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Introduction
Fish assemblages are routinely influenced by compe-
tition (MATTHEWS 1998). Commonly documented re-
sponses to interspecific competition include declines
in growth rates and spatial and habitat changes with
foraging shifts most conspicuous in interacting
species (ROSS 1986, PERSSON & GREENBERG 1990,
TREMBLAY & MAGNAN 1991, HE et al. 1994). Most
evidence of competition between piscivores has been
indirect (MARWITZ & HUBERT 1997), whereas direct
evidence of food resource partitioning has come
from north temperate lakes studies that demonstrated
interactions between closely related species (WERNER

1979, NILSSON & NORTHCOTE 1981, MITTELBACH

1984, 1988, COCHRAN et al. 1988, HODGSON et al.
1991). However, understanding the mechanisms al-
lowing competing species to partition resources re-
mains fragmented.

This study examines interspecific interactions of
trophic dynamics among three interacting species of
piscivores (largemouth bass Micropterus salmoides,
LMB; smallmouth bass M. dolomieu, SMB; and yel-
low perch Perca flavescens, YP) in a small experi-
mental oligotrophic lake in the Upper Peninsula of
Michigan, USA. Long Lake has not experienced any
angling exploitation for decades, subsequently pro-
viding a unique opportunity for us to examine a fish
assemblage free from human manipulation, where in-
terspecific trophic interactions have had sufficient
time to develop. Our objectives were to describe the
effects of interspecific competition on the diet of
LMB when impacted by two other piscivores, SMB
and YP. Specifically, we concentrated on the pis-
civory of LMB before and after extirpation of SMB
from the assemblage. During 1988–1990 both bass
species were present, but in 1999 only LMB were
present. YP were present during the entire study. Be-
cause of the more dominant piscivore position of
SMB in the assemblage (HODGSON et al. 1997), our
expectation was that in the absence of SMB (1999),
LMB would become a more dominant piscivore and
increase their proportion of fish prey.
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Method
Long Lake is a small, oligotrophic, seepage lake (8.0
ha, zm = 15 m), (photic depth = 3–4 m) with mean
epilimnion chlorophyll of 5.5  g·l–1 located on the
property of the University of Notre Dame Environ-
mental Research Center (UNDERC, 46°15!N,
89°30!W), Michigan, USA. The piscivore assem-
blage is composed only of LMB, SMB and YP; only
LMB and YP were present in 1999.

Fish used for diet analysis were collected in the lit-
toral zone by angling and electrofishing. Our analy-
ses were restricted to individually Floy-tagged adult
fish (> 150 mm total length). Individual stomachs of
1608 fish from 26 sample periods (5–7 samples per
year) over four years were analyzed (1988–1990 and
1999).

Stomach contents were removed with gastric lavage.
Five diet categories, enumerated by % wet mass were
employed: zooplankton (Daphnia pulex, Holopedium
gibberium), fish (young-of-year [YOY] and juvenile
bass, perch and sticklebacks, Culaea inconstans), ben-
thic invertebrates (odonates, ephemeropterans, am-
phipods and trichopterans), pelagic invertebrates
(Chaoborus spp., chironomid pupae and water mites,
Hydrcarina) and terrestrial vertebrates (mainly anu-
rans and small mammals).

Trophic niche overlap was analyzed with a per-
centage overlap equation as follows (SCHINDLER et al.
1997):

n
P(x) = [ Σ (min. pit1

, pit2
) ] 100

where pit1 and pit2 are the proportions of diet catego-
ry i at times t1 and t2 representing the two sample pe-
riods for respective species. A value of 0 indicated no
overlap, and a value of 100 indicated complete diet
overlap. Additionally, a single linkage cluster analy-
sis (JOHNSON 1998) assessed similarities in diets be-
tween species and years. A two-sample t-test was
used to compare the percentage of fish prey in the di-
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