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Abstract

Estimates of population characteristics of sport fishes inform fisheries management decisions and provide feedback on
management strategies. Cheat Lake provides an unusual fishery in West Virginia because the hydropower reservoir
supports a Yellow Perch Perca flavescens population. We estimated age structure, size structure, condition, total
instantaneous mortality, growth, and summer diet for Cheat Lake Yellow Perch based on electrofishing collections in
2012. From 302 individuals, we observed a maximum age of 9 y. Maximum age, average size, and growth of females in
the sample exceeded those of males. Cheat Lake Yellow Perch scored low on the relative weight index, but generally
exhibited faster growth than other populations, even when compared by sex. Estimated annual survival was 0.63 (95%
CI ¼ 0.51–0.78), which is comparable to other exploited populations. These data support the presence of an
ontogenetic diet shift from consumption of zooplankton to macroinvertebrates and fishes as Yellow Perch age. This
study is the first evaluation we are aware of on Yellow Perch population characteristics in West Virginia, providing
baseline data to enhance management decisions and direct future studies.
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Introduction

Population characteristics, such as individual growth,

survival, and longevity, are important to understanding

the status of fisheries (Babcock et al. 2013). These life-

history traits can provide useful inputs in population

dynamic models and inform management plans for

exploited populations (Cortés 1998). In addition, inte-
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grating multiple population characteristics can describe
how quickly individuals reach sizes conducive to harvest,
the number of recruits susceptible to fisheries, and
likelihood of individuals reaching trophy sizes (Allen and
Hightower 2010). Further, population characteristics can
be integrated into biological reference points to set
fishing limits (Zhou et al. 2012). These traits can vary
among populations (Colby and Nepszy 1981; Shuter et al.
1998); therefore, assuming homogeneity of population
characteristics across a species’ range may be inappro-
priate (Gray 2015).

The Yellow Perch Perca flavescens is an economically
important game species with a broad native distribution
in North America (Hushak et al. 1988). Yellow Perch
naturally inhabit lakes and rivers from the Northwest
Territories to Quebec in Canada and south to Georgia
along the Atlantic Coast, including the Great Lakes and
Mississippi River basin north of the confluence with the
Ohio River, with uncertainty owing to historical intro-
ductions (Boschung and Mayden 2004; Stepien et al.
2015). Population characteristics can be influenced by
both biotic and abiotic conditions (DiCenzo et al. 1996),
so Yellow Perch growth rates vary among populations.
Differences in growth rates among populations of Yellow
Perch have been attributed to several factors: density-
dependence (Headley and Lauer 2008), interspecific
competition (Boisclair and Leggett 1989a, 1989b,
1989c; Schoenebeck and Brown 2009), predator abun-
dance (Dembkowski et al. 2017), and prey quality (Lott et
al. 1996; Fullhart et al. 2002). Further, age structure,
maturation rates, and growth rates of Yellow Perch
populations tend to vary across a latitudinal gradient
with increased longevity, slower growth, and slower
maturation rates in northern populations (Craig 2000;
Brown et al. 2009). Thermal influences likely contribute to
latitudinal variability among populations (Power and van
den Heuvel 1999). Variable environmental conditions
dictate the need for region-specific research to fill
information gaps present within the literature.

In West Virginia, populations of Yellow Perch are
present in many large rivers and reservoirs, but rarely
support productive fisheries. Thus, opportunities for
recreational anglers to target large Yellow Perch are
uncommon throughout much of the state. However, one
exception is a reservoir in northern West Virginia (Cheat
Lake) that supports a productive Yellow Perch fishery.
The lake is the only water body in the state where Yellow
Perch harvest is regulated (15-fish daily creel limit) in
response to concerns of declines in prevalence of large
Yellow Perch and suspected overharvest in the mid-
2000s. However, data on the fishery are limited to catch
per unit effort and size structure from fishery-indepen-
dent surveys. Information on population characteristics is
needed to provide feedback on the aforementioned
creel limit and support adaptive management of this
recreational fishery.

