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Abstract
Many Bluegill Lepomis macrochirus populations are dominated

by fish ≤125 mm total length (TL) that may be underrepresented
when using standard sampling gears. To identify efficient sampling
methods for these populations, we compared catch per unit effort
(CPUE) and TL frequency distributions of Bluegill captured in
cloverleaf traps, boat electrofishing, mini‐fyke nets, and beach
seine hauls from two northern Wisconsin lakes supporting popula-
tions dominated by fish ≤125 mm TL. Mean Bluegill CPUE ran-
ged from 41 (SE = 11) fish per cloverleaf trap lift to 16 (SE = 8)
fish per beach seine haul. Cloverleaf traps generally captured smal-
ler Bluegill relative to other gears and were the only gear to
consistently capture Bluegill ≤80 mm TL. Conversely, boat elec-
trofishing captured the widest TL range of Bluegill, and fish
≥80 mm TL composed a greater proportion of catch (37%) rela-
tive to other gears. With few exceptions, the effort required to
detect 10% or 25% changes in Bluegill CPUE was >100 units of
effort regardless of lake, sampling gear, or month. Furthermore,
there was no consistency between lakes or months in terms of
which sampling gear required the fewest number of samples to
detect a 50% change in CPUE. Estimated units of effort needed
to detect 10% or 25% changes in mean Bluegill TL were ≤16 for
all sampling gears on the lake with consistently higher CPUE (i.e.,
more fish to measure per unit). In the lake with lower CPUE,
cloverleaf traps consistently required less effort to detect changes

in mean TL. We note that comparing sample size requirements
among gears is not straightforward because gears are sampling dif-
fering segments of the Bluegill population. Our study emphasizes
the importance of evaluating gear biases and sampling efficiency
so that fisheries managers can develop suitable sampling protocols.

Bluegill Lepomis macrochirus support important har-
vest‐oriented recreational fisheries across North America
(Coble 1988; Drake et al. 1997; Gaeta et al. 2013). Low
size structure of Bluegill populations, where relatively few
fish ≥125 mm total length (TL) are present, is a common
occurrence in many lakes (e.g., Schneider 1999; Rypel
2015). Furthermore, regional assessments have suggested
that Bluegill size structure is decreasing over time (Beard
and Kampa 1999; Rypel et al. 2016). Changes in Bluegill
size structure can occur for a variety of reasons, including
harvest (Coble 1988; Schneider 1999; Rypel 2015),
environmental factors (Paukert et al. 2002; Schultz 2008;
Hoxmeier et al. 2009; Bevil and Weber 2018), lake mor-
phometrics (Schultz 2008), and density‐dependent interac-
tions (Walters and Post 1993; Tomcko and Pierce 2005).
Therefore, sampling protocols that do not adequately
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sample Bluegill ≤125 mm TL (stock length; Gabelhouse
1984) may not collect data that are representative of the
entire population and may need to include an additional
sampling gear to effectively sample populations with large
numbers of small individuals.

Bluegill populations are commonly sampled during the
spring or early summer using gears such as fyke nets
(Cross et al. 1995; Beard and Kampa 1999; Miranda and
Boxrucker 2009), boat electrofishing (Simpson 1978; Rypel
2015), or a combination of both (Schultz and Haines
2005; Ruetz et al. 2007). In Wisconsin, long‐term fyke net
and boat electrofishing survey data indicate that statewide
Bluegill assessments are now composed primarily of boat
electrofishing survey data compared with historic collec-
tions where multigear approaches were used (Rypel et al.
2016). Bluegill relative abundance and mean TL estimates
were significantly different between small‐mesh fyke nets
(1.2‐m × 0.9‐m frames, 4‐mm mesh [bar measure], 7.2‐m‐
long lead line) and boat electrofishing conducted in
Muskegon Lake, Michigan, which suggests that the two
gears provided complementary information on Bluegill
populations (Ruetz et al. 2007). However, both small‐
mesh fyke nets and boat electrofishing predominantly col-
lect Bluegill ≥125 mm TL (Schultz and Haines 2005;
Ruetz et al. 2007; Flammang et al. 2016) and likely under-
estimate the relative abundance of smaller Bluegill that
represent the majority of fish in many populations. In
some instances, beach seines have been used in combina-
tion with gears that capture large Bluegill in greater num-
bers to obtain a more complete representation of
populations (e.g., Weaver et al. 1993; Pierce et al. 2001;
Clark et al. 2007), but size‐dependent seine avoidance
(Lyons 1986; Bayley and Herendeen 2000) and obstruc-
tions to sampling (e.g., woody habitat or dense aquatic
macrophytes; Bonar et al. 2009) can limit effectiveness.
Ultimately, catchability in any sampling gear will vary in
relation to fish size, and available evidence suggests that
smaller Bluegill are likely underrepresented in standard
electrofishing and fyke net assessments.

