48.6) 20 24-Jul-96 12:00
68-P 6641.5 (270.5) 526.0 (10.1) 8 25-Jul-96 10:55
79-P 34327 (229.8) 358.2 (35.0) 10 27-Jul-96 10:20
87-P 645.0 (27.7) 93.0 (2.0) 20 28-Jul-96 5:30
Grand mean 3020.0 300.6
Sympatric with pink salmon
10-P 25010 (158.6) 2385 (55.0) 20 16-Jul-96 16:20
20-P 32429 (14387) 166.1 (45.6) 20 17-Jul-96 18:55
24-P 3099.1 817.1) 2217 (67.8) 20 18-Jul-96 13:30
Grand mean 2947.7 208.1
Sympatric with sandlance
29-P 29072 467.3). 2386 an 20 19-Jul-06 16:55
60-P 1989.2 (182.0) 168.9 (3.0) 20 24-Jul-96 10:10
71-P 950.9 {160.6) 949 8.7) 20 25-Jul-96 16:35
84-P 13509  (132.0) 87.6 2.2) 20 27-Jul-96  18:38
Grand mean 1801.8 147.5
Pacific Sandlance
Allopatric
11-P 24812 (283.2) 1887 (53.0) 20 16-Jul-86  18:15
47-P 2798.2 (461.9) 229.0 (99.1) 20 22-Jul-96 10:10
63-P 30425 (472.5) 264.9 (3.2) 20 24-Jul-96 13:50
64-P 3046.9 (241.6) 4125 {115.3) 20 24-Jul-96 15:30
66-P 27421  (254.6) 3112  (46.8) 20 24-Jul-96  18:20
80-P 3163.1 (612.8) 226.3 (13.9) 20 27-Jul-96 11:55
82-P 1084.0 (306.1) 138.9 (71.2) 20 27-Jul-96 15:15
88-P 7746 (112.7) 1015 (45.1) 20 28-Jul-96 6:58
Grand mean 2391.6 235.4
Sympatric with Herring
28-P 29072 (467.3) 23856 K] 20 19-Jul-96 16:55
60-P 19892  (182.0) 168.9 (3.0) 20 24-Jul-96  10:10
71-P 950.9 (160.6) 94.9 8.7) 20 25-Jul-96 15:35
84-P 13509  (132.0) 876 (2.2) 20 27-Jul-96  18:38
Grand mean 1801.8 147.5

Sympatric with Pink Salmon
- 642. 76. . 76.5 -Jul- 11.05

Pink Salmon
Allopatric
49-P 4028.0 (852.4) 3720 (2367) 20 22-Jul-96 12:20
53-P 1918.0 (404.1) 189.0 (61.0) 20 23-Jul-96 10:30
68-P 6641.5 (270.5) 526.0 (10.1) 8 25-Jul-96 10:55
Grand mean 4196.2 362.3
Sympatric with Herring
10-P 2501.0 (198.6) 239.5 (55.0) 20 16-Jul-96 16:20
20-P 32429 (1438.7) 166.1 (45.6) 20 17-Jul-96 18:55
24-P 30991 (817.1) 2217 (67.8) 20 18-Jul-96 13:30
Grand mean 2947.7 208.1

Sympatric with Sandlance
. 76.5




Table 4. Number of fish examined, size class, mean praserved fork length (FL), mean numbers and weights of prey
consumed, stomach fullness, number empty, and prey percent body weight of sets of allopatric and sympatric juvenile herring,
sandlance and pink salmon at stations in PWS during July 1996. Values in parentheses are standard deviations of the means.

Fish Number Number Prey % Body
station examined Size class FL (mm) Body weight (g) Number of Prey  Prey Weight {mg) Fullness Index empty Weight

Pacific Herring

Allogggc
14-1B 10 1 99.7 (10.7) 6.6 (2.2) X 2.8) 39 4.7) 2.7 (0.8) 1 0.8 (0.6)
47-28 10 0 55.1 (2.1) 09 (0.1) 25079 (701.5) 193.7 (86.0) 68 (04 O 64 (1.8
47-50 10 1 116.3 (5.56) 133 (2.0) 5249.5 (2995.4) 2340 (107.4) 5.8 (0.8) v} 2.2 (0.8)
54-1B 10 0 30.4 (2.0) 0.1 (0.0) 28.1 (44.5) 0.7 (1.1) 29 (2.0) 2 0.0 (0.0)
61-1B 10 o} 40.5 (2.9) 04 (0.1) 3728 (154.5) 123 8.4) 49 (1.6) 0 1.4 (0.6)
68-1B 10 0 49.3 (3.2) 0.5 (0.1) 5324 (278.9) 39.2 (204) 4.7 (1.1) 0 2.1 (0.8)
68-5U 10 1 130.1 8.1) 195 (3.9) 680.0 (687.0) 339.0 (162.0) 3.5 {0.7) 0 0.8 (0.2)
79-1B-D1 10 0 448 (27 05 (0.1) 6084 (3816) 1023 (1180) 59 (09 O 23 (1.2
87-1B-D4 10 0 421 (2.3) 04 (0.1) 179.8 (62.0) 10.6 (€.6) 5.0 (0.9) 0 1.3 (0.4)
C-7-16 10 0 378 (2.3) 0.2 (0.1) 4926 (225.0) 13.1 (5.7) 54 (1.1) 0 1.3 (0.6)

Sympatric with pink salmon
03-2U 10 2 191.3 (10.0) 68.6 (15.3) 598.8 (364.1) 667.3 (519.8) 48 (0.9) 0 0.9 (0.4)
10-1B 10 0 382 (44) 02 (0.1) 220 (27.3) 10 (19 28 (1.5) 1 0.1 0.2)
20-1B 10 1 1136 (11.6) 123 (4.3) 117.3  (255.9) 45 (8.9) 27 (1.8) 4 14 (2.1)
24-1B 10 0 105.9 (7.3) 9.0 {2.1) 319 (63.9) 6.5 (9.3) 1.7 (0.5) 3 0.2 (0.2)
Sympatric with sandlance

18-2U 9 1 1266 (12.7) 170 (6.3) 402.2 (328.2) 424 (27.8) 28 (0.7) 1 0.2 0.1)
60-1B 10 0 476 (4.3) 0.5 (0.2) 3433 (194.6) 11.8 6.7) 5.2 (1.0) 0 29 (1.2)
72-1B 10 0 46.3 (3.9) 0.5 (0.1) 879.7 (580.4) 226 (12.8) 438 (1.0) 0 18 (0.6)
84-1B-D2 9 0 33.2 1.2) 0.1 (0.0) 442 {42.7) 1.6 (1.3) 3.1 (1.2) 1 0.5 (0.4)
Pacific Sandlance

Allopatric
11-2B 10 0 723 (81) 13 (0.4 9714 (2206) 512 (140) 48 (04) O 22 (06
11-2B 10 1 1346  (72) 114 (4.3) 32448 (14965) 3558 (2549) 51 (0.3) O 22 (1.2)
47-18 0 0 865 (58 1.8 (0.5) 760 (166.0) 53 (123) 21 (14) 4 03 (0.5
63-18 9 0 889 (10.3) 22 (08) 4239 (5366) 316 (415 34 (220 1 05 (0.5)
64-2B 10 0 65.8 (3.4) 0.7 (0.1) 1118.2 (802.0) 68.2 (60.0) 45 (1.1) 0 15 (0.6)
66-18 10 0 959 (6.2) 28 (0.5) 21829 (1600.3) 179.0 (178.0) 56 (14 0 16 (0.9
80-1B-D1 10 0 755 (8.7) 1.2 (04) 31.1 43.1) 09 (1.2 25 (©7 0 03 (0.2
82-18-D2 10 0 784 (78) 13 (04) 690.6 (542.6) 355 (279 49 (13 O 1.1 0.6)
88-1X-D4 10 1 109.6  (10.1) 40 (1.7) 08 (1.2) 04 (0.7) 14 (05 6 02 (0.2
F-1-D8 10 0 689 (6.8) 09 (0.2 3134 (617.0) 156 (34.5) 26 (200 4 06 (1.3)
F-1-D12 10 1 1141 (15.2) 54  (2.0) 975.3 (673.5) 63.3 (43.6) 55 (14 0 1.1 (0.5)
F-2-D13 10 0 61.1 6.6) 07 (02 616.2 (547.9) 30.0 (16.0) 63 (13) O 12  (0.9)
F-1-D15 0 0 735  (60) 11 (0.3) 8499 (644.1) 377 (344) 46 (13) O 05 (0.3)
F-2-D16 10 o] 72.4 (7.3) 11 (0.5) 781 (186.4) 33 (7.9) 23 (1.3) 1 0.2 (0.1)

Sympatric with Herring
18-2U 10 1 111.8 (6.2) 55 (1.0) 2120.0 (510.5) 1459 (35.9) 4.7 (0.5) 0 2.1 (0.6}
60-1B 10 0 716 (6.7) 09 (0.3) 71.3  (103.9) 55 (9.2) 28 (1.5) 1 0.7 (0.6)
71-1B 10 0 76.1 4.1) 1.2 (0.2) 111.5  (223.5) 48 (10.0) 2.2 (1.4) 4 0.4 (0.6)
84-1B-D2 10 0 755 (8.5) 11 (0.4) 0.1 (0.3) 0.0 (0.0) 1.1 (0.3) 9 0.1 (0.1)
Sympatric with Pink Salmon

48-18 10 0 643 (25 08 (0.1) 2216 (2034) 120 (69 39 (1.1) 000 09 (0.5
Pink Salmon

Allopatric
49-18 10 0 83.3 (5.1) 47 {0.9) 4434 (168.6) 19.7 (8.0) 4.2 (0.8) 0 1.3 (0.4)
53-18 10 o] 74.2 {9.9) 3.7 (1.7) 356.8 (264.4) 403 (67.1) 43 (1.2) [} 1.3 0.7)
58-2U 10 o} 98 1 (6.2) 71 (1.3) 471 (22.1) 848.9 (389.3) 5.6 (0.8) 0 28 (1.3)

Sympatric with Herring
03-2U 10 0 1028  (5.6) 87 (16) 178.0 (247.4) 782 (66.0) 35 (08 0 08 (02
03-2U 10 0 130.0 (5.1) 177 (1.6) 56.9 (82.5) 2906 (531.7) 41 (1.7) 0 1.0 (0.8)
10-18 10 0 64.1 (5.5) 23 (0.6) 380.6 (204.5) 59.3 (48.2) 50 (08 O 1.7 (1.3
10-18 10 0 1024 (©O7) 96 (3.0 1800 (269.0) 139 (1820 36 (14 O 11 (0.7)
20-18 10 0 90.3 (9.4) 6.6 (1.9) 822.0 (944.5) 249 (31.6) 4.2 (1.7) 4] 1.4 (0.9)
24-1B 10 0 96.8 (6.0) 8.1 (1.8) 91.9 (67.4) 1.2 (17.7) 3.0 (0.9) o] 0.8 (0.4)
Sympatric with Sandlance

48-1B 10 0 979 (38) 74 (1.4) 588.7 (453.8) 29.5 (20.6) 36 (08 O 08 (0.3




Table 5. Range of mean sizes and overall median size (in parentheses; mm FL) of forage

species from allopatric and sympatric aggregations in PWS during July, 1996. Allopatric
fish are shown in shaded cells.

Second species

First species Herring Sandlance Pink Salmon
SSDdesg e 33.2-125.6 38.2-191.3

Herring s *%‘\* (46.5) (107.0)
A -

":-t\‘l%‘t% SN “g%:

S xxtx-fm\ iﬁ“w B

716-111.8 ~:;:,-.§-'~ t&'}t ‘;,:z:zz\
Sandlance (76.5) 90 *& =
64.1-130.0
Pink Salmon (98.0) (97.9)
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Table 6. Diet similarity (PSI) by percent number and percent biomass of prey species
within and between forage species in allopatric and sympatric aggregations in PWS
during July, 1996. Significant diet similarity (> 60%) is indicated by shaded celis.

(a) Diet similarity between species in allopatric aggregations.
allopatric aggregation allopatric aggregation % Number % Biomass

pink salmon sandlance 16.3 11.0
pink salmon herring 25.6 171
sandlance herring 51.3

(b) Diet similarity between species in sympatric aggregations.
sympatric aggregation sympatric aggregation % Number % Biomass

pink salmon w/ sandlance  sandlance w/ pink salmon 0.5 3.2
pink salmon w/ herring herring w/ pink salmon 36.2 37.8
herring w/ sandlance sandlance w/ herring 46.1 53.5

(c) Diet similarity within species between allopatric and sympatric aggregations.
allopatric aggregation sympatric aggregation % Number % Biomass
pink salmon pink salmon w/ sandlance g A 56.1

pink salmon pink salmon w/ herring

sandlance sandlance w/ pink salmon 42.8 54.9
sandlance sandlance w/ herring 55.6

herring herring w/ pink salmon 382
herring herring w/ sandlance
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Table 7. Median stomach fullness, number and weight of prey consumed, and prey percent body weight of forage species in
allopatric and sympatric aggregations in Prince William Sound during July, 1996. Fullness index values: 1 = empty, 2 = trace, 3
= 25%, 4 = 50%, 5 = 75%, 6 = 100%, 7 = distended. Results of Mann-Whitney Rank Sum Tests between fish in allopatric and
sympatric aggregations are indicated with asterisks (n.s. = not significant, * P < 0.05, ** P < 0.01 and *** P < 0.001). See
Table 2 for stations classified by type of fish aggregation.

Sample Percent
Number Time Fullness Number Weight Body
of Fish (mean) Length Index of Prey of Prey Weight
Pacific herring
Allopatric 100 11:07 47.0 5 384 20.0 1.5
Sympatric with Sandlance 38 13:54 46.5 4 270 11.9 1.1
n.s. b * * n.s.
Sympatric with Pink Salmon 40 15:45 107.0 25 24 1.7 0.4
AN L 24 “h ok Ak
Pacific sandlance
Allopatric 139 14:24 79.0 4 454 257 0.7
Sympatric with Herring 40 13:42 76.5 2 145 0.7 0.4
n.s. b * * n.s
Sympatric with Pink Salmon 10 10:50 635 4 176 11.7 08
bl n.s. n.s. n.s n.s.
Pink salmon
Allopatric 30 11:36 85.0 5 288.5 248 1.6
Sympatric with Herring 60 15:24 98.0 4 123 251 0.8
kel u n's' * Ak
Sympatric with Sandlance 30 10:50 98.0 3 588.7 28 0.5
* nh * ns *kk

37



71,72,80 ¥
84,88

79,87
D8,012,D13,
D15,D16

+<=Smith
Is.

area expanded

Figure 1. Locations of APEX forage fish sampling stations for July, 1996 in Prince William
Sound, Alaska.
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Figure 2. Total density (number*m) and relative contribution of major prey taxa of
zooplankton available to juvenile Pacific herring, pink salmon, and Pacific sandlance in

(a) allopatric and (b) sympatric aggregations collected in Prince William Sound during
July, 1996.
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Fork Length (mm)
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Figure 3. Mean fork lengths (FL) of forage fish from sympatric and allopatric aggregations
collected in Prince William Sound in July, 1996. The number of sets (with 10 fish in each
set) are shown below the bars. Results of Mann-Whitney Rank Sum comparisons between
allopatric and sympatric sizes are indicated: NS = not significant, * p <0.05, *** p <
0.001.
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Figure 4. Diet similarity (PSI) by percent number of prey for forage species in allopatric
and sympatric aggregations collected from Prince William Sound during July, 1996.
Line at 60% indicates threshold for significant overlap.
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(a) Pacific Herring
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Figure 5. Diet composition as percent number of prey among allopatric and sympatric
aggregations of juvenile: (a) Pacific herring, (b) pink salmon and (c) Pacific sandlance
collected in Prince William Sound in July, 1996. Legend as in Figure 2.
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(a) Pacific Herring
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Figure 6. Diet composition as percent biomass of prey among allopatric and sympatric

aggregations of juvenile: (a) Pacific herring, (b) pink salmon and (c) Pacific sandlance
collected in Prince William Sound in July, 1996. Legend as in Figure 2.
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Feeding Selectivity
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Figure 7. Feeding selectivity (Strauss' Linear Selection Index) for juvenile: (a) Pacific
herring, (b) pink salmon, and (c) Pacific sandlance on major prey categories. Positive
values indicate preference, negative values, avoidance. The order shown for the types
of aggregations (shown in the left-most panel) is repeated consistently among the
remaining panels.
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Figure 8. Shift in prey consumption (prey percent body weight) between allopatric and

sympatric aggregations of forage species from Prince William Sound during July, 1996.
Results of Mann-Whitney Rank Sum comparisons between groups are indicated: NS =
not significant, * p < 0.05.
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Figure 9. Diel feeding pattern (mean percent fullness index and standard deviations of 10
specimens per station) of juvenile sandlance collected at: (a) Knowles Head (section NO506,
July 27-28) and (b) "Fuel Cache" Cabin Bay, Naked Island (Section C0704, July 21-22) in
Prince William Sound, 1996. Codes adjacent to data points indicate station numbers.
Arrows indicate time of tidal change (up = high tide, down = low tide).
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Diet Composition
(% Biomass)

Figure 10. Diel pattern of diet composition (percent biomass of major prey categories) for
juvenile sandlance collected at Cabin Bay, Naked Island in Prince William Sound during

July, 1996. See Figure 9 for diel pattern of stomach fullness.
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Appendix 1. Zooplankton as mean density (number*m™}, percent density, biomass (mg*m™ wet weight),
and percent biomass by taxonomic group and total in three regions of PWS during July, 1996. Values

in parentheses are standard deviations of the means.

