University of Montana

ScholarWorks at University of Montana

Graduate Student Theses, Dissertations, &

Professional Papers Graduate School

1990

Diet and growth of Lake Whitefish (Coregonus clupeaformis
Mitchill) after the introduction of Mysis relicta to Flathead Lake
Montana

Joel Tohtz
The University of Montana

Follow this and additional works at: https://scholarworks.umt.edu/etd

Let us know how access to this document benefits you.

Recommended Citation

Tohtz, Joel, "Diet and growth of Lake Whitefish (Coregonus clupeaformis Mitchill) after the introduction of
Mysis relicta to Flathead Lake Montana" (1990). Graduate Student Theses, Dissertations, & Professional
Papers. 7406.

https://scholarworks.umt.edu/etd/7406

This Thesis is brought to you for free and open access by the Graduate School at ScholarWorks at University of
Montana. It has been accepted for inclusion in Graduate Student Theses, Dissertations, & Professional Papers by an
authorized administrator of ScholarWorks at University of Montana. For more information, please contact
scholarworks@mso.umt.edu.












Although kokanee have been emphasized in research efforts, it is
recognized that factors impacting kokanee so dramatically in recent
years have probably affected other fish species as well.

Changes in the Flathead Lake fishery are now most commonly
associated with the inadvertent introduction of the opossum shrimp,
Mysis relicta (Bukantis and Bukantis 1987, Beattie et al. 1988,

Beattie and Clancey 1989). Initially planted as a food supplement for
fish in the upstream drainage (Domrose 1982, Rumsey 1988), M. relicta
presumably entered Flathead Lake after drifting downstream (Beattie
et al. 1988, Beattie and Clancey 1989). M. relicta were first
detected in Flathead Lake in 1981 (Leathe and Graham 1982). The shrimp
population was rapidly established, reaching average densities of
130/m? by 1986 (Bukantis and Bukantis 1987).

Increasing numbers of M. reiicta, a voracious planktivore
(Richards et al. 1975, Cooper and Goldman 1980, Langeland 1981, Morgan
et al. 1981, Llasenby and Furst 1981, Kinsten and Olsen 1981,
Grossnickle 1982, Nero and Sprules 1986, Bukantis and Bukantis 1987),
have Dbeen correlated with reduced abundance of several large
zooplankton species (Leathe and Graham 1982, Bukantis and Bukantis
1987, Beattie et al. 1988, Beattie and Clancey 1989). Changes in the
pelagic food base have been implicated in kokanee losses (Beattie and
Clancey 1987, Beattie et al. 1988, Beattie and Clancey 1989), and
suggest that new food relationships are being established in the lake.

To better understand the consequences of M. relicta in Flathead

Lake, this investigation targeted a species with a different life
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history than kokanee. Lake whitefish (Coregenus  clupeaformis
Mitchill) were selected because they are bottom feeders that remain
abundant despite apparent changes in the pelagic lake's trophic
economy . Management priorities were also important in pursuing this
investigation at this time. Although historically not an important
sport fish 1in Flathead Lake (Bjorklund 1953, Brown 1971), the lake
whitefish fishery might compensate for kokanee losses, in part, should

attempts to reestablish kckanee prove unsuccessful.

Objectives of the Study

This study was intended primarily to provide Dbaseline
descriptions of a bottom feeding fish in a lake recently affected by
the .introduction of M. relicta. Diet ard growth of lake whitefish
were compared with pre—ﬂ.'relicta data. to determine whether or not
changes could be detected that would contribute to a  better

understanding of the altered food web of the lake.

Distribution and Biology of Lake Whitefish

The native distribution of lake whitefish in North America
includes fresh waters across Canada and the northern United States
(Scott and Crossman 1973). VWithin this range, the number of
established lake whitefish populations has been increased by
introductions to many lakes. Introductions have been made most often
to provide forage fish fo.~ other species (e.g. Dymond 1936),. or to
establish commercial fisheries (see Scott and Crossman 1973).

Lake whitefish were introduced to Flathead Lake sometime prior to
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1916 (Bickford 1926, Elrod 1929, Brown 1971). Repeated stockings were
apparently attempted before the population was established. Eggs were
first imported from the Great Lakes region (Bickford 1826), with
additional eggs planted later from stocks in St. Mary Lake in Glacier
National Park (Elrod 1929). Unfortunately, details concerning these
introductions remain unclear. It is not known which of the two egg
sources gave rise to the current population, and it is possible that
both contributed. We do know that by 1930 a self-sustaining lake
whitefish population was present in Flathead Lake (Bjorklund 1953),.
and that the original motivation for introducing lake whitefish was to
provide a commercial fishery (Bickford 1926).

