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Abstract Bluegill (Lepomis macrochirus) and yellow
perch (Perca flavescens) populations are often sympat-
ric in the Great Plains region of the U.S.A. and portions
of Canada; however, very little attention has been given
to potential interactions between these species for
available resources, especially during the early life
stages. Relationships between age-0 bluegill and yellow
perch growth and relative abundance were explored
across multiple lakes and years within the Nebraska
Sandhill region, USA. In addition, four habitat patch
types (open water, Phragmites spp., Typha spp., Scirpus
spp.) were sampled for age-0 bluegill and yellow perch,
and food habits were examined for each species during
August, September, and October of 2009 in one of these
lakes. Age-0 yellow perch growth was negatively
related to age-0 bluegill relative abundance across a
spatiotemporal scale. Age-0 bluegill and yellow perch
exhibited similar habitat use (moderate-high overlap),
but generally consumed different important and dom-
inant prey taxa (bluegill consumed both macroinverte-
brates—56 % and zooplankton—44 %, while yellow
perch consumed more zooplankton—66 %), which
resulted in low overall diet overlap between species.
Previous research indicates that age-0 yellow perch diet
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ontogeny often results in feeding predominately on
macroinvertebrates and positively selecting them (and
avoiding zooplankton prey) at sizes observed in our
study. Therefore, yellow perch growth rates may be
compromised by the presence of bluegill because of the
need to consume less energetically profitable prey items
such as zooplankton.

Keywords Bluegill - Yellow perch - Competition -
Habitat - Diet

Introduction

Interactions within and among species can result in
intraspecific and interspecific competition, respec-
tively, which are important drivers of population
dynamics. These competitive interactions can lead to
decreased growth and elevated mortality rates and can
ultimately result in decreased fitness within a species
(Kennedy and Strange 1986; Hearn 1987). The
mechanism or avenue of competition between two
species for food and available habitat usually exists in
two forms. These include (1) interference, where one
species aggressively excludes another less aggressive
species, which results in reduced growth rates or
increased mortality of the less aggressive species
(Holbrook and Schmitt 2002; Mills et al. 2004), and
(2) exploitative, where both species have equal access
to the available resources, but one species may be
more efficient or exists in higher density and thus has
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an advantage, but is not administered through aggres-
sive tactics (Mittelbach 1988; Hixon and Jones 2005).

Eurasian perch (Perca fluviatilis) and roach (Ruti-
lus rutilus), which are often found in sympatry, can
compete for available resources, especially food
during times of low resource availability (Persson
1983c; Bergman 1990). Roach are often favored in
systems with low food availability due to their ability
to prey on a broad range of diet items at a lower trophic
level such as algae, detritus, and smaller zooplankton
compared to Eurasian perch, which are strictly
carnivorous (i.e., invertebrates and small fishes; Pers-
son 1983a, b). This competitive advantage becomes
more substantial in populations where roach exist in
higher densities than Eurasian perch (Persson 1983c;
Bergman 1990).

A similar interaction situation as that found
between Eurasian perch and roach could exist between
bluegill (Lepomis macrochirus) and yellow perch
(Perca flavescens) populations. Because populations
of these two species are often sympatric and are
common within the Great Plains region of the U.S.A.
and portions of Canada, the potential for resource
competition may exist. Despite this information, few
studies have addressed this aspect (but see Schoene-
beck and Brown 2010), and to our knowledge, no
studies are available that examine these relationships
during the later age-0 bluegill and yellow perch life
stage (but see Kaemingk et al. 2012, during the early
age-0 life stage). Given that recruitment is often
thought to be established during the first year of life
and given high interannual variability in recruitment
for many fishes (Ludsin and DeVries 1997; Santucci
and Wahl 2003), examination of competitive species
interactions during this time period is crucial for our
understanding of recruitment and will ultimately
provide valuable information for ecologists and fish-
eries managers.

Our objectives for this study were to examine
interactions between age-0 bluegill and age-0 yellow
perch for habitat and food resources. In addition, we
wanted to determine whether there was any evidence
for interspecific competition between these two species
for these resources. We hypothesized that interactions
between age-0 yellow perch and bluegill for available
habitat and prey resources would be minimal (i.e., low
resource overlap). Age-0 yellow perch would most
likely utilize open-water habitats (rather than emergent
vegetation) and consume primarily macroinvertebrates
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(rather than zooplankton) during late summer or fall
based on previous research (Whiteside et al. 1985; Wu
and Culver 1992; Graeb et al. 2006). Alternatively, we
expected age-O bluegill to associate with emergent
vegetation (rather than open water) and consume both
zooplankton and macroinvertebrates (see Mittelbach
1981; Mittelbach 1984).