Replicate zooplankton samples were collected at

the number of stations indicated, in 20 m vertical hauls using a 0.5 m diameter ring net with 243 um

Jnesh
Northeast Region
Taxanomic Group Density % Density Biomass % Biomass
Barnacles 71 {10.8) 03 (0.6) 157 @2 068 0.9
Large Calanoids 202 (47.9) 14 (1.8) 988  (109) 6.38 6N
Small calanoids 17459 (1213.6) 728 (12.5) 12320  (98.6) 4917 .0
Chaetognaths 0.6 (1.3) 00 (0.1) 028 ©8) 019 ©8)
Cladocerans 260 (24.5) 14 (1.6) 102 1.0 048 04
Cyphonautes 8.0 {15.4) 0.2 (0.3 012 ©.3) 0.04 ©.1)
Decapods 128 (8.8) 07 (0.5) 40.04 ore 18.14 “aen
Euphausiids 18.7 (28.3) 08 (0.9) 285 ¢ })) 138 13
Fish 07 (2.2) 00 (0.4) 172 (299 322 a4
Gammarid Amphipods 0.1 (0.5) 00 {0.1) 0.08 ©0.3) 0.08 ()}
Gastropods 2289 (254.8) 108 (9.7) 4181 (@02 1372 (150
Hyperiid Amphipods 1.0 (0.8) 0.1 (0.1) 258 @8 162 25
Insects 0.2 (0.6) 0.0 {0.1) 0.05 02 0.04 ©.1)
Chnidarians/ Ctenophores 147 (20.0) 10 (1.3) 3.00 25 1.98 @1)
Larvaceans 1565 (110.2) 73 {3.8) 5.21 [ %)) 240 .2
Other 76.6 (85.0) 3.3 (3.2) 308 feX] 149 @2
Total Density 23251 (1513.2) Total Biomass 2472 (45.3)
n = 15 stations
Central Region
Taxanomic Group Density % Density Biomass % Biomass
Barnacles 10.9 (8.5) 04  (0.3) 22 (18) 1.1 (0.8)
Large Calanoids 17.2 (18.1) 04  (04) 93 (120) 27 (29
Small calanoids 2768.7 (726.1) 786 (1.9) 158.3  (64.6) 605 (21.1)
Chastlognaths 03 (0.2) 00 (0.0 0.1 (0.1) 0.1 (0.1)
Cladocerans 86.9 (59.4) 27 (24) 34 (23 15  (14)
Cyphonautes 07 (12) 00  (0.0) 00 (0.0) 00 (00)
Decapods 15.0 (8.2) 04  (02) 804 (43.5) 170 (123)
Euphausiids 9.5  (13.1) 02 (0.9 1.8 (25) 04 (04)
Fish 0.0 0.0) 06 (0.0) 00  (00) 00 (0.0
Gammarid Amphipods 0.0 (0.0) 00 (00) 00 (0.0) 00 (00)
Gastropods 1728 (51.8) 52 (24) 20 (72 90 (35)
Hyperiid Amphipods 0.2 (0.3) 00 (0.0) 13 (1.9) 08 (1.0
Insects 0.0 (0.0) 00 (0.0) 0.0 (0.0) 00 (0.0)
Cnidarians/ Ctenophores 13.3 (12.0) 04 (0.4) 46 (36) 24 (24)
Larvaceans 319.2 (60.1) 82 (09 106 (20) 43 (0.3)
Other 754 (40.6) 24 (17) 05 (0.2 03 (0.9)
Total Density ~ 3489.7  (620.4) Total Biomass 274.7 (84.3)
n =3 stations
Southwest Region
Taxanomic Group Density % Density Biomass % Biomass
Barnacles 357 (59.7) 12 (20) 116 (14.1) 48 (54)
Large Calanoids 143 (6.8) a5 (09 83 (4.8) 35 (1.9
Small calanoids 23289 (586.0) 775 (120) 1520 (57.7) 667 (19.1)
Chaetognaths 25 (4.0) 0.1 (0.1) 11 “n 05  (08)
Cladocerans 974  (89.4) 33 (3.0 38 (3.5 17 (14)
Cyphonautes 586 (4.9) 0.2 {0.2) 0.1 {0.1) 0.1 {0.1)
Decapods 44 (6.8) 0.1 (0.2) 115 (17.9) 52 (84)
Euphausiils 14 2.1 00  (0.1) 0.4 (0.3) 01 (0.1)
Fish 0.1 (0.1) 00 (0.0) 42 (39 22 (19)
Gammarid Amphipods 0.0 (0.0) 00 (0.0) 00 (0.0) 00 (0.0)
Gastropods 131.8 (934) 43  (31) 168 (11.9) 75  (55)
Hyperiid Amphipods 1.0 (1.7 00 (0.1) 43 (719 19  (349)
Insects 00 (0.0) 00  (0.0) 00 (0.0) 00 (0.0)
Cnidarians! Ctenophores 18.0 (94) 06 (02) 40 (1.9) 1.7 (0N
Larvaceans 218.0 (81.1) 76 (29) 73 (27 34 (14)
Other 1335 (122.8) 45 (3.9 27 (43) 08 (12
Total Density 29925 {473.0) Tolal Biomass 2278  (45.3)
n = 7 stations




Appendix 2a. Zooplankton available to juvenile Pacific herring as mean density (number*m™) and percent density by species in
taxonomic groups at stations corresponding to allopatric (n = 8) and sympatric (n = 3 with pink salmon, n = 4 with sandlance) samples
collected in PWS during July, 1996. Values in parentheses are standard deviations of the means. Replicate samples were collected at
each station in 20 m vertical hauls using a 0.5 m diameter ring net with 243 mm mesh.

Pacific Herring
Allopatric Stations Sympatric Stations
with Pink Seimon with Sandlance
Species Code Density %Density Density Y%Density Density %Density
Bamacles
Bamacle, cyprid BMC 36 (1.4) 0.0 0.1) 54 (9.4) 0.1 0.1) 46 (4.2) 0.1 0.1
Bamacie, adult molt (cirmi & moutharea) BMM 0.0 (0.0) 0.0 (0.0) 54 (9.4) 0.1 0.2) 0.1 (0.1) 0.0 0.0
Bamacle, nauplius B8MP 11.8  (13.2) 0.2 (0.2) 95 (10.3) 03 {0.3) 40,7 (74.8) 1.4 25
Large Calanoids
Calanoid, Calanus spp. female CCF 0.0 0.0 0.0 (0.0) 0.0 (0.0) 0.0 (0.0) 0.0 0.O) 0.0 0.0
Calanoid, large, Neocalanus/Calanus CLN 0.0 (0.0) 0.0 (0.0) 0.0 {0.0) 0.0 {0.0) 07 (1.4) 0.0 0.1
Calanoid, Calanus marshallae general CM 0.0 (0.0) 0.0 (0.0) 0.0 {0.0) 0.0 (0.0) 0.0 (0.0) 0.0 0.0
Calanoid, C. marshallae copepodite CV  CMC 1.3 1.9) 0.1 (0.1) 01 (0.1) 0.0 (0.0) 36 (3.2) 0.2 0.1
Calanoid, C. marshallae fomale CMF 0.0 0.1) 0.0 (0.0) 00 (0.0) 0.0 (0.0) 0.1 (0.1) 0.0 0.0
Calanoid, C. marshaliae male CMM 0.1 ©0.2) 00 (0.0) 0.0 (0.0 00 (0.0) 0.1 (0.3) 0.0 0.0
Calanoid, Calanus pacificus adult CPA 0.0 (0.0) 00 (0.0) 00 (0.0) 00 (0.0) 0.0 (0.0) 0.0 0.0
Calanoid, Calanus pacificus, general CPC 0.0 ©.1) 0.0 {0.0) 0.1 ©.1) 0.0 (0.0) 0.2 (0.1) 0.0 0.0
copepodids CPD 19.6 (48.2) 0.6 (1.4) 109 4.7 0.2 0.0 33.6 (27.1) 1.8 2.0
Calanoid, Calanus pacificus female CPF 0.0 (0.1) 0.0 (0.0) 0.0 (0.0) 00 (0.0) 0.1 (0.1) 0.0 0.0
Calanoid, Calanus spp. general CPG 0.2 {0.5) 0.0 (0.0) 1.1 (1.7 0.0 {0.0) 0.0 (0.0) 0.0 0.0
Calanoid, Calanus pacificus male CcPM 0.0 (0.1) 0.0 (0.0) 0.0 (0.0) 0.0 (0.0) 01 (0.1) 0.0 0.0
Calanoid, C. pacificus copepodite CV CcPV 0.0 (0.0) 0.0 (0.0) 0.0 (0.0) 0.0 (0.0) 0.0 (0.0) 0.0 0.0
Calanoid, Eucalanus bungii, copepodite EBC 0.0 (0.0) 0.0 {0.0) 0.1 {0.1) 0.0 {0.0) 00 (0.0) 0.0 0.0
Calanoid, E.iongipedata, copepodite EPC 01 0.2) 0.0 {0.0) 0.3 (0.4) 0.0 (0.0) 06 (1.0) 0.0 0.1
Calanoid, E.longipedata, female EPF 0.0 0.0 0.0 (0.0) 00 (0.0) 0.0 0.0) 0.1 (0.1) 0.0 0.0
Calanoid, E.longipedata, male EPM 0.1 {0.2) 0.0 (0.0) 0.1 0.1 0.0 (0.0) 0.1 (0.1) 0.0 0.0
Calanoid, Eucalanus bungii, general EUB 0.0 {0.1) 0.0 (0.0} 0.2 @.1) [eX43 (0.0) 0.0 (0.0) 0.0 0.0
Calanoid, Metridia spp. copepodids IV ~ MCP 4.3 (114) 0.1 0.2) 00 (0.0) 00 (0.0) 0.0 (0.0) 0.0 0.0
Calanoid, Metridia pacifica copepodite MCS 03 ©.7) 0.0 0.1) 00 (0.0) 0.0 (0.0} 0.0 (0.0 0.0 0.0
Calanoid, Metridia pacifica, general MEP 0.5 (1.4) 0.0 {0.0) 14 (2.4) 0.0 (0.0) 0.0 (0.0) 0.0 0.0
Calanoid, Metridia ochotensis female MOF 00 (0.0) 00 (0.0) 00 (0.0} 00 (0.0) 0.0 (0.0) 0.0 0.0
Calanoid, M.pacifica CV copepodite MPC 00 (0.1) 00 (0.0) o1 0.1) 0.0 0.0 00 (0.0 0.0 0.0
Calanoid, Metridia pacifica, female MPF 0.3 (0.8) 0.0 (0.0) 07 (1.2) 0.0 0.0) 0.0 (0.0) 0.0 0.0
Calanoid, Neocalanus spp. copepodite  NCP 57 9.4) a1 (0.2) 95 (13.1) 0.1 ©.2) 100 (7.9} 0.4 0.4
Calanoid, Neocalanus plumchrus female NPF 0.0 0.0} 0.0 {0.0) 0.0 (0.0} 0.0 {0.0) 00 (0.0) 0.0 0.0
Small Calanoids
Calanoid, Acartia spp. AC 127  (32.8) 1.0 (2.6) 0.0 (0.0) 0.0 0.0) 1.0 (20) 0.0 0.0
Calanoid, Acartia spp. copepodids ACP §7.3 (139.7) 20 (4.2) 0.0 (0.0) 00 (0.0) 58.1 (68.0) 24 36
Calanoid, Acartia longiremus copepodite ALC 904 (73.9) 31 (2.6) 1555 (81.1) 49 (2.0) 456 (65.7) 2.5 33
Calanoid, Acartia longiremis female ALF 95.5 (108.5) 27 (26) 62.5 (38.5) 1.1 (0.4) 489 (62.1) 22 33
Calanoid, Acartia iongiremus maie ALM 535 (81.6) 1.3 (1.5) 27.2 (33.9) 0.4 0.4) 19.9 (30.7) 0.9 1.6
Calanoid, C.abdominalis, copepodite CAC 141.5 (194.2) 53 (5.6) 98.5 (65.8) 35 (2.5) 117.1 (95.0) 64 3.9
abdominalis female CAF 250 (29.9) 07 {0.6) 12.9 4.2) 03 0.2) 57 (6.6) 0.5 0.4
Calanoid, Centropages abdominalis male CAM 428 (57.9) 1.1 (1.2) 326 (43.1) 06 (0.9) 9.2 (10.7) 0.5 0.6
Calanoid, general nauplius CAN 139 (26.6) 03 (0.8) 4.1 4.1) 0.1 0.1) 69 (5.5) 0.4 0.4
Calanoid, general small (x<2.5 mm) CAS 4.1 8.7) 0.1 ©.1) 27 @ 0.1 0.1) 244 (43.6) 06 0.7
Calanoid, Copepodite small, general cos 73 (18.6) 0.2 (0.5) 00 (0.0) 0.0 0.0) 4.1 (8.1) 03 0.6
Calanoid, E.pacifica, copepodite EYC 11.2 (18.3) 05 (1.1) 0.0 (0.0) 0.0 (0.0} 20 4.1 0.1 01
Calanoid, Eurytemora pacifica female EYF 87 (14.2) 02 ©0.2) 0.0 (0.0} 00 (0.0 6.1 (7.8) 0.2 0.2
Calanoid, Eurytemora pacifica, gravid EYG 4.6 (8.6) 0.0 ©0.1) 0.0 (0.0) 0.0 {0.0) 0.0 (0.0) 00 0.0
Calanoid, Eurytemora pacifica male EYM 3.1 5.7) 0.1 (0.2) 2.7 4.7 0.1 ©.1) 25 (3.1 0.2 0.2
Cyclopoid, Corycaeus spp. GOG 0.0 0.0) 0.0 {0.0) a.0 (0.0} 0.0 (0.0) 20 4.1 0.0 a1
Cyclopoid, Oithona spp., general o 86.6 (95.5) 22 (1.8} 1120 (55.8) 37 (1.4 410 (27.9) 27 27
Cyclopoid, Oithona similis, general 0os 118 (27.2) 0.6 1.1) 0.0 {0.0) 0.0 (0.0) 15.3 (30.6) 1.1 22
Cyclopoid, Oithona spp. copepodite oscC 36 (10.1) 0.1 (0.3) 0.0 0.0) 0.0 (0.0) 0.0 (0.0 0.0 0.0
Cyclopoid, Oithona similis AF OSF 13.0 (28.0) 02 (0.4) 1.4 (2.4) 0.0 (0.0) 6.1 (7.8) 0.3 0.4
Cyclopoid, Oithona similis AM OsSM 10 29 00 (0.0) 00 (0.0) 00 (0.0 05 (1.0) 0.0 0.1
Cyclopoid, Oithona spinirostris, female  OTF 102  (14.3) 0.2 0.2) 8.1 8.1) 0.2 0.2) 51 (1.7) 01 0.2
Cyclopoid, Oithona spinirostris, maie OoT™ 25 7.2 0.0 (0.1) 0.0 (0.0) Q.0 0.0) 0.0 (0.0} 0.0 0.0
Cyclopold, Oithona spinirostris oTs 0.0 (0.0 0.0 (0.0) 54 (9.4) 0.1 0.2) 1.0 (2.0 0.0 0.0
Calanoid, Pseudocalanus copepodids IHV PCP  1150.8 (821.2) 366 (12.6) 1432.8 (291.0) 48.2 (3.5) 681.7 (284.7) 38.6 51
Calanoid, Pseudocalanus spp., general  PSA 0.0 {0.0) 0.0 (0.0) 0.0 (0.0) 0.0 {0.0) 00 (0.0 0.0 0.0
Calanoid, Pseudocalanus spp. female PSF 416.2 (330.7) 12.9 (4.6) 4319 (168.6) 15.5 (8.2) 232.7 (89.6) 14.7 59
female PSG 2.0 (5.8) 0.0 0.1 0.0 (0.0) 0.0 0.0) 0.0 (0.0) 0.0 0.0
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Pacific Herring

Allopatric Stations Sympatric Stations
with Pink Saimon with Sandlance
Species Code Density %Density Density %Density Density %Density
Calanoid, Pseudocalanus spp. male PSM 11 (27.0) 02 (03) 16.3  (14.1) 0.2 0.2) 41 @4.7) 0.2 0.3
Chaetognaths
Chaetognath, species unknown CHT 08 (14) 0.0 (0.0) 1.5 (1.3) 0.1 0.1) 1.1 (@23) 0.1 0.2
Chaetognath, Sagitta elegans SGE 01 (0.1) 0.0 (0.0) 0.0 (0.0) 0.0 (0.0) 0.3 (0.5 0.0 0.0
Cladocerans
Cladocera, General CLA 0.1 0.4) 00 (0.0 00 (0.0) 00 (00 0.0 (0.0) 0.0 0.0
Cladoceran, Evadne spp. EVD 208 (20.6) 07 (0.8) 414 (14.5) 14 0.4) 40.5 (68.1) 1.5 23
Cladoceran, Podon spp. PON 39.5 (284) 1.7 {1.8) 448 (21.6) 1.5 (0.6) 41.8 (53.9) 14 18
Cyphonautes
Bryozoa, cyphonautes larva CFN 117  (20.3) 0.3 (0.3) 104 (2.2) 0.4 ©.2) 19 (22) 0.1 0.2
Decapods
Decapod, megalops, unknown crab DCM 00 (00 00 (0.0) 00 (0.0) 00 (0.0 0.0 (0.0 0.0 0.0
Decapod, zoea, Brachyura, general DGB 41 (5.1) 0.2 (0.2) 38 (6.3) 0.2 (0.3) 4.3 (8.0) 0.1 0.1
Decapod, zoea, unknown general DUG 22 (57 00 (0.0) 03 (0.3) 00 (0.0) 0.1 (0.3) 0.0 0.0
Decapod zoea, crab, Brachyrhyncha DzZB 22 (A7 0.1 ©.1) 00 (0.0 00 (0.0) 20 (4.1) 0.1 0.1
Decapod zoea, Shrimp, Crangonidae DzC 20 4.1) 0.1 0.2) 0.0 (0.0) 0.0 (0.0) 0.0 (0.0) 0.0 0.0
Decapod zoea, crab, general unknown DZG 0.8 (1.5) 0.0 {0.1) 0.0 (0.0} 0.0 {0.0) 0.0 (0.0) 0.0 0.0
Decapod zoea, Shrimp, Hippolytidae HIE 0.1 (0.4) 0.0 (0.0) 01 (0.1) 0.0 (0.0) 04 (04) 0.0 0.0
Decapod zoea, Anomuran, Lithodidae Lz 0.1 (0.2) 0.0 0.0 0.0 {0.0) 0.0 (0.0} 0.0 (0.0 0.0 0.0
Decapod zoea, crab, Oregoninae ORG 0.6 (1.4) 0.0 0.1) 0.0 (0.0) 0.0 (0.0) 0.2 (0.4) 0.0 0.0
Decapod zoea, hermit crab, Paguridae PGZ 0.1 (0.2) 0.0 (0.0) 0.1 (0.1) 0.0 (0.0) 0.2 (0.2) 0.0 0.0
Decapod zoea, general shrimp SHR 4.7 (4.0) 0.2 (0.3) 0.4 0.7) 0.0 (0.0) 0.3 (04) 0.0 0.0
Euphauslids
Euphausiid egg EU1 76 (21.6) 0.1 (0.2) 0.0 {0.0) 0.0 (0.0} 6.6 (13.2) 04 0.8
Euphausiid nauplii EU2 50 (10.7) 0.1 ©.2) 27 4.7) 0.1 (0.1) 1.5 @1 0.1 02
Euphausiid calyptopis EU3 7.3 (10.5) 03 (0.4) 2.7 4.7) 0.0 0.1) 28 (3.8) 0.1 0.2
Euphausiid furcilia EU4 1.6 (3.0) 0.1 0.1) 0.1 .1 0.0 (0.0) 04 (0.5) 0.1 0.1
Euphausiid juvenlle, general EUJ 0.1 (0.3} 00 (0.0 0.0 (0.0) 0.0 (0.0) 02 (0.4) 0.0 0.0
Euphausild, Thysannoessa spp. Juvenile THJ 0.1 {0.2) 0.0 (0.0) 0.0 (0.0) 0.0 {0.0) 0.0 (0.0) 0.0 0.0
Euphausiid, Thysanoessa spinifera TS 0.0 (0.0} 0.0 0.0) 0.0 (0.0) 0.0 (0.0) 0.0 (0.0) 0.0 0.0
Fish
Fish, robust larva FIsS 0.0 (0.0) 0.0 (0.0) 0.0 (0.0) 0.0 (0.0} 0.0 (0.0) 0.0 0.0
Fish egg (~1.0 mm) FSE 0.0 (0.1) 0.0 0.0) 0.0 (0.0) 0.0 ©.0) 0.0 (0.0} 00 0.0
Fish, small juvenile/larva, generat FSL 0.5 (1.4) 0.0 0.0) 02 (0.1) 0.0 (0.0) 0.1 (©0.1) 0.0 0.0
Fish, Scorpaenidae, gen. rockfish spp. FSR 0.0 (0.0) 0.0 (0.0) 0.0 {0.0) 0.0 {0.0) 0.0 (0.0) 0.0 0.0
Gammarid Amphipods
Amphipod, Gammarid, unknown, small GA1 0.2 (0.5) 0.0 0.1) 0.0 (0.0) 0.0 {0.0) 0.0 (0.0) 0.0 0.0
Gastropods
Gastropod, juv. snail w/ black pigment GSB 2438 (321.1) 76 (11.4) 129.0 (85.9) 1.9 .7 103.9 (127.0) 37 42
Gastropoda, general juvenile (SNAIL) GST 66.2 (148.0) 1.8 (4.3} 0.0 (0.0} a.0 (0.0) 10.2 (20.4) 0.3 05
Gastropod, Pteropod, Limacina helicina A LMA 514 (145.5) 1.6 {4.4) 0.0 (0.0) 0.0 (0.0) 41 (8.1) 0.1 02
Gastropod, Pteropod, Limacina helicina 3 LMJ 31.6 (60.1) 1.8 (4.6) 54.3 (26.5) 1.5 0.7) 102 (154) 0.5 0.9
Gastropod, general veliger VEL 0.5 (1.4) 0.0 (0.0) 0.0 (0.0) 0.0 (0.0) 0.0 (0.0) 0.0 0.0
Hyperild Amphipods
Amphipod, Hyperiid, Hyperia spp. HP Q0 (0.0) 0.0 (0.0) 0.0 0.0) 0.0 (0.0) 03 (0.6) 0.0 0.0
Amphipod, Hyperiid, Hyperia spp . juvenile HPJ 0.0 {0.0) 0.0 (0.0) 0.0 {0.0) 0.0 (0.0) 0.0 (0.0) 00 0.0
Amphipod, Hyperiid, unknown SMALL HYB 0.0 (0.1) 0.0 (0.0) 28 (4.6) 0.1 (0.1) 0.3 (0.4) 0.0 0.0
Amphipod, Hyperiid, unknown MEDIUM ~ HYP Q.5 (0.8) 0.0 ©.1) 0.5 (0.4) 0.0 (0.0) 0.2 (04) 0.0 0.0
Amphipod, Hyperiid/P. pacifica juvenile  PA1 03 0.7} 0.0 (0.0) 0.0 (0.0} 0.0 (0.0} 0.0 (0.0) 0.0 0.0
Amphipod, Hyperiid/P. pacifica juvenile = PA2 0.5 (0.6) 0.0 (0.0) 0.0 (0.0) 0.0 {0.0) 04 (0.7 0.0 co
Amphipod, Hyperiid, P.libelluia PL1Y 0.0 (0.0) 0.0 (0.0) 0.0 (0.0) 0.0 (0.0) 0.2 (04) 0.0 0.0
Amphipod, Hyperiid, P. libeliula PL2 Q.0 (0.0) 0.0 (0.0) 00 {0.0) 0.0 (0.0) 01 (01 0.0 0.0
Ingocts
Insect, Collemboia, globulat, purple CGR 0.3 0.7 0.0 0.1) 0.0 (0.0) 0.0 (0.0) 0.0 (0.0) 0.0 0.0
Insect, larva, unknown 1LY 0.0 (0.0) 0.0 (0.0} 0.0 (0.0) 00 (0.0) 0.0 (0.0} 0.0 0.0
Cnlidarlans/ Ctenophoras
Cnidaria, Anthozoa, anemone CAA 0.0 {0.1) 0.0 {0.0) 0.0 {0.0) 0.0 (0.0) 00 (0.0) 0.0 0.0
Cnidaria, Hydrozoan medusae, general CHM 47 (5.0) 0.2 (0.3) 0.0 (0.0) 0.0 {0.0) 32 4N 0.2 0.3
Cnidaria, general jellyfish (x>2mm) CNI 0.9 (1.4) 0.0 (0.0) 129 (11.7) 0.3 {0.2) 13 (22 0.1 0.2
Chnidaria, general jellyfish (x<2mm) CNS 17.7  (27.1) 08 (1.3) 6.7 (8.6) 02 (0.4) 229 (17.4) 09 0.9
Cnidaria, Eperetmus typus EPT 0.0 (0.0) 0.0 0.0y 0.0 (0.0) 0.0 (0.0) 0.0 (0.0) 0.0 0.0
Chnidaria, Halitholus spp. HTS 0.0 {0.0) 0.0 {0.0) 0.0 (0.0) 0.0 (0.0) 0.0 (0.0) 0.0 0.0
Cnidaria, Melicertum spp. MEL 0.0 {0.0) 0.0 (0.0) 0.0 (0.0) 0.0 ©.0) 0.0 (0.0) 0.0 0.0
Cnidaria, Proboscidactyia flavicimata PFL 0.0 (0.0) 0.0 (0.0) 0.0 (0.0) 0.0 (0.0) 0.0 (0.0) 0.0 0.0
Cnidaria, Phialidium greganum PHG 00 (0.0) 00  (0.0) 00 (0.0) 00 (0.0) 0.0 (0.0 0.0 0.0
Cnidaria, Hydrozoa, Siphonophore “larva” SIP 0.0 (0.0) 0.0 (0.0) 0.0 (0.0} 0.0 (0.0) 0.0 (0.0) 0.0 0.0
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Pacific Herring