The primary goal of this study was to improve
understanding of population characteristics for a Yellow
Perch fishery subject to harvest regulations. We provided
estimates of population characteristics and summer diet
for the species in the east-central portion of its range,

incorporating sex-specific consideration of growth and
condition. This study represents the first investigation we
are aware of on Yellow Perch in West Virginia,
establishing baseline information for Cheat Lake. Natural
resource managers may use this baseline information for
comparison with similar data from subsequent studies,
where differences in parameter estimates between or
among time periods will inform management decisions
for the fishery.

Study Site

Cheat Lake (originally Lake Lynn) is a 700-ha reservoir
on the Cheat River in Monongalia County, West Virginia
(Figure 1). Established in 1926 for hydropower genera-
tion, the impoundment is 21 km in length with a
maximum depth of approximately 25 m near the outflow
at the Lake Lynn Hydropower Station. Drawdowns are
regulated to maintain lake elevation in three periods
May–October (264.6–265.2 m), November–March (261.2–
265.2 m), and April (263–265.2 m) to promote recrea-
tional opportunities, maximize power generation, and
promote Walleye Sander vitreus and Yellow Perch
spawning success, respectively. Cheat Lake is a temper-
ate, dimictic reservoir, experiencing seasonal stratifica-
tion in temperature and dissolved oxygen concentration.
Historically, water quality of Cheat Lake was degraded by
acid precipitation (Welsh and Perry 1997) and run-off
from abandoned mining operations (Freund and Petty
2007; Merovich et al. 2007) throughout much of the
Cheat River watershed. However, mitigation efforts

Figure 1. Cheat Lake and the Cheat River in relation to
Morgantown, West Virginia (indicated by star), and the West
Virginia–Pennsylvania state border. Areas sampled using boat
electrofishing from 9 July to 4 September 2012 for Yellow Perch
Perca flavescens (boxes) and the Lake Lynn Hydropower Station
(dark bar) are also presented.
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within the Cheat River watershed (McClurg et al. 2007)
have contributed to recent improvements in water
quality in Cheat Lake, which currently supports a diverse
assemblage of temperate sport and nongame fishes
(D.M. Smith, unpublished data).

Methods

We sampled Cheat Lake for Yellow Perch from 9 July
to 4 September 2012 using night-time boat electrofish-
ing (5.0 GPP; Smith-Root, Inc., Vancouver, WA) with a
typical output of 60 pulses/s and 4–6 amps. Night-time
electrofishing provided an effective means for sampling
that avoided interference from daytime recreational
boating and concerns about potential mortality of Cheat
Lake’s recovering Walleye population in passive gears.
Based on unpublished reports from previous nontarget
fisheries surveys, densities of Yellow Perch in Cheat Lake
during summer are highest in the middle section of the
lake from Canyon Bend to Ices Ferry (Figure 1). Other
areas of the lake were also sampled for Yellow Perch.
However, lower densities of Yellow Perch were observed
in these areas, further confirming our knowledge about
the species’ distribution within the reservoir. We targeted
shallow depths (,3 m) owing to the limitations of our
sampling gear. We omitted from analysis data from
sampling sites yielding small sample sizes of Yellow
Perch, because we collected the majority of individuals
from the area of known higher concentrations. We
measured total length (mm) and weight (g) for all Yellow
Perch. We initially used a size-based subsampling
procedure—10 individuals/25-mm size group— for
collection procedures. However, after the release of 31
individuals collected during two July sampling events,
we determined that improved sample sizes would be
advantageous for validating sex, determining age, and
evaluating stomach contents. Consequently, we kept all
Yellow Perch collected after this change in protocol. We
placed retained individuals in their own labelled plastic
bag to ensure regurgitated food items were accurately
attributed to stomach contents from that specific fish.
We then placed retained fish on ice to prevent
regurgitation and reduce further digestion of stomach
contents (Doxtater 1963; Garvey and Chipps 2012).