Methods

Two common approaches have been used to evaluate
interspecific interactions between potential competi-
tors: a manipulative approach (e.g., laboratory setting
in a controlled environment or controlled field study)
and a mensurative approach (e.g., documenting pat-
terns in the field). Each approach has strengths and
weaknesses when attempting to highlight relationships
between species for the use of a common resource
(Tilman 1987). A manipulative approach allows the
resources and abundances of each species of interest to
be modified to reflect different scenarios (Connell
1983; Tilman 1987). These experiments can often be
replicated, and mechanisms of competition may be
isolated; however, this approach can lack reality or
what is naturally occurring in the field in an attempt to
parse out important variables (Carpenter 1996; Car-
penter 1999). Alternatively, a mensurative approach is
more descriptive of reality but is often masked with
interference from a multitude of uncontrolled vari-
ables acting on the species of interest (Drenner and
Mazumder 1999). Thus, mensurative studies can limit
inferences on the exact mechanisms or degree of
competition between species, but provide valuable
insight as to whether there is any evidence of
competition in the natural environment (Gabler and
Amundsen 1999; Wheeler and Allen 2003; Raborn
et al. 2004; Jang et al. 2006). Therefore, we chose to
take a mensurative approach to evaluate potential
interactions between age-0 bluegill and yellow perch
because no other studies have examined this to date,
and therefore, these results will provide baseline
information for future studies.

Study area
Clear, Dewey, Pelican, Watts, and West Long lakes

were sampled and are all located within the Valentine
National Wildlife Refuge in north-central Nebraska,
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USA. Lakes ranged from 25 to 332 ha in surface area
and are relatively shallow (mean depth 1.3-2.1 m).
The fish assemblage in each lake is relatively simple
consisting mainly of bluegill, yellow perch, large-
mouth bass (Micropterus salmoides), northern pike
(Esox lucius), black bullhead (Ameiurus melas), and
common carp (Cyprinus carpio).

Pelican Lake (sampled for both objectives) and the
other lakes sampled are primarily dominated by three
emergent plant types, including Phragmites spp.,
Scirpus spp., and Typha spp. (hereafter referred to as
Phragmites, Scirpus, and Typha). Using the methods
outlined by Paukert et al. (2002), emergent vegetation
coverage during late July 2009 in Pelican Lake was
8.5 % for Phragmites, 15.5 % for Scirpus, and 7.0 %
for Typha. The remaining portion of the lake was
classified as submergent vegetation (9.9 %) and open
water (59.1 %—void of vegetation). Daily water
temperature in Pelican Lake during August through
October 2009 ranged from 7.8 to 26.3 °C with a mean
of 18 °C (SE = 0.64).

Exploratory interactions between age-0 bluegill
and yellow perch

Age-0 yellow perch and bluegill were collected once
from the study lakes in August or September (i.e., fall)
using cloverleaf traps, placed in randomly chosen sites
in nearshore areas (i.e., not patch type specific) of the
lakes in 1-2 m of water. Sampling occurred later in the
season to encompass a majority of the pelagic (larval)
to littoral (juveniles) movement of individuals. Pelican
Lake was sampled across 8 years (2004-2011), and
the other lakes (Clear, Dewey, Watts, and West Long)
were sampled 2 years (2008-2009). All fishes were
preserved in 90 % ethanol and returned to the
laboratory. All fishes were identified and measured
(total length, TL, in mm), and mean TL was calculated
for each fall for each lake. Each three-lobed cloverleaf
trap was constructed of galvanized 6.4-mm bar mesh,
with three 12.7-mm-wide openings between lobes to
accommodate entrance of small bluegill and yellow
perch (Brown and St. Sauver 2002). Each lobe was 50
cm in diameter with 41 cm height. Cloverleaf traps
have been previously and successfully used to assess
stock contribution of age-0 and age-1 yellow perch in
other populations (Brown and St. Sauver 2002) over a
range of perch sizes (Longhenry 2006). Catch per unit
effort (CPUE) was expressed as the mean number of

age-0 fish captured per trap night (i.e., day) for each
lake during each fall.