Cloverleaf traps are considered an effective capture
technique for juvenile fish and have been used to sample
age‐0 Bluegill, Common Carp Cyprinus carpio, and Yel-
low Perch Perca flavescens (Jolly et al. 2010; Weber and
Brown 2012; Carl et al. 2016). Bluegill primarily use com-
plex littoral habitats throughout their life (Mittelbach
1981; Werner and Hall 1988; Paukert and Willis 2002),
which are difficult to sample using other gears (e.g., beach
seines or mini‐fyke nets), but cloverleaf traps have effec-
tively sampled fish occupying these habitats (e.g., Weber
and Brown 2012). In lakes or regions where Bluegill popu-
lations have low size structure and slow growth (e.g., Wis-
consin; Rypel 2015), cloverleaf traps could be effective for
sampling Bluegill populations since a larger proportion of
a population could be more vulnerable to the trap.

However, whether cloverleaf traps provide unique or
redundant information on Bluegill populations compared
with other commonly used sampling gears remains rela-
tively unknown.

Size selectivity of sampling gears and the underrepre-
sentation of small Bluegill in population assessments can
inhibit accurate evaluations of Bluegill populations with
low size structure if selectivity is not accounted for or
multigear approaches are not used (e.g., Clement et al.
2014). Furthermore, the extent to which seasonal fluctua-
tions in surface water temperature affect Bluegill capture
rates or TL distributions for populations with low size
structure remains unknown. Thus, the goal of this study
was to determine the most appropriate gear or gear com-
binations and month of deployment to sample Bluegill
populations with low size structure to provide insights to
fisheries managers conducting assessments. We evaluated
temporal and gear‐specific trends in Bluegill catch rates
and cumulative TL frequency distributions among clover-
leaf traps, boat electrofishing, mini‐fyke nets, and beach
seines in two Wisconsin lakes, where Bluegill size structure
was dominated by fish ≤ 125 mm TL. Additionally, we
estimated the number of samples, or operational effort,
needed to detect predetermined changes in monthly mean
Bluegill catch per unit effort (CPUE) and TL among gears
to determine sampling efficiency of gears.

METHODS
Study lakes and design.—During 2017, Bluegill were

collected from McDermott and Sandy Beach lakes located
in southeastern Iron County in northern Wisconsin.
McDermott Lake has a surface area of 33.1 ha and a mean
depth of 3.0 m, while Sandy Beach Lake has a surface
area of 44.5 ha and a mean depth of 2.1 m. During 2011
and 2012, Bluegill catch rates in standardized Wisconsin
Department of Natural Resources (WDNR) boat elec-
trofishing surveys in Sandy Beach Lake were 283 fish/h
compared with 815 fish/h in McDermott Lake. Bluegill
≤ 125 mm TL were abundant in both lakes (Z. Lawson,
WDNR, unpublished data). Both lakes include a variety
of substrates (e.g., rock, gravel, and sand) and areas of
submerged and emergent vegetation.

Currently, standardized WDNR statewide surveys of
inland lakes consists of early summer (water temperature
range = 13.0–21.0°C) boat electrofishing surveys or
optional mid‐summer (18.3–26.7°C) mini‐fyke net surveys
where Bluegill population demographic data are obtained
(Simonson et al. 2008). To encompass this range of water
temperatures, Bluegill were sampled once per month dur-
ing months when lake surface water temperatures
were ≥13.0°C at both lakes (June–September). Both lakes
were sampled with all four gears during a 1‐week period
within each month. Lakes were sampled on consecutive
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nights within each 1‐week period, and only one randomly
chosen gear type was employed per night.

