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ABSTRACT
FEEDING HABITS OF CHINOOK SALMON IN EASTERN LAKE MICHIGAN
By

Robert Fee Elliott

Diet of angler-caught chinook salmon (Oncorhynchus tshawytscha) from
eastern Lake Michigan waters was examined in 1985-1986 to characterize
feeding habits following a change in the dominant forage from alewife
(Alosa pseudoharengqus) to bloater (Coregonus hoyi). Diet differed both
in content and amount depending on season, region, and predator size.
Forage use appeared strongly influenced by prey distribution and
availability, indicating opportunistic predation. Juvenile bloater
(<160 mm) were an important portion of the chinook diet, particularly in
the southern basin, but adult bloater were conspicuously absent despite
their great abundance. Adult alewife were still a major component of
the diet, particularly in the spring, in the northern basin, and for
larger chinook. Smelt (Osmerus mordax) contributed primarily in the
north and perch (Perca flavescens) contributed primarily in the south.
In the fall, young-of-the-year forage dominated the diet. Chinook from
the northern basin consumed 2-3 times more alewife and subsequently
twice as much prey as chinook from the southern basin. Differences in
regional and seasonal apparent rations seemed to correlate with catch
rates indicating chinook may congregate seasonally in different regions

of the lake in response to prey abundance.
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INTRODUCTION

Aquatic fauna of the Laurentian Great Lakes have changed dramatically
since European settlement of the region. Within the last 100 years,
Lake Michigan's fish populations have been most strongly influenced by
the introduction and invasion of exotic species, by the degradation of
habitat, and by the harvesting of fish for food -- all associated with
rapid growth of human development in the region.

Historical descriptions of the evolution of the Lake Michigan fishery
have been offered by many authors (Van Oosten 1936, Miller 1957, Powers
and Robertson 1966, Smith 1968, Wells and McLain 1972, Christie 1974,
Bailey and Smith 1981, Emery 1985, Brown et al. 1987, Keller and Smith
1990, Mills et al. 1993). Of great influence in the evolution of the
present fishery were the invasion of sea lamprey (Petromyzon marinus)
and alewife (Alosa pseudoharenqus), and the introduction of rainbow
smelt (Osmerus mordax). Through competition and predation, the presence
of these exotics had substantial and deleterious effects on the native
fishes of Lake Michigan, many of which were of commercial importance.

It is generally believed that perturbations by these exotics in
combination with the adaptability of an efficient selective commercial
fishery, caused the succession of species-specific stock collapses in
Lake Michigan (Smith 1968, Wells and McLain 1972). By the mid-1950s,
and only 20 years after the sea lamprey became noticeably established in

the lake, the important large piscivores, lake trout (Salvelinus
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2
namaycush) and burbot (Lota lota) had been severely depleted. Also
depleted was the once dominant pelagic planktivore lake herring
(Coregonus artedi), the lake whitefish (C. clupeaformisg), and six of the
original seven species of deep water chubs. Though bloater (C. hoyi)
were later depleted for a short period in the 19708, they were the only
member of the native chub species complex to persist through this
initial period of despeciation. Their smaller size apparently made them
both less vulnerable to lamprey predation and last targeted as a
commercial chub species.

Alewife were first noticed in Lake Michigan in 1949 (Miller 1957).
Without a pelagic piscivore in Lake Michigan, and lacking competition
from other pelagic planktivores, alewife were able to expanded rapidly
throughout the lake. By the 1960s, this exotic species that was
perceived to be of little value, accounted for an estimated 80% of the
fish biomass in Lake Michigan (Sommers et al. 198l1). 1In 1967, such
imbalance in the predator prey system was made graphically evident when
alewife experienced a massive die-off that drew national attention. As
in several previous years, dead alewife washed ashore, fouling beaches
and harbors, clogging municipal water intakes, and resulting in a loss
to the tourism industry of millions of dollars (Brown 1972). By this
time, control of sea lamprey had been initiated in Lake Michigan,
allowing for the potential recovery of top level piscivores. 1In
response, resource agencies involved with management of Lake Michigan
fisheries stepped up active management of the lake's fishery. 1In
addition to stocking lake trout for the purposes of rehabilitation
beginning in 1965, coho salmon (Oncorhynchus kisutch) and chinook salmon

(0. tshawytscha) were stocked beginning in 1966 and 1967 respectively,



3
along with steelhead (O. mykiss), and brown trout (Salmo trutta), to
convert the low value alewife forage into a valuable sport fishery (Tody
and Tanner 1966). What resulted was a world class recreational fishery.
Two of the larger native species, lake whitefish and burbot also
recovered and, along with bloater and yellow perch, help to support a
viable commercial fishery.