We extracted sagittal otoliths in the laboratory to
determine ages of Cheat Lake Yellow Perch. Black
modeling clay provided a convenient medium to hold
otoliths in place and provided contrast for annulus
interpretation. We submerged otoliths in a small volume
of water to reduce glare and viewed them whole
through the ventral surface using a dissecting micro-
scope (3tg 20–40) and reflected light source. Two
readers independently assigned ages to otoliths and
resolved disagreements via mutual examination. Annulus
formation typically occurs later in larger Yellow Perch
(Blackwell and Kaufman 2012), and we considered
incremental measurements from marginal annuli during
age determination. We assigned ages to released fish
using an age–length key in Fisheries Analyses and
Modeling Simulator 1.64 using 1-cm length groups
(Slipke and Maceina 2014). Yellow Perch exhibit sexual

dimorphisms with respect to size because females
typically grow faster and achieve larger maximum sizes
than males (Brofka and Marsden 1993; Purchase et al.
2005). We determined sex via gonadal inspection for
individuals .100 mm in length. We were unable to
determine sex for released fish because of limited
confidence in discernibility of external sex characters,
despite reported success in other studies with captive
and wild Yellow Perch (Malison et al. 2011; Shepherd et
al. 2013; Dub et al. 2017).

We constructed a length-frequency histogram (1-cm
bins), to assess the contribution of females and males to
the size structure. We also examined age structure using
an age-frequency plot displaying contributions of
females and males for each age. Both length- and age-
frequency plots included the released fish for which sex
was undetermined. We examined condition using the
relative weight index (Wr) for individuals exceeding 100
mm total length (Wege and Anderson 1978; Willis et al.
1991; Anderson and Neumann 1996). We calculated
mean Wr for males and females separately and within
Gabelhouse (1984) length classes to account for possible
sex- and length-specific trends in condition (Murphy et
al. 1991).

We calculated total instantaneous mortality (Z) for
Cheat Lake Yellow Perch using catch-curve regression
fitted using a least-squares estimator. We used all ages
after and including the most commonly collected age to
fit the catch-curve, assuming this was the first age that
fully recruited to the electrofishing gear. We calculated
95% confidence intervals around the slope of the
regression line to provide estimates of uncertainty
surrounding estimates of Z. Using our estimates of Z
and uncertainty, we calculated total annual survival (S)
and its 95% confidence interval using the relationship S¼
e�Z.

We examined Yellow Perch growth in Cheat Lake
using the von Bertalanffy growth model. We tested for
differences in growth between sexes using analysis of
residual sum of squares (Chen et al. 1992). We fit the von
Bertalanffy model to otolith-derived length-at-age data
from males, females, and both sexes pooled for fish age
�1 y. We compared the residual sum of squares of the
pooled model with the sum of the residual sum of
squares for the sex-specific models using an F-test. We
compared Cheat Lake Yellow Perch growth by sex to
range-wide averages using the relative growth index
(RGI) and the standard length equation developed by
Jackson et al. (2008).

We extracted whole stomachs from Yellow Perch
specimens and fixed them in a 10% formalin solution for
a minimum of 2 d, followed by preservation in 70%
ethanol. We removed stomach contents via dissection
and identified to the lowest practical taxonomic level.
We omitted from dietary analyses any individuals with
empty stomachs and those containing unidentifiable
prey items. To evaluate dietary overlap and the
partitioning of prey resources by size, we grouped
Yellow Perch into three age categories: age-0, age-1, and
age-2þ. We used frequency of occurrence (Oi), mean
percent by number (MNi), and prey-specific abundance
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(Pi) to describe the summer diet composition among the
three age categories for Cheat Lake Yellow Perch
(Amundsen et al. 1996; Garvey and Chipps 2012). We
conducted all statistical analyses in R 3.1.3 (R Core Team
2015).

Results

We collected 302 Yellow Perch during six sampling
events from 9 July to 4 September 2012 in 511 min of
electrofishing (mean catch per unit effort ¼ 35 fish/h;
Data S1, Supplemental Material). Yellow Perch ranged in
size from 66 to 320 mm (mean total length [TL] 6 SD ¼
190 6 60 mm). Females (n ¼ 175) were more prevalent
than males (n ¼ 57). Also, females were generally larger
than males, with females ranging from 115 to 320 mm
(TL 6 SD ¼ 212 6 49 mm) and males ranging in size
from 128 to 280 mm (TL 6 SD ¼ 199 6 35 mm). We
collected 39 young-of-the-year, with a mean length
(6SD) of 81 6 7 mm. We released 31 fish, with a mean
length of 192 6 34 mm. The length-frequency distribu-
tion showed smaller individuals normally distributed
around distinct peaks, representing age-0 and age-1
individuals (Figure 2). However, distinction between age
classes diminished among larger individuals.