Sampling.—All of the sampling gears sampled shallow,
shoreline habitats (0–5 m from the bank and depths ≤2 m)
and were deployed in fixed locations throughout each lake
following standard approaches (Bonar et al. 2009). Fixed
sampling locations were evenly distributed along the shore-
line of the lake, and all gears were deployed in similar habi-
tat types. Eight 10‐min nighttime boat electrofishing
(Wisconsin‐style; AC; 2.0–3.0 amps, 200–350 V, 25% duty
cycle with two netters) transects were conducted using two
experienced dipnetters. Five mini‐fyke nets (0.9‐m × 0.61‐m
frames, 3.2‐mm mesh [bar measure], 7.6‐m‐long lead, and a
double throat) were deployed in areas where the net frames
would be in 1.0–1.5 m of water, and leads were fixed
onshore. Five cloverleaf traps (three lobed, height = 41 cm,
50 cm in diameter, 6.0‐mm bar wire mesh with 12.7‐mm‐
wide openings between lobes, and an attractant [liver]) were
deployed in littoral habitats. Both mini‐fyke nets and
cloverleaf traps were set in early afternoon, fished over-
night, and retrieved the following afternoon (approximately
24‐h soak time), hereafter referred to as a net lift. Four
(McDermott Lake) and five (Sandy Beach Lake) nighttime
beach seine hauls (0.32‐cm mesh, length = 18.3 m, height =
1.83 m) were conducted in nearshore areas free of obstruc-
tions (e.g., fallen trees, dense stands of aquatic macro-
phytes). The beach seine was deployed perpendicular to the
shoreline and then pivoted around an anchor point onshore
(e.g., quarter haul; Bonar et al. 2009). Nighttime beach
seine hauls were used due to the higher capture efficiency of
Bluegill at night within sites that contain vegetation when
using beach seines (Holland‐Bartel and Dewey 1997) and
other common gears (e.g., boat electrofishing; Bennet and
Brown 1969; Dumont and Dennis 1997). All Bluegill were
counted and measured (TL; mm). Three temperature log-
gers (Onset HOBO models Water Temperature Pro U22‐
001) were deployed in shallow water (1.0–1.5 m deep)
throughout each lake during the study period to record
water temperature (°C).

Analyses.—Cloverleaf trap, mini‐fyke net, and beach
seine haul CPUE were calculated as the average number of
fish captured per net lift or seine haul. Boat electrofishing
CPUE was calculated as the number of fish captured per
10‐min transect. Mean CPUE was calculated for each gear
by month for each lake. Sampling gears represented a mix
of passive and active techniques, and CPUE is not directly
comparable among these gears. We used coefficients of vari-
ation (CV; [SD/mean CPUE] × 100) to describe relative
variation in CPUE estimates among gears by month for
each lake. In addition, to determine if water temperature
affected catch rates in each lake, gear‐specific relationships
between mean monthly water temperature (°C) and mean
monthly CPUE were evaluated using Pearson correlation
coefficients. Normality and homoscedasticity of Bluegill

CPUE were assessed a priori using normal quantile and
residual plots; CPUE values were log10 transformed prior to
the analysis.

Nonparametric Kolmogorov–Smirnov two‐sample tests
were used to evaluate the null hypothesis that cumulative
frequency of Bluegill TL distributions did not differ
between lakes. If the null hypothesis was rejected
(P ≤ 0.05), Kolmogorov–Smirnov two‐sample tests were
used to evaluate pairwise differences in TL distributions
among gears within each month. Statistical significance was
set at an α of 0.05, which were Bonferroni‐corrected to
maintain familywise error rates of 0.05. Statistical analyses
were conducted using the Fisheries Stock Analysis package
(version 0.8.19; Ogle 2016) in software version 3.2.0 (R
Development Core Team 2016).

We estimated the minimum number of samples
required to detect specified changes in mean Bluegill
CPUE and TL across gear types and months in both
lakes. A sample was defined as one unit of effort of an
individual gear (see above for gear‐specific definitions of a
unit of effort). Detectable changes were considered to be
10, 25, and 50% changes in mean Bluegill CPUE and TL
based on previous literature (e.g., Parkinson et al. 1988;
Fischer and Paukert 2009; Sindt 2018). The sample sizes
required to detect specified changes in mean CPUE and
TL were estimated using the formula recommended by
Campbell et al. (1995):

n ¼ 2 t1�α=2 þ t1�β
� �2

=d2;

where n is the estimated sampling effort, t1 – α/2 is the t‐dis-
tribution deviate for a two‐sided test at a specified α, t1 – β is
the t‐distribution deviate for given level of statistical power
(1 – β), d is the specified effect size (±10, 25, or 50% of the
observed mean) divided by the sample standard deviation
in mean CPUE or mean TL for each gear at each lake. A
significance level of α = 0.10 was chosen compared with a
conventional value of 0.05 since type I errors were deemed
more important than type II errors (e.g., Parkinson et al.
1988; Dauwalter et al. 2010). A statistical power level of 1 –
β = 0.80 was used for all sample size estimates since
power ≥ 0.80 is deemed acceptable in fisheries survey data
(Wagner et al. 2013). When estimating the number of sam-
ple sizes required to detect changes in Bluegill mean TL, n
would be interpreted as the number of Bluegill required to
be measured. To estimate the number of samples, or gear
deployments (similar to detecting changes in mean CPUE),
required to detect changes in mean Bluegill TL, n was
divided by monthly mean CPUE for each gear in each lake.