Habitat use

A total of five sites (same sites were sampled across
months) featuring diverse habitat patches were sam-
pled during the fall (i.e., August, September, October)
of 2009 in Pelican Lake. Sampling sites were selected
based on the criterion that all habitat patches were
within a 50-m radius to minimize spatial variation
among samples. Habitat patches were categorized
according to the type of vegetation (>90 % relative
frequency) as (1) Phragmites, (2) Scirpus, (3) Typha,
or (4) open water (void of emergent vegetation and
lacking submergent vegetation).

Age-0 bluegill and yellow perch were sampled using
cloverleaf traps (dimensions previously described) that
were checked twice daily (i.e., morning and evening
crepuscular periods) for three consecutive days during
mid-August, September, and October in 2009 to
examine diel habitat use. One cloverleaf trap was
placed in each habitat patch (mean depth = 1 m,
range 0.4—1.7 m) across five sampling sites (4 patch
types x 5 sampling sites = 20 traps). All captured
fish were identified and enumerated, and a subsample
of 200 fish per trap for each species was measured for
total length (i.e., TL) to the nearest millimeter. Age-0
(versus age-1) bluegill and yellow perch were deter-
mined using methods previously described. Catch per
unit effort (CPUE) was expressed as the mean number
of age-0 fish captured per trap hour.

Diets

Digestive tracts were removed from a minimum of 10
age-0 bluegill and yellow perch per habitat patch each
month within Pelican Lake during 2009 and stored in
90 % ethanol. Individuals were randomly selected
from diel periods (i.e., day and night), because
determining specific consumption times (day vs. night
feeding) is challenging due to variability in gastric
evacuation rates among different prey types, temper-
atures, and body sizes (Booth 1990; Bromley 1994).
Therefore, our results provide a broad examination of
food habits across patch types. Individuals were also
selected to encompass the range of sizes encountered
in the samples where a minimum of two individuals
were examined per five-millimeter-length category.
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Diet items were enumerated and identified to genus for
all zooplankton taxa and order or family (i.e., Diptera)
for macroinvertebrates and were measured to the
nearest 0.01 mm. Zooplankton taxon—specific length—
dry weight conversions were used to convert length to
biomass (1g). Biomass was then converted to wet
weight using a dry mass—wet weight ratio of 0.10 for
cladocerans and 0.12 for copepods (Cummins and
Wuycheck 1971; Dumont et al. 1975; McCauley and
Kalff 1981; Culver et al. 1985; Lynch et al. 1986).
Similarly, macroinvertebrate lengths were used to
estimate biomass with length—-weight conversions
(Smock 1980; Benke et al. 1999).

Statistical analyses

Pearson correlations were performed between fall
mean TL (i.e., size) and fall mean CPUE (i.e., relative
abundance) for both species among all lakes to
examine potential interactions (i.e., intra- or interspe-
cific). Because multiple pairwise comparisons were
examined, a Holm’s sequential Bonferroni adjustment
was used to determine significance. All statistical
analyses were performed in SAS (SAS Institute Inc.
2002). Some variables were logio-transformed to
better approximate normality and achieve the require-
ments necessary for parametric analyses.

Relative prey importance for both age-O bluegill
and yellow perch in Pelican Lake was assessed for
each habitat patch type during each month using the
Costello (1990) graphical method as modified by
Amundsen et al. (1996) where prey-specific abun-
dance (P;) is calculated as

P; = 251\ o 100
(Z S,,->

where P; is the prey-specific abundance of prey i, S; the
stomach content in dry weight comprised of prey 7, and
S;; the total stomach content in dry weight in only
fishes containing prey i in their stomach. Prey-specific
abundance (P;) is then plotted as a function of the
frequency of occurrence of each prey item to interpret
feeding patterns. In a biplot of these variables, prey
items located in the upper right-hand corners of the
graph represent taxa with high frequency of occur-
rence and high prey-specific abundance and are
characterized as important and dominant prey items.
Prey items located in the lower left-hand corner of the
graph reflect a low frequency of occurrence and low
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prey-specific abundance and represent less important
and rare items (Amundsen et al. 1996).