Allopatric Stations Sympatric Stations
with Pink Saimon with Sandiance
Species Code Density %Density Density %Density Density %Density
Cnidaria, Trachymedusae spp. TRC 0.0 (0.0} 0.0 (0.0) 0.0 {0.0) 0.0 (0.0) 0.0 (0.0) 0.0 0.0
Larvaceans
Larvacea, Oikopleura < 2mm on 6.2 (12.1) 0.1 0.2) 00 (0.0 0.0 (0.0) 1.0 (2.0 0.0 0.1
Larvacea, Oikopleura dioica OK! 438 (123.9) 06 (1.6) 00 (0.0) 00 (0.0) 0.0 (0.0) 0.0 0.0
Larvacea, Oikopleura spp. OKP 174.7 (138.5) 54 (2.0 220.7 (47.8) 76 (08) 152.5 (128.8) 77 3.0
Other
Bivalve, general juvenile BVJ 03 0.7 0.0 (0.1) 0.0 (0.0) 0.0 (0.0} 00 (0.0) 0.0 0.0
Bivaive, larvae BVL 87.1  (99.3) 3.0 (3.6) 149.4 (183.1) 49 (5.7 56.5 (68.2) 24 21
Ostracod, Conchoecia spp., small CNC 20 (5.8) 0.0 (0.1} 0.0 (0.0) 0.0 (0.0) 0.0 (0.0) 0.0 0.0
Echinodermata, Brittlestar pluteus EBP 1.0 (2.9) 0.0 (0.0) 0.0 (0.0) 0.0 (0.0) 0.0 (0.0) 0.0 0.0
(<0.2mm) . . EGG 0.5 (1.4) 0.0 (0.0) 0.0 {0.0) 0.0 (0.0) 0.0 (0.0) 0.0 0.0
(>0.2mm) EGL 24 4.2) 0.1 0.1) 27 4.7) 0.1 0.1 13.8 (@.7) 0.6 0.5
Gastropod, egg case (Littorina) GEC 0.2 (0.4) 0.0 {0.0) 0.1 {0.1) 0.0 (0.0) 20 4.1 0.0 01
Harpacticoid, general, unknown stage HR 0.0 (0.0) 0.0 (0.0) 0.0 (0.0) 0.0 (0.0) 20 (4.1) 0.0 0.1
Harpacticoid, general copepodite HRC 0.0 (0.0) 0.0 (0.0) 0.0 (0.0) 0.0 (0.0) 0.0 (0.0) 0.0 0.0
Harpacticoid, Harpacticus, unknown stage HSU 0.0 (0.0) 0.0 (0.0) 0.0 (0.0) 0.0 (0.0) 0.0 (0.0) 0.0 0.0
Harpacticoid, Zaus spp. copepodite HzC 0.0 (0.0) 0.0 (0.0) 0.0 (0.0 0.0 {0.0) 0.5 (1.0} 0.0 0.1
Harpacticoid, Zaus spp. general HZzZ 1.5 (3.0) 0.0 (0.1) 0.0 (0.0) 0.0 (0.0) 0.0 (0.0) 0.0 0.0
Isopod, general ISP 25 (12) 00 (0.1) 00 (0.0) 00 (0.0) 00 (0.0 0.0 0.0
Copepod, Monstrilla spp. MX 03 (0.7) 00 (0.1) 00 (00) 00 (0.0 00 (0.0 0.0 0.0
Polychaeta, general, juvenile PLL 1.0 (2.9} 0.0 (0.1) 0.1 (0.1) 0.0 {0.0) 31 (39 0.1 0.1
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Appendix 2b. Zooplankton available to juvenile sandlance as mean density (number"m‘a) and percent density by species in taxonomic
groups at stations corresponding to allopatric (n = 14) and sympatric (n = 4 with herring, n = 1 with pink salmon) samples collected in
PWS during July, 1996. Values in parentheses are standard deviations of the means. Replicate samples were collected at each
station in 20 m vertical hauls using a 0.5 m diameter ring net with 243 mm mesh.

Pacific Sandlance

Allopatric Stations Sympatric Stations
with Herring with Pink Salmon
Species Code Density %Density Density %Dansity Density %Density
Bamacles
Bamacle, cyprid BMC 1.0 (2.9) 00 (0.0) 48 (4.2) 0.1 0.1) 0.0 0.0
Bamacle, adult molt (cirri & moutharea)  BMM 0.0 (0.0) 0.0 (0.0) 01 (0.1) 0.0 (0.0) 0.0 0.0
Bamacle, nauplius BMP 99 (124 0.5 (0.8) 40.7 (74.8) 14 (2.5) 8.1 01
Large Calanoids
Calanoid, Calanus spp. female CCF 1.0 (2.9) 0.0 (0.1) 0.0 {0.0) 0.0 (0.0) 0.0 0.0
Calanoid, large, Neocalanus/Calanus CLN 0.0 (0.0) 0.0 {0.0) 0.7 (1.4) 0.0 {0.1) 0.0 0.0
Calanoid, Calanus marshallae general CM 01 (0.1) 0.0 (0.0) 0.0 (0.0) 0.0 (0.0) 0.0 0.0
Calanoid, C. marshallae copepodite CV CMC 50 (11.3) 0.1 (0.2) 36 (3.2) 0.2 0.1) 0.0 0.0
Calanoid, C. marshallae female CMF 0.0 (0.0) 0.0 (0.0) 0.1 0.1) 0.0 (0.0) 0.0 0.0
Calanoid, C. marshallae male CMM 0.0 0.1) 0.0 (0.0) 0.1 0.3) 0.0 (0.0) 0.0 0.0
Calanoid, Calanus pacificus adult CPA 0.1 (0.2) 0.0 (0.0) 0.0 (0.0) 0.0 (0.0} 0.0 0.0
Calanoid, Calanus pacificus, general CPC 12 (2.8) 0.0 (0.1) 0.2 {0.1) 0.0 (0.0} 0.0 0.0
copepodids CcPD 176 (36.2) 0.6 (1.2) 336 (27.1) 1.8 (2.0) 41 0.1
Calanoid, Calanus pacificus female CPF 0.0 (0.0) 0.0 (0.0) 0.1 0.1) 0.0 (0.0 0.0 0.0
Calanoid, Calanus spp. general CcPG 1.2 2.9) 00 (0.0) 00 (00) 00 (0.0) 0.0 0.0
Calanoid, Calanus pacificus male CPM 00 (0.0) 00 (0.0) 0.1 .1 00 (0.0 0.0 0.0
Calanoid, C. pacificus copepodite CV CpPV 00 (0.0) 00 (0.0) 00 (0.0) 00 (0.0 0.0 0.0
Calanoid, Eucalanus bungi, copepodite EBC 00 (0.0 00 (0.0 0.0 0.0 00 (0.0) 0.0 0.0
Calanoid, E.longipedata, copepodite EPC 1.0 (2.9) 0.0 (0.1) 0.6 (1.0) 0.0 0.1) 0.0 0.0
Calanoid, E.longipedata, female EPF 0.1 (0.2) 0.0 (0.0) 0.1 0.1) 00 (0.0) 0.0 0.0
Calanoid, E.longipedata, male EPM 0.0 0.1) 0.0 (0.0) 0.1 0.1) 0.0 (0.0) 0.0 0.0
Calanoid, Eucalanus bungil, general EUB 0.0 (0.0) 0.0 (0.0) 0.0 (0.0) 0.0 (0.0) 0.0 0.0
Calanoid, Metridia spp. copepodids IV~ MCP 0.3 0.7) 0.0 (0.0) 00 (0.0) 0.0 (0.0} 0.0 0.0
Calanoid, Metridia pacifica copepodite MCS 0.0 (0.0) 0.0 (0.0} 0.0 {0.0) 0.0 (0.0) 0.0 00
Calanold, Metridia pacifica, general MEP 0.0 (0.0) 0.0 (0.0} 00 (0.0 0.0 0.0) 0.0 0.0
Calanoid, Metridia ochotensis female MOF 0.0 (0.0) 00  (0.0) 00 (0.0) 0.0 (0.0) 0.0 0.0
Calanoid, M.pacifica CV copepodite MPC 05 (1.4) 0.0  (0.1) 00 (0.0) 0.0 (0.0) 0.0 0.0
Calanoid, Metridia pacifica, female MPF 00 (0.0) 00 (0.0 0.0 (0.0} 00 (0.0 0.0 0.0
Calanoid, Neocalanus spp. copepodite NCP 1.3 (2.9) 0.0 {0.1) 100 {7.9) 04 (0.4) 0.0 0.0
Calanoid, Neocalanus plumchrus female NPF 0.0 (0.0) 0.0 (0.0) 0.0 (0.0) 00 (0.0) 0.0 0.0
Small Calanoids
Calanoid, Acartia spp. AC 168 (44.3) 1.2 (3.2) 1.0 (2.0) 00 (0.0 0.0 0.0
Calanold, Acartia spp. copepodids ACP 66.7 (141.3) 25 (4.8) 58.1 (68.0) 24 (3.6) 0.0 0.0
Calanoid, Acartia longiremus copepodite ALC 62.9 (62.6) 29 (3.6) 456 (65.7) 25 (3.3) 99.8 2.8
Calanoid, Acartia longiremis female ALF 435 (46.2) 1.6 (1.6) 489 (62.1) 22 3.3) 38.7 1.0
Calanoid, Acartia longiremus male ALM 32.1  (55.8) 1.1 (1.8) 199 (30.7) 0.9 (1.6) 8.1 0.1
Calanoid, C.abdominalis . copepodite CAC 129.5 (154.9) 57 (5.3) 11741 (95.0) 6.4 (3.9) 136.5 39
abdominalis female CAF 14.2 8.1) 0.5 (0.3) 57 (6.6) 0.5 (0.4) 122 0.2
Calanoid, Centropages abdominalis maie CAM 188 (39.0) 08 (1.3) 9.2 (10.7) 0.5 (0.6) 38.7 0.5
Calanoid, general nauplius CAN 13.5 (22.0) 0.5 (0.8) 6.9 (5.5) 04 (0.4) 8.1 0.1
Calanoid, general small (x<2.5 mm) CAS 5.1 9.7 0.1 0.2) 244 (43.6) 0.6 {0.7) 244 04
Calanoid, Copepodite small, general cos 71 (17.Y) 0.3 (0.6) 4.1 8.1) 0.3 (0.6) 0.0 0.0
Calanoid, E.pacifica, copepodite EYC 7.1 (11.1) 0.2 (0.3) 20 {4.1) 0.1 ©.1) 0.0 0.0
Calanoid, Eurytemora pacifica female EYF 23 {3.7) 0.1 {0.1) 6.1 (7.8) 0.2 {0.2) 41 0.1
Calanold, Eurytemora pacifica, gravid EYG 0.0 (0.0) 0.0 (0.0) 00 (0.0) 0.0 (0.0) 16.3 0.2
Calanoid, Eurytemora pacifica male EYM 33 (6.0) 0.1 (0.1) 25 (31) 02 0.2) 0.0 00
Cyclopoid, Corycaeus spp. GOG 0.0 (0.0) 0.0 (0.0) 2.0 [CR)] 0.0 (0.1) 0.0 0.0
Cyclopold, Oithona spp., general oIT 509 (66.9) 18 (24) 41.0 (27.9) 27 2.7 260.8 3.9
Cyclopoid, Oithona similis, general os 322 (59.0) 1.8 (2.6) 15.3  (30.6) 1.1 (2.2) 0.0 0.0
Cyclopoid, Oithona spp. copepodite osc 0.0 (0.0) 00 (0.0 0.0 0.0) 00 (0.0) 28.5 0.7
Cyclopoid, Oithona similis AF OSF 36 (10.1) 03 (0.9) 6.1 (7.8) 03 0.4) 81.5 1.0
Cyclopoid, Oithona similis AM OSM 0.0 (0.0) 0.0 (0.0) 0.5 (1.0) 0.0 {©.1) 8.1 0.1
Cyclopoid, Oithona spinirostris, female OTF 36 6.7) 0.1 0.2) 51 an 0.1 {0.2) 0.0 0.0
Cyclopoid, Oithona spinirostris, male o™ 31 (8.6) 0.1 (0.2) 0.0 (0.0) 0.0 (0.0) 0.0 0.0
Cyclopold, Oithona spinirostris oTs 41 (11.5) 0.1 {0.2) 1.0 {2.0) 0.0 (0.0) 0.0 0.0
Calanoid, Pseudocalanus copepodids I-IV PCP 887.2 (455.8) 342 (11.2) 681.7 (284.7) 386 (5.1) 19394 534
Calanold, Pseudocalanus spp., general  PSA 10.7  (30.3) 1.0 2.9} [ X1] {0.0) 0.0 (0.0) 0.0 0.0
Calanoid, Pseudocalanus spp.[emle PSF 463.6 (376.0) 174 (12.5) 2327 (89.8) 147 (5.9) 554.1 15.0
female PSG 5.1 (6.1) 0.1 0.1) 00 (0.0) 0.0 (0.0) 16.3 02
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Paclfic Sandlance