Of the several species of salmonines stocked, chinook salmon quickly
assumed dominance both anthropomorphically as a preferred sport fish and
ecologically as a major piscivore. Through continued stocking and some
natural reproduction, they reached peak population abundance in 1985-
1987 (Smith 1993) and accounted for the majority of the salmonine sport
harvest in Lake Michigan (Rakoczy and Nelson 1990, Hansen et al. 1991).

In apparent response to growing predation, alewife declined gradually
through the 19708 and then abruptly in the early 1980s, reaching lowest
levels in 1983. Although this decline has been attributed mostly to
predation by the large salmonine population (Stewart et al. 1981), a
series of colder than average winters in the late 1970s was also likely
involved (Eck and Brown 1985) as may have been an increasing commercial
harvest of alewife.

With temporary closure of the commercial chub fishery and reduced
interactions with alewife, bloater increased quickly. By 1982, bloater
surpassed alewife in measured abundance (Eck and Wells 1987) and have
since reached levels eclipsing both their historic abundance and the
high abundance of alewife in the mid 1960s. Today, rainbow smelt,
yellow perch (Perca flavescens), and bloater represent species that

persisted through the major periods of despeciation and continue as both
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forage for today's salmonine fishery, and as sport and commercial
species.

Prior to the bloater recovery, alewife had been the dominant and at
times nearly exclusive forage of salmon and trout in Lake Michigan (Jude
et al. 1987, McComish 1989). With the persistent reduction in alewife
abundance and the continued abundance of bloater, the propensity for
Lake Michigan salmonines to feed on bloater has been a major interest,
and seen by many to be a key to the continued support of healthy and
abundant stocks of salmon and trout in Lake Michigan. Bioenergetics
analyses of predator demands on the reduced alewife forage of the early
19808 led several authors (Stewart et al. 1981, Brandt et al. 1991,
Kitchell and Hewett 1987) to conclude that alewife alone were not
capable of supporting the production demands of stocked salmon and trout
populations in the Lake. However, it was also apparent that if the
large bloater biomass were effectively used as forage, a large
population of predators could be supported (Eck and Brown 1985).
Particle size applications have even indicated that piscivore biomass is
lower than would be predicted based on lower trophic production,
indicating the potential for increased piscivore production if all
forage were available and used by predators (Sprules et al. 1991).

The need to understand how predator populations were interacting with
the forage species complex following the alewife decline stimulated the
scientific community to conduct a Great Lakes wide assessment of
salmonine diets. These studies were initiated primarily through major
universities surrounding the Great Lakes with funding from the Sea Grant
College Program. The work presented here was an extension of that

effort for eastern Lake Michigan. Other results of this "Salmonid Diet
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Study” have been reported for each of the Great Lakes (Hagar 1984, Kogge
1985, McComish 1989, Diana 1990, Brandt 1986). Early reports from
several of the Lake Michigan studies indicating that sport salmonines
were feeding selectively on the lesser abundant alewife reinforced the
concern about the ability of forage stocks to support the number of
salmonines being stocked.

Trends observed in the chinook fishery, such as declining average
weight and declining trophy weight in the catch (Hansen 1986),
increasing diet diversity (Hagar 1984, Kogge 1985), and some limited
measures of declining stomach fullness (Hagar 1984, Jude 1987) were
possible indications of forage limitation. Definitive interpretation,
however, was seriously confounded by the continuous increase in stocking
levels, an increase in fishing effort, and a likely decrease in the
average age of the catch. The continued dominance of alewife in the
diets and lack of conclusive evidence showing declining growth suggested
to some that despite their decline, alewife were still available enough
to meet predatory demands and thus continued to dominate the diets (Eck
and Wells 1987).

