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James W. Moffett and Burton P. Hunt

The winter feeding habits of warm-water fishes are not very well
known. Some studies have beern made during other seasons of the year
but their scope did not cover winter feeding habits. It is the purpose
of this report to present data secured during a study of bluegill and
perch winter feeding habits as they were found in Cedar lLske, Vlashtenaw
County, Michigen. Pumpkinseed sunfish, black crappie and largemouth bass
were also taken during this investigation but were so rare in the catches
that they are not considered in this report.

All fish were taken by hock and line. They were allowed to freeze
on the ice until each day's collecting was completed. They were then
weigned and measured. Scale samples were taken from some. Stomachs
removed from these fish were identified by a number which was written
on zood guality museum label paper and inserted into the stomach. The
samme number vias recorded opposite the length and weight of that fish from
which the svomach vas removed. This method proved very satisfactory. It
was rapid and convenient. ot one o the inserted labels was lost from
any stgonach.

Fish collections were made by verious members of the Institute for
Fisheries Research stafr as well as by the senior author and his wife.
To these hardy individuals goes grateful thanks. !r. Burton P. Hunt
assisted materially in the laboratory, sorting, measuring and counting
organisms recovered from the stomachs.

Genersl reatures of Cedar Lake

Cedar Lake is a body of water 73 acres in extent. It lies in the
Viaterloo Recreational Area in Section 9 of 7. 1 S., R. 3 B., of Washtenaw
Countye. Its basin is regular, being shallow ir the east portion and
sloping gradually on all sides to a simple depression 27 feet deep. This
denression is in the west third of the lake, Ilost of the lake is about
12 feet cdeep. Ho inlets or outlets are present on Cedar Lake. All waters
are supplied to the lake by seepage ané surface run-off which is very
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limited. 1

T lake is connected by a narrow channel to Little Cedar lake
which occup

s
5 the northwest portion of & continuous basin.

hi
ile

Bottom materials are predominately pulpv peat. Some marl and fibrous
reat occur sparingly around the shosls. The contributing drainage around
the lake is small and the soil comprising it 1s poor in quality.

Cedar Iake water is colorless ancd quite clear. A Secchi disc disappears
from view at a depth of 10 feet. During swmer, a thermocline occurs in
the lake. In early June, 19L1l, it was present from & water depth of 12,5
feet to the lake bottom. Oxygen is probably derleted in the deeper portion
of the lake by midsurmer but in early JungB.2 parts per million were found
near the bottome Chemical conditions in Cedar Lake cduring winter were not
investigzated. It is quite probable that oxygen in water near the bottom
becomes depleted in late winter, especially when that season is severe.
Yiater in this lake is highly allaline. Its pH ranges between T.!; and 8.6.
The vater is moderately hard, conbtaining 112-130 parts per million of
i‘ethyl Orange Alkalinity.

Biologically, Cedar Lake is considered fairly productive. IHang
extensive weed beds around the shoals produce largze quantities of invertebrate
fish food and offer considerable shelter for young fishe. Bottom food samples
taken in the winter (ilarch 1, 195,1) were quite rich. HMayfly nymphs, fresh-
water shrimps, dragonfly and demselfly nymphs were abundant, especially in
the plant zone. Snails (Helisomz and CGyraulus) and fingernail clams
(Sphaeriidae) were cormon in the same area. fidge larvae and aquatic
earthworms were relatively abundant in the bottom material in this zone and
to water depths of 12-15 feet. In the deepest portion of Cedar Iake very
few bottom organisms were found despite repeated sampling. It was noted
that most of the insects and snails consumed by the fish were the same kinds
which inhabited beds of recumbent vegetation.

Cedar lake yields fish to the angler in goodly numbers. Bluegills, perch,
pumpkinseed sunfish, largemouth bass, black crappie, green sunfish, mud
pickerel, and yellow bullheads are most often taken. During a creel census
study of summer fishing in the Waterloo area, Cedar lLeke shovied the highest
satch per hour of all lakes included in the area studied.