Allopatric Stations Sympatric Stations
with Herring with Pink Salmon
Species Code Density %Density Density %Density Density %Density
Calanoid, Pseudocalanus spp. male PSM 87 (15.5) 0.2 {0.3) 4.1 “4.7) 0.2 (0.3) 774 1.0
Chaetognaths
Chaetognath, species unknown CHT 02 (0.3) 00 (0.0) 1.1 (2.3) 0.1 0.2) 08 0.0
Chaetognath, Sagitta elegans SGE 0.1 (0.2} 0.0 (0.0) 03 {0.5) 0.0 (0.0) 03 0.0
Cladocerans
Cladocera, General CLA 00 (0.0) 00 {0.0) 00 (0.0) 00 (0.0) 0.0 0.0
Cladoceran, Evadne spp. EVD 157 (23.6) 0.6 (0.8) 40.5 (68.1) 15 (2.3) 12.2 0.3
Cladoceran, Podon spp. PON 250 (27.8) 0.8 (1.0) 41.8 (53.9) 14 (1.8) 32.6 0.9
Cyphonautes
Bryozoa, cyphonautes larva CFN 23 3.7 0.1 (0.1) 1.9 2.2) 0.1 0.2) 41 0.1
Decapods
Decapod, megalops, unknown crab DCM 0.0 (0.1) 0.0 0.0) 0.0 (0.0) 0.0 (0.0} 0.0 0.0
Decapod, zoea, Brachyura, general DGB 31 5.7 0.1 {0.2) 43 (8.0) 0.1 (0.1) 0.0 0.0
Decapod, zoea, unknown general DUG 0.1 (0.3) 00 (0.0) 0.1 (0.3) 00 (0.0) 0.0 0.0
Decapod zoea, crab, Brachyrhyncha DZB 1.4 2.9) 0.1 0.1) 20 (4.) 0.1 (0.1) 0.0 0.0
Decapod zoea, Shrimp, Crangonidae DzC 37 (5.9) 02 0.2) 0.0 (0.0) 00 (0.0 0.0 0.0
Decapod zoea, crab, general unknown DzG 3.1 (6.0} 0.1 (0.1) 0.0 (0.0) 0.0 {0.0) 4.1 0.1
Decapod zosa, Shrimp, Hippolytidae HIE 03 (06) 00 (0.0) 04 (0.4) 00 (0.0) 0.0 0.0
Decapod zoea, Anomuran, Lithodidae uz 08 (01 0.0 (0.0) 00 (0.0 00 (0O) 0.0 0.0
Decapod zoea, crab, Oregoninae ORG 04 (0.6) 0.0 (0.0) 0.2 0.4) 0.0 (0.0) 0.0 0.0
Decapod zoea, hermit crab, Paguridae PGZ 1.2 (2.8) 0.0 (0.0) 0.2 (0.2) 0.0 (0.0) 0.0 0.0
Decapod zoea, general shrimp SHR 32 {4.6) 0.1 0.2) 0.3 (0.4) 0.0 (0.0) 6.2 0.2
Euphausiids
Euphausiid egg EU1 23 5.7) 0.1 {0.2) 6.6 (13.2) 04 (0.8) 0.0 0.0
Euphausiid nauplii EU2 6.6 (11.9) 0.2 ©0.3) 1.5 (3.1) 0.1 {0.2) 0.0 0.0
Euphausiid calyptopis EU3 101 (19.9) 04 (0.6) 28 (38) 0.1 (0.2) 8.1 0.1
Euphausiid furcilia EV4 09 (1.9) 0.1 (0.1) 04 (05) 0.1 (0.1) 0.0 0.0
Euphausiid juvenile, general EWJ 0.0 (0.0) 0.0 (0.0) 0.2 (0.4) 0.0 (0.0) 0.0 0.0
Euphausiid, Thysannoessa spp. juvenile THJ 0.1 (0.2) 0.0 (0.0) 0.0 (0.0) 0.0 (0.0) 0.0 0.0
Euphausiid, Thysanoessa spinifera TS 0.0 (0.0) 0.0 (0.0) 0.0 (0.0) 0.0 {0.0) 0.0 0.0
Fish
Fish, robust larva FIS 00 (0.0 00 (0.0 00 (0.0} 00 (0.0) 0.0 0.0
Fish egg (~1.0 mm) FSE 2.0 (5.8) 0.0 0.1) 0.0 (0.0) 0.0 (0.0) 0.0 0.0
Fish, small juvenile/larva, general FSL 0.1 (0.1) 0.0 (0.0) 0.1 (0.1) 0.0 {0.0) 0.0 0.0
Fish, Scorpaenidae, gen. rockfish spp. FSR 0.0 0.1) 0.0 {0.0) 0.0 (0.0) 0.0 {0.0) 0.0 0.0
Gammarid Amphipods
Amphipod, Gammarid, unknown, small GA1 00 (0.0 00 (0.0 00 (00 00 (0.0) 0.0 0.0
Gastropods
Gastropod, Juv. snall w/ black pigment GSB 108.7 (86.7) 47 (37 103.9 (127.0) 37 (42 140.6 39
Gastropoda, general Juvenile (SNAIL) GST 13.8 (35.7) 04 (1.2) 102 (204) 03 (0.5 0.0 0.0
Gastropod, Pteropod, Limacina helicina A LMA 0.0 0.1) 0.0 (0.0 41 8.1) 0.1 (0.2) 0.0 0.0
Gastropod, Pteropod, Limacina helicina J LMJ 63.9 (103.7) 27 @47 102 (154) 05 (09 0.0 0.0
Gastropod, general veliger VEL 0.0 (0.0) 0.0 (0.0) 0.0 (0.0) 0.0 (0.0) 41 0.1
Hyperild Amphipods
Amphipod, Hyperiid, Hyperia spp. HP 0.0 0.0) 0.0 0.0) 0.3 (0.6) 0.0 {0.0) 0.0 0.0
Amphipod, Hyperiid, Hypenia spp. juvenile HPJ 00 (0.1) 00 (0.0) 00 (0.0) 00 (0.0 0.0 0.0
Amphipod, Hyperiid, unknown SMALL HYB 0.1 0.2) 0.0 (0.0) 0.3 0.4) 0.0 (0.0} 0.0 0.0
Amphipod, Hyperiid, unknown MEDIUM  HYP 0.2 (0.3) 0.0 (0.0) 0.2 (0.4) 0.0 {0.0) 0.0 0.0
Amphipod, Hypeniid/P. pacifica juvenile  PA1 0.0 (0.1) 0.0 (0.0) 0.0 (0.0) 0.0 {0.0) 0.0 0.0
Amphipod, Hyperiid/P. pacifica juvenile  PA2 0.5 0.9) 0.0 (0.0) 04 0.7 0.0 (0.0) 0.0 0.0
Amphipod, Hyperiid, P.libellula PL1 00 (00) 00 (0.0) 02 (0.4) 00 (0.0 0.0 0.0
Amphipod, Hyperild, P. libellula PL2 0.0 (0.0) 0.0 (0.0) 0.1 .1 0.0 {0.0) 0.0 0.0
Insects
Insect, Collembola, globular, purple CGR 00 (0.0} 00 (0.0 00 (00 00 (0.0) 0.0 0.0
Insect, larva, unknown ILU 0.0 {0.0) 0.0 (0.0) 0.0 ©0.0) 0.0 (0.0) 0.0 00
Cnidarians/ Ctenophores
Cnidaria, Anthozoa, anemaone CAA 01 0.2) 0.0 {0.0) 0.0 0.0) 0.0 (0.0) 0.0 0.0
Cnidaria, Hydrozoan medusae, general CHM 26 (5.0) 0.2 {0.4) 32 @n 0.2 (0.3) 12.2 0.2
Cnidaria, general jellyfish (x>2mm) CNI 2.1 4.1) 0.1 (0.2) 13 22 0.1 0.2) 1.8 0.0
Cnidaria, general jellyfish (x<2mm) CNS 96 (11.9) 0.3 (0.4) 229 (174) 0.9 0.9) 8.1 0.1
Cnidaria, Eperetmus typus EPT 0.1 {0.2) 0.0 (0.0) 0.0 (0.0 0.0 (0.0) 0.0 0.0
Cnidaria, Halitholus spp. HTS 01 0.2) 0.0 (0.0) 0.0 0.0) 0.0 (0.0) 0.0 0.0
Cnidaria, Melicertum spp. MEL 0.1 (0.3) 0.0 (0.0) 0.0 (0.0) 0.0 (0.0) 0.0 0.0
Cnidaria, Proboscidactyla flavicirmata PFL 0.1 (0.3} 0.0 (0.0) 0.0 (0.0) 0.0 (0.0) 0.0 0.0
Cnidaria, Phialidium gregarium PHG 04 1.0) 0.0 (0.0) 0.0 (0.0) 0.0 (0.0) 0.0 0.0
Cnidaria, Hydrozoa, Siphonophore “larva" SIP 0.8 2.3) 0.0 (0.0) 0.0 (0.0) 0.0 {0.0) 0.0 0.0
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Pacific Sandlance

Allopatric Stations Sympatric Statlons
with Herring with Pink Salmon
Species Code Density %Density Density %Density Density %Density
Cnidaria, Trachymedusae spp. TRC 00 (0.1) 0.0 (0.0) 00 (0.0} 00 (0.0) 0.0 0.0
Larvaceans
Larvacea, Oikoplaura < 2mm (IMS) ol 125 (30.5) 14 (3.0) 10 Q0 00 1) 326 0.5
Larvacea, Oikopleura dioica OKI 0.0 (0.0 00 (0.0) 00 (0.0) 00 (0.0 350.4 45
Larvacea, Oikopleura spp. OKP 1954 (64.7) 87 (26) 152.5 (128.8) 77 (30) 2119 31
Other

Bivalve, general juvenile BVJ 0.5 (1.4) 0.0 (0.1) 0.0 (0.0) 0.0 (0.0) 0.0 0.0
Bivalve, larvae BVL 61.9 (51.9) 25 (2.0 56.5 (68.2) 24 (21) 4438 1.2
Ostracod, Conchoecia spp .. small CNC 0.0 (0.0) 0.0 (0.0) 0.0 (0.0) 0.0 {0.0) 0.0 0.0
Echinodermata, Brittiestar piuteus EBP 0.0 (0.0) 0.0 (0.0) 0.0 (0.0) 0.0 (0.0) 0.0 0.0
{<0.2mm) . . EGG 0.0 0.0} [aXd] (0.0} 00 0.0} 0.0 (0.0} 4.1 0.1
(>0.2mm) EGL 81 (20.0) 0.3 (0.8) 13.8 a.n 0.6 (0.5) 0.0 0.0
Gastropod, egg case (Littorina) GEC 0.0 (0.0 00 (0.0) 20  @4.1) 00 (0.1 0.0 0.0
Harpacticoid, general, unknown stage HR 0.0 (0.0) 0.0 (0.0) 2.0 4.1) 0.0 (0.1) 0.0 0.0
Harpacticoid, general copepodite HRC 0.1 (0.2) 0.0 (0.0) 0.0 {0.0) 0.0 (0.0) 0.0 0.0
Harpacticoid, Harpacticus, unknown stage HSU 0.0 (0.0) 0.0 {0.0) 0.0 (0.0) 0.0 (0.0} 0.0 0.0
Harpacticoid, Zaus spp. copepodite HZC 0.0 (0.0) 0.0 {0.0) 0.5 (1.0) 0.0 (0.1) 0.0 0.0
Harpacticoid, Zaus spp. general Hzz 1.0 (29 00 (0.1 00 (0.0) 00 (0.0 8.1 0.1
Isopod, general ISP 1.3 {2.9) 0.1 0.1) 0.0 (0.0) 0.0 (0.0} 0.0 0.0
Copepod, Monstrilla spp. MX 0.0 (0.0) 0.0 (0.0) 0.0 (0.0) 0.0 (0.0} 0.0 0.0
Polychaeta, general, juvenile PLL 11 (2.9) 0.0 0.1) 31 (3.9) 0.1 (0.1} 0.0 0.0
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Apendix 2c. Zooplankton available to juvenile pink salmon as density (number*m®) and percent density by species in taxonomic
groups at stations corresponding to allopatric (n = 3) and sympatric (n = 3 with herring, n = 1 with sandlance) samples collected in
PWS during July, 1996. Values in parentheses are standard deviations of the means. Replicate samples were collected at each
station in 20 m vertical hauls using a 0.5 m diameter ring net with 243 pm mesh.

Pink Salmon
Allopatric Statlons Sympatric Stations
with Herring with Sandlance
Species Code Density %Density Density %Density Density %Density
Barnacies
Bamacle, cyprid BMC 11.5 (10.5) 0.3 (0.4) 5.4 9.4) 0.1 (0.1) 0.0 0.0
Bamacle, adult molt (cim & moutharea) BMM 0.0 (0.0) 0.0 (0.0) 54 (9.4) 0.1 (0.2) 0.0 0.0
Barnacle, nauplius BMP 19.0 (20.5) 0.2 (0.2) 9.5 (10.3) 0.3 (0.3) 8.1 0.1
Large Calanokis
Calanoid, Calanus spp. female CCF 0.0 (0.0) 0.0 (0.0) 0.0 (0.0) 00 (0.0) 0.0 0.0
Calanoid, targe, Neocalanus/Calanus CLN 0.0 (0.0) 0.0 (0.0) 0.0 (0.0) 0.0 (0.0) 0.0 Q.0
Calanoid, Calanus marshaliae general CM 03 (0.6) 00 (00) 00 (0.0) 0.0 (0.0} 0.0 0.0
Calanoid, C. marshallae copepodite CV  CMC 06 (0.6) 00 (0.0 0.1 (0.1) 0.0 (0.0) 0.0 0.0
Calanoid, C. marshallae female CMF 00 (0.0) 0.0 0.0) 0.0 (0.0 0.0 (0.0) 0.0 0.0
Calanoid, C. marshallae male CMM 0.0 (0.0 0.0 (0.0) 0.0 (0.0) 00 (0.0) 0.0 0.0
Calanoid, Calanus pacificus adult CPA 0.0 (0.0) 0.0 (0.0) 0.0 (0.0) 0.0 (0.0) 0.0 0.0
Calanoid, Calanus pacificus, general cPC 0.0 (0.0) 0.0 (0.0) 0.1 (0.1) 0.0 (0.0) 0.0 0.0
copepodids CPD 8.1 (14.1) 0.1 0.2) 109 4.7 0.2 (0.0) 4.1 01
Calanoid, Calanus pacificus female CPF 0.1 0.1) 0.0 (0.0) 00 (0.0) 0.0 (0.0) 0.0 0.0
Calanoid, Calanus spp. general CPG 0.0 (0.0 0.0 (0.0) 1.1 a.n 0.0 (0.0) 0.0 0.0
Calanoid, Calanus pacificus male CPM 0.0 (0.0) 0.0 (0.0) 0.0 (0.0) 0.0 (0.0) 0.0 0.0
Calanoid, C. pacificus copepodite CV CPV 0.0 0.0 0.0 (0.0) 0.0 (0.0) 0.0 0.0) 0.0 00
Calanoid, Eucalanus bungii, copepodite EBC 0.0 {0.0) 0.0 (0.0) 0.1 (0.1) 0.0 (0.0) 0.0 0.0
Calanoid, E.longipedata, copepodite EPC 0.0 0.0) 0.0 (0.0 03 (0.4) 00 (0.0) 0.0 0.0
Calanoid, E.longipedata, female EPF 0.0 (0.0 0.0 (0.0) 0.0 (0.0} 00 (0.0) 0.0 0.0
Calanoid, E.longipedata, male EPM o1 ©.1) 0.0 (0.0) 0.1 (0.1) 00 (0.0 0.0 0.0
Calanoid, Eucalanus bungii, general EUB 0.0 {0.0) 0.0 (0.0) 0.2 (0.1) 0.0 (0.0) 0.0 0.0
Calanoid, Metridia spp. copepodids 11V MCP 0.0 {0.0) 0.0 (0.0) 0.0 (0.0) 0.0 (0.0) 0.0 0.0
Calanoid, Metridia pacifica copepodite MCS 00 (0.0) 0.0 (0.0) 00 (0.0) 0.0 (0.0) 0.0 0.0
Calanoid, Metridia pacifica, general MEP 0.0 0.0 00 (0.0) 14 (2.4) 0.0 (0.0) 0.0 0.0
Calanoid, Metridia ochotensis female MOF 0.0 (0.0 0.0 0.0) 00 (0.0) 0.0 0.0) 0.0 0.0
Calanoid, M.pacifica CV copepodite MPC 0.0 0.0 0.0 (0.0) 01 ©.1) 0.0 (0.0) 0.0 0.0
Calanoid, Metridia pacifica, female MPF 0.0 (0.0) 0.0 (0.0 0.7 1.2) 0.0 (0.0} 0.0 0.0
Caianoid, Neocalanus spp. copepodite NCP 16.3 (28.2) 0.2 (0.3) 95 (13.1) 0.1 (0.2) 0.0 0.0
Calanoid, Neocalanus plumchrus female NPF 0.1 0.1) 0.0 0.0) 0.0 (0.0) 0.0 (0.0} 0.0 0.0
Small Calanolds
Calanoid, Acartia spp. AC 27 4.7 0.1 ©.1) 0.0 (0.0) 0.0 (0.0) 0.0 0.0
Calanoid, Acartia spp. copepodids ACP 0.0 {0.0) 0.0 (0.0) 0.0 (0.0) 0.0 {0.0) 0.0 0.0
Calanoid, Acartia longiremus copepodite ALC 1567.5 (98.3) 57 {6.3) 155.56 (81.1) 49 (2.0) 99.8 238
Calanoid, Acartia longiremis female ALF 209.8 (114.1) 5.2 4.1) 62.5 (38.5) 1.1 (0.4) 387 1.0
Calanoid, Acartia longiremus male ALM 114.1 (114.1) 20 {1.5) 27.2  (33.9) 0.4 {0.4) 8.1 0.1
Calanoid, C.abdominalis , copepadite CAC 73.3 (49.6) 22 {1.4) 98.5 (65.6) 3.5 (2.5) 136.5 3.9
abdominalis female CAF 475 (38.9) 0.9 (0.5) 129 4.2) 03 (0.2) 122 0.2
Calanoid, Centropages abdominalis ,male CAM 720 (90.2) 16 (1.4) 326 (43.1) 06 (0.9) 36.7 0.5
Calanoid, general nauplius CAN 68 (11.8) o1 0.1 41 4.1 01 (0.1) 8.1 0.1
Calanoid, general small (x<2.5 mm) CAS 0.0 (0.0) 0.0 (0.0) 27 “4.7) 0.1 (0.1) 24.4 0.4
Calanoid, Copepodite small, general cos 0.0 (0.0) 00 (0.0} 0.0 (0.0) 0.0 (0.0) 0.0 0.0
Calanoid, E.pacifica, copepodite EYC 95 (10.3) 0.1 0.1) 00 (0.0) 0.0 (0.0 0.0 0.0
Calanoid, Eurytemora pacifica female EYF 13.6  (23.5) 0.1 0.2) 0.0 (0.0) 0.0 (0.0) 4.1 0.1
Calanoid, Eurytemora pacifica, gravid EYG 68 (11.8) 0.0 {0.1) 0.0 {0.0) 0.0 (0.0) 16.3 0.2
Calanoid, Eurytemora pacifica male EYM 0.0 (0.0) 0.0 (0.0) 27 4.7 0.1 {0.1) 0.0 0.0
Cyclopoid, Corycaeus spp. GOG 0.0 (0.0) 0.0 (0.0) 0.0 (0.0) 0.0 {0.0) 0.0 0.0
Cyclopoid, Oithona spp ., general o 108.0 (304) 3.3 (1.8) 1120 (55.8) 3.7 {1.4) 260.8 39
Cyclopoid, Oithona similis, general [o] 0.0 (0.0) 0.0 0.0 0.0 (0.0 0.0 0.0 0.0 0.0
Cyclopoid, Oithona spp. copepodite osc 0.0 (0.0 00 (0.0) 0.0 (0.0) 00 (0.0) 285 0.7
Cyclopoid, Oithona similis AF OSF 0.0 (0.0) 0.0 (0.0) 1.4 (2.4) 0.0 (0.0 81.5 1.0
Cyclopoid, Oithona similis AM OSM 0.0 (0.0) 0.0 (0.0) 0.0 0.0) 0.0 (0.0) 8.1 0.1
Cyclopoid, Oithona spinirostris, female OTF 13.6 (23.5) 0.2 (0.4) 8.1 8.1 0.2 0.2) 0.0 0.0
Cyclopoid, Oithona spinirostris, male OT™ 68 (11.8) 0.0 {0.1) 0.0 (0.0) 0.0 {0.0) 0.0 0.0
Cyclopoid, Oithona spinirostris oTs 54 (9.4) 0.1 {0.1) 54 9.4) 0.1 0.2) 0.0 0.0
Calanold, Pseudocalanus copepodids I-lV PCP  1781.9 (1032.7) 417  (12.6) 1432.8 (291.0) 48.2 (3.5) 1939.4 53.4
Calanoid, Pseudocalanus spp., general  PSA 0.0 (0.0) 00 (0.0} 0.0 (0.0} 0.0 (0.0) 0.0 0.0
Calanoid, Pseudocalanus spp.female  PSF 700.8 (438.5) 16.0 (1.4) 4319 (168.6) 15.5 8.2) 554.1 15.0
female PSG 0.0 (0.0) 0.0 (0.0) 00 (0.0) 0.0 (0.0 16.3 02
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Pink Salmon

