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Food of Alewives, Yellow Perch, Spottail Shiners,
Trout-Perch, and Slimy and Fourhorn Sculpins
in Southeastern Lake Michigan!

By

LaRue Wells

U.S. Fish and Wildlife Service
Great Lakes Fishery Laboratory
1451 Green Road
Ann Arbor, Michigan 48105

Abstract

Stomachs of 1,064 alewives (Alose pseudoharengusy, 1,103 vellow perch (Perca fluvescens), 246
spottail shiners (Notropis hudsoniusy, 288 trout-perch (Percopsis omiscomaveus), 454 slimy
sculpins (Cottus cognatus), and 562 fourhorn sculpins (Myoxocephalus guadricornisy from Lake
Michigan were examined for food contents. Fish were sampled primarily from March to Novem-
ber and nearly all were caught at the bottom in the southeastern part of the lake near Saugatuck,
Michigan. Depths of capture (m) were: alewives, 5 to 110: vellow perch, 5 to 26; spottail shiners, 5
to 31 trout-perch, @ to 46: slimy sculpins, 31 to 91 and fourhorn sculpins, 73 to 110, Alewives,
particularly those less than 140 mm long, fed chiefty on zooplankton: Pontoporeia usually con-
stituted most of the rest of the food, although Mvsis and immature midges were occasionally
eaten in considerable quantity. Yellow perch ate primarily Pontoporeia. fish, tish eggs, Mvsis,
and cravfish; Pontoporeia was consumed most heavily by perch less than 250 mm long and those
in relatively deep water, fish (mainly slimy sculpins) by those 200 mm long or longer, Mvsis by
those in deep water, and crayfish by those on rocky bottom. Spottail shiners fed most commonly
on immature midges, Pontoporeio. zooplankton, fingernail clams, and (in Julv onty) fish eggs;
immature midges were eaten mainly by shiners in shallow water: and Pontoporeiu by those in
deeper areas. The diet of trout-perch was strongly dominated by Pontoporeia and imimature
midges. Slimy sculpins ate Pontoporeia almost exclusively. Fourhorn sculpins fed almost entirely
on Mysis and Pontoporeiu: Pontoporeia was particularly important in the diet of the larger fish.

The need for data on life histories of Great Lakes
fishes has grown in recent years, partly as a result of
greatly expanded programs for management of the
fish stocks, but also due to increased public concern
over effects of man-induced changes in the environ-
ment. The data are needed by those engaged in such
diverse activities as determining the number of preda-
tors {e.g., stocked salmon and trout) that can be sup-
ported by the forage base of a given lake, preparing
environmental impact statements, and studying the
paths of chemical contaminants through biological
systems. Although the literature pertaining to the
Great Lakes has enlarged greatly in recent years, it
nevertheless remains deficient in information on life
histories of fishes; consequently, investigators re-
quiring such data often must seek it in files of unpub-
lished material. A search for unpublished, data,
although occasionally useful, is often extremely time-

‘Contribution 547 of the Great lLakes Fisherv Laboratorv,
U.S. Fish and Wildlife Service.

consuming and otherwise unsatisfactory. The purpose
of the present paper is to make more readily available
certain life history information relating specifically to
the food of six fishes common in southeastern Lake
Michigan—the alewife {(Alosa pseudoharengus), yvellow
perch (Perca flavescens), spottiail shiner (Notropis hud-
sonius), trout-perch (Percopsis omiscomavycus), slimy
sculpin {(Cottus cognatus), and fourhorn sculpin
(Myoxocephalus quadricornis),

Of the study species as they occur in Lake Michigan
proper, only the alewife has been the subject of consid-
erable food-habits investigation: in shallow Indiana
waters (Rhodes et al. 1974; Webb and McComish 1974:
and Rhodes and McComish 1975), and in Wisconsin
{Morsell and Norden 1968; Norden 1968). Feeding
habits have been discussed for trout-perch in the area
of a power plant in the extreme southeastern part of
the lake (Tomlinson and Jude 1977), and for yellow
perch (Hauer 1975) and spottail shiners {Anderson and
Brazo 1978) at a power plant site in the east-central
part. Data have also been reported for alewives (Mor-
sell and Norden 196%; Gannon 1972), vellow perch

1




2

{Toth 1959: Dodge 196R8), and spottail shiners {Basch
1968) in various portions of Green Bay, most of which
is environmentally distinet from the lake proper. Three
of the Green Bay reports (Toth 1959: Basch 1968;
Gannon 1972) presented little more than a general
overview. The food of slimy and deepwater sculpins in
Lake Michigan has not been previously described.

Methods and Materials

Collections (except for a few of the alewives) were
made off Saugatuck, Michigan, from the U.S. Fish and
Wildlife Service research vessel (Vsco, in 1965
{mostly), 1966, 1972, 1974, and 1975. Most of the fish
were collected with bottom trawls, but some alewives
were caught in mid-water trawls, and some alewives
and nearly all yellow perch in bottom gill nets. Among
fish caught at the bottom, most were from smooth
bottom {sand, silt. or mud); some alewives and vellow
perch came from a rocky area. Details such as depths
of collection and numbers of specimens varied consid-
erably among species, and are given in later sections
for individual species.