Winter fishing in this lake wvas quite exceptional. Jood catches were
made on practically all collection dates. Usually, the best fishing time
was between the hours of [1:00 and 6:00 P.ii. The total catch for the vinter
season vas 1,120 fish. The catch was composed of 1,06l bluegills, 211 perch,
9y pumpkinseed sunfish, 52 black crappie and 7 largemouth bass. Aprroximately
313 hours of f{ishing effort vere exnenced by the contributors to this study.
The cateh rate, based on tuis number o7 hours, vas .56 fish per hour. This
cotell rate 1e not confined to legal-cized fishe All sizes were kept for
stomacr analysis. Approxinstely 70 per cent ¢f the fish taken were legal-
Z6 Or' OVer.

Winter Conditions During the Study

The winter of 19,0-L1 vas comparatively milc in fichigen. Ice did not
cover Cedar lake until late December and then cnly for & few days. A

N

subsecuent varm spell cpened the leke and it didn't freeze cver permsnently
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Teble 1

.leteorclogical conditicns as found on Cedar lske

at each collection date.

Irches of aAlr temp.
Collection ) SNOw on range Preceding
date Time fished ice vieather °F. Viind weather
Jan. 11 2-5 P.il 1 Clear-cloudy 30 W oo
Jan. 12 2=5 P.If + Cloudy oee vee Clear-cloudy
Jen. 10 2-5 P.I. tTone Snow-increasing oo o) Warm rain
cold
Jan. 19 3-6 P.ii. Hone Cloudy 23 W Snow
Jan. 29 2:30-6 P.ii. Hone Clear-sun 3 R Clear-cold
Jan. 26 2:,5-6:15 P.M. 2 Blizzard 23 B Clear-cold
feb. 1 2:15-6:15 P.'i. {ilcne Clear-thaw 37-11 Si Thaw
Feb., 2 3:125-6:15 P.1{. [one Cloudy-cold 27-20 W Thaw
reb. 6 3-6:15 P.l. None Thaw=-clear 31-35 WS Thaw
Feb. 9 3:30-6:15 P.M. 2 Clear=-cold 12-21 HJone Blizzard
Feb. 12 Li=6 P.i. Trace Tarm=sun vea S Thaw
Feb. 15 3:15-6:20 P.H. {Trace Snow 27 W Thaw-warm
Feb, 16 3:30-6:15 P.U. [Trace Cloudy=-snow 25-31 Wy Clear-cold:
veb. 22 3-63:30 P.H. 1 Cloudy 28 i ‘oo
Feb., 23 3:15-6:30 P.l. |Spotty 1 Clear-cold 17-23 Wl Cloudy
Feb. 27 o information
Mar. 1 Wo information
Mar., 2 3:15-5:L5 P.1L |Trace Warm~hazy 13 Sii een
Yar. O 3:15-7 P.M. None Clear 36 None cee
Mar. 9 3:30-7 P.l. None Clear 30-33 W Clear
var. 16 3=6:1,5 P.I. Trace Overcast oos T Warm spell
growth rates of Bluegills and Perch
Zrowth rates for the Uwo most nunsrous species, the bluegill and yellow
nerch, are ziven in Tables 2 and 3. These results are determined from fish
cauzht solely writh hoolr and line snd, htherefore, none of the younger age
zroups are represented. It should be pointed out that bluezills younger

be further
ani gain &

tluegills.
(Table 3).

thar the IIl=year group
II-year group are lacking.

are

not represented and perch younger than the

BEluegills in Cedar Iake reach legal size (6 inches total length) during

heir sixth year of life.
figures in Table 2 show.

millimeters each year and they zein about 16 grams in weight.

evident that the bluegill population of (Cedar ILake is stunted.
noted in Table 2 that the mals bluegills grow a little faster
little more weight than do the females.