In the spring of 1988, a substantial mortality of chinook salmon
occurred that was most evident in the southern regions of Lake Michigan
and bacterial kidney disease (BKD) was identified as being involved.
That year, and in years since, returns of chinook salmon were and have
been greatly reduced and BKD has persisted. As an outbreak of BKD has
traditionally indicated the presence of stress, the possibility of
forage limitation was reinforced, although it was just one of many

possible contributing factors.
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In general, the study design and data summary associated with most
diet studies have limited their ability to directly answer important
questions relating to lake wide differences in forage availability and
forage consumption over time. Contributing to this has been the
pervasive use of present composition as a means of describing diets and
the logistic difficulty of collecting an adequate sample to describe
diet on a lake wide and season long basis.

The objective of this study was to adequately quantify and describe
the diet of angler caught salmonines collected from eastern Lake
Michigan following a shift in the lakes forage composition from one
dominated by alewife to one dominated by bloater. The period of this
study, 1986, represents a time of greatest disparity between alewife
abundance (near record lows) and chinook abundance (near record highs).
As such, this work establishes a benchmark for comparison both with
prior and latter measures of forage consumption that can be of
particular importance in ascertaining if reductions in alewife abundance

have severely limited available forage for Lake Michigan salmonines.



METHODS

Field Collections

Angler-caught salmonines were sampled at 15 ports along eastern Lake
Michigan in October of 1985 and from April through October of 1986
(Figure 1). Permanent cleaning stations located near boat launches and
marinas provided locations for sampling sport-caught fish. At each
port, fish were sampled from as many boats as possible over all hours of
the day. As soon as anglers returned to shore and before they began
cleaning their fish, permission was obtained to examine and sample their
catch. Most anglers were interested in the research work and were
cooperative in allowing the examination of their fish. To ensure that
fish sampled were representative of the overall catch from the lake, all
fish creeled by anglers aboard an individual boat were sampled. Fish
captured inside pier heads and from rivers were not sampled as most of
these fish were returning to spawn and were no longer feeding.

Sampled fish were identified to species, measured (total length) to
the nearest millimeter (mm), weighed to the nearest 0.1 kilograms (Kg),
and examined for external marks, fin clips, and lamprey scars prior to
cleaning. Because of the interest anglers had in the size of many of
their fish, weight was usually measured in pounds (Lbs), and then later
converted to kilograms. Scale samples were taken from approximately 25%

of the fish to provide age validation of length frequencies. During



— 46’00’ 46°00'—
Lake
Michigan o 5
o o
\ Charlevoix (CH 15)
Q _
- 48%0" o Leland (LE 13) 500
Nor.them Traverse City (TC 14)
Basin Frankfort (FR 12)
Manistee (MA 11)
— 44’00’ Ludington (LU 10) 440"
* Pentwater (PW 9)
\ Montague-Whitehall (MW 8)
Muskegon (MU 7)
| «s'00’ Grand Haven (GH 6) 500
Southern
Basin Saugatuck (SA 5)
____WCONSN
LUNOIS
* South Haven (SH 4)

| 420’ *St. Joseph (SJ 3) 2’00’

/*NewBuffalo (NB2) ___ mowamn .

O INDIANA
| Michigan City (MC 1)

Figure 1. Locations and basin divisions where salmonines were

collected from eastern Lake Michigan in 1986 (abbreviations
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cleaning of the fish, sex was determined visually, unusual internal
characteristics were noted, and all stomach contents removed, placed in
individually numbered whirl-pac bags, and preserved in 10-15% formalin.
The orientation of prey fish in the stomach (head up or head down) was
also recorded when possible. Occasionally, it was uncertain whether the
complete contents of a stomach were present, either because some or all
of its contents had been regurgitated (indicated by a stretched or
distended stomach), or because the stomach wall had been slit prior to
our examination. These stomach samples were not included in further
analysis of diet.

Anglers were interviewed to determine depths and water temperatures
where fish were caught, the hours fished, and the total number of fish
caught. General weather, lake, and fishing conditions were also

recorded.

o alysis

In the lab, prey items from each stomach were identified, assigned a
digested state value, measured (total length when possible) to the
nearest mm, and weighed to the nearest 0.1 grams (gr). Identification
was to species for fish and common invertebrates, and to order for less
common invertebrates.

