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ABSTRACT

The diel feeding period, dietary composition, and prey size relative to fish size
were compared hetween four riffle-inhabiting stream fishes, Cottus carolinae
(banded sculpin), Etheostoma caeruleum (rainbow darter), E. flabellare (fantail
darter}, and E. spectabile (orangethroat darter) in llinois. The darters exhibited
similar diurnal feeding patterns, while Cottus showed a crepuscular feeding pat-
tern. Diect compositions of the darters were more similar to each other than to
Cottus, based on cluster analysis of percentage similarity measures, These duata also
suggested that teeding habitat may differ in stream flow, with Cotfus being the
most rheophyllic, decreasing in the darters, E. flabellare and E. caeruleum, and E.
spectabile having the most lentic diet. Significant but weak correlations were found
between prey size and fish gape width in all fish species. The correlation was
strongest in Cottus, which has the broadest fish size range of the four species
examined. This suggests that in natural popnlations with naturally broad body size
variation, prey size and tish size may be strongly correlated, allowing effective
food resource partitioning among species and size classes within species.

INTRODUCTION

The study presented here was conducted to investigate the extent of overlapin
resource utilization, particularly feeding perind, prey size, and dietary composition
among four small coexisting freshwater stream fishes. These species, including
three darters (Percidae) and the banded sculpin (Cottidae), oceur syntopically in
riffle habitats of cool upland streams throughout much of the highland region of the
castern LS. (Lee et al. 1980). Much literature has accumulated over the years on the
biology of darters, including two recent books on their systematics and biology

171



(Page 1983, Kuchne and Barbour 1983). Several studies have been conducted on
the food and feeding behavior of varions darter species (e.g.. Forbes 1880, Turmer
1921, Winn 1958, Scalet 1972, Schenck and Whiteside 1977}, including muny life
history studies which contain food habit information (Page 1983 and references
therein). However, relatively little information has been published on the feeding
periodicity and comparative feeding relationships of syntopic species {Mathur
1973, Adamson and Wissing 1977, Smart and Gee 1979, Cordes and Page 1980, Bek
and Surat 1982, Matthews et al. 1982, Paine et al. 19582, Hllohowskyjand White 1953).
Less information is available on the biology and focding habits of freshwater
sculping (Koster 1937, Bailey 1952, Zarbock 1952, Northeote 1954, Daiber 1936,
Patten 1962, Minckley et al. 1963, Straskraba ct al. 1966, Pasch and Lyford 1972,
Novak and Estes 1974, Mason and Machidori 1978, Daniels and Moyle 1978}, which
often co-inhabit cool, rocky riffles with darters in arcas of range overlap.

In this study the diel feeding relationships of 4 riffle-inhabiting fish species
were investigated in Tlutching Creck in southern Minots. Species studied are the
rainbow darter (Etheostoma cacrulenm), fantail darter (E. flabellore), orange-
throat darter (K. spectabile), and banded sculpin (Cottus carolingey. Diel feeding
periodicities, diet compositions and prey sive relative to fish size were determined
for each specics and compared between species. At the study area these species and
the slender madtom (Noturus exilis) represent the riffle ichthyofauna. Trophic
habits of the nocturnal N, exilis were presented earlier by Mayden and Burr (1981).

Study Site

Hutehins Creek is a 3rd order spring-fed stream draining primarily oak-
hickory forests, with some pastured and cultivated land within the watershed.
Stream habitats include gravel riffles and gravel and slate-bedded pools separated
by gravel raceways. Stream width ranges from 1.5 to 7.3 m; water depth from 4 em
in riffles to about 2 m in pools. Annual stream temperatures range from 1° C in
January to 32° Cin July. Stream flow is continuous. The sample site consisted of two
consceutive riftle ureas (approx. 2.4 m % 3.6 m each and approx. 30 mapart), located
4 mi NW of Anna; SW 4 of Sce. 25, R3W, T118, Union Co., Minois.