+
7

They grow rather slowly throughout life as the
Their length increnent is approximately 15
is guite
It should

Perch reach the 6-inch legal size limit somewhat earlier than do the

This size is attained sometime during their Gth year of life
In this species the ferales average somewhat larger than the



nales. It aprears from Table 3 that the perch in Cedar Iake are also

stunted. The series of sanvles in the case of these fish is not zreat
enouzh to make definitel;r sure that stunting is evidenced. These fish

(=}

do grow somewhat erraticall;r and slower than do perch from other lakes in

which They are known to prosper.

Table 2

Growth rate of bluegills from Cedar lake.
Lengths in millimeters, weights in grams.
All lengths and weights are averages.

o sex

Age¥ Females Males recorded Total
group No. S.L. T.L. Wt. No. S.ls T.L. Wt No. oeL. T.L. Wte No. Sd. T.L. itGe.
111 cee eee eee ses  ses ase  aee ees 1 77 97 13 1 77 97 13
v 8 105 134 35 10 107 136 3L 1 100 129 30 19 1066 135 3L
v 30 115 1Ly L2 26 120 183 L8 6 11, 145 Lo 62 117 149 LS
VI 67 127 162 58 58 131 168 67 1, 136 158 6L 139 129 16, 62
VII 20 1o 178 82 12 149 183 98 2 11 17h ... 3L 1l 181 90
VIII 7 139 176 81 cee ees cee  eee 1 158 185 ... 8 U1 177 81

ﬁnges were determined by Dr. W. C. Beckman.

Table 3

Growth rate of perch from Cedar lake.
Lengths in millimeters, weights in grams.
All lengths and weights are aversges.

ALzeXf Females liales Total
group. Wo. 5.Le TelLe Wt. No. S.Le. Tu.L. dts 2N0s SeLe TeL. Wt
I 1 120 1,2 3L 1 100 119 eee 2 110 130 3L
111 9 102 121 18 3 N 11 15 17 98 118 17
1v 12 99 127 15 5 106 121 13 17 99 126 15
v 9 1.8 171 61 10 122 150 31 19 136 160 L6
VI 6 153 131 66 9 132 156 Lo 15 11 166 52
Vi 3 163 185 78 6 1.8 175 58 9 152 176 In
VIII Lo 184 21, 96 3 134 171 L7 7 167 195 76
Ix 1 160 187 77 cer  cee ces . 1 160 187 77

¥ Ages were determined by Dr. W. C. Beckman.

Y2 s

Feeding Habits of the Eluegill

During the neriod covered by this study the tluegills in Cedar Lake

consuned a rather large variety of organisms. Their main diet, nunmerically

speaking, consisted mainly of planktonic forms of life with Daphnia precomirating.
ayflies were usually cormon and in botia early and late winter their abundance

o+

728 preater Than that of Daphnia or any othsr single group of crganisms eaten.
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Tables i to 22/ present the results

date.

of stomach analyses for each collection

Organisms were grouped in the most easily identified categories. In

most instances, genera wvere ildentifiable and are presented as such. A
summary table (:223) and graph (Figure 2) follow.
Table 23
Summary of per cent of total volume of major food zroups
of bluegills, Cedar Lake, 1SL1.
Jan.12  Jan.19 Jan.25 Jan.2C  Feb.l Feb.2 Feb.6 Feb.9 Feb.1l2 Feb.lS
Zphemercptera 26.11 62.1L 85.91 Lol 26.3  36.71 L.82 0.00 0.00 0.00
Odonata 8.92 3.57 2.82 16.5L 0.00 12.66 0.00 2.27 0.00 0.00
Trichontera 38.22 10.71 1.1 1.0 25,72  1L.76 2.1 2427 0.00 2.61
Total 73.25 76.12 90.1lL 58.82 52,15 6L.13 7423 L5l 0.00 2.61
Diptera 13.33 5.72 1.1 5.51 10.71 8.y 7.22 2016 36.96 17.83
Total 86.63 82.1L 91.55 6h.33 62.86 72,57 1lL.L5  25.00 36.96 19.L4
Feb.16  Feb.22 Feb.23 TFeb.27 IMar.l ifar.2 Mar.8 lar.9 Nar.18
Ephemeroptera 12,50 0.69 7.36 7.10 17.60 L0.6L  23.87 6.62 63.08
Odonata 0.00 0.00 0.00 L.Lo ;1,00  11.83 1.1y  13.22 1,.38
Trichoptera 0.00 0.00 0.00 7.10 28,00 9.78 25,00 19.86 10.00
Total 12,50 0.69 7.36 18.60 L9.60 62.25 50.01 39.70 87.L6
Diptera 6425 15.51 7.37 1,.30 16.00 10.73 3.97 12.50 2,31
Total 18.75 16.20 11,73 32.90 65.60 72.98 53.98 52,20 89.77