We assigned ages to 271 fish using sagittal otoliths
and 31 fish using an age–length key. The two otolith
readers had an agreement rate of 96.3% during age
estimation with agreement 61 y of 100%. Readers
reached a consensus on all examined otoliths. Otolith-
aged individuals ranged in age from age 0 (n¼39) to age
9 (n¼ 2). The oldest individuals collected were two age-9
females (total length¼ 277 and 316 mm). Age-frequency
distributions suggest an underrepresentation of age-0
and age-1 individuals within the sample (Figure 3). The
most abundant age-class (including age-length-key–
aged fish) was age-2 (n ¼ 91), suggesting a strong
2010 year-class or that age-0 and age-1 Yellow Perch
were not fully susceptible to boat electrofishing. Age-7
Yellow Perch (n ¼ 13) were more abundant than both

age-5 (n ¼ 11) and age-6 (n ¼ 5) individuals. Males and
females were present among all year-classes collected,
with exception to the oldest age group (age-9) consisted
of two female Yellow Perch.

We calculated relative weight (Wr) for 263 Yellow
Perch from 100 to 320 mm (Table 1). Mean Wr for the
sample was 74 (SD¼ 7). Mean Wr for males was 75 (SD¼
6) and 74 for females (SD ¼ 7) when calculated
separately. In addition, there was little variability in
mean Wr by size class, except for fish smaller than stock
size (Sub-stock, ,130 mm). Separating Wr into size-
based groupings by sex yielded similar estimates to
broader categories (Table 1).

We estimated total instantaneous mortality as Z¼ 0.47
(95% CI ¼ 0.25–0.68) using catch-curve regression from
ages 2 to 9. Consequently, the annual survival rate was
calculated as S¼ 0.63 (95% CI¼ 0.51–0.78). Examination
of residual plots revealed heterogeneity of variance,
indicating that one or more of the assumptions of catch
curve analysis were not met.

We used the von Bertalanffy growth model and
analysis of residual sum of squares to determine growth
of males and females was statistically different (F¼ 33.77;
df ¼ 3, 226; P ,0.001). Predicted length-at-age was
greater for females than males, where females reached
preferred length (250 mm) in half the time required for
males (Figure 4). Parameter estimates (6SE) from the von
Bertalanffy model for females were L‘¼ 299 6 5 mm, k¼
0.40 6 0.02/y, t0¼�0.75 6 0.05 y and L‘¼ 252 6 6 mm,
k ¼ 0.44 6 0.04/y, t0 ¼�0.88 6 0.07 y for males.

Based on the RGI for ages 1–6, this population exhibits
fast growth (mean RGI ¼ 143). Of the ages with growth
percentiles available, Cheat Lake Yellow Perch were
commonly in the 75th percentile or greater (Table 2).
Females grow faster than males, so female RGI values
were always at or above the 75th percentile; whereas,
males were at or above the 50th percentile for most ages
considered. Cheat Lake Yellow Perch RGI values were at

Figure 2. Length-frequency distribution of Yellow Perch Perca
flavescens collected using boat electrofishing from 9 July to 4
September 2012 from Cheat Lake, West Virginia (n ¼ 302), by
sex using 10-mm bins. Fish were sexed via dissection and sex
was undetermined for fish ,100 mm and released fish.

Figure 3. Bar-plot representing sex-specific distribution of ages
among 302 Yellow Perch Perca flavescens collected from Cheat
Lake, West Virginia, using boat electrofishing from 9 July to 4
September 2012. Fish were sexed via dissection and sex was
undetermined for fish ,100 mm and released fish. Ages were
assigned by counting annular rings on otoliths or an age–
length key for released fish.
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least at the 95th percentile for ages 1 and 2 for both
sexes.