Age-0 bluegill and yellow perch niche overlap
(NO) in Pelican Lake was calculated for diets and
habitat use according to Schoener’s (1970) similarity
index

NO=1-05>|pi—q| = _ min(pi—q)

where p; is the proportion of the population (or diet
item) of a species (i.e., bluegill) in the ith patch type
and g; is the proportion of the population (or diet item)
of another species (i.e., yellow perch) in the same
patch type. Relative abundance (CPUE) was used to
examine habitat—niche overlap during diel periods
(i.e., night and day) during each month. The average of
the biomass percentages of diet items was used to
examine diet niche overlap across habitat patches each
month (Wallace 1981). Niche overlap values range
from O to 1, and values between 0.6 and 1 infer high
niche overlap, values ranging between 0.3 and 0.6
indicate moderate niche overlap, and values below 0.3
suggest low levels of niche overlap (Wallace 1981;
Santamarina 1993).

Results

Exploratory interactions between age-0 bluegill
and yellow perch

Age-0 bluegill fall mean TL was positively related to
age-0 yellow perch fall mean TL (r = 0.73, P < 0.01;
Fig. 1) across a spatiotemporal scale. In addition, age-
0 yellow perch mean TL was negatively related to age-
0 bluegill mean CPUE (r = —0.62, P = 0.01; Fig. 1).
Fall age-0 yellow perch mean CPUE was not related to
fall age-0 bluegill mean TL (» = —0.10, P = 0.72) or
CPUE (r = 0.19, P = 0.49). Fall age-0 bluegill mean
TL was not related to fall age-0 bluegill CPUE (r =
—0.37, P = 0.16) nor was fall age-0 yellow perch
mean TL related to fall age-0 yellow perch CPUE
(r=-0.32, P = 0.25).

Diets
Diets from 122 age-0 bluegill and 124 age-0 yellow

perch were examined in Pelican Lake. A total of nine
diet items were dominant and most important to age-0
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Fig. 1 Mean age-0 bluegill TL (mm) in relation to mean age-0
yellow perch TL (mm) for 15 lake-years in five Nebraska
Sandhill lakes (top two lake-years are presented with yellow
perch TL = 59 and bluegill TL = 30; no age-0 yellow perch
were sampled in one lake-year). Mean age-0 yellow perch TL
(mm) plotted as a function of log;(-transformed bluegill mean
number per trap night (CPUE) for 15 lake-years in Nebraska
Sandhill lakes (bottom)

bluegill within each patch type among the months
examined, of which four were zooplankton and five
were benthic macroinvertebrates. Age-0 bluegill diets
revealed a generalized feeding strategy during August
across patch types with Chironomidae (open and
Typha) and Bosmina (Phragmites, Scirpus, and
Typha) prey types as the dominant and most important
prey items during this month (Fig. 2). September age-
0 bluegill diets appeared to shift to a more specialized
feeding strategy with fewer dominant and important
prey items (except for Chironomidae in open patches;
Fig. 2). Lastly, diets of age-0 bluegill in October were
similar to those in August as a generalized feeding
strategy was observed, with Chironomidae (Scirpus

and Typha) and Chydorus (open) as the most dominant
and important diet items (Fig. 2). Other diet items
included Ceriodaphnia, Daphnia, Cyclops, Diaptomus,
copepod nauplii, rotifers, Diaphanasoma, Epheme-
roptera, Trichoptera, Coleoptera, Odonota, Plecopter-
a, and Ostracoda.

A total of six diet items were dominant and most
important to age-0 yellow perch within each patch
type among the months examined, of which four were
zooplankton and only two were benthic macroinver-
tebrates. Age-0 yellow perch diets in August revealed
an apparent specialized feeding strategy with Chiro-
nomidae (open) and Bosmina (Phragmites) prey items
as the dominant and most important prey items during
this month (Fig. 3). No overall feeding strategy
emerged during September with age-0 yellow perch
in open and Phragmites patches exhibiting a more
specialized feeding strategy and those sampled in
Scirpus and Typha patches showing a more general-
ized feeding strategy (Fig. 3). The most important and
dominant prey items in September included Chydorus
(Phragmites) and amphipods (Scirpus). October age-0
yellow perch diets followed a more generalized
feeding strategy across patch types with Chydorus
(open and Phragmites) remaining as an important and
dominant prey type (Fig. 3). Other diet items included
Ceriodaphnia, Daphnia, Cyclops, Diaptomus, Diaph-
anasoma, Trombidiformes, Ephemeroptera, Trichop-
tera, Hemiptera, Odonota, Plecoptera, Ostracoda, and
Hirudinea.