Allopatric Stations Sympatric Stations
with Herring with Sandiance
Species Code Density %Density Density %Density Density %Density
Calanoid, Pseudocalanus spp. male PSM 54 9.4) 0.1 (0.1) 16.3 (14.1) 0.2 0.2) 774 1.0
Chaetognaths
Chaetognath, species unknown CHT 04 .7 00 (0.0) 1.5 (1.3) 0.1 0.1) 08 0.0
Chaetognath, Sagitta elegans SGE 0.1 ©.1) 00 (0.0) 00 (0.0) 00 (0.0 03 0.0
Cladocerans
Cladocera, General CLA 00 (00 00 (00 00 (0.0 00 (0.0) 0.0 0.0
Cladoceran, Evadne spp. EVD 285 (294) 08 (0.7) 414 (14.5) 14 0.4) 122 0.3
Cladoceran, Podon spp. PON 122 (10.8) 0.4 (0.5) 448 (21.8) 15 (0.6) 326 0.9
Cyphonautes
Bryozoa, cyphonautes laiva CFN 231 (33.2) 04 {0.5) 104 2.2) 04 0.2} 4.1 0.1
Decapods
Decapod, megalops, unknown crab DCM 00 (0.0) 00 (0.0 00 (0.0 00 (0.0) 0.0 0.0
Decapod, zoea, Brachyura, general DGB 2.7 4.7 0.0 {0.1) 38 6.3) 0.2 (0.3) 0.0 0.0
Decapod, zoea, unknown general DUG 0.2 (0.4) 00 (0.0) 03 (0.3) 00 (0.0) 0.0 0.0
Decapod zoea, crab, Brachyrhyncha DzZB 59 (9.1) 03 (0.5) 00 (0.0 00 (0.0) 0.0 0.0
Decapod zoea, Shrimp, Crangonidae DZC 00 (0.0) 00 (0.0 00 (0.0 0.0 (0.0) 0.0 0.0
Dacapod zoea, crab, general unknown DZG 111 (18.6) 0.1 (0.2) 00 (0.0 00 (0.0 4.1 01
Decapod zoea, Shrimp, Hippolytidae HIE 00 (00) 00 (0.0) 0.1 ©0.1) 00 (00 0.0 0.0
Decapod zoea, Anomuran, Lithodidae Lz 00 (0.0) 00 (0.0 00 (0.0) 00 (00 0.0 0.0
Decapod zoea, crab, Oregoninae ORG 0.1 0.1} 00 (00 00 (0.0) 00 (0.0) 0.0 0.0
Decapod zoea, hermit crab, Paguridae PGZ 0.1 0.1) 00 (0.0) 0.1 0.1) 00 (0.0) 0.0 0.0
Decapod zoea, general shrimp SHR 58 (5.1) 01 0.1) 04 ©o.n 00 (0.0) 6.2 0.2
Euphausiids
Euphausiid egg EU1 204 (35.3) 0.1 (0.3) 00 (0.0) 0.0 (0.0) 0.0 0.0
Euphausiid nauplii EU2 156 (15.3) 02 {0.2) 27 4.7 0.1 (0.1) 0.0 0.0
Euphausiid calyptopis EU3 156 (15.3) 0.2 0.2) 27 4.7 0.0 (0.1) 8.1 0.1
Euphausiid furcilia EU4 54 (9.4) 0.1 (0.1) 0.1 (0.1) 0.0 0.0) 0.0 0.0
Euphausiid juvenile, general EW 0.0 (0.0) 00 (0.0 00 (0.0 00 (0.0) 0.0 0.0
Euphausiid, Thysannoessa spp. juvenile THJ 0.2 (0.4) 0.0 (0.0) 0.0 {0.0) 0.0 (0.0) 0.0 0.0
Euphausiid, Thysanoessa spinifera TS 0.1 (0.1) 0.0 (0.0) 0.0 {0.0) 0.0 0.0) 0.0 0.0
Fish
Fish, robust larva Fis 0.0 (0.0) 00 (0.0 00 (0.0) 0.0 {0.0) 0.0 0.0
Fish egg (~1.0 mm) FSE 00 (0.0 00 (0.0) 00 (0.0 00 (00 0.0 0.0
Fish, small juvenile/larva, general FSL 00 (0.0 00 (00) 0.2 (0.1) 0.0 (0.0 0.0 0.0
Fish, Scorpaenidae, gen. rockfish spp. FSR 00 (0.0 00 (0.0) 00 (0.0) 00 (0.0) 0.0 0.0
Gammarid Amphipods
Amphipod, Gammarid, unknown, small GA1 0.0 (0.0} 00 (0.0) 0.0 (0.0} 0.0 {0.0) 0.0 0.0
Gastropods
Gastropod, juv. snall w/ black pigment GSB 306.9 (325.8) 58 (4.2) 1280 (85.9) 1.9 0.7) 140.6 39
Gastropoda, general juvenile (SNAIL) GST 204 (35.3) 0.3 (0.5) 0.0 {0.0) 0.0 (0.0) 0.0 0.0
Gastropod, Pteropod, Limacina helicina A LMA 28 (4.9) 0.1 (0.1) 0.0 (0.0) 0.0 (0.0) 0.0 00
Gastropod, Pteropod, Limacina helicina J LMJ 435 (75.3) 0.5 (0.8) 54.3 (26.5) 1.5 (0.7} 0.0 0.0
Gastropod, general veliger VEL 0.0 {0.0} 0.0 {0.0) 0.0 (0.0) 0.0 (0.0) 41 0.1
Hyperiid Amphipods
Amphipod, Hyperiid, Hyperia spp. HP 0.0 (0.0 0.0 (0.0) 0.0 (0.0} 0.0 (0.0) 0.0 0.0
Amphipod, Hyperiid, Hyperia spp. juvenile HPJ 00 (0.0) 00 (0.0) 00 (0.0 00 (0.0 0.0 0.0
Amphipod, Hyperild, unknown SMALL HYB 0.0 (0.0) 00 (0.0) 28 (46) 0.1 0.1 0.0 0.0
Amphipod, Hyperiid, unknown MEDIUM  HYP 01 0.1) 00 {0.0) 05 (04) 00 (0.0 0.0 0.0
Amphipod, Hyperiid/P. pacifica juvenile  PA1 06 (1.1) 00 (0.0) 00 {0.0) 00 (0.0) 0.0 0.0
Amphipod, Hyperiid/P. pacifica juvenile  PA2 1.0 (1.1 00 (0.1) 00 (0.0) 00 (0.0) 0.0 0.0
Amphipod, Hyperiid, P.libeiluia PL1 00 (0.0) 00 (0.0) 00 (0.0) 00 (00) 0.0 0.0
Amphipod, Hyperiid, P. libeliula PL2 0.0 (0.0} 0.0 (0.0) 0.0 (0.0) 0.0 (0.0) 0.0 0.0
Insects
Insect, Collembola, gitobular, purpte CGR 0.0 {0.0) 0.0 {0.0) 0.0 (0.0) 0.0 {0.0) 0.0 0.0
Insect, larva, unknown 1Ly 1.4 {2.4) 0.0 ©0.1) 0.0 (0.0) 0.0 {0.0) 0.0 0.0
Cnidarians/ Ctenophores
Cnidaria, Anthozoa, anemone CAA 01 ©.1) 0.0 {0.0) 0.0 (0.0) 0.0 (0.0) 0.0 0.0
Cnidaria, Hydrozoan medusae, general  CHM 21 1.2) 00 (0.0) 00 (0.0) 00 (0.0 122 0.2
Chnidaria, general jellyfish (x>2mm) CNI 0.5 (0.9) 0.0 {0.0) 129 (11.7) 03 0.2) 1.8 0.0
Cnidaria, general jellyfish (x<2mm) CNS 0.0 (0.0) 0.0 0.0} 6.7 (8.6} 02 (0.4) 8.1 0.1
Chnidaria, Eperetmus typus EPT 0.0 {0.0) 0.0 {0.0) 0.0 (0.0) 0.0 (0.0) 0.0 0.0
Chnidaria, Halitholus spp. HTS 0.0 {0.0) 0.0 {0.0) 0.0 (0.0) 0.0 (0.0) 0.0 0.0
Cnidaria, Melicertum spp. MEL 00 (0.0 00 (0.0) 0.0 (0.0) 00 (0.0) 0.0 0.0
Cnidaria, Proboscidactyla flavicirrata PFL 0.0 (0.0) 0.0 (0.0) 0.0 (0.0) 0.0 (0.0) 0.0 0.0
Chnidaria, Phialidium gregarium PHG 0.0 (0.0) 0.0 (0.0) 0.0 (0.0} 0.0 (0.0) 0.0 0.0
Cnidaria, Hydrozoa, Siphonophore "larva" SIP 00 (00) 0.0 (0.0) 00 (0.0) 0.0 (0.0) 0.0 0.0
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Pink Salmon

Allopatric Stations Sympatric Stations
with Herring with Sandlance
Species Code Density %Density Density %Density Density %Density
Cnidaria, Trachymedusae spp. TRC 0.0 (0.0) 0.0 (0.0) 0.0 (0.0) 00 (0.0) 0.0 0.0
Larvaceans
Larvacea, Oikopleura < 2mm (IMS) on 0.0 (0.0) 00 (00) 00 (0.0) 0.0 (0.0) 32.6 0.5
Larvacea, Oikopleura dioica OKi 0.0 ©.0) 00 (0.0) 00 (0.0) 0.0 0.0) 350.4 4.5
Larvacea, Oikopleura spp. OKP 300.1 (224.8) 6.3 3.7) 2207 (47.8) 7.6 (0.8) 211.9 3.1
Other
Bivaive, general juveniie BVJ 0.0 {0.0) 0.0 {0.0) 0.0 {0.0) 0.0 (0.0) 0.0 0.0
Bivalve, larvae BVL 139.9 (80.9) 42 (3.5) 149.4 (183.1) 49 6.7 44.8 1.2
Ostracod, Conchoacia spp., small CNC 0.0 (0.0) 00 (0.0} 00 (0.0) 0.0 (0.0) 0.0 0.0
Echinodermata, Brittlestar pluteus EBP 00 (0.0} 00 (0.0) 00 (0.0) 0.0 (0.0) 0.0 0.0
{<0.2mm) o EGG 00 (0.0) 0.0 {0.0) 0.0 (0.0) 00 (0.0) 4.1 0.1
(>0.2mm) EGL 0.0 (0.0) 0.0 0.0) 2.7 4.7 0.1 0.1} 0.0 0.0
Gastropod, egg case (Littorina) GEC 0.0 (0.0) 00 (0.0 0.1 ©.1) 0.0 0.0} 0.0 0.0
Harpacticoid, general, unknown stage HR 0.0 (0.0) 0.0 (0.0} 0.0 {0.0) 0.0 (0.0} 0.0 0.0
Harpacticoid, general copepodite HRC 00  (0.0) 00 (0.0) 00 (0.0) 0.0 (0.0) 0.0 0.0
Harpacticoid, Harpacticus, unknown stage HSU 27 @a4.n 0.0 {0.1) 0.0 {0.0) 0.0 (0.0) 0.0 0.0
Harpacticoid, Zaus spp. copepodite HZC 0.0 (0.0) 0.0 {0.0) 0.0 (0.0) 0.0 (0.0) 0.0 0.0
Harpacticoid, Zaus spp. general HZZ 0.0 (0.0) 0.0 {0.0) 0.0 (0.0) 0.0 (0.0) 8.1 0.1
Isopod, general 1sp 68 (11.8) 0.0 {0.1) 0.0 (0.0) 0.0 (0.0) 0.0 0.0
Copepod, Monstrilla spp. MX 0.0 (0.0) 0.0 (0.0) 0.0 (0.0) 0.0 {0.0) 0.0 0.0
Polychaeta, general, juveniie PLL 0.0 (0.0) 0.0 (0.0) 0.1 (0.1) 0.0 (0.0) 0.0 0.0
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Appendix 3a. Mean percent frequency, percent number, and percent weight of prey species d by ic and juvenile herring in PWS
during July, 1996.
Allopairic Herring Herring Sympatric with Pink Ssimon Hetring Sympetric with Sandiance
(n=10 ooty (n=4 o0l {n =4 osis)
. Species Percent Peroent Peroant Peroent Percant Percent Perosnt Parcent Peroent
Y Code Freq. Number ‘Welght Freq. Number Weight Freq. Number ‘Welght
Bamadles
Barnacle, cyprid BMC 13.0 0.4 16 0.0 0.0 0.0 38.3 03 1.7
Barnacle, acut molt (cirrt & mouiharee) BMM 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Barmacie, naupiius BMP 12,0 0.0 0.2 0.0 0.0 0.0 36.9 04 1.4
Large Calancide
Calandid, general large (x>25 mm) CAL 40 0.0 0.1 175 58 129 0.0 0.0 00
Calancid, Cafanus spp. copapodite oce 1.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 00
Calandid, Neocalarus ersials. scull ceR 0.0 0.0 0.0 5.0 0.0 0.2 0.0 0.0 0.0
Catancid, Neccalsnus crisiskus slage V ooV 0.0 0.0 0.0 25 0.0 0.1 0.0 0.0 0.0
Calanad large. Neccatanus/Celanus CLN 0.0 0.0 0.0 15.0 12 24 0.0 0.0 0.0
Calanad, Cafanus marshailse general oM 0.0 0.0 0.0 75 0.0 08 0.0 0.0 0.0
Catanad, C. mershalise copspodile CV ome 40 0.0 0.0 25 0.0 0.0 10.0 01 2.1
Calandid, C. marshalos fomale oM 1.0 0.0 03 75 0.0 0.0 0.0 0.0 0.0
Calanad, C marshaiiae male CMM 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Calanad, Calanus pacificus aduit oPA 1.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Calanaua, Cafanus pacificus . general cre 00 0.0 0.0 00 0.0 0.0 0.0 00 0.0
Catancid, Calanus/Neccslanus copepodids cro 0.0 00 0.0 25 0.0 0.0 0.0 0.0 0.0
Calancia, Cafanus pacificus female PR 10 00 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Calancid, Calanus spp. genaral cre 20 0.0 0.0 25 0.0 0.0 0.0 0.0 0.0
Calanad, C. pacificus copepodile OV oV 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Calandid, Eucalanus bungi. female £ar 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Catanald, Eucslanus bungi. male EBM 1.0 0.0 03 25 0.0 0.0 00 0.0 0.0
Calancid, £ fongipedala., cpepodie Epc 20 0.0 0.0 0.0 0.0 0.0 0.0 0.0 00
Galanold, £ lengipedsta, (emsle EpF 50 0.0 0.1 25 0.0 0.0 0.0 00 0.0
Calanad, £ fongipedets. general EPl 0.0 0.0 0.0 5.0 0.0 0.1 0.0 0.0 0.0
Catanvd, £ lengpecata, male EPM 6.0 0.1 0.2 25 0.0 0.0 0.0 0.0 0.0
Catancid, Euchurella rosirals fomale ERF 1.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Calanaid, Evcatanus tungl. general Eus 0.0 0.0 0.0 250 0.4 14 00 0.0 0.0
Calanad, Metid pacifica copepodito Mes 0.0 0.0 0.0 25 0.0 0.0 0.0 0.0 0.0
Catandid, Metida pecifca. general MEP 0.0 0.0 0.0 75 0.3 0.1 0.0 0.0 0.0
Catanad, Matrids spp (emale MaF 0.0 0.0 0.0 25 0.1 34 0.0 0.0 0.0
Calandia, Metrida ochotensis femdle MOF 0.0 0.0 0.0 25 00 0.0 00 0.0 0.0
Catanold, Metridha ocholensis, general MoP 0.0 0.0 0.0 125 1.8 24 0.0 0.0 0.0
Cslanad, Mpacifica OV copepodte MPC 20 0.0 0.0 10.0 0.2 0.0 0.0 0.0 0.0
Calanad, Metrida pacifica. female MPF 0.0 0.0 0.0 175 21 15 0.0 0.0 0.0
Calandd, Metiida pecifica. male MeM 0.0 0.0 0.0 25 0.0 0.0 0.0 0.0 0.0
Calanad, M ocholansis OV male MM 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Calanad, Neocalanus spp. copepodite NeP 00 0.0 0.0 10.0 06 05 0.0 0.0 0.0
Catanaid, Neocslanus spp. adult NEO 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Catanad. Neocalarus plumehyus femele NPF 0.0 0.0 0.0 25 0.0 0.0 0.0 0.0 0.0
Small Calanolds
Calancid, Acarba ep. AC 270 1.0 0.4 25 0.0 0.0 275 19 18
Calancid, Acarts cleust mate ACM 1.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Calanad, Acarta sp. copepodds AcP 15.0 1.0 01 10.0 0.1 0.0 58 0.0 0.0
Calancid, Acarta fongramus adult AL 0.0 0.0 0.0 0.0 0.0 0.0 5.0 0.0 0.0
Calanad, Acartie iongremus copepode ALC 7.0 0.1 0.0 25 0.0 00 13.9 03 0.1
Calarad, Acarta longiremis female i 17.0 0.2 0.1 5.0 01 0.0 50 0.0 0.0
Calanad. Acarta fongiremis. genral ALG 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Calanda, Acarta jongremus male AL 4.0 0.0 0.0 0.0 0.0 0.0 28 0.0 0.0
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Alcpatrio Herring Heming Sympatrio with Pink Sekmon Herring Symperio with Sendiance
in =10 ants) {n =40t =4 setz)
Preyname Species Pecent  Peosnt  Percant Percent  Percenl  Perosni Percert  Percent  Percent
Code Freq. Number Weight Freq. Number Weight Freq. Number Weight
Calancid, C. sbdominaks . general CA 2.0 0.0 0.0 50 0.1 0.1 58 0.1 0.1
Calancid, C. soormineis., copepodie CAC 36.0 0.4 01 50 0.1 0.1 522 07 05
Calanad, CanWepagas abdomnals, female CAF 20.0 05 02 28 0.0 0.0 333 0.2 0.9
Calanad, Cenirapages abdomnaks male CAM 4.0 0.1 0.0 25 0.0 0.0 208 0.0 0.0
Catancio, general naupiius CAN 470 7.2 23 50 05 0.1 70.3 70 20
Caiancid, generdl ssnall (x<2.5 mm) cas 68.0 2.4 28.0 50.0 372 254 81.9 241 ars
Calanad, Canbrcpages. general cau 40 0.9 0.2 00 0.0 0.0 25 0.0 0.0
Calancid, Capepodite small, general cos 30.0 114 78 25 0.6 0.0 84.2 4.9 2.7
Calandid, £. pacifics, copepodite evc 1.0 0.1 02 0.0 0.0 0.0 5.0 0.0 0.1
Calancia. Eurytomors pacifcs female e 20 0.0 00 0.0 0.0 00 56 0.0 0.0
Calanad, Eurytamars pecifics male EYM 1.0 0.0 0.0 25 00 0.0 0.0 00 0.0
Calancid, Euytamors pacifica, general EYT 4.0 0.0 0.0 5.0 0.0 0.0 0.0 0.0 0.0
Cyelopoia, Oiihana spp.. genarat orr 49.0 5.6 2.0 20.0 11.9 32 60.8 8.3 3.0
Cyciopand. Ortona simuis, general os 3.0 0.0 0.0 0.0 0.0 0.0 30.0 6.2 20
Cyelopaud. Oithons spp. copepodie ose 1.0 3.4 15 00 00 0.0 78 08 03
Cyciopud. Oithone simiks AP 0sF 7.0 0.1 0.0 0.0 0.0 00 103 0.1 0.0
Cyclopoid, Oilnons simitis gravid female 036 1.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Cyclopoid, Oithona simis AM osm 20 0.0 0.0 0.0 0.0 0.0 28 0.0 0.0
Cycicpand, Oithone spinirostris. female o 0.0 0.0 0.0 00 0.0 00 0.0 0.0 0.0
Cyclopcid, Qithone spinirosis ors 0.0 0.0 0.0 00 0.0 00 5.0 0.0 00
Calanaud, Psaxiocalans copepodids +IV Fop 230 12 08 125 05 0.1 18.7 13 08
Calandid, Psaudocalons spp . ganerd Psa 40.0 ar 7.2 10.0 0.4 0.4 4.1 14 5.1
Calancid, Psaudocatens sqp. femala PSF 31.0 1.0 17 17.5 0.3 08 387 02 09
Calancid, Pseudocalanus Spp. gravid female PSG 0.0 0.0 0.0 00 0.0 0.0 0.0 0.0 0.0
Calanaid, Psaudocalanus spp. male PSM 0.0 0.0 0.0 0.0 0.0 0.0 0.0 00 0.0
Chastognathe
Crraotograth. species wknown onr 0.0 0.0 0.0 25.0 0.1 0.0 00 0.0 0.0
Chaelognath, Segiita elegans SGE 0.0 0.0 0.0 5.0 0.1 0.2 00 00 0.0
Cladocerans
Cladocera, Genaral oA 5.0 0.2 0.1 5.0 03 0.3 206 0.1 0.1
Cladoceran, Evache spp. &vo 26.0 0.3 0.2 25 0.0 0.0 36.1 0.2 0.2
Cladogeran, Poden spp. PON 48.0 14 1.8 225 08 07 875 12 10
Cyphonautes
Bryazoa, Cyphonautes larva CFN 1.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Decapods
Oecapod, megakops. Cancridae b 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Decapod Zosa, crab, Cancridae onz 40 0.1 03 25 0.0 0.0 0.0 0.0 0.0
Decapod, megalops, urknown crab ocMm 0.0 0.0 0.0 25 0.0 0.1 0.0 0.0 0.0
Docapod, 2004, Brachyura, gancral bG8 8.0 0.1 08 10.0 0.0 0.1 1.4 0.0 1.0
Decapod, megalops, Brachyura MG 0.0 0.0 0.0 00 0.0 0.0 0.0 0.0 o0
Decapod, megalops, Mayidsa Ld 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Decapod, megatops, Pagurides omp 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Decapod, Z0ga. uknown ganera¥ ous 18.0 05 53 25 00 0.0 83 0.1 25
Decapod zoee, crab, Brachyrhyncha bz8 2.0 0.4 0.6 00 0.0 0.0 5.6 0.0 13
Decapod 2oea, Shmp, Crangarudse 026 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Docapod zosa, cfab, genaral urknown bze 16.0 03 56 00 0.0 00 8.3 0.1 45
Decanod zosa, Shrimp, Hippolytidas HE 1.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Decapod zoea. Anomuran, Lilodidse Lz 1.0 0.0 0.0 25 0.0 0.1 0.0 0.0 0.0
Decapod zosa, crab, Oregonnse ORG 1.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Decapod zoaa, Shimp, Pandalivse roz 1.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Docapod 2003, hermil crab, Paguridas paz 70 00 00 0.0 0.0 0.0 0.0 0.0 00
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Adopatric Herring Herming Sympetric with Pink Saimon Heming Sympetic with Sendisnoe