As many prey fish were well digested, characteristics of scaling
pattern, lateral line musculature, pyloric caeca, carapace bones, and
vertebra were used to verify species. If identification was uncertain,
contents were classified as unidentified. This accounted for less than
6.5% of the fish. As an index of when the predator had consumed the

prey, each prey item was assigned subjectively to one of five groups:
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intact and undigested (1), less than 25% of body mass digested but some
flesh digested (2), between 25% and 75% of body mass digested (3), more
than 75% of body mass digested but some flesh remaining (4), and only
bones remaining (5). These groupings were consistent with those used by
Kogge (1985) and Nurse (1986). Because determining total length of each
prey item was sometimes difficult because of the digested state of the
prey, standard length was often measured or estimated based on the
vertebral column length, and converted to total length using equations
developed from whole fish (Appendix A). When large numbers of
invertebrates were present, their total weight was used to estimate
their number based on weight of a known number of individuals from that
stomach. Volume (by water displacement) was also measured (nearest
milliliter) for representatives of each prey type and digested state.
These methods were generally consistent with those used by Kogge
(1985) and by Nurse (1986) for diet studies of eastern Lake Michigan
salmonines conducted in the three years preceding this study. However,
no measure of prey mass (weight or volume) was measured in 1983 or 1984,
and volume (but not weight) of prey was measured in 1985. 8o that
complete comparisons of diet parameters could be made among all four
years and to facilitate comparisons with other studies, relations among
length, digested state, and wet weight of prey were used to estimate
weight of prey for the 1983 and 1984 data. Relations between volume and
wet weight for each prey species (Appendix A) were used to estimate
weight of prey for the 1985 data, and to estimate volume for all prey

items collected in 1986.
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Data Analysis

other studies of Lake Michigan salmonines have shown diet to differ
with predator size and among regions (Jude et al 1987, Kogge 1985,
Stewart and Ibarra 1991, Miller and Holey 1992, Toneys 1991).
Preliminary analysis of these data confirmed these observations.
Because of the large sample size of this collection, an effort was made
to base all stratification of the data on both observed differences in
diet and natural biological or physical characteristics that
distinguished samples from one another rather than on arbitrary

divisions.

Predator size stratification. It was initially apparent that the size
distribution of chinook sampled differed between season and region, and
from other studies. It was therefore not only desirable, but necessary
to separate chinook into size classes so that valid comparisons could be
made. Dividing salmon into size classes is somewhat complicated by
their typically fast growth, particularly if fish are sampled throughout
the growing season. I1f fixed season-long size divisions (such as <50
cm, 50-85 cm, and > 85 cm) are used, many fish that would be classified
into one size group in the spring, would grow into the next size group
by fall. This can change the age structure of the size class over
time, and confound seasonal effects with age or size effects.

To avoid this problem, apparent growth rates and length frequencies
of sport-caught fish were used to divide chinook into size classes that
were representative of the seasonally increasing average size of age-1l,
age-2, and age-3 and older chinook. Scales from 1986 were aged as

described by Seelbach and Beyerle (1984) and following methods developed
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for chinook by D. Anson and S. Lazar (Michigan Department of Natural
Resources, Fisheries Division). Back-calculation of size at annulus
formation was used to verify the determined age. Straight line
regression was then used to calculate apparent or population growth
rates (Ricker 1975) for each age class sampled in 1986 and for chinook
sampled from the same waters by the Michigan Department of Natural
Resources (MDNR) biological sampling program for 1986-1989. Age data
from prior years were not included because of inaccuracies in aging
mature fish (K. Smith, MDNR, personal communication). Calculated
apparent growth rates for the 1986 MDNR-aged fish and the fish collected
during this study produced similar results, confirming that both samples
were from the same population. Using the apparent growth rates
calculated for MDNR-aged chinook collected in 1986, length for all
chinook sampled for diet in 1986 was then normalized to July 15 (the
median date) as described in Table 1. This procedure simply calculated
an apparent growth rate for each fish depending on its size and time of
capture. The rate, proportionally based on the apparent growth rates of
known-aged fish, was used to calculate the size the fish would have been
on any given date.

A frequency plot of chinook lengths normalized to July 15 revealed
three distinct modes (Figure 2). The low points between each mode
established the division of chinook into three size classes. These
divisions, although not entirely representative of all age-1, age-2, and
age-3 and older chinook, were representative of the average size of each
age class, and precluded the growing of fish from one size division into
the next during the season. These divisions were consistent for both

sexes, and for fish collected from all sampling locations.
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Table 1. Procedure used to calculate normalize lengths (Lp)y of
chinook salmon for a median sample date of July 15, 1986.