We evaluated summer diet composition for 266 Yellow
Perch. We grouped individuals into three age categories:
age-0 (n¼ 37), age-1 (n¼ 47), and age-2þ (n¼ 182). We
excluded from the diet analysis any individuals with
empty stomachs and those including unidentifiable prey
items (n¼ 76). Thus, we included 191 individuals in diet
analyses: age-0 (n¼ 19), age-1 (n¼ 41), and age-2þ (n¼
131). Percent frequency of occurrence (Oi), mean percent
by number (MNi), and prey-specific abundance (Pi)
among the three age groups are presented in Table 3.

Zooplankton (primarily Copepods) were present
among all age-0 individuals, on average accounting for
85.3% of all prey types consumed. Trichoptera were also
commonly consumed by age-0 Yellow Perch, occurring
in 21.1% of stomachs and accounting for 46.7% of all
prey items identified from fish that had Trichoptera in
their stomachs. Diptera (mostly Chaoborus spp.) were
present among 10.5% of all age-0 individuals and
comprised 45.5% of all prey items where present.
However, Trichoptera and Diptera accounted for ,10%
of the diet when considering the numerical abundance
of prey types among age-0 individuals.

Trichoptera were found in 63.4% of age-1 Yellow
Perch, accounting for 43.4% of the diet and comprising
74.6% of the diets of Yellow Perch in which they were
identified. Diptera (primarily Chironomidae) were found
in 61.0% of all age-1 individuals, and accounted for
20.8% of all prey items consumed by age-1 individuals.
Bivalvia were present in 17.1% of age-1 Yellow Perch;
and among the individuals that had consumed them,
Bivalvia comprised 10.8% of the diet on average.

The diet composition of age-2þ individuals was more
diverse than younger age groups. Fishes were found in
the stomach contents of 41.5% of age-2þ individuals and
numerically accounted for 30.7% of all prey items
consumed. Trichoptera were identified from 33.1% of
all age-2þ Yellow Perch and accounted for 73.0% of the
prey items found in the stomachs of individuals that had
consumed Trichoptera. Diptera (mostly Chironomidae)
were consumed by 36.2% of age-2þ Yellow Perch, and

comprised 12.1% of all prey items and 22.0% of all prey
items present in the stomachs of individuals that had
consumed Diptera. Megaloptera (Sialidae) were also
commonly consumed by age-2þ individuals, numerically
accounting for 53.0% of all prey items in the stomachs of
age-2þ individuals that had consumed them. Zooplank-
ton (mostly Cladocerans and Ostracods) were only found
in 1.5% of age-2þ Yellow Perch. However, zooplankton
accounted for 70.0% of the stomach contents for the few
individuals in which zooplankton were identified.

Discussion

Yellow Perch provide commercial and recreational
fisheries across a wide geographic range (Stepien et al.
2015). However, research on this species has often
focused on the Great Lakes and upper Midwest regions,
leaving knowledge gaps for portions of its range.
Specifically, West Virginia offers limited opportunities
for Yellow Perch fisheries, and therefore no known
published works have examined population characteris-
tics of Yellow Perch within the state. Cheat Lake supports
an important Yellow Perch fishery and provided an
opportunity to learn more about Yellow Perch within the
east-central portion of its range. Further, regulation
changes in response to population declines from
suspected overharvest provided an opportunity to
gather information on the population’s response to
support adaptive management strategies. These data
will support management of this population by provid-
ing inputs for simulation studies and identifying data
gaps. Using these data in range-wide meta-analyses
could help enhance understanding of Yellow Perch
population dynamics by providing information in a
relatively understudied region.

Cheat Lake Yellow Perch condition was low compared
with other populations using the relative weight index.

Table 1. Relative weight (Wr) by sex and total length group
with standard deviation (in parentheses) for Cheat Lake, West
Virginia, Yellow Perch Perca flavescens collected using boat
electrofishing from 9 July to 4 September 2012. Length
intervals are as follows: substock (100–129 mm), stock (130–
199 mm), quality (200–249 mm), preferred (250–299 mm), and
memorable (.300 mm). The pooled row features fish with sex
undetermined. Sample sizes within groups are indicated by n.