The food value of lake whitefish is well known from other
regions. In the Great Lakes area particularly, lake whitefish support
large-scale commercial fisheries (Scott and Crossman 1973). Due to
their commercial significance, the biology of lake whitefish has been
extensively described. Although growth rates, development, anrd the
timing of reproductive activity vary considerably depending on the
lake (see Carlander 1969), the general life history of the fish is
similar throughout its geographic range:

Lake whitefish are a cool water species. Price (1940) reported
optimum egg incubation temperatures near 0.5° C, with almost complete
egg mortality occurring a£ temperature greater than 10° C (Scott and
Crossman 1973). Lake whitefish generally grow rapidly during first
years of life, with distinct differences in food uses and distribution

evident as fish grow older. Faber (1970) found that larval lake

4
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whitefish in South Bay., Lake Huron, occupy shallow waters, and
quickly become associated with steep shorelines in the bay. From the
same location, Reckhan (1970) reported that young of the year lake
whitefish remain in shallow inshore areas, where they eat =zooplankton
and other pelagic foods. By early summer young fish move into deeper
waters. As fish migrate into colder areas of the lake, their diet
increasingly includes benthic foods more characteristic of the diet of
older fish (Scott and Crossman 1973). A similar distribution and
pattern of food use has been suggested for young lake whitefish in
Flathead Lake (Beattie et al. 1988), although the authors recognized
that distributional data were sporadic and largely anecdotal.

Older lake whitefish are primarily benthic feeders (e.g. Bajkov
1930, Hart 1931, McHugh 1939,'Van‘005ten and Deason 1939, Rawson
1947, Smith 1952, Bjorklund 1953, Cuerrier and Schultz 1957, Jensen
and Platts 1959, Edsall 1960, Qadri 1961, Watson 1963) although
pelagic foods can be significant in some lakes even after fish mature
(Haxrt 1931). Older lake whitefish typically eat large numbers of
aquatic insect larvae, mollusks, amphipods, and other substrate
associated foods.

Spawning occurs in late fall and winter, when adults normally
move into shallower lake shore areas (e.g. Bjorklund 1953, Qadri
1968). Females broadcast eggs near the surface of the water (Brown
1971). Spawning 1is promiscuous, with greatest spawning activity
usually occurring at night (Hart 1930, Slastenenko 1958). Depending

on local water temperatures, eggs hatch in April or May (Scott ard
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Crossman 1973), completing the life cycle.

Descriptions of Flathead Lake

Flathead Lake is a large oligo—mesotrophic (Stanford et al. 1981)
lake located in northwesterm Montana (Figure 1). Maximum lake length
is 43.9 km along a north—south axis, maximum width is 24.9 km, with
lake depth averaging about 32.5 m (Beattie et al. 1986). Maximum
depth (113 m) occurs near Yellow Bay (Potter 1978). Yellow Bay is
located about midway along the lake's east shore, Jjust below the
northern boundary of the Flathead Indian Reservation (Figure 2).

The most conspicuous morphometric feature of the lake is ité
large swurface are&. approaching 477 km? at full pool . Surface area
qualifies the lake as the largest natural freshwater body in the
western United States (EPA 1983, Beattie et al. 1986). Total shoreline
is approximately 199 km, and includeé ﬁany small bays, especially
along the west shore. The lakeshore is characterized by gravel ard
cobble beaches (SO0 percent), or conspicuous cliffs and bedrock
outcroppings (33 percent). Sand and finer silts (17 percent) are
largely restricted to the north and south ends of the lake (EPA 1983,
Beattie and Clancey 1987).

Two major inlets occur at the north end of the lake. The Flathead
and Swan Rivers discharge water from a large (18.2 million km?)
upstream drainage (EPA 1983 — Figure 1). Inflow from the Swan River
is regulated by Bigfork Dam, a power generating facility built in 1902

(Graham et al. 1981). Flathead River inputs are influenced by Hungry
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Figure 1. Hydroelectric impoundments in the Flathead lake
drainage.
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Figure 2, Lake whitefish sampling locations on Flathead Lake in
1989, 1lake areas are defined by broken lines and
numbered according to the convention adopted by MDFWP.
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Horse Dam, a hydroelectric facility on the tributary South Fork of the
Flathead River. Hungry Horse Dam was completed in 1951 (Beattie et
al. 1986).