(n =10 seta) (n=4 woin) (n= 4 2ok}
Preyname 8::::- P:vml Peroent Peroent Percent Percent Perosnt Peroent Perosnt Percent
req. Number Weight Freq. Number Waeight Freq. Number ‘Walght
Decapad,Srrimp, gen, urknou juv.fedult SHP 0.0 0.0 0.0 0.0 00 00 0.0 0.0 0.0
Decapod zoea, general shrimp SHR 10.0 00 00 0.0 00 00 28 0.0 0.0
Euphausiide
Eupausiid naupln Euz 1.0 00 00 0.0 0.0 00 28 0.0 00
Evpnausid calyplopis Eus 3.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Euphausiid furcilia EU4 3.0 0.0 0.0 5.0 0.0 0.0 50 0.0 0.3
Euphausiic juvenle. genersl Ew 0.0 0.0 0.0 5.0 0.0 0.0 0.0 0.0 0.0
Euphausid, general nkniown EuP 00 00 00 100 00 03 00 00 00
Evphausiid, Thysannoesss sop.. gen. adult ™ 0.0 0.0 0.0 0.0 0.0 0.0 00 0.0 0.0
Fish
Fisn. Ammodytes hexspterus (sardtance) A 0.0 0.0 0.0 0.0 00 0.0 0.0 0.0 0.0
Fish, fatfish larvae {Pleurcnecliform) FRL 0.0 00 0.0 00 00 00 00 00 00
Fish, herring juvenile (41-60mm) FH 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Fish, alongate larva Fib 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Fish, robust larva fis 0.0 0.0 0.0 0.0 0.0 00 0.0 00 0.0
Fish egg (-1 0 mm) Fse 0.0 0.0 0.0 0.0 0.0 0.0 28 0.0 09
Fish, juvente, general Fs) 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Fish, small juversieflarva, generat Fst 0.0 0.0 0.0 0.0 00 0.0 0.0 0.0 0.0
Fish, walleye poftock. {41-60mm) w2 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Gammarid Amphipode
Amphipod, Gammarid, unknown, small oAt 3.0 0.1 07 0.0 0.0 0.0 25 0.0 0.1
Amghipod, Gammarid, urknown, medium o2 1.0 00 0.1 00 0.0 0.0 0.0 0.0 0.0
Amprapod, Gemmarid, urknown. large GA3 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Amphipod, Gammand.  Jasss Soo an 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Amphpod, Gammand, Hippamedan spp Hee 1.0 0.0 08 0.0 0.0 0.0 0.0 0.0 0.0
Amphpod, Gammand. Phaxocephaiidae prx 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Gastropode
Gaslropod. Juv. snat wi biack pigment Gse 220 0.2 02 5.0 0.0 0.0 217 0.3 0.
Gestropada, genera juvenile (SNAIL) hadl 120 0.2 05 5.0 0.1 08 200 05 25
Gastropod, Pleropod, Limacina halicing Ad. LMA 20 0.0 09 0.0 0.0 0.0 0.0 0.0 0.0
Gastropod, Pleropod. Limacing helficing Juv LM 16.0 0.1 0.4 125 0.4 0.0 331 07 35
Gaslropod, general veliger VEL 10 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Hyperiid Amphipods
Amptvpod, Hyperid, Hyperoohe med. GF HMG 0.0 0.0 0.0 0.0 0.0 00 0.0 0.0 0.0
Amefupod, Hyparid. Hypens spp e 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Amprpod. Hypenid, Hyperia spo. juvenie Py 0.0 0.0 0.0 0.0 0.0 0.0 28 0.1 0.8
Ampipod, Hyparid, Hyparoche medusarum HEM 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Amphipod, Hypariid. unknown LARGE HYA 1.0 0.0 0.0 7.5 0.2 25 0.0 0.0 0.0
Amphpod, Hyperiid, unknown SMALL Hve 0.0 0.0 0.0 25 0.0 0.0 78 0.0 02
Ampiipod, Hyperud. unknowns MEDIUM e 6.0 0.0 2.4 17.5 0.1 33 28 0.0 2.1
Amphipod. Hyperiid, £. pecifics juvenile PA1 0.0 0.0 0.0 25 0.0 0.0 0.0 0.0 0.0
Amptpod, Hypariid, £. pecifics juvenile PAz 0.0 0.0 0.0 5.0 0.0 0.0 0.0 0.0 0.0
Amphipod, Hyparid, . liballule PL2 0.0 0.0 0.0 25 0.0 0.0 0.0 0.0 0.0
Amphipod, tHyperid, P mecrope PRz 0.0 0.0 0.0 0.0 0.0 00 0.0 0.0 0.0
Amprupad, Hyperid. Parathemisto spo. pst 0.0 0.0 0.0 50 0.0 0.0 0.0 0.0 0.0
Amphipod. Hypariid. Pavathamisto sp ps2 0.0 0.0 0.0 5.0 0.0 0.1 0.0 0.0 0.0
Amphipod, Hyperiid, Parathamisto so0 PS3 0.0 0.0 0.0 25 0.0 0.1 0.0 0.0 0.0
Insects
Insect, Collembala, elongate. purie cEP 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
insect, Collembola, gropuar, prk cee 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Insec!, Collembala, globular, purple CGR 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
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Aliopatric Herring Herring Sympairic with Pink Saimon Hesring Sympairic with Sandlance
(n =10 sets) {n = 4 seis) {n =4 sets)
Preyname Species Parcent Peroent Peroent Peroent Percent Percent Perosnt Peroant Peroent
Code Freq. ‘Number ‘Waeight Freq. Number ‘Waeight Freg. Number ‘Waeight
Inssct, Chircnomidas, larva (naiad) cHL 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Insoct, Ghéroramidao, pupa oHe 0.0 00 00 0.0 00 00 0.0 0.0 0.0
nsect, Oipteran aduit oe 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Insect, Dipteran larvae oPL 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Insect, Dipteran pupse ope 0.0 0.0 0.0 00 0.0 0.0 00 0.0 00
Inseol, general NS 0.0 0.0 00 0.0 0.0 0.0 0.0 0.0 0.0
Insect. pupa, unknown U 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Inseol, unknoan, large e 0.0 0.0 0.0 0.0 0.0 0.0 00 00 00
Cnidariane / Ctanophores
Crudaria, generdjelyfisn (x>2mm) om 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Codaria, generaljefyfish (x<2mm) ons 00 00 00 0.0 00 00 00 0.0 0.0
Clenshare, only clencs prosen! o™ 00 0.0 0.0 0.0 00 0.0 0.0 0.0 00
White granutar matler wem 0.0 0.0 0.0 25 0.0 0.0 00 0.0 0.0
Larvaceans
Larvacea. Oikopteurs spp < 2mm (IMS) on 5.0 02 0.3 25 0.0 0.0 18.7 13 1.2
Larvaces, Okopteurs doice oK 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Larvacea. Olkoplaura sop. oxp 73.0 228 13.6 50.0 30.7 214 5.3 20.0 15
Malocostracans
Amphipod, unknown gammaficyperiid AMR 1.0 0.0 00 0.0 0.0 0.0 28 0.0 0.1
Makacostiaca, oyes only b 10 0.0 0.0 10.0 0.1 0.0 0.0 0.0 0.0
Malacostiaca AL 20 01 42 125 02 140 00 0.0 00
Other
Arthropod. Arachid, Arencoa spp ARS 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Bamaclo cirf {setose legs) BaL 0.0 0.0 0.0 0.0 00 0.0 X} 0.0 0.0
Bivalve, larvae B 480 17 0.1 175 04 0.0 89.7 42 05
Amphipod. Capralidze CAP 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Ostracod, Conchosla spp., smal core 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Cumacea CUM 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Echinodermata, Brithiestar pluteus eap 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Unknown invertetrale egg, small (<0.2mm) £ca 19.0 13 0.4 125 15 0.3 153 0.1 0.0
Urknown invertetrale egg, large (>0 Zmm) EaL 3.0 0.0 0.0 25 0.1 0.0 0.0 0.0 0.0
Gaslropod. egg case (istlonna) GEC 0.0 0.0 0.0 0.0 0.0 0.0 0.0 00 0.0
Harpacticad, Harpacbeus uremis Ay 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Harpacticod, general clasping pair Hop 0.0 0.0 0.0 0.0 0.0 0.0 25 0.0 0.0
Harpacticdd, Oactylopods Spp. gravid lemale HOG 20 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Harpaclicaid. Oaclylopods spp- general Hoe 7.0 0.1 0.1 0.0 0.0 0.0 0.0 0.0 0.0
Harpaciicoid, Ectinosamadd spp. HEC 6.0 00 0.0 0.0 0.0 0.0 225 0.1 0.0
Harpecticaid. Ectinosomatid spp . gravid HEG 10 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Herpacticoid. general eggsac HEM 8.0 0.2 0.5 5.0 0.0 0.0 0.0 0.0 0.0
Harpacticdd, general. unknown s1age HR 17.0 14 2.0 5.0 0.1 0.1 218 0.1 0.4
Harpacticad, general copepodie HRC 1.0 0.9 0.8 0.0 0.0 0.0 200 0.4 0.1
Harpacticold, ganeral oravid (690s) HRE 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Harpacticad. Harpacticus spp female adult HRE 1.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Harpactcad, Hampactous spp. gravid temale HRG 1.0 0.0 0.0 25 0.0 0.0 0.0 0.0 0.0
H i R 2.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Harpacticad, Harpachous spp. male adult HRM 0.0 0.0 0.0 0.0 0o 00 0.0 00 0.0
Harpachcaid. ganeral nauplius HRN 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Harpacticoid, general acult HRP 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Harpacticold. Harpecticus spp. general ad HRS 00 00 00 25 0.0 00 0.0 00 0.0
Harpaclicoid, Harpectcus spp. unknown stage  HSU 40 0.3 03 0.0 0.0 0.0 28 0.0 0.0
Harpachcoid, Zaus spp copepodite Hze 40 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
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Allopetric Herring Herring Sympeiric with Pink Ssimon Herring Sympatric with Sandisnce

0 =40 sets) =4 20ia) in=4setz)

Harpacticoid, Zaus spp. gravid female Hze 1.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Harpacticoid, Zeus spp. generdl Wz 40 0.4 0.0 0.0 00 00 0.0 00 0.0
Isopod, Gormosphserams o 1aN 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
150pod, genersl 1sp 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
' L " we 1.0 0.0 0.0 0.0 0.0 0.0 00 0.0 0.0
Harpactiooid. Lacphoniides spp . adul wo 1.0 0.0 0.0 0.0 0.0 0.0 25 0.0 0.0
Anhvopod, Arachnid, Halacand mite wT 0.0 0.0 0.0 0.0 0.0 0.0 50 0.0 0.2
Copepod, Monstrld spp. MRX 20 0.0 0.0 25 0.0 0.0 75 0.0 0.0
Bivalve, mussel jverdle M 0.0 0.0 0.0 00 0.0 0.0 0.0 0.0 0.0
Mylilcida, MusCULS SpD. Mus 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Nematode NEM 0.0 0.0 0.0 25 0.0 0.0 0.0 0.0 0.0
Polychaeta, Neraidas scp. NER 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Gopepod, Oitons spp. egg cases o 9.0 0.1 0.3 25 0.1 0.2 175 0.1 0.2
Ostracod, general urknown ost 0.0 0.0 0.0 0.0 00 0.0 0.0 0.0 0.0
Copepod, Cagidsa sp., parastlic copapod pco 1.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Polychaeta, adul PLA 0.0 0.0 0.0 25 0.0 0.0 0.0 0.0 0.0
Polychacta, general. jvervie L 20 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Harpacticaid, Tisbe spp . adul S8 2.0 0.0 0.0 25 0.1 0.0 0.0 0.0 0.0
Harpacticaid. Tisbe spp . gravid female 6 1.0 0.0 0.0 0.0 0.0 0.0 50 0.0 0.0
Harpacticoid, Tisbe Spp . slage unknown TSU 13.0 0.4 0.3 0.0 0.0 0.0 200 0.1 0.1
Unknown egg mass UEM 3.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Unidentified item UNI 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Unknown naupius une 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Unknown "worm” shaped - remalode UNw 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
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Appendix 3b. Maan percent frequency, percent number, and percent weight of prey species d by allopatric and sympatric juvenile pink salmon in PWS
during Juty, 1996

