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ABSTRACT

Food habits of bluegills collected from heated and unheated areas of Coffcen
Lake were examined. Principal food items of bluegills from the heated station, in
order of decreasing index of significance values, were plant material. terrestrial
arthropods, gastropods, algae, and chironomids. A comparable list of principal
food items from the unheated station included terrestrial arthropods, plant material,
chironomids, other aquatic insects, and bryozoans. Diversity values, calculated to
provide a qualitative assessment of feeding at heated and unheated locations,
demonstrated that the diet of bluegills frum the unhealed slalion was consistently
more diverse. Seasonal variations in diet reflected the bluegill’s opportunistic
feeding behavior, as seasonally abundant food resources (such as [ish eggs, bryo-
zoans, and terrestrial arthropods) were utilized as major food items. Other investi-
gations have suggested that bluegills from heated locations feed more frequently
than those from unheated watcrs. However, fullness indices caleulated for this
study indicated that stomach fullness was significantly higher at the heated station
for only two of eight collection dates.

INTRODUCTION

A fundamental problem for all animals in an aquatic ecosystem is obtaining
sufficient nutrition. For fishes inhabiting thermally enriched environments the
problem may be exacerbated by accelerated rates of digestion and maintenance
metabolism (Bennett and Gibbons 1972, Graham 1974). These fishes may exhibit
several responses to mitigate these problems; migration to areas of cooler tempera-
tures (Tranquilli et al, 1979), transitory forays into unpreferred temperatures to
forage (Bennett and Gibbons 1972), or consumption of a lurger daily ration. Alter-
natively, fishes may not be capable of mitigating those metabolic problems, and
poor growth may ensue,

This investigation of bluegill feeding dynamics was initiated to increasc our
understanding of the ecological role of bluegills inhabiting cooling lakes. Specil-
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found there at that time. The collections were taken from areas near Station 1.5
(Fig. 1), Third, during January 1979, the unheated station was ice-covered, and
no collection could be made.

RESULTS AND DISCUSSION

Index of significance valucs showed that food habits of bluegills collected from
heated and unheated areas of Coffeen Lake were not greatly dissimilar (Tables 1
and 2). Differences in gastropod and brvozoan utilization were most pronounced,
the former being more predorninant in stomachs of fish from heated areas and the
latter more predominant at unheated sites. Chironemids and other aquatic inseets
were more prevalent in stomachs from the unheated locations; the differences in
use apparently reflected similar diffcrences in abundance of those specific food
resources. Another distinetion between the two areas was the greater reliance of
bluegills from the heated station on plant material and algae. Food items of nearly
equal importance at both heated and unheated stalions included terrestrial arth-
ropods, microcrustaceans, and tish eggs.

Bluegills from both heated and unheated areas of Coffeen Lake consumed
substantial quantities of terrestrial arthropods. However, that fact does not neces-
sarily imply that bluegills were using that resource because autechthonous foods
were scarce. Although authochthonous food resources were poor at the heated sta-
tion, thev were abundant at the unheated station (Swadener et al. 1980, Warren
and Buckler 1981), and vet terrestrial arthropods were the most important food
item of bluegills from unheated waters. Several factors may have contributed to
the extensive use of terrestrial arthropods as food by bluegills. First, overhanging
forest vegetation dominates the Coffecn I.ake shoreline and thus provides an inter-
face between aquatic and terrestrial habitats. Second, the feeding behavior and
morphological adaptations of bluegills (Keast and Webh 1966), augment that
fish’s potential for capturing surface prey. Third, the opportunistic nature by
which the bluegill feeds suggests that the most abundant and accessible food items
are readily exploited. For instance, bluegills examined in this study from the
September collections contained enormous quantities of aphids, almost to the
exclusion of all other food items.

Diversity values were caleulated to provide a qualitative assessment of feeding
at heated and unheated locations {Table 3). Those values demonstrated that the
diet of bluegills from the unheated station was consistently more diverse than that
of bluegills from the heated area; only during October and November 1978 werc
diversity values higher at the heated statien.