Flathead Lake's outlet is located at the southern end of the
lake, near Polson (Figure 1). About 7 km downstream from the outlet
is Kerr Dam, a large hydroelectric facility that regulates lake water
levels throughout the year. Kerr Dam was completed in 1938. Prior to
impoundment, lake level remained near 878 m ébove seé level between
September and mid April, increasing to 882 m with spring runoff in May
and June (Beattie and Clancey 1987). After impoundment, lake level is
artificially maintained at 882 m from May through August. Controlled
lake 1level drawdown begins in mid September. Minimum pool (879 m)

normally occurs in April (Beattie and Clancey 1987).
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Sampling Locations

Most sampling was concentrated in one area (Figure 2) located
immediately outside Yellow Bay (the Yellow Bay site — project
samples). Through support and cooperation of the Montana Department
of Fish, Wildlife, and Parks (MDFWP), it was also possible to collect
some fish from other lake areas (supplemental samples), and utilize
data from 1lake whitefish caught in several years following the
introduction of M. relicta. Records were also available from fish
caught before introduction of the shrimp. To facilitate comparison
with other studies, lake areas were designated with the same numbering

system used by MDFWP (Figure 2).

Sampling Gear and Sampling Schedule
A variety of nets were used to capture lake whitefish in 1989.
Mesh sizes given'below are bar measures of each net.

Beginning in January. fish were collected at the Yellow Bay
site every 4 to 6 weeks (Appendix A). Sampling was not possible in
February and March because of the relatively unusual ocowrence of
complete ice céver on the lake. Sampling resumed in April, with
collections made more frequently in late summer and fall when it
became obvious that fish were eating greater rumbers of M. relicta at
that time.

All fish collected at the Yellow Bay site were caught using gill

nets set on the bottom. Total length (mm), weight (g}, sex, and gonad
10
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condition were recorded for each fish as soon after capture as
practical. Constraints on immediate processing included lake
conditions when nets were retrieved, and the need to transport fish
from the lake for laboratory analysis. All fish were processed within
18 hours of capture, and initial measurements were complete within 6
hours of retrieving any net. Standard lengths (mm) were recorded for
most fish to facilitate comparison with other studies. Stomach and
scale samples were alsc collected from each fish (processing of these
samples is described below).

Fish collections through July were made using equipment rented
from the University of Montana Biological Station. This equipment
included 2 monofilament gill nets, each measuring approximately 100 x
2 m. Each net was constructed with a singie mésh size; one was 2.54
cm, the other 5.08 cm. Both nets werée initially fished for 4 hours at
a time. When preliminary'effofts demonstrated that few fish would be
caught with short sets, lorger sets (12 to 18 hours) were used for the
remainder of the study. Between Janmuary and June, nets were set during
the day and overnight. In July, day sets were abandoned when it
became clear that few fish would be caught with gill nets at this site
during the day (Appendix A).

" In addition to limiting sampling to overnight sets, net type was
changed in August. Two 38.1 x 1.8 m experimental nets made of fabric
were used in place of the larger, monofilament nets. Experimental
nets consisted of 5 equal panels, each with a different size mesh.

Mesh sizes in order of panel arrangement were 1.91 cm, 2.54 cm, 3.81

11
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e, 4.4% om, and 5.08 cm.
The August gear change was intended in part to reduce mortality

of non—target species such as lake trout (Salvelinus namaycush) and

bull trout (Salvelinus confluentis), by reducing the total area of

nets being fished. Sample size was large enough that continuing to
kill large numbers of lake whitefish was no longer deemed a necessary
priority of the study. Sampling effort was redirected to obtaining
more uniform collections of each age class, with particular emphasis
on youngest fish. No lake whitefish less than 200 mm total length
had been captured with the monofilament nets. Gear selectivity is
always an issue when sampling with gill nets (see Hamley 1975), and it
is known that the efficiency with which a given mesh size captures
lake whitefish varies primarily with fish size (Regier and Robson
1966) . By changing gear. it was hoped that the smaller mesh of the
experimental nets would increase numbers of smaller lake whitefish
captured each sampling attempt.

Supplemental fish were captured in late summer and fall from
many different areas of Flathead Lake (Figure 2, Appendix A). These
collections were made in conjunction with species verification efforts
for a lakewide echosound swrvey conducted by MDEFWP in August. Most
lake whitefish were caught with the same experimental gill nets
employed at Yellow Bay, again using overnight sets at the bottom for
12 to 18 hours. Remaining lake whitefish were captured in mid-water
trawls. The trawl had a 2 X 2 m square metal frame with a nylon net.