Substock Stock Quality Preferred Memorable Total

Pooled

n 8 98 115 36 6 263

Wr 80 (10) 74 (7) 74 (6) 74 (6) 74 (8) 74 (7)

Male

n 1 27 25 4 0 57

Wr 68 75 (7) 75 (4) 72 (10) — 75 (6)

Female

n 4 62 71 32 6 175

Wr 78 (11) 74 (7) 73 (6) 74 (6) 74 (8) 74 (7)
Figure 4. Comparison of male and female Yellow Perch Perca
flavescens growth in Cheat Lake, West Virginia, in relation to
preferred length (LPreferred¼ 250 mm) from Gabelhouse (1984).
Points denote length-at-age observations from otoliths, while
lines are sex-specific fitted von Bertalanffy growth models. Fish
were collected from 9 July to 4 September 2012 using boat
electrofishing.
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When developing the standard weight equation for
Yellow Perch, Willis et al. (1991) acknowledged a
geographic trend in Wr values among populations. Apart
from Oneida Lake in New York, eastern populations had
a consistently lower Wr than populations located in the
plains regions. Willis et al. (1991) suggested agricultural
production in midwestern states may be partially
responsible for this geographic variability, and a mean
Wr of 84 (63–109) was determined for the nine
populations from Ohio, Pennsylvania, and Virginia
incorporated in their analyses. Additionally, Willis et al.

(1991) noted low Wr in Georgia, indicating the southern
portion of the range may have lower condition. Willis et
al. (1991) also noted their samples came from different
seasons. Seasonal variability in condition among individ-
ual fish is apparent in somatic changes occurring in
female fishes during egg development.

We estimated an annual survival rate of 63% for the
population from catch-curve regression. Our survival
estimate for Cheat Lake, although slightly higher, was
similar to other studies that included exploited (S ¼
0.614) and unexploited populations (S ¼ 0.48–0.53;

Table 3. Quantitative description of summer diet composition for three age groups (Age-0, -1, and -2þ) of Yellow Perch Perca
flavescens from Cheat Lake, West Virginia, collected using boat electrofishing from 9 July to 4 September 2012. Data are reported as
frequency of occurrence (Oi), mean percent by number (MNi), and prey-specific abundance (Pi). Prey items not encountered for age
groups are denoted by ‘‘–’’.

Prey type

Oi MNi Pi

Age-0 Age-1 Age-2þ Age-0 Age-1 Age-2þ Age-0 Age-1 Age-2þ
Zooplankton 100.0 7.3 1.5 85.3 1.4 0.9 99.0 21.6 70.0