L,=1L, + (G * (D, - D)

n

when:

G = [(L, - Lg) / (Ly = Lg) * Gyl + [(L, = L) / (Ly = Lg) * Gg)

where:

calculated length in cm of fish on normalized date

individual daily growth increment

observed length in cm on day of capture

capture day of year (1-365) for the given fish

median day of year (1-365) used for normalizing length

average length of the nearest larger age class on capture day
average length of the nearest smaller age class on capture day
aparent growth rate of nearest larger age class

aparent growth rate of nearest smaller age class

(o

.l"ut"zbdt"ﬂ
LI B R T

Q Q@
®

average length (Lg,) and apparent growth rate (Lg ) for each age class
in 1986 are described by the following functions:

average length day of year (1-365) growth rate  constant
Age 0.1 chinook: s = D * (0.1087) + 23.0
Age 0.2 chinook: S = D * (0.0674) + 53.5
Age 0.3 chinook: S = D * (0.0404) + 74.7

All fish larger than the average length of age-3 fish were assigned
the apparent growth rate of age-3 fish since the apparent growth rate of
age-4 fish did not differ significantly from age-3 fish in all four

years.
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Sizes of chinook salmon sampled in 1986, and division of the sample into three size groups,
that represent age, based on the frequency distribution of lengths normalized to July 15.

Figure 2.
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Statistical Tests. Because of the high degree of variance among
samples, statistical tests made use of paired samples whenever possible.
Wilcoxon's Signed Rank tests were used to test differences in diet
between predator size and sex. Wilcoxon-Mann-Whitney two sample tests
were used to test differences in diet between locations. T-tests were
used to measure differences in prey size consumed by predator groups.
Chi-square tests of independence were used to test differences in the

digested state of prey and in the percent of predators feeding.

Regional and Seasonal Stratification. Tests among locations, and
examination of the data, indicated that a significant and consistent
difference in diet existed between fish from the northern and southern
regions of eastern Lake Michigan (p < 0.05). The best division of the
study area was into two regions north and south of Little Sable Point at
approximately 43°40' of latitude. Since this division coincided with
the batheometric division of the lake into the southern and northern
basins (Mortimer 1975), it had both statistical and physical merit.
Though further divisions could have been made based on diet, differences
could not be solely attributed to location effects as opposed to season
effects.

Samples were then grouped by week and chi square tests of
independence (p < 0.05) performed to determine differences in percent
feeding, and in the number and type of prey consumed for samples
collected on the same week. On only 2 of 61 occasions did diet differ
for samples from the same week (within a basin). For these samples,

descriptive statistics of diet were averaged to provide weekly values.
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Samples that did not differ, were combined by week and then descriptive
statistics recalculated.

Descriptive statistics of percent feeding, frequency of occurrence,
average number, average weight, percent by number (fish only), and
percent by weight for each prey type, and for all prey combined, were
used to describe the weekly diet for each size class of chinook from the
two regions. Since sample size was usually adequate for weekly samples,
and since preliminary analysis showed variation between weeks was often
great, no further summary of diet into monthly or seasonal periods was
justified. Generalizations about seasonal diet were based on observed
trends from several concurrent weeks.

Average diet over the entire season was calculated by averaging all
weekly values for each size class by basin over the period that data
were collected. Values for weeks where no data were collected for a
particular size class were estimated by averaging the data of the two
closest weeks (one before and one after the missing week). If several
weeks were missing, proportionally greater weight was given to the week
closer in time to the missing week. 1In this manner, average seasonal

values were not affected by differences in weekly sample sizes.



RESULTS

Characteristics of Sampled Predators

In 1986, a total of 3,472 salmonines were sampled. Chinook salmon
accounted for 56%, lake trout 22%, coho 14%, steelhead 6%, and brown
trout 2% of the collection. Samples were collected on 74 of the 204
days between April 5 and October 25 at up to 4 of the 15 ports each day.
Collections are listed by species, sample date, location, and sex in
Appendix B and also by size group for chinook in Appendix C. This
sample represented 0.38% of the total estimated harvest of these species
from Michigan waters of Lake Michigan in 1986.

Sex ratios for lake trout, coho, steelhead, and brown trout did not
differ significantly from a 1:1 ratio (p < 0.05), with lake trout
showing the largest percentage of males (53.6%). For chinook, males
were a significantly larger proportion of the size-1 sample (60%) than
the size 2 (49%) or size 3 (46%) samples (p < 0.05), a condition that is
likely related to the early maturing and return of many age-1 (jack)
males to their rivers of origin.