Mesh size was 3.18 cm, with a 0.64 cm cod end. All trawling was

12

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



corducted at night, at boat speeds approaching 2.5 knots. Before
lowering a net, large fish concentrations were first located using
hydroacoustic gear (described in Beattie et al. 1988). All trawls

were monitored with a Benthos time/depth recorder.

Food Habit Analyses

Food habits of lake whitefish captured in 1989 were assessed from
stomach contents of all fish that retained identifiable food items.
Stomachs were removed between the cardiac and pyloric sphincters, with
contents extruded into plastic vials containing 95 percent ethyl
alcohel as a preservative. After extrusion, stomachs were opened and
rinsed with 95 percent ethyl alcohol to insure that no food items
remained 1in the stomach. Most food items in each stomach were
identified and counted directly under a binocular microscope (40x). An
exception was made when certain crustacean zooplankton exceeded 200
organisms per stomach, in which case zooplankton numbers were
estimated from three 1 ml subsamples in a Sedgwick—-Rafter counting
chamber for the genera Daphnia, Bosmina., Diacyclops (formerly
Cyclops)., and Leptodiaptomus (formerly Diaptomus) (taxonomic
modifications according to Bolcer etv al. 1984). To facilitate
counting, samples were diluted to provide subsamples of approximately
100 organisms in each chamber. All other food items were identified
and counted from the entire sample, regardless of numbers in the
stomach.

In project and supplemental samples, the proportional numbers of

each food item to total numbers of food items ingested was determined

13

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



for each month in which fish had been captured. Diets were summarized
by fish length classes (100 mm increments) to identify bias in food
item selectivity that results from fish size. Frequency of occurrence
of food items in samples by month of fish capture and by size class
was determined for comparisons with other studies.

Few lake whitefish less than 200 mm total length were collected
in 1989. For this reason, lake whitefish stomach samples from
collections made by MDFWP personnei in 1988 were included in diet
analyses. Most fish caught in 1988 had been captured while attempting
to sample kokanee (Beattie et al. 1990). Most fish were small, and
complimented length and age distributions of fish captured in 1989.
Where age and size classes overlapped. proportions of fish
incorporating same food itemslwére tgsted for equivalence using Chi
square tests for same age fish by month in which fish hed been
captured. No significant differenéés (X2 < X2.05) were detected

before samples were combined.

Age and Growth Analyses

Age was assessed from scales collected from all fish captured at
the Yellow Bay site in 1989. Van Oosten (1923) experimentally
established the validity of aging lake whitefish from scales and they
are commonly used for this puwrpose (e.g. Hart 1931, Dymond 1933, Van
Oosten 1939, Kennedy 1943, Miller 1947, see Hogman 1968). Scales
were removed from fish below the dorsal fin and above the lateral

line, an area generally recommended for scale studies of coregonid

14
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speciea  (Nielson and Johnson 1983). Scales from each fish were
initially placed in individual envelopes and assigned a unique
identification number. Fish weight (g) and total length (mm) were
recorded on each envelope to insure that body measwements were

correctly assigned to each scale sample.

Scales were prepared for examination by embedding in acetate
using a hydraulic laboratory press and heated plates (Fred S. Carver,
Inc.). Scales were pressed at 20,000 psi pressure applied for 2.5
minutes. Acetate impressions were projected on a 3M Consultant 114
microfiche reader at different meagnifications depending on scale size
and convenience in determining scale features. The distance from
center of scale focus to annuli and scale edge was measured directly
from the projected image. Measurements were converted to actual
distance between annuli and scale radius (mm), for use in
backcalculations of length at annmulus formation.

Age was determined from number of complete annuli on a scale.
Annuli were most commonly distinguished by overcutting, and circuli
continuous Dbetween anterior and posterior scale fields. A circulus
suggesting renewed growth beyond an anmulus was adopted as the
standard for determining when an annulus was fully formed. Since all
fish are necessarily growing after the last annulus is recognized by
this criterion, age 1is designated by Roman numerals representing
number of annuli on a scale, and all ages reported as year plus. An
age I+ fish, for example, had a single annulus on its scale, and was

captured during its second growth season in the lake. Age groups

15

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



refer to fish with the same number of anruli on a scale, and year
classes refer to fish hatched in the same calendar year.