All specimens except some of the perch were pre-
served whole (abdomen incised) in 109% formalin and
taken to the Great Lakes Fishery Laboratory (GLFL).
There, stomach contents were analvzed under a bi-
nocular microscope, usually at a magnification of 9X.
Stomach contents of 657 of the perch were examined
fresh on shipboard, without magnification. The total
length and sex of each fish were recorded with the food
data. Fish that did not contain identifiable food are
not included in this report.

Stomach analyses included a consideration of both
number and volume of each food item. First, counts
were made of individuals of each item, with two excep-
tions: the numbers of fish eggs exceeding about 100 in
vellow perch stomachs were estimated, usually on the
basis of actual counts of eggs in fractions of the total
contents; and zooplankters in alewife stomachs were
neither counted nor were their numbers estimated.
After the counts were completed, visual estimates
were made of the percentage contribution of each item
to the total volume of identifiable food. The volume
data provide the basis for most of the discussion that
follows. 1 used the actual counts in the report onlv to
show maximum numbers of different food items ob-
served in stomachs of each fish species. The metic-
ulous separation of stomach contents required to
obtain the counts, however, provided excellent prep-
aration for estimates of the percentages of the total
volume contributed by each item. I regard these visual
estimates to be equally adequate for this study as any
I might have derived from tedious volumetric

measurements (e.g., in a graduated centrifuge tube) of
food items that were usually partly digested and often
fragmented. T agree with Hynes (1950). who suggested
that sophisticated methods of measuring food volumes
may give spurious impressions of accuracy.

Percentages of total volume made up by each item
for a group (e.g., a size category) of fish represent
simple unweighted averages of data for individual
stomachs in the group: i.e., each stomach was given
equal weight regardless of the total volume of food it
contained.

Data for the sexes were combined in all species, after
preliminary examination failed to show any obvious
differences in food according to sex.

Food of the Various Species

Alewives

The following observations were derived from 1,064
alewives—835 from smooth bottom, 141 from rocky
bottom, and 88 from mid-water. Fish from smooth
bottom were obtained with trawls during January,
March through August, and November. in vither 1965
or 1966. Depth of capture ranged from 5 to 110 m. Fish
were 44-213 mm long, 87 falling in the 120- to 199-
mm range. Collections from rocky bottom were made
with gill nets in May and June 1966. Nets were fished
overnight at depths of 915 m. Fish lengths ranged
from 131 to 207 mm. Mid-water collections were made
with a trawl fished on 20 August 1965 along a transect
from Saugatuck to Racine, Wisconsin. Samples were
taken near midday and near mid-lake where bottom
depth was 159 m, and at night on the west side of the
lake where bottom depths were 46, 73, and 110 m. At
each sampling depth the trawl was towed obliquely
through the upper 38 m of the water column, Probably
most, if not all, fish came from strata more than 11 m
beneath the surface. i.e. below the epilimnion. Ob-
servations with underwater television a few days
before mid-water samples were taken (GLFL, unpub-
lished data) showed that except for voung of the vear,
which were lacking in the samples, alewives avoided
the warm epilimnial waters (temperature about 20 C}
prevailing in southern Lake Michigan at that time.
Fish lengths ranged from 78 to 207 mm. of which 75
were 120-199 mm.

Inasmuch as preliminaryv examination indicated that
food of alewives from smooth bottom and from rocky
bottom were closely similar, all data from bottom col-
lections were combined. The food data (Table 1) are
presented separately by depth of collection (5-18. 29-
64, and 73-110 m) for fish from bottom, and by bottom
depth at sampling site (46-110, and 159 m) for fish

from mid-water: data in each depth category were fur-
ther separated by length of fish (< 140, 140-179, and
>179 mm}. No consideration was given date of col-
lection, since no important seasonal changes in diet
among fish in the samples were detected.

Alewives from Bottom

Alewives from bottom, particularly smaller indi-
viduals and those from depths of 22-64 m, ate chiefly
zooplankton (Table 1). Zooplankton occurred in
stomachs of all fish in the smallest size group, except
for a few from depths of 5-18 m. [t constituted over
907 of the volume of food of small fish from all depths;
63-72%% of the volume in each of the other size groups
in the 22- to 64-m depth range: and 20-63" of the
volume in the rest of the size and depth categories.