Amphipoda 15.8 4.9 — 4.0 0.7 — 25.6 14.3 —

Cladocera 36.8 4.9 0.8 10.0 0.6 0.7 4.9 12.0 85.7

Copepoda 68.4 2.4 — 67.3 0.2 — 99.6 6.3 —

Ostracoda 10.5 — 0.8 4.0 — 0.3 29.4 — 33.3

Annelida — — 1.5 — — 0.2 — — 4.3

Hirudinea — — 0.8 — — 0.0 — — 2.3

Oligochaeta — — 0.8 — — 0.2 — — 25.0

Bivalvia — 17.1 15.4 — 3.8 5.4 — 10.8 24.3

Corbiculidae — 9.8 0.8 — 0.6 0.6 — 3.6 83.3

Sphaeriidae — 12.2 14.6 — 3.2 4.8 — 16.1 23.6

Coleoptera — — 3.1 — — 0.9 — — 25.0

Decapoda — — 10.0 — — 7.1 — — 58.1

Diptera 10.5 61.0 36.2 5.1 20.8 12.1 45.5 20.6 22.0

Chaoborus spp. 10.5 14.6 1.5 4.0 6.4 0.3 36.4 35.5 5.5

Chironomidae 5.3 56.1 34.6 1.1 13.4 11.7 20.0 13.7 21.9

Culicidae — 4.9 0.8 — 0.7 0.0 — 7.3 2.7

Tipulidae — 4.9 2.3 — 0.4 0.1 — 4.2 4.8

Ephemeroptera 5.3 — 8.5 0.4 — 3.1 8.3 — 8.3

Fishes — 19.5 41.5 — 9.1 30.7 — 5.4 22.0

Gastropoda — 17.1 3.1 — 6.5 0.4 — 15.9 7.9

Physidae — 7.3 0.8 — 0.4 0.0 — 7.1 1.9

Planorbidae — 14.6 2.3 — 6.0 0.3 — 9.3 9.4

Lepidoptera — — 0.8 — — 0.4 — — 50.0

Nematomorpha — 14.6 2.3 — 1.9 2.2 — 6.2 90.0

Odonata 5.3 14.6 9.2 0.4 12.5 3.7 7.1 72.7 21.7

Anisoptera — 14.6 7.7 — 12.5 3.4 — 72.7 23.9

Zygoptera 5.3 — 2.3 0.4 — 0.3 7.1 — 9.1

Megaloptera — 12.2 24.6 — 0.7 12.6 — 4.6 53.0

Sialidae — 12.2 24.6 — 0.7 12.6 — 4.6 53.0

Trichoptera 21.1 63.4 33.1 8.9 43.4 20.3 46.7 74.6 73.0

Table 2. Relative Growth Index (RGI) by sex (F¼ Female, M¼Male) with standard deviation (in parentheses) for Yellow Perch Perca
flavescens from Cheat Lake, West Virginia, collected using boat electrofishing from 9 July to 4 September 2012. Ls and Percentile
indicate the standard length-at-age (total length, mm) and minimum percentile derived by Jackson et al. (2008), respectively.
Sample sizes are indicated by n.

Age n (F, M) LS RGIF RGIM Percentile (F, M)

1 42, 7 81 176 (15) 171 (11) 95, 95

2 58, 20 138 150 (11) 136 (10) 95, 95

3 39, 13 178 131 (10) 114 (12) 90, 50

4 13, 5 207 123 (15) 103 (9) 90, 50

5 6, 4 228 116 (4) 97 (5) 75, 25

6 4, 1 243 116 (8) 115 (NA) 75, 75
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Paukert and Willis 2001). However, variability among
residuals of the fitted linear model suggests one or more
assumption violations associated with catch-curve anal-
ysis. Inconsistencies between residuals often result from
nonconstant rates of recruitment and year-class strength
(Maceina 1997). Henderson (1985) reported Yellow Perch
recruitment variation in Lake Huron was related to water
levels. Yellow Perch recruitment may experience in-
creased variability in Cheat Lake as a result of water-level
fluctuations from hydropower operations. Female Yellow
Perch lay strands of eggs on woody structures,
vegetation, Chara spp., or the lake bottom in shallow
water (,1.6 m in depth, Echo 1955; Craig 2000). We
observed dewatered fish eggs draped over formerly
submerged trees during spring surveys following a
drawdown event. The timing and duration of these
drawdown events could contribute to variability in
recruitment and may explain one possible violation of
the assumptions of catch-curve regression.

We observed sexually dimorphic and fast growth for
Yellow Perch in Cheat Lake. Females grew faster and
achieved larger maximum sizes than males, a trend well-
documented among populations of Yellow Perch (Head-
ley and Lauer 2008; Uphoff and Schoenebeck 2012).
Cheat Lake is in the east-central portion of the Yellow
Perch native range, and latitude-driven temperature
differences may contribute to faster growth than more
northern populations (Power and van den Heuvel 1999).
Further, Cheat Lake features several predatory sport-
fishes including three Micropterus species, Walleye, and a
developing Muskellunge Esox masquinongy population
that may contribute to faster growth (Olson et al. 2001;
Dembkowski et al. 2017). Although diet studies on these
potential predators are limited, Yellow Perch do seem to
comprise a large proportion of Walleye diets in Cheat
Lake (D.M. Smith, unpublished data) and predation may
reduce densities, promoting faster growth (Henderson
1985; Post and McQueen 1994; Headley and Lauer 2008;
Irwin et al. 2009). Studies also support that prey quality
and abundance contribute to Yellow Perch growth,
where robust benthic invertebrate communities pro-
mote faster growth than situations where fish rely on
zooplankton (Lott et al. 1996; Tyus and Knight 2001).
Further, growth studies on other species (Channel
Catfish Ictalurus punctatus and Walleye) have also
observed fast growth (Hilling et al. 2016; D.M. Smith,
unpublished data), indicating additional unknown fac-
tors may facilitate rapid growth of fishes in Cheat Lake.