Since age from scales of older fish is subject to greatest
interpretive discrepancy, the reasonableness of all age determinations
was assessed from Walford growth transformations (Walford 1946)
derived from data for younger year classes (ages 0+ to III+).
Empiricall; determined mean lengths at age were compared with same
lengths for each age class predicted by the model (Appendix C) to
provide some measure of consistancy of age determinations made by a
single scale reader.

Estimates of fish length at annulus formation were based on
proportional increases of body length and scale radius (e.g. Hile
1970, Everhart and Youngs 1981). Using a chemical marker, Fry et al.
(1960) showed that the body-scale ratio of lake whitefish remains
constant throughout the year. Constant proportion was assumed for
Flathead Lake lake whitefish, although this assumption was not tested.
Growth of fish prior to forming scales was estimated from the
intercept of the least squares regression of scale edge on length at
capture. Calculated lengths at annuli for lake whitefish are based on

the relationship:
i = (81/Sc)(LcC) + C

where Li is the calculated body length at annulus i, S5Si 1s the
distance from center of scale focus to scale annulus i, Sc is the

scale radius, Lc is length at capture, and C is the intercept of the
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body—scale regression.

Average length at capture was determined for each year class
available in 1989 collections. The same determinations were made for
samples collected by MDFWP personnel in 1986, 1987, and 1988 (Appendix
C). Mean calculated lengths at annulus formation were compared for
each anmulus by year of fish capture. Average length increments
between annuli were determined from pocled data for same numbered
annuli, separated by year in which the annulus was formed. For some
analyses, lake whitefish scale samples were pocled from the late
1980s, and compared with pooled scale samples of lake whitefish
collected in 1967, 1968.and 1969. A few smaller fish were included
from samples collected in 1970. Where probability values are reported,
mean léngths were tested (Student's t) against a null hypothesis of no
difference at a 0.05 level of significance.

Growth was assessed from length increment increases between

lengrths at annulus formation:

Lev1 — Ly

where L = total length (mm), and t = annulus number.

Length-weight relationships for fish captured in 1986, 1987,
1988, and 1989 were developed using least squares linear regressions
of logyg transformed length and weight data. These results were
compared between years, and also with same regressions for data from
fish captured in 1967, 1968, and 1969.

17
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RESULTS

Focd Habits

Food items were found in 207 stomachs from lake whitefish
captured in 1989. Combined with 1988 collections, total sample size
for diet analyses was 316 fish (Appendix A).

Most fish (84 percent) were captured in gill nets; the rest were
taken in mid-water trawls (Appendix A). Gear selectivity is reflected
in the large number of fish that measured 400 to 499 mm total length
(Appendix A). Smallest fish (less than 100 mm total length), and
largest fish (greater than 499 mm total length), were captured less
often than fish of intermediate sizes.

Stomach contents varied in quaiity from easily recognized
organisms to very digested feméins. Species identificationsr were
often impossible, a problem compounded by the fact that lake whitefish
diet 1is diverse. Despite these difficulties, most contents could be
accurately assigned to broader taxonomic categories. To avoid losing
valuable diet information, contents are described at the lowest
taxonomic 1level that would still include all food items in the
stomachs. Appendix B lists all genera and species that were
identified within these hroader categories.

Many stomachs contained rocks, sand, and other inorganic debris.
Woody materials, algae, and aquatic macrophytes were also sometimes
encountered (Appendix B). Although it is possible that the organic

materials have some food value for the fish, none of these items were
18
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included in diet analyses.
Seasonal Patterns of Food Use by 100 mm Size Classes

Fish Less Than 100 mm Total Length

Only 5 fish less than 100 mm total length retained identifiable
stomach contents. All of these fish were captured in July, and all
predominantly contained zooplankton. Daphnia thorata was by far most
common, although small numbers of Epishura nevadensis and Diacyclops

bicuspidatus were also identified (Table 1). A small portion of total

stomach contents was chironomid larvae or terrestrial insects
(Hymenoptera) . Despite small sample size, contents indicate that
lake whitefish 1in Fiathead Lake incorporate benthic organisms and

foods other than zooplankton at very young age.

Fish Measuring 100 to 199 mm Total Length

In April, stomach contents were dominated by Dbenthic foods.
including chironomid larvae., ostracods, and pelecypods. Pelagic focods,
including D. thorata and D. bicuspidatus were present in very low
numbers (Table 1). Two M. relicta were identified in one stomach,
representing the earliest occurrence and smallest size class where M.
relicta were positively identified in lake whitefish samples.