Pontoporeia made up the bulk of the diet not con-
tributed by zooplankton except at depths of 5-18 m,
where it was eaten only sparingly. It was consumed by
fish of all sizes, but most commonly by large ones.
Pontoporeia was particularly prominent in fish from
depths of 73-110 m, where it constituted 54 and 73 of
the volume in the intermediate and largest length cate-
gories, respectively. Immature midges (larvae and
pupae combined) made up most of the food other than
zooplankton at depths of 5-18 m, composing 7, 19, and
307 of the volume among alewives in the successively
larger length categories. Fish eggs, bryvozoan stato-
blasts, and algae at 5-18 m or Mvsis at 73-110 m occa-
sionally made up 5-7 of the volume of food in a fish
length category. Twelve additional items occurred in
the stomachs—some rather frequently (Table 1)—but
only ostracods, terrestrial insects, mayvfly nvmphs,
and macrophyte remains ever contributed more than
trace amounts to the volume of food.

The main purpose of sampling in the rocky area, a
favored spawning ground of vellow perch, was to in-
vestigate the possibility of alewife predation on perch
eggs. This aspect of alewife feeding was of special sig-
nificance because alewives have been implicated in a
precipitous decline of vellow perch that occurred in
Lake Michigan in the earlyv and middle 1960's (Smith
1970: Wells and McLain 1973}, None of the alewives
from rocky bottom, most of which were caught during
the perch spawning season, contained perch egys.
Further information (GLFIL, unpublished data), not
given elsewhere in this report, showed that no perch
eggs had been eaten by 201 additional alewives con-
taining food, caught on perch spawning grounds in
Lake Michigan near Michigan City, Indiana, during
the perch spawning season of 1966. These results,
though not conclusive, suggest that alewife predation
on perch eggs occurs uncommonly, it at all. Probably
the eggs are protected by the gelatinous material in

which they are imbedded.

Alewives from Mid-water

Alewives from mid-levels fed even more heavily on
zooplankton than did those collected at the bottom;
every fish contained this food item (Table 1). In the
samples taken where bottom depths were 46-110 m,
the only food organisms of consequence besides zoo-
plankton were AMvysis and Pontoporeia. Although
neither contributed much to the diet of smaller fish,
Mysis made up 22%%, and Pontoporeia 10%, of the
volume of food of fish over 179 mm long. Less impor-
tant items included bryozoan statoblasts, terrestrial
insects, immature midges, and algae. Where bottom
depth was 158 m, all stomachs contained only zoo-
plankton and trace guantities of algae. Pontoporeig
and Mysis were lacking in these stomachs, probably
because the levels at which the samples were collected
were well above those occupied by these organisms in
daytime.

Supplementary Data on Food of Alewives

Zooplankton.—1 collected some general information
regarding the various components of zooplankton in
the alewife diet, although I did not make detailed taxo-
nomic separations of the organisms, which often num-
bered several thousand individuals in a single
stomach.

Copepods and cladocerans each contributed heavily
to the food of alewives. Both were common in the diet
of fish taken on all collection dates, except that clado-
cerans were rare in Januaryv-March and absent in
April. The most frequently eaten zooplankter was the
copepod C'velops bicuspidatus, which occurred in the
diet vear-round and at all depths. The cladoceran
Bosmina longirostris ranked second; it was observed
in stomachs taken from all depths and in all months
except April; however, it was abundant only during
Julv-November,

I identified four taxons of copepods besides (" bicus-
pidatus. Limnocalanus macrurus was abundant in
stomachs collected in March and April, and was
present in smaller numbers in most other collections.
It did not occur in fish from very shallow water (all col-
lected when nearshore waters were warmj or from mid-
water. Diaptomus spp. was eaten year-round and at all
depths, occasionallv in large numbers. Epischura
lacustris was common in the diet during July-Novem-
ber, but lacking at other times. Harpactacoids oc-
curred in stomachs collected during Mav-November,
occasionally in rather large numbers. Their absence in
stomachs taken from January to April was probably
related to depths of sampling: few of the samples
taken during that period were from depths of 37 m or
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Table 1. Food items (percentage of total volume and. in parentheses, frequency of occurrencel in stomachs of ulewives caught

on bottom or in mid-water in southeastern Lake Michigan. 1965-66.7

Type of eollection, depth of collection (m), fish length (mm). and (in parentheses) number of fish
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Depths shown for mid-water collections are bottom depth; at each sampling site, mid-water trawls were hauled obliquely from a depth of 38 m to the surface.

less, the depth range from which all alewives con-
taining harpactacoids were taken.

I observed six species of cladocerans in addition to
B. longirostris. Polvphemus pediculus was present in
stomachs only in July and August, but was occa-
sionallv numerous, especially in samples from shallow
water. Daphnia retrocurva was occasionally in the diet
from July to November: it occurred in stomachs from
all depths. (Ephippia of Daphnia appeared rather fre-
quently in the stomachs collected in November.) Holo-
pedium gibberum was present in stomachs collected
from July to November at all depths, but was most
common in fish from shallow water. Leptodora kindti,
present in the diet in July-November, was occa-
sionally consumed in large numbers in August. Chy-
dorus sphaericus was common in the diet in August,
and eaten in smaller numbers in July. Furvcercus
lamellatus was observed in stomachs in July and
August, but never in large numbers,

Other food —All fish eggs identified in the stomachs
were alewife eggs. The midges were from the genera
Paracladopelma, Parachironomus, Polvpedilum. and
Chironomus, and the subfamily Orthocladiinae. The
snails were Valvata perdepressa and Limnaea, and the
fingernail clams were Sphaerium nitidum and
Pisidium. The terrestrial insects were Diptera. Coleop-
tera, Hymenoptera, and Hemiptera. The most con-
spicuous alga was the large colonial Botrvococcus
braunii, but T also observed diatoms, as well as green
and blue-green algae.