Food habits of bluegills from Lake Sangchris (Sule et al. 1981), a cooling lake
in nearby Christian and Sangamon Counties, differed from those of bluegills ex-
amined in this study. Bluegills from Lake Sangchris relied more heavily upon
microcrustaceans, chironomids, and other aquatic arthropods, whereas bluegills
from Coffeen Lake consumed more terrestrial arthropods. In addition, gastro-
pods, bryozoans, and fish eggs, all important components of the diet of Coffeen
Lake bluegills, were not found in stomachs of bluegills from Lake Sangchris.

Empty stomachs were uncommon in this study, as only 1.0 and 4.5 percent of
the stomachs from the heated and unheated stations, respectively, were empty. To
further investigate differential feeding intensity at the two stations, a fullness in-
dex determined for each specimen showed that stomachs of bluegills from the
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heated station contained significantly (P 0.053) more food by weight during
March and June than did the stomachs of bluegills from the unheated areas, but
there was no statistical difference between stations for the other six months. Differ-
ential feeding intensity of bluegills has been investigated in a cursery manner in
other cooling lakes. Sarker (1977} and Sule et al. (1981) found that the percentage
of empty stomachs was lower in samples taken from heated locations as opposed to
those from unheated locations, That samc trend held true for this investigation.
Both Sarker (1977) and Sule et al. (1981) suggested that bluegills in heated waters
fed more frequently because of higher digestive and metabolic rates. However,
mean fuliness indices culculated for this study were significantly higher (P 0.03)
at the heated station for only two of eight collection dates.

Winter food habits did not differ between heated and unheated arcas of Coffeen
Lake, and the winter diet of hluegills from the heated station did not differ from
published reports of the feeding habits of bluegills from lakes with normal winter
water temperatures, Food items of increased importance during winter collections
were microcrustaceans and plant matter, whereas utilization of chironomids
declined and use of terrestrial arthropods declined precipitously (Fig. 2). Similar
winter feeding regimes have been reported for several non-cooling lakes (Motfet
and Hunt 1843, Goodson 1965), Probably unique to an Illinois lake was the
appearance of fish eggs in the winter diet of bluegills, which were found in
stomachs from the heated station in mid-March. At the same time {ish eggs were
not found in stomachs from the unheated area of the lake. This disparity can be
related to the bimodal spawning periodicity of largemouth bass in Coffeen Lake.
Largemouth bass from the heated arca begin spawning approximately four weeks
before bass in the unheated area {Tranquilli and Perry 1981).

During spring, fish eggs became the predominant food item of bBluegills in
Coffeen Lake. Ninety percent of the specimens from the heated station and 80
percent from the unheated waters contained fish eggs. but blucgills from the un-
heated station consumed a greater percentage weight and thus exhibited a higher
index of significance value. Bryozoans were an impaortant food item in spring at
the unhcated station but were not found in stomachs from the heated station.
Food items which were used extensively during winter, microcrustaceans and
plant matter, were less important in spring samples as other food resources
became abundant. A distinet disparity existed between heated and unheated col-
lections in the use of the major aquatic insect group, chironomidae larvac. The index
of significance value for bluegills from the unheated station was 23.7 and only 4.0
for bluegills from the heated station. However, bluegills from the heated area
were at the same time making much greater use of terrestrial urthropods as a food
resource.

During the summer months water temperatures at the hcated station often
excecded the upper avoidance temperature {33°C) of bluegills (Beitinger and
Magnuson 1979) and thus may have altered feeding behavior. During this period,
gastropods, which were uncommon during the other seasons, became an important
component of the diet at the heated station but were much less important at the
unheated station. Principal food items at the unheated station during the summer
months were terrestrial arthropods, plant matter, bryozoans, and chirenomids.

During autumn, plant matter and terrestrial arthropods were the predomi-
nant food items. Gastropods were uncommon, and bryozoans and fish eggs were
completely absent from the diet of bluegills. Chironomids, which in other seasons
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were more extensively utilized by bluegills from the unheated station, were used
to a greater extent by bluegills from the heated area of Coffeen Lake,

Benthic food resources were sparse in the area of the heated cffluent (Warren
and Buckler 1981}, and the major component of the littoral benthic community,
oligochactes, was rarely used as food by bluegills, Thus, bluegills from the heated
station shifted to other food resources, some of which have been reported to be of
limited value, e.g., algae {Kitchell and Windell 1870). Beitinger and Fitzpatrick
(1979) stated that bluegills in natural populations are often food limited, and fish
under such conslraints can redice muintenance metabolic costs by seeking lower
water temperatures. In Coffeen Lake, intra- and interspecific competition for
food and space is probably so severe that many fish were unable to occupy preferred
temperature regimes, Multiple factors acting synergistically probably contributed to
the stunted condition of bluegills (Perry and Tranquilli 198} ) in Coffeen Lake.
However. two of the more important factors limiting the growth und atfecting the
body condition of Cotfeen Lake bluegills were the quality of the food resource and
accelerated rates of maintenance metabolisin,