Materials and Methods

About five specimens cach of C. carolinae, E. caeruleum, E. flabellare and E.
spectabile were collected every 2 hr over a 24-hr period 27-28 September 1979 (Fig.
1}. Fishes were killed in 10% formalin and preserved in 70% ethyl alecohol. In the
laboratory the standard length (S1.) and gape width (GW) of each fish were
recorded. Gape width was measured as the transverse distance across the oral
groove, with mouth closed { Hubbs and Lagler 19473, Stomach contents of each tish
were examined, food items identified and maximum lengths aud widths measured
on intact food items using an ocular micrometer. Animal food items were identified
to lowest possible taxon. Numeric indices describing the degree of digestion of
food in stomachs (1-5; 1 indicating least, 5 indicating most, digestion} and degree of
tullness of stomach {1-5; 1 = least, 5 = most, full) were assigned to each fish. The
latter index used stomach distention and relative thickness of the stomach wall as
indicators of fullness.

Dietary composition was compared between fish species by calculating per-
centage similurity indices followed by dendeogram cluster analysis {CLUSTAN,
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Table 1. Total number of specimens and morphometric means and ranges for
Cottus carolinae, Etheostoma caeruleum, E, flabellare, and E. specta-
bile and their prey.

Fish Species

Measurement C. carolinae E. caeruleurn  F. flabellare  E. spectabile

No. of Specimens 57 61 62 49

Standard

Jength {mm)}
range 24.5-72.6 31.7-50.8 26.0-40.9 24.5-47.5
mean 39.7 40.2 33.4 336
Gape Width {mm)
range 1.7-15.3 1.7-44 1.7-3.2 1.7-4.2
mean 6.5 2.7 25 2.4
No. Food Items
total 332 1320 627 978
measured 68 460 228 368
Prey Length {mm}
rangc 0.96-48.00 0.16-6.32 0.18-8.96 0.14-13.60
Tmean 4.58 1.57 1.82 1.33
Prey Width {mm)
range 0.16-9.60 0.08-3.84 (1.12-1.60 0.08-1.36
mean 1.24 0.29 0.34 0.28
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Trichoptera
Hydropsychidae

Cheumatopyche sp,

Hydroptilidae
Hydroptila hamaia
Castropoda
Ferrisidae
Ferrissia sp.
Physidae
Physa sp.
Osteichthyes
Cyprinidae
Campostoma
anomalum
Total

Taxonomic
Richness (S)

25 7.5
0 8.0
0 0.0
¢ 0.0
3 0.9

16 1.2
1 0.1
i 0.1
0 0.0
U 0.0

332 1600 1322 100.0

10

20

37 2.8

0 0.0

1 0.2

1 (.2

a 0.0

642  100.0
15

5 0.5

0 0.0

0 .0

5 0.8

0 0.0

989 100.0
18

Table 3. Percentage similarity of diet between riffle-inhabiting fishes. Lower
half of table inclusive of all species and prey taxa. Upper hall calculated
between darter species only, with Chironomidace excluded from diets.

Fish Species

Fish Species

C. carolinae  E. caeruleum E. flabellare

E. spectabile

C. carolinae
E. caeruleum
E. flabellare
E. spectabile

40.77
55.05
38.97

84.27
54.50

62.12

83.06

53.28
38.83

Table 4. Results from two-sample t-tests comparing gape widths (upper half of
table) and prey maximum width {(lower half) among tour riffle-
inhabiting fish specics.

Fish Species

Fish Species

C. carolinge E. caeruleum

E. flabellare E. spectabile

C. carolinae
E. caeruleum
E. flubellare
E. spectabile

LE2-N-]

LN

LN

Hoag

EX-2-3 -

1.8

aHd

LA

n.s.
n.s.

*p <0.05
e <0.001
ot <0.0001
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Figure 1. Mean number of food items found in the stomachs of fish collected from Hutching Creek,
Hlinois, every two br for 24 hr, 27-28 September 1979, Numbers above cach collection time
along the species curves represent nmmber of fish collected at that tirne
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Figure 2. Mean stomach fullness index of four fish species collected every two hr for 24 hr from
Hutchins Creek, Ilinois, 27-28 September 1978, A fullness index of 1 indicates least full
(empty) and & indicates most full.
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Figure 3. Mean index of digestion of stomach contents of four fish species collected cvery two hr for 24
hr fram Hutching Creek, Mineis, 27-28 September 1979, A digestion index of 1 hulicates leasl
apparent digestion and 5 indicates most apparent digestion of stomach contents.
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Figure 4. Nendrogram cluster analysis of diet composition of (A} all four rilfle fish species. and, (B the
darter species only, excluding the chironomid prey component (rom the analysis.