Maximum numbers of various nonzooplankton food
items in individual alewife stomachs were as follows:
fish eggs, 496; ostracods, 363; Pontoporeia, 252: bryo-
zoan statoblasts, 178; midges, 37; fingernail clams, 37:
snails, 11; Mvsis, 10; rhabdocoel cocoons. 9; nema-
todes, 5; water mites, 3; terrestrial insects, 2: and
leeches, 1.

Overall Importance of Various Food Items to
Alewives

The domination of the diet of alewives in south-
eastern Lake Michigan by zooplankton may be even
more pronounced than my data suggested. Zoo-
plankton was a particularly important food of alewives
from mid-water, a component of the alewife population
that was poorly represented in the collections. The diet
at mid-depths must be given considerable weight in
estimates of the overall importance of various food
items, because alewives in the pelagic zone often {prob-
ably usually) constitute a sizable segment of the total
population in Lake Michigan (GLFL, unpublished
data).

Although Pontoporeia was easily the second most
important item of diet, usually constituting the bulk of
nonzooplankton food, it may not be as important

overall as my observations suggested. Pontoporeia’s
contribution was greatest on bottom in deeper waters,
where alewives concentrate only during the coldest
months (Wells 1968}, when food consumption is pre-
sumably low.

Myvsis, although not well represented in stomach
contents of fish from the bottom, may nevertheless be
of considerable importance in the total diet of ale-
wives, since it was common in the stomachs of larger
alewives sampled at night at mid-depths. A more
extensive analysis of the food of alewives from mid-
water is necessary, however, before a sound estimate
of the importance of this organism in the diet can be
made.

The only other food of consequence seemed to be
immature midges. However, they were prominent in
the diet of only the alewives taken at 5-18 m: conse-
quently T do not believe that their overall importance
is great, because it seems unlikelv that the alewife nor-
mally spends a major portion of its life on bottom at
depths less than 18 m.

Results of Previous Studies

Previous studies have generally emphasized the
importance of zooplankton in the diet of Lake Michi-
gan alewives. In Indiana studies, zooplankton made up
about 72% of the volume of identifiable food in
alewives collected at 10 m during June-October
(Rhodes and McComish 1975), and 45% in alewives col-
lected at 5-15 m in May-October {Webb and McCo-
mish 1974). Morsell and Norden (1968} reported that
zooplankton was the most important food of alewives
in Milwaukee Harbor (collections made in June-July).
and in open Lake Michigan at depths less than I m
{June- August}. and was a major component in terms
of frequency of occurrence, of the diet in open Lake
Michigan at depths of 9-30 m (May-October). Norden
{1968) found that larval alewives collected from
shallow water near Milwaukee during August-Oc-
tober had fed mainly on cladocerans and copepods.

Nonzooplankton items previously identified in the
food of alewives from Lake Michigan proper have been
generally similar to those | have described. Except for
two organisms of special interest—Pontoporeia and
alewife larvae—they are not discussed here.

Pontoporeia was found by Morsell and Norden
(1968) to be the principal food of large alewives col-
lected in Wisconsin waters at depths of 9 m or more. In
terms of dry weight, it contributed heavily to the food
of fish longer than 139 mm from depths of 9-30 m, and
of fish longer than 119 mm from depths greater than
30 m. The authors stated, however, that their method
of computing relative dryv weights may have biased the
results in favor of Pontoporeia, at the expense of
zooplankton.




Larval alewives were reported in the food of adult
alewives in Indiana waters (Rhodes et al. 1974; Webb
and McComish 1974). The fish that had eaten larvae
were collected at 5-15 m during August-October, and
larvae composed well over half the volume of the diet
in September. Fish larvae have not otherwise been
mentioned in studies of food of Great Lakes alewives,
except for unidentified larvae in a single stomach from
Green Bay (Gannon 1972).

Yeilow perch

Of 1,103 vellow perch used in this study, 573 were
from smooth bottom and 530 from rocky bottom.
Most were taken at depths of 5-18 m, but a few from
smooth bottom came from depths of 20-26 m. Most
perch were collected with gill nets (a few with trawls} in
July and August 1965 (381 fish}) in May and July-Oc-
tober 1972 (540); and in September-October 1974
(182). Fish lengths ranged from 150 to 349 mm. Nearly
all fish less than 200 mm long were in the 1965 col-
lections, and nearly all those over 250 mm long were in
the 1972 and 1974 samples. The perch collected in 1972
and 1974 were examined without magnification aboard
the Cisco. A few small food items f(e.g.. ostracods and
rhabdocoel cocoons) probably were overlooked, but
any such omissions should have been inconsequential.
Judging by the contents of stomachs analyzed in the
laboratory, the small items were generally unim-
portant, especially among fish as large as those that
constituted the bulk of samples examined on ship-
hoard.