ACKNOWLEDGMENTS

This work was supported by a grant from Cenlral lllinois Public Service Com-
pany, Springfield, Illinois. Ted Storck of the Hlinocis Natural History Survey and
Mike Sule and John Tranguilli of the Illinois Department of Conservation eritically
reviewed the manuseript.

LITERATURE CITED

Beilinger. T.L.. and 1.C.. Fitzpatrick. 1979, Physiological and cedlogical correlates of proferved tem-
perature in fish. Amer. Zool, 15:319-324,

Bejtinger, T.L., and [.]. Magnuson. 1979, Growth rates and temiperature selection of bluegill, Lepomis
macrochirus. Trans, Am. Fish Soc. H8:378-3682,

Bennett, 1311, and LW, Gibbons. 1972, Food of largemouth bass (Micropterus salmoides) from o
South Carolinag reservoir receiving heated effluent, Trans. Amer. Fish Soc. 101:630-654,

Coodsor. 1.1, Jr. 1965, Dhets of four warmwater game fishes in a fluctuating, steep-sided California
reservoir. Calill Fish Game 51:259-269.

Graham, T.P. 1974, Chronic malnutrition in Tour species of sunfish in a thermally loaded impound-
ment. fa Thermal Feolowy, [W. Gibbons and BB Sharitz (eds.d ARG Svmposinm Series. Augusta,
Ca. pp. 151-157.

N¥nois Eovironmental Protection Ageney. 1978a. Assessment and classification of Ninois Lakes,
Volume 1. 208 Water Quality Management Pranning Program Staff Reporl. State of Winois, Faviron-
mental Protection Agency. Springhicld.

lineis Fovironmental Proteclion Agency. 1978h, Assessment and elassilication of Hlinois Lakes,
Volume IL 208 Water Quality Management Planning Program Stalf Beport. State of Tllinois. Envi-
ronenental Profection Agency, Springficld.

Keast. A . and 1. Webb, 1966, Mouth and body form relative to feeding coolopy inthe fish fanna of a
simall fake. Lake Opinicon, Ontario. J. Fisho Res, Bd, Can. 23:18435- 1873,

Kitchell. 1.F.. aud J.1. Windell. 1970, Nuteitional valne of alyue (o bloegill sunfish. Leponris macrochirus.
Capela THT0:186- 154,

Mathur, 13, 1977, Food habits and competitive relationships of the bundfin shiner in Halawakee Creek,
Alabama. Am. Midl, Nator, 97:84-100.

Moffott, W ., and B.P. Hunt. 1943, Winter feeding habits of blucgills, Lepomis waceroelivas Ralinesque.
and vellow Perch, Perca flaveseens. Trans, A Fish Soc. 73:231-242,

Perry, L.G..and JLA, Tranquilli. 1951, Age, growth. condition and length-frequency distributions of
welected Coffeen Lake fishes. In T A Tranqguilli and RW. Larimore feds. b Fnvivonmental Studies of
Coffeen Lake. Final Report to Central Tllinois Public Service Company, Hlinois Natural History
Survev, Champaign,

Sarker, AL, 1973, Leeding coology of the bluegill, Lepoatis macrochires Rafiuesgue) in lwo heated
reservoirs of Texas, L1, Size of the fish and patterns of feeding. Bungladesh J. Zoob. 3:1-10.

Sarker, A.I.. 1977, Feeding ceology of the bluegill, Lepomis macrochirus in two heated reservoits in
Texas. 111, Time of day and patlerns of feeding. Trans. Am. Fish Soc. 106:396-G01.



258

Sule, MUY 1ML MeNumeyv, and LB Hallficld, Jr. 1951, Food habits of some common fishes [rom
heated and unheated areas of Lake Sangehris, Pages 300-519 in RW. Tarimore and ). A. Uranquilli
jeds. b The Luke Sanpehris study: cuse history of an lineis conling lake, Bull. 111 Nat. Hist. Surv. 32(4).