Aliopairis Pink Ssimon Pink Saimon Sympairio with Herring Pink Saimon Sympelio with Sendience
(n =3 sets) (n =6 seis) (n=1a
Preyname Species Perosnt Peroent Percent Peroent Peroant Peroant Peroent Peroent Perceni
Code Freq. Number Weight Freq. Number Waelght Freq. Number ‘Weight
Bamacies
Barnacle, cyprid BMC 0.0 0.0 0.0 10.0 0.2 0.5 10.0 0.1 08
Barnacte, adult malt {cirri & moutharea) BMM 0.0 0.0 0.0 8.7 0.2 88 10.0 0.0 1.2
Barnacle, nauplius BMP 0.0 0.0 0.0 17 0.0 0.0 0.0 0.0 0.0
Large Calancide
Calanoid, general large (x>2.5 mm) CAL 187 0.4 12 18.3 0.1 14 0.0 0.0 0.0
Calancid, Caianus spp. copepodite ccp 0.0 0.0 0.0 17 0.0 0.0 0.0 0.0 0.0
Calancid, Neocalanus cnsiglus , adult CCR 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Calanod, Neacalanus crisisius stage V cev 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Catanad, {arge, Neocalenus/Calanus CLN 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Catancia, Calsnus marshatiae general oM 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Calanad, ¢ marshalias copspodite CV ome 67 02 0.0 10.0 0.1 08 0.0 0.0 0.0
Calancid, € marshaiae female CMF 10.0 0.2 0.0 83 0.1 0.4 0.0 0.0 0.0
Calancid, C marshaliae male MM 33 04 0.0 33 0.0 01 0.0 0.0 0.0
Calancid, Caignus pacificus 2t cPA 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Calancid. Calanus pacificus . genaral cre 0.0 0.0 0.0 17 0.0 0.0 0.0 0.0 0.0
Calanoid, Calanus/Neocaianus copepodids cPo 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Calanaid, Caianus pecificus female cPF 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Calanad. Caignus spp. genaal cee 0.0 0.0 0.0 1.7 0.0 0.0 0.0 0.0 0.0
Calandid, C. pacihicus copepodile CV cpPv 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Calancid, Eucslans tungi. female €er 0.0 0.0 00 17 0.0 (B} 00 00 0.0
Catanaid. Eucalanus bungu. male EBM 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Calanaid, £ longipedats , copepodite EPC 0.0 0.0 0.0 33 0.0 0.2 0.0 0.0 0.0
Calanad. £ longipedats. female EPF 133 08 0.1 83 0.1 0.4 0.0 0.0 00
Calanaid, £ fongpedata. generl EPI 0.0 0.0 0.0 1.7 0.0 0.0 0.0 0.0 0.0
Calanad, £ fcngipedsts, male EPM 200 07 01 1.7 0.2 1.0 0.0 0.0 0.0
Calanad, Euchirella rostrsta female ERF 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Calanaid, Fucalanus tungi, general Eus 0.0 0.0 0.0 83 02 43 0.0 X 00
Calanod, Metridia pecifice copepodite L 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Calanoid, Metridia pscifics, general MEP 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Catanard. Metnda spp. famale MaF 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Catandid, Matndia ocholensis female MOF 0.0 0.0 0.0 5.0 0.2 0.1 0.0 0.0 0.0
Calancid, Metridia ocholensis, general MOP 0.0 0.0 0.0 17 0.0 0.0 0.0 0.0 0.0
Calanad, M pacific CV copepodie e 0.0 0.0 0.0 17 0.0 0.0 0.0 0.0 0.0
Calanaid, Matndia pacifios. female MPF 0.0 0.0 0.0 8.3 03 13 0.0 0.0 0.0
Calanad, Metrids pecifica, male MPM 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Calancid, M. achotensis CV male bl 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Calanad. Neocaianus spp. copepadie Nee 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Calanaid, Neocalanus sop. adut NEO 0.0 0.0 0.0 5.0 0.1 0.4 0.0 0.0 0.0
Calanad, Neocalanus plumchius lemale NPE 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Small Calanoide
Calanad, Acartia seo i 0.0 0.0 0.0 87 0.9 0.2 0.0 0.0 0.0
Calanad. Acarts claust male AcM 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Calancid, Acartia sp. copepoards ACP 0.0 00 0.0 3.3 0.1 0.0 0.0 0.0 0.0
Calanod, Acertia longremus acull A 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Calancid, Acartia fongiremus copepodie ALC 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Calanad, Acartia longrramis female ALF 8.7 0.0 0.0 33 0.1 0.0 10.0 0.0 0.0
Calancid, Acarts longiremis, general ALG 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Calanaid, Acarta fangramus male ALM 0.0 0.0 0.0 33 0.0 0.0 0.0 0.0 0.0
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Allopatric Pink Ssimon Pink Ssimon Sympaeirio with Herring Pink Ssimon Sympatric with Ssndiance
(n =3 seta) in=0sew) =100
Promame ool il i et S o i R v o iy
Calanad, C. sbdominaks , geners oA 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Calancid, C. abdominghs , cOpepodie CAC 8.7 0.1 0.0 8.7 0.1 0.0 0.0 0.0 0.0
Calancia, Centropages abdominais, female CAF 87 02 0.0 33 00 0.0 0.0 0.0 0.0
Calancid. Ceniropages sbdamineiis male CAM 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Cotancid, general racgtius OAN 0.0 00 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Calancid, general small (x<2.5 mm) CAS 13.3 0.2 0.2 46.7 1.8 0.6 200 0.1 0.1
Calancid, Canircpeges . genersl e 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Catancid, Copepodie small, genera cos 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Calanad, E. pacifics. copepodite Evc 3.3 0.2 0.0 17 0.0 0.0 0.0 0.0 0.0
Calanad. Eurytanars pacifics (emale EvF 3.3 0.4 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Calanad, Ewrytemora pecifice male EYM 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Catanad. Eurytemora pacifica. general T 0.0 0.0 0.0 33 0.0 0.0 0.0 0.0 0.0
Cyclopaid, Oithona spp., general or 00 00 00 87 01 00 200 03 Q.1
Cyctopad, Oithens simils . general s 0.0 00 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Cyclopad, Oinons spp. copspodle ose 33 0.0 0.0 0.0 00 0.0 0.0 0.0 0.0
Oyclopaid, Oithane simiks AF OsF 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Cyelapoid, Oithons simils orsvid femate ose 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Cyclopoid, Oithons similis AM OsM 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Cyciopoid. Oithans spimrostrs, lemale otf 0.0 00 0.0 0.0 0.0 0.0 00 0.0 0.0
Cyclopaid, Qithons spinirostris ots 0.0 00 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Calanad, Psaudocaianus 0opepodas |-V PP 67 0.0 0.0 50 0.0 0.0 10.0 0.0 0.0
Calanaid, Pseudocalanus spp.. general PSA 0.0 0.0 0.0 13.3 02 0.2 10.0 0.0 0.0
Calanad, Psaudocatanus spp femsle psf 0.0 0.0 0.0 5.0 0.0 0.0 0.0 0.0 0.0
Calanod, Pseudacaianus SO0. gravid female PSG 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Calanad, Pseudocalanus Sop. male PSM 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Chaetognaths
Chaslognath, species unknown CHT 67 0.0 01 1.7 0.4 03 200 0.1 04
Chaolognath, Segitta elagans SGE 33 0.0 0.1 183 1.0 05 0.0 0.0 0.0
Cladocerans
Ciadocara, Genera o 33 0.0 0.0 33 0.0 0.0 0.0 00 0.0
Cladoceran. Evadne spp. Vo 0.0 0.0 0.0 67 0.0 0.0 0.0 0.0 0.0
Cladaceran, Podon sip PON 187 0.1 0.0 200 03 0.1 0.0 0.0 0.0
Cyphonautes
Bryazoa, Cyphanaules arva CFN 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Decapods
Decapod, megalops, Cancridae oA 33 0.1 0.1 0.0 0.0 0.0 0.0 0.0 0.0
Decapod Zosa, crab, Cancridae oz 10.0 0.4 0.0 0.0 0.0 0.0 0.0 6.0 0.0
Decapod, Megalops, unknown crab ocu 87 05 0.3 0.0 0.0 0.0 0.0 0.0 0.0
Decapod, zoea, Brachyura, general oGs 33 0.2 0.0 17 0.0 0.0 0.0 0.0 0.0
Decapod. megalops, Bractryura oM 10.0 0.1 12 17 0.1 0.1 0.0 0.0 0.0
Decapod, megalops. Majidse OMM 0.0 0.0 0.0 0.0 0.0 00 0.0 0.0 00
Decapad, megalops, Pepuridse bup 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Decapod. zosa, unknown genera pue 20.0 26 1.9 1.7 0.0 0.1 10.0 0.0 16
Decapod 200, crab, Brachyrhyncha 0z8 10.0 03 0.7 1.7 0.0 0.5 0.0 0.0 0.0
Decapod zoea, Stump, Cranganidas pze 0.0 0.0 0.0 0.0 0.0 0.0 0.0 00 0.0
Decapod zoa, crab, general unknown bze 20.0 27 07 17 0.1 0.1 0.0 0.0 0.0
Decapod zoea, Shrimp, Hppolylides HIE 0.0 0.0 00 1.7 0.0 0.1 0.0 0.0 0.0
Decapod 200a. Anomusan, Lithoddas vz 33 0.4 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Decapod z0ea, crab, Oregoniiae ORa 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Decapod 204a. Shrimp, Pandidas Pz 33 01 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Decapod zoea, hermit crab, Pagundae PGZ 33 0.1 0.0 0.0 0.0 0.0 0.0 0.0 0.0



Allopatric Pink Ssimon Pink Salmon Sympaeiric with Herring Pink Ssimon Sympairic with Sandisnce
(n =3 sets) (n =8 veta) (n=100)
Preyname Species Peroan! Peroent Percent Peroent Perosnt Peroent Peroant Peroent Perosnt
Code Freq. Number Waeight Freq. Number Waeight Freq. Number ‘Weight
Decapod.Strimp, gen. urkniown juv fadul SHP 33 0.1 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Decapod zosa, genarel shwimp SHR 333 48 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Euphausiide
Evehausid naupli £ 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Euphausiid calyplopis Eus 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Eupnausid furcilia L4 0.0 0.0 0.0 1.7 0.0 0.0 0.0 0.0 0.0
Euphausiid juvenile, genera Eul 33 02 0.0 10.0 0.1 0.4 0.0 0.0 0.0
Euphausid, genaral unknown Eup 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Euphausiid, Thysamoessa spp.. gen. ™ 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Fish
Fish, Ammodytes hexepterus (sandanca) AMM 187 18 74 17 0.8 83 0.0 0.0 0.0
Fish, falfish larvae (e onectform) FrL 10.0 06 0.6 0.0 0.0 0.0 0.0 0.0 00
Fish, harring juvenile {41-60mm) Pt 0.0 0.0 0.0 0.0 0.0 00 0.0 0.0 0.0
Fiah. elongale larva fiL 233 a1 253 1.7 08 8.4 0.0 0.0 0.0
Fish, robuist larva FIs 16.7 26 07 0.0 00 0.0 0.0 0.0 0.0
Fish 69g (~1.0mm) Fse 0.0 0.0 0.0 0.0 0.0 0.0 00 00 0.0
Fish, juvenile, general Fs) 33 0.1 40 0.0 0.0 0.0 0.0 0.0 0.0
Fish, small uveniiafarva, general Fst 200 43 15.9 83 0.1 1.6 10.0 0.0 17.0
Fish. walloyo paliock. (41-60mm) Fwa 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Gammarid Amphipode
Amenipod, Gemmatid, urknown, smal o 0.0 0.0 0.0 33 0.0 0.1 0.0 0.0 00
Amphipod, Gammaid, Lrknown, medum o2 0.0 00 0.0 1.7 0.0 0.0 0.0 0.0 0.0
Amphipod. Gammarid, urknown. (age oAs 0.0 00 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Amphipod, Gammerid, Jasss sep oAl 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Amphipoo, Gammarid. Hppamedcn spp. Hee 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Amphipod, Gammarid, Phokosephasidee PHx 0.0 00 0.0 0.0 0.0 00 0.0 00 0.0
Gastropods
Gaslropod, juv. snal wi black pgment Gs8 36.7 0.4 03 10.0 0.1 0.2 30.0 04 07
Gastropoda, genaral juvenilo (SNAIL) ast 33 23 0.0 0.0 0.0 0.0 10.0 0.0 0.1
Gastropod, Pleropod, Limecing helioina Ad LMA 16.7 0.1 28 67 0.0 0.1 300 02 52
Gasiropod, Plercpod. Limacing helioing Juv M 233 03 1.2 200 0.2 02 80.0 18 57
Gasepod, genaral veliger VEL 0.0 0.0 0.0 33 0.1 0.0 0.0 00 0.0
Hyperiid Amphipods
Amptapod, Hyperitd, Hyperochs med. GF HMG 0.0 0.0 0.0 17 0.0 0.2 0.0 0.0 0.0
Amphipod, Hyperiid.  Hypena spp He 0.0 0.0 0.0 1.7 0.0 1.3 0.0 0.0 00
Amphipod. Hyparid. Hypena sgp. juvenile HPJ 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Ampripod. Hyparid, Hyperoche medusarm HPM 0.0 0.0 0.0 33 0.1 14 0.0 0.0 0.0
Amphepod, Hyperid. urknown LARGE HYA 00 0.0 0.0 83 0.2 1.7 0.0 0.0 0.0
Amenipod. Hyperiid, urknown SMALL Hve 0.0 0.0 00 17 0.0 0.0 0.0 0.0 0.0
Amphupod, Hyperid. urkniow MEDIUM Hve 0.0 0.0 0.0 183 0.3 42 10.0 0.0 27
Amphipod. Hypand, £ pecifica juvenle PAl 0.0 0.0 0.0 133 03 03 0.0 0.0 0.0
Ampipod. Hypeid, £ pecifca luventie Az 0.0 0.0 0.0 67 0.1 03 0.0 0.0 0.0
Amprapod, Hyparid, £ ibeflia L2 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Amphvpod. Hypefnd. P mecraps PR2 0.0 0.0 0.0 0.0 00 00 0.0 0.0 0.0
Amptupod, Hyparud, Parathemisto spo ps1 0.0 0.0 0.0 17 0.0 0o 0.0 0.0 0.0
Ampripod, Hyperid. Parathamisto spp ps2 0.0 0.0 0.0 33 0.1 0.1 0.0 0.0 0.0
Amefapod. Hyperiia, Paranemisto spp pss 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Insechs
Insect, Collembdia, elongste. purple CEP 3.3 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Insect. Collemtla. gotuar. pink cee 0.0 0.0 00 17 00 00 0.0 0.0 0.0
Insect. Callembla, glotular, purple CGR 0.0 0.0 0.0 17 0.0 0.0 0.0 0.0 0.0
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Aliopetric Pink Ssimon Pink Salmon Sympatic with Harring Pink Salmon Sympstric with Ssndisncs
(n=8

(n=9we) n=1se)
Insect, Ghironomidas, larva {naisd) oHL 0.0 0.0 0.0 33 0.0 0.1 0.0 0.0 00
Inaect, Chironamidas, pupa oHe 0.0 0.0 0.0 5.0 0.1 0.1 0.0 0.0 0.0
Insect. Dipteran adul oe 33 6.1 0.0 15.0 0.3 05 0.0 0.0 0.0
Insect, Diplecan tervee oeL 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Insect, Dipteran pupse oFP 0.0 00 0.0 33 0.0 0.0 0.0 0.0 0.0
Insect, general e 10.0 0.1 03 200 0.4 28 0.0 0.0 0.0
Insect, pupa. unknown Py 0.0 0.0 0.0 17 0.0 0.0 0.0 0.0 0.0
Insect, unknown, large o 0.0 0.0 0.0 33 0.1 0.1 0.0 0.0 0.0

Cnidarians / Clenophores
Cridena, genersl jallyfish (x>2mm) CM 0.0 0.0 0.0 3.3 0.4 1.2 0.0 0.0 0.0
Cridana, general jeltyfish (x<2mm) ONs 0.0 0.0 0.0 5.0 0.1 0.1 0.0 0.0 0.0
Clenophore, anly clenes present cT™™ 0.0 0.0 0.0 5.0 0.1 0.0 0.0 0.0 0.0
While granutar matter weM 0.0 0.0 0.0 0.0 0.0 0.0 00 0.0 0.0
Larvaceans
Larvacea, Oikoplers Spp.< 2mm (IMS) on 33 0.1 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Larvacea. Ooplewre daca oK 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Larvaces. Ovkapfeurs spp OKP 60.0 65.4 34.0 91.7 818 304 100.0 96.8 64.3
Melocosiracans
Amptpod, unknown gammaridtyperiid AMP 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Malocostraca, eyes only MAE 67 26 01 5.0 0.1 0.0 0.0 0.0 0.0
Malacostraca MAL 0.0 0.0 0.0 17 0.1 5.1 0.0 0.0 0.0
Other
Arthopod, Aractend. Arancea scp ARS 33 0.0 0.2 33 0.0 0.1 0.0 0.0 0.0
Barnacle cirri (selose legs) 8AL 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Bivalve, farvae BvL 400 02 0.0 233 44 04 70.0 0.3 0.0
Amphipod, Cagreliidae cap 0.0 0.0 0.0 1.7 0.0 0.0 0.0 0.0 0.0
Ostracod. Conchioacss spp., smal one 33 0.0 0.2 0.0 0.0 0.0 00 0.0 0.0
Cumacea Cum 6.7 0.1 0.0 1.7 0.0 0.0 0.0 0.0 0.0
Echinodermala, Brittlestar pluleus EBP 00 0.0 00 0.0 0.0 0.0 0.0 0.0 0.0
Unknown inveriebrate egg, small (<0.2mm} EGG 0.0 0.0 0.0 17 0.1 0.0 0.0 0.0 00
Unknown inverted ale egg, 1arge (>0 2mmy EGL 0.0 0.0 0.0 33 0.1 0.0 0.0 0.0 0.0
Gaslropod, egg casa (Lilloring) Gee 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Harpacticod, Harpscous uiremis rau 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Harpacticaid, general clasping parr Hep 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Harpacticeid, Dactyiopods spp. gravid female HOG 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Marpacticaid, Dactylopoda spo general HOP 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Harpacticad, Ectinosomatid spp. HEC 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Harpacticord, Ecbnosomatd spp . gravid HEG 00 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Harpacticad, general eggsac HEM 0.0 0.0 0.0 1.7 0.0 0.0 0.0 00 0.0
Harpacticod, gencral, urknown stage e 0.0 0.0 0.0 33 01 0.0 00 00 0.0
Harpacticold. general copepodile HRC 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Herpacticad, general oravid (6gg8) HRE 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Harpaclicaid, Harpacticus spp. female adult HRF 0.0 0.0 0.0 17 0.1 0.0 0.0 0.0 0.0
Harpacticad. Harpeclicus spp gravid female HRG 0.0 00 0.0 5.0 0.1 0.0 0.0 0.0 0.0
e - HRJ 0.0 00 00 0.0 0.0 0.0 00 0.0 0.0
Harpachcoid, Harpacticus spp. male adult HRM 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Harpacticoid, general nauplius HRN 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 00
Harpacticoid, general adul! HRE 0.0 00 0.0 0.0 0.0 00 0.0 0.0 0.0
Harpaclionid, Harpachcus Spp. general 30 HRS 0.0 0.0 0.0 0.0 00 0.0 0.0 0.0 0.0
Harpachcoid, HarpactcuS SPp., Unknown siage HSU 0.0 00 00 33 0.1 0.0 0.0 0.0 0.0
Harpacticand, Zaus spp. copepodiie HZC 0.0 0.0 0.0 0.0 0.0 0.0 0.0 .0 0.0
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Allopakric Pink Ssimon Pink Seimon Sympatric with Heering Pink Ssimon Sympelric with Sandianos
(n=9sea) (=6 set) tn=1sst)
promams Sm ot tme tem e penm g e fmmo
Harpacticoid, Zeus Spp. orvd female He 0.0 0.0 0.0 0.0 0.0 0.0 00 00 0.0
Harpacticoid, Zsus spp general HZZ 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
80pod, Gronmasphaeroms Spp. IoN 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 00
isopod, ganeral 1sP 0.0 0.0 0.0 17 0.0 0.4 0.0 0.0 0.0
' L .. e 0.0 0.0 00 0.0 00 0.0 00 00 00
Harpacticoid, Laophonbdae spp.. adull wo 0.0 0.0 0.0 0.0 0.0 0.0 00 0.0 0.0
Asthropod, Arachnid, Halacarid mile MIT 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Copepod, Monsiilid Spp. MAX 0.0 00 0.0 0.0 00 0.0 0.0 0.0 0.0
Bivalve, mussel juvenile MU 0.0 0.0 0.0 87 0.0 0.0 0.0 0.0 0.0
Myllcida, MUSCULS SEPD. Mus 0.0 0.0 0.0 17 0.0 0.3 0.0 0.0 0.0
Nemalode NEM 0.0 0.0 0.0 33 00 00 0.0 0.0 0.0
Polychasta, Neredae sop. NER 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Copepod. Oithana spp g cases ol 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Ostracod, gener) nkniown ost 33 0.0 0.0 1.7 0.0 0.0 0.0 0.0 0.0
Copepod, Caliudss spp.. parasie copspod peo 0.0 0.0 0.0 0.0 0.0 0.0 00 00 0.0
Polychasla, adult PLA 0.0 0.0 0.0 6.7 0.1 0.0 0.0 0.0 0.0
Polychaeta, genera, juvenio o 0.0 0.0 0.0 3.3 0.0 0.0 0.0 0.0 0.0
Harpacticoid, Tisbe spp. . adull Ts8 00 0.0 0.0 1.7 0.0 0.0 0.0 0.0 0.0
Harpacticoid, Tisbe spp., gravnd female 156 00 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Harpacticad, Tisba sgp.. slage unkniown e 0.0 0.0 0.0 1.7 0.0 0.0 0.0 0.0 0.0
Unknown egg mass UEM 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Unidenified item N 0.0 0.0 0.0 17 0.0 0.0 00 0.0 0.0
Unknown nauplivs une 0.0 0.0 0.0 0.0 0.0 00 0.0 0.0 0.0
Unkriown “worm* shaped - irematode UNw 0.0 0.0 0.0 "7 0.8 0.0 0.0 0.0 0.0
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Appendix 3¢c. Mean percent frequency, percent number, and percent weight of prey species d by allopatric and sympatric juvenile
during July, 1996