Since food of yellow perch from smooth bottom and
rocky bottom obviously differed in important
respects, I considered the data from the two areas
separately (Table 2). Data were further separated by
collection period, depth of capture, and length for fish
from smooth bottom; and by collection period and
length for fish from rocky bottom. The fish were
divided into three length categories: small. 150-199;
medium, 200-249; and large, 250-349 mm.

Perch from Smooth Bottom

Yellow perch from smooth bottom ate chiefly Ponto-
poreia, fish, fish eggs, and Mysis, each of which occa-
sionally made up all or nearly all the volume of food in
fish of a given season, size, or depth category (Table 2).
Pontoporeia was commonest in the diet of fish in the
two smallest length classes and of those taken in the
summer and from the deeper water. In August-Sep-
tember samples from depths of 13-22 m, Pontoporeia
made up 98, 88, and 63% of the volume of food of perch
in the successively larger size categories. Fish were
consumed only by perch 200-249 or 250-349 mm long,

with a single exception {the stomach of one perch in
the smallest size class contained fish). Fish occa-
sionally constituted the bulk of the diet of medium-
sized and large perch—particularly the largest ones.
Fish eggs were observed only in samples taken in May
and July and were especially important in July, when
they made up over 80% of the volume of food in fish of
each of the three length groups at 5-13 m. Mysis con-
tributed heavily to the diet of only the perch taken in
October at depths of 20-26 m. In these samples Mysis
made up 100, 87, and 46 of the volume of food in the
successively larger size groups of perch.

Most important of the other items in the diet of
vellow perch from smooth bottom were snails, leeches,
zooplankton, crayfish. caddisflies, and midges; each
occasionally made up 2 to 14% of the volume of food in
a length or depth category. or collection period. Other
items (Table 2) occurred only in trace amounts.

Perch from Rocky Bottom

Yellow perch from rocky bottom ate considerably
greater quantities of cravfish than did those from
smooth bottom (Table 2}. Crayfish contributed most
heavily to the diet of larger perch, making up about
two-thirds of the volume of food in each of the two
largest size categories in July-September. Ponto-
poreia, fish, and fish eggs made up most of the rest of
the diet, although fish and fish eggs were less impor-
tant than they were in perch from smooth bottom.
Pontoporeia and fish eggs were eaten mainlv by small
or medium-sized perch, and fish mainly by the larger
ones.

Other organisms eaten in more than trace amounts
by perch from rocky bottom included snails, Mysis,
terrestrial insects, and immature midges.

Supplementary Data on Food [tems

Five species of fish were eaten by yellow perch. The
slimy sculpin was by far the most common; individuals
in stomachs were 25 to 105 mm long (average 73 mm).
Alewives made up the next largest portion of the fish
in the diet: most were voung of the year 60-100 mm
long (eaten mainly in October), but some were adults
as long as 172 mm. Other fish eaten. all in small
numbers, were trout-perch, 35-120 mm long; spottail
shiners, 100-112 mm; and ninespine sticklebacks
(Pungitius pungitius), 40-82 mm.

Fish eggs in the diet in May were those of the slimv
sculpin: eggs consumed in July were not positively
identified, but most appeared to be those of the
alewife. Also identified in stomach contents were the
crayfish Orconectes propinquus; the midge larvae Chi-
ronomus, Procladius, Polypedilum, Paracladopelma,
Monodiamesa, and Cryvptochironomus; larvae of the
caddisfly Molanna; terrestrial Diptera; the fingernail
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clams Pisidium and Sphaerium: the snails Lymnaea.
Valvata. Physa, and Amnicolu: leeches of the Erpob-
dellidae: and the cladoceran zooplankter Furveercus
lamellatus.

Maximum numbers of various food items observed
in single stomachs were as follows: fish eggs, 4,000
{estimated): Pontoporeia. 425; zooplankters, 322
immature midges, 160; rhabdocoel cocoons, 75; snails,
20: caddisfly larvae, 17. ostracods, 16; leeches, 16:
fingernail clams, 9; fish, 4. cravfish, 4; terrestrial in-
sects, 3; and nematode, 1.

Results of Previous Studies

in a study conducted by Hauer (1975) in east-central
Lake Michigan near Ludington, Michigan {about
145 km north of Saugatuck), vellow perch ate ahout
the same food as did the perch from rocky bottom in
the present study. Hauer's fish were collected at
depths of 6-14 m, where bottom was mostly a mixture
of sand and rock, during April-November. Perch 136-
235 mm long fed chiefly on Pontoporeia and fish, and
larger ones ate mainly fish and crayfish. Most fish in
the diet were slimy sculpins, alewives, ninespine
sticklebacks, and johnny darters (Ftheostoma
nigrum).