Diet indices provided evidence suggesting partition-
ing of prey resources by three age groups of Yellow
Perch, indicative of ontogenetic changes in diet compo-
sition. Zooplankton was the most important prey item
for age-0 individuals. Some dietary overlap occurred
between age-1 and age-2þ individuals. However, fishes
were identified from stomach contents of 41.5% of all
age-2þ individuals. Gape limitation is likely responsible
for reduced piscivory observed among age-1 individuals.
Authors have suggested Chironomidae larvae as a
fundamental component of Yellow Perch diet among
populations (Paxton and Stevenson 1978; Lott et al.
1996; Fullhart et al. 2002). Although Chironomidae

occurred among the diets of Cheat Lake Yellow Perch,
larger macroinvertebrate preys (Bivalvia, Sialidae, and
Trichoptera) were also frequently identified from stom-
ach contents.

This study is limited by several factors. First, fish
collections took place solely during the summer of 2012.
Consequently, we only provide a snapshot of the
population during one point in time. Growth and
mortality information are limited to a single year, which
may not provide estimates that can be extrapolated over
time because of heterogeneity in growth, inconsistent
recruitment and year-class strength, and changes in
angler behavior. In addition, summer sampling limited
our diet analysis to a single season and leaves a
knowledge gap for seasonal variability in diet composi-
tion. We collected otoliths during the growing season
and length-at-age data are likely biased as a result of
varying amounts of new growth throughout the
sampling period. Also, we are unable to interpret our
condition data in a seasonal context to understand
bioenergetic processes and how Wr fits into range-wide
standards generated from data collected in multiple
seasons. This study is also limited because of a skewed
sex ratio, making population inferences difficult. Females
were much more prevalent in the sample than males,
leading to assumptions in population characteristics that
estimates derived from a female-biased sample are
representative of both sexes. In addition, a large
proportion of fish collected in this sample were from
one area of Cheat Lake because of low densities in other
portions of the lake. Most of the fish in the sample
examined here were collected within the transitional
zone of the lake where shallower depths occur and
bathymetry is relatively flat.

This study provides useful baseline data for future
studies examining management of Cheat Lake Yellow
Perch. However, information regarding recruitment,
angler harvest rates, and human dimensions are still
needed. Understanding how anthropogenic activities
influence the recruitment of this species would provide
important information on how habitat and water levels
can be manipulated to maintain or improve this and
other fisheries. Further, we currently lack information on
exploitation of this population and need to improve our
understanding of angling effort and harvest rates.
Human dimensions data could also provide insight into
angler interests that could shape management objec-
tives and promote positive angler–agency relationships.

Supplemental Material

Please note: The Journal of Fish and Wildlife Management
is not responsible for the content or functionality of any
supplemental material. Queries should be directed to the
corresponding author for the article.

Data S1. Biological and stomach content data from
Yellow Perch Perca flavescens collected from 9 July to 4
September 2012 from Cheat Lake, West Virginia, using
boat-electrofishing. Data are organized as three sheets
within a single Microsoft Excel file. Sheet 1 features
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biological information (length, weight, age), collection
information (date, fish identification number, and loca-
tion), and a diet table used to calculate diet indices.
Sheet 2 contains biological (length, weight, age, sex) and
collection (date, fish identification number, location, and
whether the fish was released or not) information. Sheet
3 contains metadata explaining the components of the
other two sheets.

Found at DOI: https://doi.org/10.3996/012018-JFWM-
007.S1 (43 KB XLSX).
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