Aliopatrio Sandisnce Sendiance Sympatic with Herring Sandisnce Sympatric with Pink Seimon
(=14 vots) tn=4 pota) n=10e0
Barnacies
Bamacle, cyprid BMC 4“s 0.9 48 425 09 45 80.0 18 8.4
Barmacie, adult molt (cirr & mouthares) B 08 0.0 0.4 0.0 0.0 0.0 10.0 0.0 3.0
Bainacle, nauplius BMP 18.7 0.2 0.6 30.0 1.2 3.4 40.0 0.4 14
Large Calanolde
Calanad, genaral large (x>2.5 mm) CAL 6.4 0.1 15 0.0 0.0 0.0 0.0 0.0 0.0
Calanod, Calanus spp. copspodie coep 07 0.0 0.0 0.0 0.0 0.0 00 0.0 0.0
Calanaid. Neocalanus eristatus. adult CoR 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Calancid, Neocatanus cristaius stage V oov 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Calandid, large, Neocatanus/Calarus OLK 0.0 0.0 0.0 25 0.0 10 0.0 00 0.0
Calanoid, Catanus marshailae general e 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Calanid, C. marshallag copepadite GV o 29 0.0 0.2 0.0 0.0 0.0 0.0 0.0 0.0
Calonaid, C. marshailas female ome 14 0.0 0.2 0.0 00 0.0 0.0 0.0 0.0
Catancid, C. marshallas male CMM 0.0 0.0 0.0 28 0.0 0.0 0.0 0.0 0.0
Calanad, Calanus pacificus adut opa 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Calanad, Calanus pacificus, general cre 21 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Calanaid, Calanus/Neocalanus copepodids cro 5.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Calanad, Calanus pecificus female CFF 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Catanad, Calanus s0p general core 14 0.0 0.1 0.0 0.0 0.0 0.0 0.0 0.0
Calanad, C. pacificus copepodite CV oPv 14 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Cabanord, Eucalanus tungi, temale €er 0.0 00 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Calancid, £ucalanus bungi. male EBM 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Calandid. £.longipedals. copepodle gpe 5.2 0.0 0s 0.0 0.0 0.0 0.0 0.0 0.0
Catancid, £.longipedta., female Eer 2.4 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Calancid, £ longipedats. genera ER 07 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Calancia, E.longipedals, male EPM 72 0.0 07 0.0 0.0 00 0.0 0.0 00
Calancid, Euchurelis rostrala femalo ERF 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Calanaid. Eucalanus bungi. general EUB 43 0.0 0.5 0.0 0.0 0.0 0.0 0.0 0.0
Catancid. Melndia pacifica copepodle Mes 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Caianad, Matnda pacifica, general Mep 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Calancid, Metnda spp. female MGk 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Calanad, Metrids ccholensis (emale MOF 0.0 0.0 0.0 0.0 0.0 0.0 0.0 00 0.0
Calancid, Mebidks ocholensis. general Mo 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Calandid. M pacifica GV capepodie MPc 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Calandid, Msinda pacifica, lemale MPF 07 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Calancid, Metnas pecifica, male MPM 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Calancid, M. ochotansis CV male MM 07 0.0 0.0 0.0 0.0 0.0 00 0.0 0.0
Galancid, Neoosisnus spp. copepodie NoP 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Calanaid, Neocalanus sep. acul NEO 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Calancid, Neooalanus plumeivus female NEF 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Small Calanoide
Calanad. Acarda spp. AC 17.2 0.2 0.1 20.0 27 14 0.0 0.0 0.0
Calanaud, Acarta cleusi male ACM 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Calanaid, Acartia sp. copepodids AoP 1.7 08 0.1 125 07 0.1 30.0 0.1 0.0
Catanaid, Acartia fongiramus act AL 14 0.0 0.0 75 0.1 0.1 10.0 0.1 0.4
Calanad, Acarbs fongremus copaporie et 16.4 03 0.1 5.0 0.2 0.0 0.0 0.0 0.0
Calancid, Acartis longiramis female i 243 08 07 15.0 0.1 0.1 0.0 0.0 0.0
Calancid, Acartis fongiremis. general MG 6.4 0.2 02 25 0.0 0.0 00 0.0 00
Colancid, Acarts longiramus male MM 107 0.1 0.0 0.0 0.0 0.0 0.0 00 0.0
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Aliopefric Sandisnce Sandianoce Sympeiric with Harring Sandisnce Sympafric with Pink Ssimon

(n =14 sete) (0= 4 seta) (=130
Preymame T el e wam Tem e ween e mew weaw
Calancid, C. abdominafs. geners! oA 2.1 0.0 0.0 25 0.0 0.0 0.0 0.0 0.0
Calanold, C. sbdominaiis, copepodte b 332 12 05 15.0 04 0.2 0.0 0.0 0.0
Catancid, Cenlropages sbominais, female CAF 16.4 03 06 25 0.0 0.0 0.0 0.0 0.0
Calancid, Cantropeges abdominalis maio CAM 8.6 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Calancid, general nauplius CAN 422 77 2.2 75 0.1 0.0 10.0 0.2 0.0
Calancid. general small {x<2.5 mm} Oas 703 36.14 482 450 358 442 100.0 554 764
Cakanoid, Centropsges . general CAU 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Catancid, Copepodite small, general cos 30.1 58 3.0 7.5 16 05 0.0 0.0 0.0
Calandid, £ paciica, copepodite eve 74 0.1 0.4 5.0 01 0.1 00 0.0 0.0
Calanad. Eurytemara pacifics female EYF 29 0.0 0.0 10.0 0.0 0.1 0.0 0.0 0.0
Calanoid. Eurytemora pecifics male EvM 07 0.0 0.0 10.0 0.1 0.4 0.0 0.0 0.0
Calancid, Euytemara pacifica., general BT 44 0.1 0.1 0.0 0.0 0.0 0.0 0.0 0.0
Cyclopoid, Oithons spp . general o 311 5.8 13 425 156 41 80.0 315 7.0
Cyelcpad, Githona simils. general os 3.4 74 2.1 0.0 0.0 0.0 0.0 0.0 0.0
Gyelopaid, Githons s00. copapodie ose 5.0 0.1 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Cyclopoid, Oithons similis AF OSF 129 0.2 04 75 0.1 0.0 10.0 0.2 0.4
Cyclopad, Oithone similis gravid female oSG 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Oyclopoid, Oitrons similis AM Oosm 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Cyclopoid, Onhons spnirostrs. female oTF 14 0.0 0.0 25 0.0 0.0 0.0 0.0 0.0
Cyelopad. Githona spiwrastns ors 5.0 0.0 0.0 25 0.0 0.0 0.0 0.0 0.0
Calancid, Pseudocalanus copepodias -V pcP 34.4 22 11 75 0.4 0.1 0.0 0.0 0.0
Calanoid. Psaudocalsnus spp.. genera Psa 258 18 32 20,0 15 28 0.0 0.0 0.0
Calanaid. Psaudocalanus spp. female PSF 36.6 2.1 8.0 15.0 0.4 1.0 0.0 0.0 0.0
Calanaid, Psaudocalanus spo. gravid female ast 07 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Calanoid, Psaudocalanus spp. male PSM 79 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Chaetognathe
Chaelognalh, spectes unknown CHT 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Chastognaih, Sagetia elegans SGE 07 0.0 0.0 0.0 0.0 0.0 0.0 0.0 00
Cladocerans
Cladoosrs, General oA 100 0.0 0.0 5.0 0.3 0.2 10.0 0.1 0.1
Cladocaran, Evache spp EvD 218 0.2 0.2 20.0 0.2 0.1 0.0 0.0 0.0
Cladoceran, Fodon spp PON 39.7 0.4 0.2 375 14 0.7 0.0 0.0 0.0
Cyphonautes
Bryazoa, Cyphonaules larva CFN 0.7 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Decapods
Decapod, megalops, Cancridae cA 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Decapod zoea, crab, Cancridao oz 0.0 0.0 0.0 0.0 0.0 00 00 0.0 0.0
Decapod, megaiops, unknown orab DCM 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Decapod, 083, Bractyurs, general bes 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Decapod, megaiops, Brachyua OMG 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Decapod, megalaps, Mayidae OMM 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Decapod. megaiops. Pagundas ome 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Decapod, z08a, unkrown genera oue 07 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Decapod z0ea, crab, Srachyrhynche bz8 43 0.0 0.6 0.0 0.0 0.0 0.0 0.0 0.0
Decapod zoea, Shrimp. Cranganidae oze 24 0.0 11 0.0 00 0.0 0.0 0.0 0.0
Decapod 2004, ¢rab, general urknown 0z6 21 0.0 07 0.0 0.0 0.0 0.0 0.0 0.0
Decapod zosa, Shmp, Hippaybdsa HiE 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Docapod zooa, Aftemuran, Litnodidae uz 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Decapod zoea, crab, Oregeninas ORG 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Decapod z0ea, Shvimp. Pandaidas Foz 21 00 04 0.0 0.0 0.0 00 0.0 00
Decapod zea, hermit crab. Paguridas Paz 0.0 0.0 0.0 00 0.0 0.0 0.0 0.0 0.0
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Aliopeirio Ssndiance Sandisnoe Sympalric with Herring Sandience Sympeiric with Pink Ssimon

(n =14 weta) (=4 oetn) ne=1o8)
Species Parosnt Percent Percent Peroant Peroent Peroent Peroant Peroent Peroent
Preyname Code Frea. Number  Welght Freq. Number  Welght Frea. Number  Walght
Decapod,Strimp, gen. urknown uv.faduit SHP 0.0 0.0 0.0 00 0.0 0.0 00 0.0 0.0
Decapod zoe. general shrimp SHR 07 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Euphausilde
Evehausid naupli w2 5.1 0.0 0.0 10,0 03 0.1 00 0.0 00
Euphausiid calyplopis Evs 14 0.0 0.0 25 0.0 01 00 0.0 00
Euphausild turcila Ut 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Euphausid juvenis, genera EU 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Euphausid, genersl urknown evp 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Euptiusiid, Thysemnosssa spp.. gen. adut ™ 0.0 0.0 00 00 00 00 0.0 0.0 00
Fish
Fish, Ammodytes hexsptens {sandance) AMM 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Fish. falfish larvae (Pleurnectform) FRL 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Fish, herring juvanite (41-60mm) FHt 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Fish. elongate larva fiL 0.0 00 0.0 00 0.0 0.0 0.0 0.0 0.0
Fish. rocust larva FIs 07 0.0 0.1 0.0 0.0 0.0 0.0 0.0 0.0
Fish egg (= O mm) FSE 2.1 0.0 02 0.0 0.0 0.0 0.0 0.0 0.0
Fisn. vensle. generd Fss 00 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Fisn. smal juvenilefarva, genera st 07 0.0 0.6 0.0 0.0 0.0 0.0 0.0 0.0
Fish. wallaya pofiook. (41-60mm) Fwz 0.0 00 0.0 00 00 0.0 0.0 0.0 0.0
Gammarid Amphipods
Amehipod. Gammafid, urknown, smal au 36 36 46 0.0 0.0 0.0 0.0 0.0 0.0
Amptypod, Gammarid, uknoun, medun Ga2 07 09 23 0.0 0.0 0.0 0.0 0.0 00
Amphipod, Gammaid, Lnknown. large GA3 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Amphipod. Gammarid, Jasss spp o 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Amphipod, Gammarid, Hppomeden S Hee 00 0.0 0.0 0.0 0.0 00 0.0 0.0 0.0
Amphipod. Gammarid, Phoxocephahdse X 0.0 0.0 0.0 0.0 0.0 0.0 0.0 00 00
Gastropods
Gasiropad. v snail wf tack pigment ase 26.7 0.2 0.4 25 03 0.6 4.0 02 04
Gasiropoda, general juvenle (SNAIL) ost 10.0 0.4 04 10.0 03 08 0.0 0.0 0.0
Gasiropad, Pleropod, Limacine hetcins Ad A 07 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Gasiropod. Plaropod. Limacina helicing Juv w 5.1 0.0 0.1 10.0 05 14 0.0 0.0 0.0
Gasiropod, general veliger VEL 00 00 0.0 0.0 0.0 0.0 00 0.0 00
Hyperild Amphipods
Amphipod, Hyperid, Hyperochie med GF HMe 0.0 0.0 0.0 0.0 00 00 0.0 0.0 0.0
Amphipod, Hypenid, Hypenia spp HP 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Amehipod. Pyparid. Hyperia sgp yuvento HeJ 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Amehipod, Hyperud, Hyperoche medssnm HeM 0.0 0.0 0.0 0.0 0.0 0.0 0.0 00 0.0
Amphipad, Hypenid, unknown LARGE HYA 0.0 0.0 0.0 0.0 0.0 0.0 00 0.0 0.0
Ampnipod, Hypernd, urknoan SMALL e 0.0 0.0 0.0 0.0 00 0.0 0.0 0.0 0.0
AMPpod. Hyparid, unknown MEDIUM HYe 07 0.0 0.1 25 00 36 0.0 0.0 0.0
Amphipod. Hyparia, F. pacifiod jvenie PA1 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Amphipod, Hyparud, £ pacikca juveriie A2 0.0 0.0 0.0 0.0 0.0 0.0 00 0.0 0.0
Ameripod. Hypnid. P ibsiuea L 0.0 0.0 00 0.0 0.0 0.0 00 0.0 00
Amenipod. Hyparid, P macrops PR2 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Amphipod. Hypanid, Parathemisto spp. pst 0.0 0.0 0.0 0.0 0.0 0.0 0.0 00 0.0
Amehipod. Hyperiid, Ferstomisto spo ps2 0.0 0.0 0.0 0.0 0.0 0.0 0.0 00 0.0
Amphvpod, Hyperid, Parainemisto spp pss 0.0 00 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Insects
Inece, Gollembla, elongale, purle CEP 0.0 0.0 0.0 00 0.0 0.0 00 0.0 00
insec. Collambala, gobudar, prk cer 0.0 0.0 0.0 00 00 00 0.0 0.0 00
inseel, Collamtola, globudar, purple oeR 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
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Aliopairic Sandisncs Ssndiance Sympatric with Hering Sandience Sympairic with Pink Sslmon

(n =14 ssts) {n =4 ents) (net ey
Preyname Species Percent Peroent Peroent Peroeni Perosni Peroant Perosnt Peroent Perosnt
Code Freq. Number Waight Freq. Number Waight Freq. Number Waeight
Insect, Chironomidae, larva (naiad) oHL 0.0 0.0 0.0 0.0 0.0 0.0 00 0.0 0.0
Inzect, Chironomidae, pups CHP 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
insecl. Dipteran adut oe 0.0 0.0 0.0 0.0 0.0 00 0.0 00 0.0
inaec!, Dipleran larvee DRL %4 0.0 00 00 00 00 00 0.0 0.0
insect, Dipleran pupae oPP 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Insect. general el 0.7 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Insect, pupa, unknown IPUY 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Insct, unknown, large L 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Cnidariane / Ctenophores
Gridaria, general jellyfish (x>2mm) CN 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Cridaria, genera jeltyfien (x<2mm) NS 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Gtenopnare, ondy otenes present oM 0.0 0.0 0.0 00 0.0 0.0 00 0.0 0.0
White granuiar matter WGM 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Larvaceans
Larvacea, Oikaplewrs Spp.< Zmm (1MS) on 20.1 18 1.2 10.0 05 0.2 0.0 0.0 0.0
Larvacea, Oikopieurs daics OKI 2.4 0.0 00 00 0.0 0.0 00 0.0 0o
Larvaces, Okoptewa spp oKP 475 137 68 225 as 20 20.0 1.0 08
Malocosiracane
Amphpod, unkown gammaridyperid AMP 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Malacostraca, eyes only MAE 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Malacastrace MAL 0.0 00 0.0 0.0 0.0 0.0 00 0.0 00
Other
Arthropod, Arachiid, Aranese spp. ARS 0.0 0.0 0.0 0.0 00 0.0 0.0 0.0 0.0
Barnacte cuti (setoss legs) BAL 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Bvalve, aivae v 538 1.0 0.1 425 40 03 80.0 79 07
Amptepod. Gaprellidae oAP 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Osiracod, Conchoecia spp., small cNe 29 0.0 0.2 10.0 0.1 1.0 0.0 0.0 0.0
Gumacea oum 0.0 0.0 0.0 0.0 0.0 0.0 00 0.0 00
Echinodermata, Britiestar puteus £8P 07 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Unkniown inverlabrate agg. small {<0.2mm) EGG 20.0 14 0.1 125 0.1 0.0 10.0 0.0 0.0
Unkniawn invertebeate egg. large (>0.2mm) EaL 6.4 0.0 0.0 0.0 09 00 0.0 0.0 0.0
Gasiropod, egg case (Utiorina) GEC 07 0.0 0.0 25 0.0 0.0 0.0 0.0 0.0
Harpacticoid, Harpscticus uniremis HAU 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Harpacticad, general clasging par Hop 00 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Harpacticord, Dactylopodks spp gravid lemale HDG 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
rarpaciicad, Dactylopoks spp. genera HoP 21 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Harpacticad, Ecbnosomstd spp HEC 50 0.1 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Harpacticaid, Ectinosomabd spp., gravid HEG 0.7 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Harpactioad. general eggsac HEM 43 0.1 0.3 25 0.0 0.0 0.0 0.0 0.0
Harpaclicord. generl, uknown stage HR 5.4 18 0.4 25 0.0 0.0 700 1.0 1.7
Harpaciicaid, general copepodite HRC 15.0 06 07 100 25.1 251 0.0 0.0 0o
Harpachicoid, general grawid {eggs) HRE 14 0.0 0.1 0.0 0.0 0.0 0.0 0.0 00
Harpacticod, Harpecticus spp. female aout HRE 14 0.0 0.0 25 0.0 0.0 0.0 0.0 0.0
Harpacticaid, Harpechous spp. oravid female HRG 07 0.0 0.0 25 00 00 0.0 00 0.0
f R HRY 43 0.1 0.0 25 0.0 0.0 0.0 0.0 0.0
Harpacticod, Harpacbeus spp. male adull HRM 07 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Harpaciicod, general nauplis HRN 07 0.0 0.0 25 0.0 0.0 0.0 0.0 0.0
Harpaclicord, ganerat aduit HRP 50 0.1 0.1 5.0 0.0 0.0 0.0 0.0 0.0
Herpacticad, Harpecticus sop genersl ad HRS 1.4 0.0 0.0 0.0 0.0 0.0 0.0 00 0.0
Harpacticaid, Harpacticus spp., wknown slage  HSU 50 0.0 0.1 0.0 0.0 0.0 0.0 0.0 0.0
Harpactioad, Zaus Spp. copeponte Hze 21 0.0 0.0 25 0.0 0.0 0.0 0.0 0.0
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Allopakic Sandisnce Sendisnce Sympatric with Hering Sendiance Sympairic with Pink Ssimon

(n = 14 nets) (n =4 sot) n=10et)

Harpaclicaid, Zaus spp. gravid female He 0.0 0.0 0.0 0.0 0.0 00 00 00 0.0
Harpacticoid, Zaus spp. genersl Hzz 14 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Isapod, Gnonmasphaeroms Sp. 1N 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
s0pod, general 1sp 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
! L . we 29 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Harpecliccid. Lacphontisa P . adult uo 07 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Arihropod, Arachnid, Halacarid mite MIT 07 0.0 0.0 0.0 0.0 0.0 0.0 0.0 00
Copapod. Manstilid spp. M 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Bivaive, musadl juveniie MU 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Mytilida, Msscuus spo. Mus 0.0 0.0 0.0 0.0 00 00 0.0 0.0 00
Nematode NEM 0.0 0.0 0.0 0.0 00 0.0 0.0 0.0 0.0
Palychaeta. Nereidse sp. NER 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Copapod, Oithana spp. egg cases Ot 57 0.1 0.1 28 0.0 0.0 0.0 0.0 0.0
Osiracod. general unknown osT 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Copepod. Caligdae spp , parasitic copepos Feo 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Polychaeta, adul PLA 0.0 0.0 00 0.0 0.0 0.0 0.0 0.0 0.0
Polychaeta, general, juvenite P 86 0.0 0.1 25 0.0 0.0 0.0 0.0 0.0
Harpacticoid, Tisba spp . adul Ts8 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Harpaclicard, Tisbe spp., gravid female 185G 14 0.0 0.0 0.0 0.0 0.0 00 0.0 Q.0
Harpacticoid, Tisbe spp.. slage unknown U 85 0.1 0.1 00 00 00 0.0 0.0 0.0
Unknown egg mass UEM 14 0.0 0.0 25 04 0.0 0.0 0.0 0.0
Unlgentfied item N 21 0.0 0.0 0.0 0.0 0.0 00 0.0 0.0
Urknown nauplius UNP 0.7 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Unknown "worm” shaped ~ irematodo UNw 14 0.0 0.0 0.0 0.0 00 0.0 0.0 0.0

Page 72