Spottail shiners

The analysis of diet of spottail shiners is based on
246 fish caught in March-August and November. in
either 1965 or 1966. The shiners were taken at depths
of 5-18 m, except for those collected in March, which
were from depths of 24-31 m. Their lengths ranged
from 62 to 143 mm; 79% were 90-120 mm long.

Since food habits did not vary consistently with
length, I grouped all sizes for analyses. Differences did
occur, however, according to season and depth, neces-
sitating the following separation of data: March-June
plus November, 5-13 and 18-31 m: July, 5 and 13 m:
and August, 13and 18 m.

Spottail shiners ate mostly immature
Pontoporeta, tish eggs, fingernail clams, and zooplank-
ton (Table 3. Among shiners taken in March-June
and November, the diet at 5-13 m was mainly imma-
ture midges, which made up 75 of the volume and oc-
curred in 877 of the stomachs: at 18-31 m, it was pre-
dominantly Pontoporeia. which contributed 86%% of the
volume and occurred in all the stomachs. Among the
fish collected in July, those from a depth of h m fed
heavily on fish eggs (73¢ of food volume). and those
from 13 m consumed chiefly fingernail clams (449,
zooplankton (20%), and immature midges (1870
Prominent in the diet of spottail shiners caught in
August at 13 m were immature midges (487 of

midges.

volume) and zooplankton (370, and at 18 m. Ponto-
poreia {6340,

Organisms that occurred in the stomachs in much
smaller quantities. but occasionally in more than trace
volumes, were rhabdocoel cocoons, snails. leeches,
ostracods, terrestrial insects, and caddisfly arvae.

Midges identified in the stomachs were mostly
Chironominae {(manv Chironomus. a tew Micro-
tendipesy, but  several Orthocladiinae  also  were
present. Zooplankters were predominantly the clado-
ceran Furveercus lamellatus, although the copepods
Cvelops bicuspidatus and to a lesser extent Har-
pacticoida were also represented. Terrestrial insects
were Coleoptera (Curculionidae and Staphvlinidae),
Diptera, Hymenoptera, and Hemiptera: snails were
Lyvmnaea emarginata (mostly) and Valvata sincera:
fingernail clams  were striatinum, S
nitiddum, and Pisidium: fish eggs were mostly those of
alewives (a few of trout-perchi: and leeches were Fr-
pobdellidae.

Maximum numbers of various items in individual
stomachs were as follows: fish eggs, 759 Pontoporeia,
1413 zooplankters f{all Furveercus), 2590 immature
midges, 207; rhabdocoel cocoons, 35; fingernail clams,
33: snails, 22 astracods, 5; caddisfly larvae, 3: bryvo-
zoan statoblasts, terrestrial insects, and water mites,

Sphaerium

2 each: and leeches, 1.

Spottail shiners occupyving a surge-zone near
Ludington {Anderson and Brazo 1978) fed much more
heavily on terrestrial insects than did the shiners in
the present study. This item constituted 149 of the
volume of food (data for spring, summer, and fall com-
bined) in the surge-zone study: most important by far,
among other food items, were fish eggs in spring (717
of volume) and summer (259 ) and midges in fall €150,
The authors suggested that terrestrial insects are
highly available in the surge-zone because many are
washed into that area from debris along the beaches
during heavy seas.

Trout-Perch

Stomachs for food analysis came from 28X trout-
perch collected from March to August and in Novem-
ber, either in 1965 or 1966. Depth of capture ranged
from 9 to 46 m. Fish varied in length from 40 to
172 mm, but 877% were 80-139 mm long.

Food did not differ noticeably with size of fish, but it
did change with either depth or season, or both.
However, I was unable to separate the effects of these
two factors with certainty because sampling depths
varied considerably on the different sampling dates
am confident. however, that depth was much the more
influential factor of the two, Therefore, | separated the

Table 3. Food items (percentage of volume and. in parentheses, percent frequency of occurrence) in stomachs
of spottail shiners collected in southeastern Lake Michigan, 1965-66.2

March-June, plus

Food item November
5-13m 1831 m
o o ] ﬁ(58) (54)
Rhabdocoel cocoon T 2 V
T (2)
Brvozoan statoblast
Snail & &
(7 (4
Fingernail clam 1 3
(71 {7)
[.eech 2
(2)
Zooplankton T
(1)
Ostracod T 4
(12) (71
Pontoporeia 19 86
(34) (100)
Terrestrial insect T
(2)
Caddisfly larva
Immature midge 75 2
' (87 (4)
Water mite T
(2)

Fish eggs
Algae

3T = Trace (less than 0.5% ).

data according to two depth intervals —9 to 13 and 18
to 46 m—and combined data for all seasons and fish
lengths.