It is noteworthy from these tables that as far as numbers are concerned,

insect components of the bluegill diet are relatively unimvortant and become

increzsingly so during
disintegration of the ice cover has begun.
organisms eaten during early winter,

mid=rrinter
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As the winter progressed, plankton became increasingly important only +o
decrease to a relatively unimportant position by the time the ice bezan

to yield to spring weather (Figure 2). Daphnia were the predominant
plankton group. They were less in volume than Ostracoda during two weeks
of mid-winter but quickly assumed their dominant position following that
time. Mayfly nymphs, chiefly Elasturus, were the dominant insect group.
They were exceeded in volume by Trichoptera during the first week of this
study, by Chironomus larvae during two weeks in mid-winter ana by Odonata
during the week of March 9-15. layfly nymphs became the most important
group during the last week of this study. In the bluegill diet there is

a. decrease in the volume of insect life consumed, Diptera excepted, during
mid-winter and an increase as spring approaches (Figure 2). However, this
trend is accompanied by a general decrease in the average total volume per
stomach during mid-winter and an increase toward spring. The converse is
true when numbers are considered. The greatest average numerical content
ner stomacn occurs durinz mid-winter when plankton constitutes the main
component of the bluezill diet.

Unusual items eaten by bluegzills during winter are Bryozoa (moss
snimalcules) which occur too often to be considered chance bits taken into
the stomach while feeding on other organisms. Fish remains were fouand in
11 stomachs. These remains were, for the most part, younz bluegills. It
is worthy of note that although fish were infrequently eaten, they comprised
a. considerable part of the volume of the total food of the larger bluegills.

It is interesting to note, when the feeding habits of different size
groups of bluegills are considered, that there is very little difference in
the dietary constituents. Only when these fish approach a total length
of 200 mm. do they tend to leave off plankton and feed on insect foods and
fish. The percentages of total numbers and volwnes which each major group
of food organisms constitutes in the diets of the various size groups are
presented in Table 2l;. The average volume per stomach for each size group
is also given. The latter figures indicate a trend toward a larger volume
per stomach as the fish increase in size. This increase is probably due to
the zreater volume per single organism which the larger fish eat.

Feeding Habits of Perch

Perch taken during this study were caught with "wigglers" (Fexagenia
nymphs). Some, especially the larger individuals, were taken with minnows.
The number of perch involved in the work vias not great enough to be
considered by individual collection dates, Conseguently, results of stomach
analysis have been zrouped into weekly periods. These consolidated findings
are vresented in Tables 25-3L.%

AT the beginning of the ice cover, the numerical composition of the
perch diet was dominated by insects. Dragonfly nymphs were nost numerous
during the first weell. They were replaced by mayfly nymphs, the bulz of
which were Blasturus, during the second weck. IlRyfly nymphs were the

5t prevalent component of the diet of the perch taken in the third week
but they were almost equaled by Ostracoda, the first plankton organisms to
be eaten. During February and the first two weeks of liarch, plankten

¥ Yot included in this report but filed with the Institute for Fisheries
Research copy at Ann Arbor.



Table 2L

during winter in Cedar lLake.