Habitat and diet overlap

Habitat overlap between age-0 bluegill and yellow
perch was high during daytime in August (0.74),
September (0.80), and October (0.64), with both
species primarily utilizing vegetated patches as
opposed to open patches. However, nighttime habitat
overlap was moderate during August (0.45) and
September (0.52), and high during October (0.81)
with both species again using primarily vegetated
habitat patches. Diet overlap among patch types was
high or moderate in open patches across months
corresponding to lower relative abundances of age-0
bluegill and yellow perch, but generally low within
emergent vegetation patch types (except Phragmites
in August and Typha in October—moderate) for both
species (Table 1).
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Fig. 2 Graphical analysis of age-0 bluegill diets in Pelican
Lake, Nebraska, during August, September, and October of
2009 across four different habitat patch types (open, Phrag-
mites, Scirpus, and Typha). Only dominant and most important

Discussion

By taking a mensurative approach, we were able to
evaluate potential interactions of age-0 bluegill and
yellow perch within five Sandhill lakes and examine
in more detail the relationship between these two
species for food and habitat resources within one
Sandhill lake. More evidence supports the hypoth-
esis that competition for food resources may exist
between age-0 bluegill and yellow perch in contrast
to our initial hypotheses. Yellow perch growth rates
may be negatively affected by the presence of
bluegill because yellow perch may have to consume
higher proportions of less profitable prey items
(such as zooplankton) compared to systems where
bluegill are absent or exist in low densities (Fig. 4).
Eurasian perch also shifted feeding patterns to a diet
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prey items are labeled (upper right-hand corners). See text for
more details on the methods used for calculating and interpret-
ing the graphical technique presented in this figure

higher in zooplankton compared to macroinverte-
brates when in sympatry with a species closely
related to bluegill (pumpkinseed, Lepomis gibbosus;
Fobert et al. 2011). Similarly, competition has been
demonstrated between yellow perch and pumpkin-
seed where yellow perch were inferior to pumpkin-
seed when competing for prey resources (Hanson
and Leggett 1985). Pumpkinseeds were able to feed
primarily on macroinvertebrates and yellow perch
on zooplankton in the presence of each other
(Hanson and Leggett 1985). In addition, Schoene-
beck and Brown (2010) also inferred that compe-
tition may exist between adult bluegill and yellow
perch for prey resources.

We found a negative relationship between age-0
yellow perch growth and age-0 bluegill abundance
over a spatiotemporal scale in Nebraska Sandhill
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Table 1 Schoener’s diet overlap indices between age-0 blue-
gill and yellow perch in Pelican Lake, Nebraska, during
August, September, and October

August September October
Open 0.996 0.724 0.441
Phragmites 0.568 0.046 0.087
Scirpus 0.091 0.194 0.051
Typha 0.299 0.223 0.451

lakes. Yellow perch growth rates in our study may be
negatively affected due to the higher contribution of
zooplankton in their diets compared to other studies that
demonstrate a diet primarily comprised of macroinver-
tebrates (more energetically profitable than zooplank-
ton) at a similar size (Whiteside et al. 1985; Wu and

prey items are labeled (upper right-hand corners). See text for
more details on the methods used for calculating and interpret-
ing the graphical technique presented in this figure

Culver 1992; Graeb et al. 2006). We anticipated that
yellow perch diets would predominantly consist of
macroinvertebrate prey items as opposed to zooplank-
ton prey items based on the size (mean = 47 mm) of
fish sampled at the time of our study and typical
ontogenetic diet shift from zooplankton to macroinver-
tebrates reported elsewhere (typically 30-35 mm, Py-
cha and Smith 1955; Ney and Smith 1975; Whiteside
et al. 1985; Wu and Culver 1992; Roseman et al. 1996).
Yellow perch also hatch earlier than bluegill, giving
them priority to capitalize on resources before the
arrival of bluegill (Kaemingk et al. 2012) and allows
yellow perch to obtain a larger size (not as gape limited
as bluegill) to consume macroinvertebrates earlier than
bluegill. Finally, Graeb et al. (2006) experimentally
demonstrated that yellow perch positively selected
benthic macroinvertebrates at sizes observed in our
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_ScenariO: Mechanism: Response:
(Species assemblage) (Late summer or fall diet) (Growth rate)
(Allopatric) Primarily
Yellow perch macroinvertebrates Unaffected
Yellow perch 7(SympatrL> Primarily zooplankton Slower
; (s
BI uegi l xx—!mﬁiaxtr ic)
Zooplanktonand | >
pa“'“?l///' macroinvertebrates Unaffected
(P
Bluegill -