Pontoporeia and immature midges strongly domi-
nated the diet of trout-perch (Table 4). Among fish
from depths of 9 to 13 m, each of these items occurred
in B1% of the stomachs: midges made up 53% and
Pontoporeia 43% of the volume. At 18-46 m, Ponto-
poreia contributed 80% of the volume and midges
16%. The only other organisms of any consequence

‘Months and depths (m) of collection and (in parentheses) number of fish

July ] ] August
S5m 13 m 13m 18&m
) (7471)7 _152) (22) N
L T T
(10) {5 (22}
T T
(2) (2)
T
{2)
44 9 14
(62) (23) {331
3 20 37 6
(12) (63} (73) (th
1 T T
(310 (5) 122)
2 3 63
(6} (14 (89)
4 2 3 1
(5) (8) (27} 122)
1
{10}
21 18 18 15
(42) (44) (R2) (44)
T
5)
73 12
(76) (27)
T
(2)

were zooplankton (3% of volume) in fish collected at 9-
13 m and Mysis (4%) in fish taken at 18-46 m.

Midges identified in stomachs of trout-perch were
mostly Chironomus but also included Paracladopelma,
Cryptochironomus, and Tanytarsus, except that in fish
from the deepest areas (31-46 m), they were all Helero-
trissocladius. Zooplankters were mainly the clado-
ceran Furycercus lamellatus, although a few cope-
pods—Cyclops bicuspidatus, C. vernalis, and Har-
pacticoida— were among them.
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Table 4. percentage of volume and, in
;‘ 1 ;

parenthe

stomach

Lake Michigan, 1965-66.2

percent frequency of occurrence) in

s

of trout-perch collected in southeastern

Depth {m)and (in
parenthesesi number

Food item of fish
913 [8-46
1144) 144
i i
(4 {1}
Leech T T
iy 13
Zooplankton 3 T
{44 8]
Ostracod T T
(3 (1
Mysis 4
{9
Porntoporeia 43 80
(81) (94}
Terrestrial insect i
Immature midge 53 16
L0 R {44}
Fisheggs T
(2}

I'= Trace {less than 0.5%1

Maximum numbers of each organism in individual
stomachs were as follows: Pontoporeia, 122: immature
midges, *zoopiaﬁktwa 35 {all Eurveercus): Mysis, §;
ostracods, 3; fish egg and nematodes, leeches, and
terrestrial insects, 1 each.

The present findings concerning the food of trout-
perch are similar to those reported for a previous Lake
Michigan study based on samples collected at depths
of 6 and 9 m in an area about 80 km south of Sauga-
tuck {(Tomlinson and Jude 19774 In that study, as in
mine, immature midges fmostly Chironomus) and
Pontoporeia occurred most frequently among or-
ganisms eaten by trout-perch. Zooplankton, repre-
sented primarily by the cladoceran Eurveercus and the
copepod Cvelops, also was important.

Slimy sculpins

I examined the food in stomachs of 454 slimy
sculpins collected at depths of 31-91m during
April-November 1965 and March-June 1966. The

Table 5. Food items (percentage of volume and, in
g ]

parentheses, yuency of occurrence) in

percent fre
stomachs of slimy s

uiping collected in southeastern

Michigan, 1965-66.°

{Fepth imiand (in

NP SR
parenineses; n

31-64
(3513
Rhahdocoel cocoon T T
(1D {7
Nematode T
[N
Bryozoan statoblast T
(T}
Fingernail clam T i
5y
Ostracod I
(12
Mysis { T
{2} (1}
isopod I
HER]
Pontoporela 47

Immmature mid

T = Trace lless than 059

length range was 29-118 mm: 87% were 40-99 mm
long.

Food of simy sculpins in the samples did not vary
according to size of fish, but appeared to differ sligh
according to depth of capture and, at least for fish
eggs, according to season. The data for all iemgihs and
dates were combined and separated into two depth
categories, 31-64 and 73-91 m.

Shimy  sculping  fed primarily on  Pontoporeia
{Table 5). With only a single exception, this amphipod
occurred in every stomach, It made up 97% of the
volume of food at 31-64 m, and 94% at 73-91 m. In fish
mlie( ted at 31-84 m, nearly all the rest of the food con-
i of immature midges (2% of volume} and Mysis
ok rhz}bdufoel cocoons were observed in 11% of t.‘ne
stomachs, but contributed only a small fraction of th
volume. At 73-91 m, most of the diet, aside i‘mm
Pontoporeia, consisted of fish eggs, which occurred in
27% of the stomachs and made up 4% of the volume;
and ostracods and fingernail clams, each contributing

% of the volume.,

i

rred in the diet primarily in March, in
73-91 m. Inasmuch as no collections
54 min March, I do not know whether
sculping at these shallower depths also ate fish @ggﬁ«
during this month. ‘inwever they probably did not,

any cippi‘-*é’f’a?ﬁz{) extent. The only fish eggs likely to be
a;i&m@ to slimy ampin ¢

were made at

g it

\,th’h are those of the

“msdy at ffiepms greater than
L, unpublished dataj,

siimy sculpins, but always in
. included nematodes, bryvozoan stato-
s, and isopods,

ximum numbers of each food item observed in
individual stomachs were as follows: fish eggs, 32
Pontoporela, 20 rhabdocoel cocoons, 16; ostracods, 11:

;*}{}{%z of ‘md spawn
73 m(Wells 1966, GLF

fingernail clams (Pisidium), 7. itmmature 4
{Heterotrissocladiusy, b, Mysis, 2; and bryoezoan stato-

blasts, nematodes, and isopods (Asellus). 1 each.