Swadener, 5.0, G.T.. Warren, and J.H. Buckler. 1980, Benthic conumunitios of Coffeen Lake. 11 ] AL
Tranyuilli and KW, Larimore {eds. ). Enviconmental Studies of Coffeen Lake, Second Annual Report
{or Central THinois Public Scrviee Company, Winois Natural History Survev, Champaign.

Tranguilli, JLA. [ .M. MeNurney, and B. Kocher, 1979, Growth, movenents, und population estimates
for fishes [ronn Take Sangehris determined by tagging studies. Ia Fvaluation of 4 caoling lake fishery.
Vol 1L 1L Nut, Hist, Survey Final Report 1o Electric Power Research Lustitute, Palo Alta, CA,

Trancuitli, J.A., and B.W. Larimore, eds. 1951, Fnvironmental Studies of Coffeen Lake. inal Annual
Report to Central Hlinois Public Service Company by Hlinois Natural History Survey, Champaign,

Trancuilli, J.A., and L.G. Perrv. 1981. Spawning periodicity and focundity of fishes inhabiting heated
and ambient areas of Colfeen Lake, In T A, Tranguilli and B.W. Larimore (eds.). Environmental
Studies of Coffeen Lake. Final Report to Central 1llinois Public Service Company. Nlinois Natural
History Survey, Champaign.

Warren, L., and JLH. Buckler. 1981. Benthic investizations of Coffeen Take, In LA, Tranquilli and
R.W. Larimore {eds.). Environmental Studies of Coffeen Lake. Final Report to Central Llinois Public
Service Company. Ilinois Natural History Survey, Champaim.

Windell, ].T. 1971, Food analysis and rale of digestion. Pages 215-226 in W_.F. Ricker (ed.). Methods
for assessment of fish production in [resh waters. 2nd edition. TBP Ilandbook No. 3. Blackwell Sci.
Publications, Oxford.



259

Table 1. Composition of the diet of 108 bluegills collected from the heated station
of Coffecn Lake, October 1978-August 1980. Food items are listed in
order of decreasing importance according to their index of significance
value. Mean total length was 126 mim. range 90-154 mm.

Index of Percent Percen! frequenht:;
Food item significance weight of occurrence
Unidentified organic matter 5.2 35.8 ) 85
Plant material 33.8 16.3 70
Terrestrial Arthropods 32.8 14.0 7
Gastropoda 16.8 13.5 21
Inorganic matter 13.0 5.3 32
Algae 12.3 6.6 23
Chironomidae 11.7 2.0 68
Microcrustaccans 7.6 1.1 52
Other aquatic insects 7.5 1.4 40
Fish cggs 6.3 2.5 16
Fish scales 2.6 0.3 22
Bryozoa 1.3 0.3 6
Astacidae 1.2 0.7 2
Oligochacta 0.09 0.002 4

99.8
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Table 3. Monthly diversity (D} of the diet values at heated and unheated stations
in Coffeen Take.

Diversity (D}

Date Heated Unheated
Oct. 1978 1.99 1.46
Nov. 1978 1.92 0.56
Jan, 1979 1.18 *
Mar. 1979 1.28 1.55
May 1979 1.61 2.46
Sept. 1879 1.78 1.584
June 1980 1.23 2.08
July 1980 2.27 .77
Aug. 1980 1.95 2.08

*No collection due to ice cover.



Coffeen Lake

(-

590 ‘IOIOQ

Meters

= Major Sampling Station

= Ancillary Sampling Station

East Arm
Inflowing Stream

Fig. 1. Sampling stations on Coffeen Lake nsed during this study (Stations 1, 1.5 and 4).



D Heated
” Ambient
Z
Winter
,"‘“_I
30
151 /7
I 7] I L I E E'
Spring
30+ “?
]5‘ ﬁ /
A — 7R )
E Summer
g
E jelo]
Z
I
- 157 / i %é 2]
):
Aulumn
Kl é ; 1
15
Micro - Chirenomids Terrestrial Gastrepoads  Bryoroans Fish eggs Plant
crustaceans arthropods muotter

Fig. 2. Seasonal variations in the dict of bloegills feom heated and unheated arcas of Colfeen Lake,