Organisms eaten by the various size groups of bluegills

Size range

Total length in mm, 100-119 120-139 1110-159 160-179 180-199 200-219
No. of stomachs 2l 79 212 210 72 1),
Orzanisms Per Per Per Per Per Per Per Per Per Per Per Yer
cent cent cent cent cent cent cent cent cent cent cent cent
of of of of of of of of of of of of
1n0. vol. no. vol. no. vol. no. vol. No. vol, Nno. vol.
Bryozoa 0.05 “es Tr. . 0.01 see 0.11 0.67 0.15 ceo 1.59 oo
Mollusca 0.52 10.00 0.17 Le27 1.04 201423 0.63 7.53 0.92 3.74 0.27 ces
Cladocera 85.73 16,67 | 89.10 53,52 56.59 25.51  169.17 21.00 81.18 6.38 13,52 .
Copepoda 0.6 ces 0.86 cen 2.69 0.75 112.38 5.67 0.78 voe cos .es
Ostracoda 5.7h 3.33 7.70 5.02 36.37 15.47 11.37 2.00 0.03 PN ves see
Amphipoda 0.12 . 0.09 . oo 0.09 see 0.06 o 0.17 ces cee oo
Hydracarina 0.07 cod 0.03 . 0.17 0.75 0.13 cee 0.08 ces 1.59 ces
Liphemeroptera 3.32 L6.67 0.58 9.30 0.97 11.77 3.21 36.80 11.L9 | L3.07 53.8L 23.6L
Odonata 0.05 ves 0.02 2.01 0.02 L9l 0.02 2433 0.08 6.38 0.27 cos
Neuroptera oo . Tr. 2.51 cee oo Tr. 2,00 .oe cee ose oo
Trichopters 0.2 11.33 0.31 10.05 0.32 7.93 0.30 5.33 0.89 | 24.13 0.53 21.82
Coleoptera ces . . cee ces ces Tr. 0.67 cos ces 0.5l cee
Diptera 2.12 12.00 1.13 13.32 1.39 8.568 2.31 10.67 Le21 7.12 27.32 7.27
Piscos oee cen e eee ces toe Tr. 5.33 0.02 9.13 0453 L7.27
?otal number 1,066 21,168 L8,5L51 32,591 6,516 377
Total volume in cce. 0.750 2.090 6.625 7.500 5. 1,80 1.575
Ave. vol./stomach 0.031 0.026 0.031 0.036 0.076 0,112

-
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dominated tie entire numerical picture. Ostracoda were by far the nost
abundent during the first tinree weeks of February. They were superseded
by Copepoda in the last wesi: of February and the first week of ilarch.
However, thev regzained numerical dominence the second week in Merch. Only
three perch were collected during the third week in llarch. Their stomachs
contained insects and fisn. Plankton was entirely absent. Iaayfly nymphs
vere mOst NURMEIrous.

The average number of organisms per stomach was naturally highest
duringz the middle of the winter when plankton constituted the main diet of
the perch. In contrast, the averazge volume per stomach was greatest during
early and late winter, descending to a broad low during the period when
the numerical average was highest. This was due to the small volume of
individual plankton organisms when compared with insects and fish.

rish constituted over 90 per cent of the volume of the perch winter
diet during every week of this study except February 9-15 when they repre-
sented 62 per cent, being displaced from their dominant position somewhat
by plankton, especially Ostracoda. 1liost of the fish eaten were small
bluegills. Their average length ranged between 30 and L0 millimeters.
Undoubtedly, they were the young of the previous spring spawning. There
were usually two and often three bluegills in each stomach containing fish.