Fourhorn Sculping

vzed the stomach contents of 562 fourhorn
sculpins collec each month from March to Sep-
tember and in November, in either 1965, 15686, 1974, or
1875, All were taken at depths of 82 or 91 m, except for
14 at 78 m and 21 at 110 m. The fish thus were col-
lected from only the sh - portion of the primary
:pth range of the species in southeastern Lake Mic
gan, which is about 82 to at least 146 m (Wells 1968;
GLFL, unpublished data). Fish lengths ranged from 50
to 172 mm.

No obvicus relation existed between food and date
or depth of capture. Since food varied somewhat with
size of fish, the data for fish less than 100 mm long are
ited separately from those for larger fish. Only
of 126 fish in the smaller length group were less
than 70 mm long, and only § of the 438 larger fish were
longer than 132 mm.

Fourhorn sculpins fed almost exclusively an Ponto-
poreia and Mysis {Table 8}, Among fish less than
100 mm long, each item occurred in slightly more than
two-thirds of the stomachs: Mysis made up 54% of the
total volume and Pontoporeie the rest, except for trace

amounts of ostracods and fish eggs. Among the larger
‘o was much the more commonly eaten
of the two major items; it contributed 78% of the total
velume of foed and occurred in 91% of the stomachs.
Corresponding figures for Mysis were 21 and 48. The
only other food consumed by larger fish in more than
minute guantities consisted of fish eggs, which oe-
curred in 14% of the stomachs and constituted 2% of
the volume. The eggs eaten in November were those of
the fourhorn sculpin itself; those at other times of the

pre

Table 6. Food items ipercentuge of volume and, in

parentheses, percent frequen of vecurrence) in

south-

stomuachs of fourhorn vz(i;;fm collected in

7
castern Lake Michigan, 1965-75

;‘;en‘vzzi%ims»s* t'm?’.‘;ise“z'

Food item of fish

Poniopore 16 P
(B4 9h
Perrestrial insect |
.
-
i1y
Fishepes H 9
3] (h
1 = Trace dess than 0.5 0.

vear were not identified,
Maximum nun

of each item in individual
stomachs were as follows: fish eggs. 110: Ponio-
poreia. 67; Mvysis, 12: ostracods, 6: fingernail clams, 2
and immature midges and terrestrial insects, 1 each.

Overall Contributions of Important
Food Ttems to the et of Six Lake
Michigan Species

Of the combined total of 23 items observed in the
stomse ibles 1-6), 8 were of particular importance:
Pontoporeia, zooplankton, My: immature midges,
fish egpgs. figh, cravfish, and fingernail clams. A
general summary of the overall (volume} contributions
of these items to total food volume follows.

Pontoporeia was the most commonly eaten of all the
food items. It made up nearly the entire diet of slimy
seulping, and was a major constituent <>§ fhv diet of the
other spec »ften constituting the most important
food of fish of at least some size or depth categories,

Zooplankton was the principal food of alewives, and
made up a substantial part the diet of spottail
shiners. [t was also eaten in small quantities by vellow
perch and trout-perch. If earlier life stages had been
included among the fish samples. the proportion of

23,
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zooplankton in the stomach contents of all species ob-
viously would have been greater.

Mysis was especially important to fourhorn scul-
pins, making up most of the food that was not Ponto-
poreia. 1t also contributed significantly to the diet of
alewives in mid-water, and appeared occasionally in
stomachs of all other species except spottail shiners.

Immature midges made up a major portion of the
food of spottail shiners and trout-perch. Additionally,
they were consumed in considerable quantities by ale-
wives in shallow water (though probably not on the
whole making up a significant portion of the diet of
this species) and in small amounts by all other species.

Fish eggs were occasionally fed upon heavily by
vellow perch and spottail shiners, and were eaten in
small amounts by each of the other species.

Fish were often the most important food of yellow
perch in the largest size category (250-349 mm long)
and were commonly eaten by those of medium size
(200-249 mm); however, they were not observed in
stomachs of other species.

Crayfish made up a sizable portion of the diet of
vellow perch on rocky bottom, but were consumed only
sparingly by that species on smooth bottom, and not
at all by other species.

Fingernail clams at times contributed substantially
to the diet of spottail shiners, and occurred in small
numbers in stomachs of each of the other species
except trout-perch.
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