Fig. 4 Conceptual model of age-0 bluegill and yellow perch in
multiple late summer or fall scenarios (i.e., allopatric and
sympatric populations) and their potential respective diets that
can ultimately impact growth rates (i.e., response variable).

study and negatively selected and avoided zooplankton
prey items.

Diet overlap between bluegill and yellow perch was
rarely high across habitat patch types within each month
examined. Evidence of high diet overlap only occurred
within the open-water patch types, which also contained
the lowest abundance of age-0 bluegill. Both of these
species consumed Chironomidae during the period of
highest diet overlap (August). Lower abundances of
bluegill in open-water patches may allow access to more
profitable prey items such as Chironomidae for yellow
perch, which in the presence of high bluegill abundance
may resort to feeding on less profitable prey items such
as zooplankton, with a resulting deduction in growth
rates (Hayes and Taylor 1990; Lott et al. 1996) as found
in this study. During periods of low diet overlap (most
often), bluegill typically consumed more macroinver-
tebrates compared to yellow perch. In contrast, habitat
overlap was generally high during the daytime and
moderate during nighttime (except for high overlap
during October). We suspect that habitat overlap was
not higher during all periods because yellow perch
utilized open-water patches more often than bluegill;
however, both species frequently used emergent vege-
tation patches.

Growth rates of age-0 yellow perch in the Nebraska
Sandhill lakes also appear to be compromised compared
to other systems. Age-O yellow perch mean length
during September in Pelican Lake (mean = 56 mm,
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Bluegill growth rates remain largely unaffected by the presence
of yellow perch; however, yellow perch growth rates respond
negatively to the presence of bluegill due to a shift in their diet
(from macroinvertebrates to zooplankton)

range 45-65 mm; 2004-2011) is substantially smaller
(50 % smaller) than age-0 yellow perch mean length
observed in South Dakota glacial lakes at this time
(East Krause, Middle Lynn, Lardy, 100 mm), despite
the Nebraska fish typically hatching 2 weeks earlier
(Kaemingk et al. 2011; VanDeHey 2011). These South
Dakota glacial lakes also contain much lower densities
of age-0 bluegill compared to Nebraska Sandhill lakes
(VanDeHey 2011). Clear Lake, which contained the
lowest abundance of age-0 bluegill in all the lakes
sampled in this study, had the largest mean age-0
yellow perch length (87 mm), which was closer to the
observed lengths in these South Dakota glacial lakes.
A majority of age-0 yellow perch mean lengths
observed in this study were more comparable to those
observed in west-central Minnesota lakes (Blackwell,
Brophy, Freeborn, Louise), which also contained
densities of bluegill comparable to those in Nebraska
Sandhill lakes (Fullhart 2000).

As previously mentioned, more evidence from this
study supports the hypothesis that competition may
exist between age-0 bluegill and yellow perch for food
resources as opposed to habitat resources. However,
our study was unable to identify whether this compe-
tition was primarily driven by interference or exploit-
ative interactions. We hypothesize that these
interactions were primarily exploitative for several
reasons. First, we would expect low habitat overlap
between the two species if one species was more
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aggressive than the other, which was not observed in
our study. Second, age-O bluegill abundances are
typically much higher in Pelican Lake compared to
age-0 yellow perch (Jolley 2009), thus giving bluegill
a potential density advantage for prey resources.
Finally, Hanson and Leggett (1985) concluded that
competition between yellow perch and pumpkinseed
was likely exploitative as no antagonistic behavior
was detected. However, because we chose to take a
mensurative approach, we could not determine the
mode of competition (interference vs. exploitative)
between these species. Thus, future studies should
examine this relationship between age-0 bluegill and
yellow perch via a manipulative approach to gain more
information on the magnitude and ultimate mecha-
nism for competition.
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