When the results of stomach analyses of the perch from Cedar Lake
are tabulated according to size groups with no regard for date of collection,
there seems to be a definite segregation of feeding habits among the gzroups
as is shown in Table 35. Perch smaller than 119 mm. in total length feed
almost entirely on invertebrates. In this particular study, plankton
forms were most often eaten by fish in this size range. Plankton consti-
tuted about 7l per cent of the volume of food eaten. The next larger
size (120-139 mm. T.L.) perch ate many invertebrate organisms. In fact,
95,7 per cent of the number of organisms eaten were Ostracoda. However,
volumetrically, fish, mostly bluegills, made up 67 per cent of the diet
while planicton accounted for only 28 per cent. Perch, in size groups
above the two just discussed, tended more and more toward a solid diet
of fish. Ilayfly nymphs (Blasturus) and midge larvae (Chironomus) were
eaten quite often by perch of medium size. Perch over 179 mm. in total
length ate fish almost exclusively.




The diets of various sized
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Table 35

yvellow perch during winter
in Cedar lake

Size range

T.L. in . 100-119 120-139 11,0-159 160-179 160~199 200-2196 220-239 - 2L,0 -~
No. of stomachs - f —
in group 50 17 15 1, | 6
Fer Per Per Per Per Per Per Fer Per Per Per Per Per Per Per Per
cent cent cent cent cent cent cent cent cent cent cent cent cent cent cent cent
of of of of of of of of i of of of of of of of of
total total total total total total total total . +total total total total total total total total
Organisms no. vol. ne. vol, no. vol. N0« vol. |  no. vol. Nno. vol, N0 vol. No. vole
E Daphnia. L:,QSS 2038 L o e L] L] [ ! X s ) sesn X ve e s e voe
Cyclops 7.19 2.38 oo .. .. . . . cee cee . . ces ces ces oo
Diaptomus 10.77 6.1¢ cos } ..
Ostracoda 76.36 62.86 95.6 10.29 ces .o cese cee 126,92 oo .o . .o cee cee ces
Amphi poda 0.03 ces 0.2 cee . cos 2.69 cee ces coa oo .o .o ces .o ..
sphemeroptera
2lasturus 0.23 7.1L 2.2 17.65 8.00 69.13 5.8 . .. ..
mla Oolo RS evoe LR CRC ] . }-1'70 L , s o LI LI L) LICI ) e s e e L]
Jallibaetis O'OS . eve e oo cae voe ee e ‘ vee o cee vee o ev e .o evs
Caenis 0.02 . 0.03 e oo e e oo e .o .o oo .o e ces -
Odonata |
Bnallagma 0.01 .o 0.03 o ve voe .o 2.01 C.9% i Yo vee e . . Ve .. e
Ischnura 0.08 9.53 .. . oue . 1.3L 0.99 L. .. . . ces cee ces .
Trichoptera o
Leptoceridae 0.006 .o . . cos oo 0.67 .o ve e e v e . . ...
Diptera
Procladius 0.0% .o 0.06 cee . .o .o . . vee .. .. .. .. .. .
Pentaneura 0.08 ces oo ves . oo - .o . e .. Ve v ve . s
Chironomas 0.19 L.76 0.73 2.9L L.00 8.05 . 3.85 . . .
Clinotanypus 0.05 see . . . cos
Chaoborus 0.13 o 0.l 1.L7 . ces . . .
Ceratopogenidae vese coe 0.12 ‘e vos oo ees .o ces veo - ces .e cee v ves
Vertebrata
Pisces
Unident. fish 0.006 0.09 16.18 12.00 3.83 1.3 3.98 11,54 17.85 111429 L1435 e
Lepomis sp. ces .o 0.03 1.0L7 L.00 2.36 .o .o o e 7.1 L.35 - . . .
Bluegills 0,006 L.76 0.12 | 50.00 68.00| 79.65 10.07 | 06.56  g57.69 | 82.1L 76.57 | 91.30 100.0{ 100.0 100.0 | 100.0
Cormmon shiner coe coo ces cee ;.00 15,16 .o eee ve .o e e v . .. o
Total no. and
vol. in cc. 15,120 1.050 3,312 1.700 25 8.475 19 ﬁ.025; 26 5.600 1 L.600 5 2.100 1 0.500
|
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