The number and distribution of sizes (and presumably ages) of chinook
sampled differed both between basin (region) and season (Figure 3).

Most of the chinook sampled in April and May were caught in the south,
most sampled in June and July were caught in the north, and in August
through October, fairly equal numbers came from both basins. The sample

from the south was dominated by size-2 chinook and from the north by

17
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North (total n = 1130)
South (total n = 826)

n=198
n =311

Number Collected

Length Interval

Figure 3. Number and lengths of chinook salmon sampled during
different seasons from the southern and northern basins of
eastern Lake Michigan, 1986.
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size-3 chinook through all months. More size-1 chinook were collected in
the south, where they were equal in proportion to size-3 chinook from
June through October. Very few size-1 chinook were caught in April and
May in either basin. These trends were fairly consistent from 1983-
1986, although size~1 and size-2 chinook were a greater proportion of
the catch in 1986 than in 1983-1985. Fewer very large chinook were
collected in 1986 than in the earlier years.

Apparent growth rates calculated from aged fish from the creel showed
only minor, if any, differences between 1986-1989. Despite apparent
changes in fishing effort, harvest, mortality, forage availability, and
possibly growth, modes in the normalized length distributions of chinook
for 1983-1986 (including the points of division between the modes)
showed no obvious shifts between years, although the size-3 mode
encompassed larger fish in earlier years.

For 1986, water temperatures at depths where chinook were captured
(reported by anglers) were consistent between basins, increasing from
5-7 °C in April to 9-13 °C by the end of May. Water temperatures where
chinook were captured remained between 9 and 13 °C from June through
October. These similarities indicated direct comparisons of diet
between regions and across seasons should not be confounded by potential

temperature effects.

Characterjstics of the Diet

A total of 1,956 chinook stomachs were examined in 1986. Of these,
1,070 contained food, 860 were empty, and 26 were of a questionable
state (described previously) and were not included in further analysis.

Overall, the distributions of prey weight and prey number per stomach
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followed a poisson-like distribution (Figure 4). Most stomachs
containing food had small amounts while fewer had full stomachs. A
similar distribution was reported by Diana (1990), indicating this was
typical at least for Great Lakes chinook. The 860 empty stomachs also
fit the same poisson distribution, indicating that the state of being
empty was just a continuation of the distribution of feeding levels
observed.

Random variation within samples (among fish) was high, so that for
small samples, differences were not easily interpreted. Comparison
between large samples indicated that variation in the frequency of
occurrence, in the amount consumed, and in the size of prey consumed was
generally greatest between dates, less between sample locations on a
given date, and least between size groups within samples. Because of
the variation between dates, generalizations about seasonal diet
characteristics were made based on observable trends from several
sequential samples.

Within size classes of chinook, there was a direct, although weak,
relationship between the percent of fish feeding and the amount of prey
consumed (Figure 5). This, relation, along with the earlier described
fit of empty stomachs to the poisson-like distribution of consumed prey,
indicated that it was appropriate to combine fish with empty stomachs
with feeding fish when calculating diet parameters. Trends observed in
the amount and composition of diet for all chinook, and for feeding
chinook only, were generally the same, differing only in magnitude.
Calculated values of percent feeding, frequency of occurrence, average
number, average weight, percent by number (for prey fish only), and

percent by weight for each prey type are presented for all fish, and for
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feeding fish only, in Appendix D.

Diet of chinook salmon varied seasonally, differing among predators
of different size and between predators from the north and south basins.
Trends in the diet were similar for frequency of occurrence of prey
types (Figures 6a, 6b, and 7), number of prey fish per chinook stomach
(Figures 8a, 8b, and 9), biomass of prey per stomach (Figure 10a, 10b,
and 11), percent number (Figure 9), and percent biomass (Figure 11).
Seasonal and regional differences were related to prey distribution,
availability, and size (Tables 2-5, Figures 12-17). There were no
observed differences in diet between sexes other than in the fall for
size-3 chinook, when males had a small but significantly higher
incidence of empty stomachs (p < 0.05).

Alewife occurred in the diet in the spring and summer as adults and
yearlings, and in the fall primarily as young-of-the-year (YOY). They
were the dominant prey found in age-3 and larger chinook from the
southern basin and in age-<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>