By early summer, pelagic foods were increasingly common. Total
contents included large numbers of D. thorata, with E. nevadensis ard
D. bicuspidatus alsc more frequently er.countered. Although
zooplankton were common, the majority of contents were still

chironomid larvae, pelecypods, and ostracods. Three M. relicta were

19
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identified in 1 stcwmach.

In July, zooplankton were the only food items identified in fish
of this size class, suggesting a strong shift to pelagic feeding by
mid summer. Pelagic foods remained common in stomachs through
September. Contents were primarily D. thorata, but included low

numbers of D. bicuspidatus, Bosmina longirostris, E. nevadensis,

Leptodiaptomus ashlandii, and Leptodora kindtii. Benthic foods were
identified in small numbers, indicating that bottom feeding
persisted through summer, despite the predominance of pelagic foods in
the diet. M. relicta were identified only in stomachs from fish
captured in September.

Sample size is small, but contents from 3 fish captured in
October suggest ‘a marked increase in benthic feeding in the fall.
Most contents were pelecypcds, ostraccds, or chironomid larvae. D.
thorata were much less common than in previcus months. Lower numbers
of D. thorata suggest that the shift to bottom feeding may be
influenced by seasonal cladoceran declines in the upper water column

typical of Flathead Lake in the fall.

Fish Measuring 200 to 299 mm Total Length

In April, chironomid larvae, ostracods, and pelecypods were most
common (Table 1), suggesting that fish were primarily feeding on the
lake bottom. A single M. relicta was identified in 1 stomach.

June samples indicate that by early summer, fish were feeding

more frequently on pelagic organisms. Most contents were D. thorata.

21

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



Benthic foods included chironomid larvae, pelecypods, trichopteran
larvae, and ostracods. Two M. relicta were identified in 1 fish.
Stomachs from 2 fish captured in July contained only chironomid

larvae, pelecypods, and leech egg cases. However, stomachs from a
much larger sample in August predominantly contained D. thorata,
suggesting that pelagic feeding is probably more typical during summer
months than the July sample suggests. D. thorata remained very common
in samples through November. A diversity of benthic foods were
identified in all fall samples although in low numbers. These benthic
foods included pelecypods. ostracods, chironomid larvae, gastropods,
and aquatic insects (Coleoptera, Trichoptera). M. relicta were
present in some stomachs each month. Cladoceran ephippia were notably
common in late fall. |

Contents from 4 fish suggest thﬁﬁ bottomrfeeding was more common
in December, although Q; thorata were still felatively NUREerous . A

single L. kindtii was also identified in 1 stomach.

Fish Measuring 300 to 399 mm Total Length

Stomach contents of fish captured in June were predominantly
pelecypeds and chironomid larvae (Table 1). The remaining sample
included D. thorata and cladoceran ephippia.

In July, samples primarily contained D. thorata, suggesting a
marked change to pelagic feeding in mid-summer. D. thorata also
dominated contents fron fish captured in August. M. relicta were

identified in samples from both months.

By September, a distinct shift to benthic foods was evident.

22
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Pelecypods, ostracods, and chironomid larvae were very common and
remained common through October. Less numerous food items included
amphipods, leech egg cases, and bryozoans. M. relicta were
increasingly common in fall samples.

Somewhat swprisingly, fish were incorporating large numbers of
zooplankton in November. This result may reflect a seasonal pulse in
zooplankton availability. Most contents were D. thorata ard
cladoceran ephippia. M. relicta and pelecypods were the only other

food items identified.

Fish Measuring 400 to 499 mm Total Length

Most food items from fish captured in January were M. relicta
(Table 2). Remaining contents were exclusively benthic foods,
including pelecypods, ostracods, chironomid larvae, and small numbers
of gastropods, amphipods, and Iryozoans.

April éamples also contained a diversity of benthic foods.
Chironomid larvae, ostracods, and pelecypods were most — common,
although small numbers of amphipods, gastropods, amd trichopteran
larvae suggest that diet was generally diverse. Yellow perch (Perca
flavescens), ard portions' of wunidentified fish were fourd in 4
stomachs.

Benthic foods dominated through early summer, and June samples
also included 8 yellow perch and the remains of a ninth fish that
could not be identified. By mid—summeyr, fish were incorporating large

rnumbers of D. thorata. Pelagic feeding apparently increased, although
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