RESULTS
Data collected for this project are available in electro-

nic format (Isermann 2019). Beach seine hauls were not
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conducted during the month of September due to incle-
ment weather, but all other gears were deployed that
month. A total of 4,635 Bluegill were captured across all
gears in both McDermott (3,756 fish) and Sandy Beach
(879 fish) lakes. Across both lakes, boat electrofishing cap-
tured the most Bluegill (1,732 fish), followed by cloverleaf
traps (1,645 fish), mini‐fyke nets (857 fish), and beach
seines (401 fish). Catch per unit effort ranged from 1 to 82
fish/net lift, seine haul, or 10‐min transect among gears
and months (Table 1). Catch rates of Bluegill were highest
using cloverleaf traps (mean ± SE = 41 ± 11 fish/net lift),
followed by boat electrofishing (27 ± 12 fish/10 min),
mini‐fyke nets (22 ± 6 fish/net lift), and beach seines
(16 ± 8 fish/haul). Bluegill CPUE was lowest during
September for both cloverleaf traps and boat electrofish-
ing, while CPUE was generally lower during either July
(Sandy Beach Lake) or August (McDermott Lake) for

mini‐fyke nets. Bluegill CPUE using beach seines was low-
est during June at Sandy Beach Lake and July at McDer-
mott Lake. Across both lakes, mean daily water
temperature during the weekly sampling periods ranged
from 18.0°C to 23.5°C from June to September. Bluegill
CPUE was not significantly related to mean monthly
water temperature for cloverleaf traps, boat electrofishing,
mini‐fyke nets, or beach seines in either McDermott or
Sandy Beach lakes (Pearson's r ranged from −0.92
to 0.90; all P > 0.05; Figure 1).

Mean Bluegill TL ranged from 49 to 125 mm across all
gears, and mean TL was lower for three of the four gears
in McDermott Lake compared with Sandy Beach Lake
(Table 2; Figure 2). The TL distributions of Bluegill cap-
tured were different between McDermott and Sandy
Beach lakes (D = 0.144, P < 0.001). In McDermott Lake,
pairwise comparisons indicated that Bluegill TL frequency

TABLE 1. Total number (N) of Bluegill captured, mean ± SE CPUE (net lift or seine haul or catch per 10 min), and coefficient of variation (CV) in
CPUE of Bluegill captured using cloverleaf traps, boat electrofishing, mini‐fyke nets, and beach seine hauls from June to September 2017 at both
McDermott and Sandy Beach lakes, Wisconsin.

Lake Gear Month N CPUE CV

McDermott Lake Cloverleaf trap June 374 75 ± 19 57
Cloverleaf trap July 412 82 ± 33 88
Cloverleaf trap August 274 55 ± 14 57
Cloverleaf trap September 74 15 ± 7 111
Boat electrofishing June 490 61 ± 18 85
Boat electrofishing July 426 53 ± 10 104
Boat electrofishing August 658 82 ± 19 67
Boat electrofishing September 64 8 ± 3 78
Mini‐fyke net June 209 42 ± 12 66
Mini‐fyke net July 215 43 ± 16 82
Mini‐fyke net August 89 18 ± 6 71
Mini‐fyke net September 98 20 ± 6 65
Beach seine June 192 48 ± 11 46
Beach seine July 68 17 ± 4 49
Beach seine August 113 28 ± 10 71

Sandy Beach Lake Cloverleaf trap June 167 33 ± 11 77
Cloverleaf trap July 278 56 ± 20 81
Cloverleaf trap August 46 9 ± 5 119
Cloverleaf trap September 20 4 ± 2 113
Boat electrofishing June 26 3 ± 1 100
Boat electrofishing July 23 3 ± 1 140
Boat electrofishing August 31 4 ± 1 100
Boat electrofishing September 14 2 ± 2 68
Mini‐fyke net June 17 3 ± 1 77
Mini‐fyke net July 9 2 ± 1 72
Mini‐fyke net August 181 36 ± 28 174
Mini‐fyke net September 39 8 ± 4 107
Beach seine June 5 1 ± 1 141
Beach seine July 6 1 ± 1 137
Beach seine August 17 3 ± 3 178
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distributions were different among all gears during June,
July, and September (Table 3). During August, Bluegill
TL frequency distributions were different among most
pairwise gear comparisons; however, Bluegill TL distribu-
tions from mini‐fyke nets were similar to cloverleaf traps
and beach seines (Table 3). In Sandy Beach Lake, Bluegill
TL frequency distributions were different between clover-
leaf traps and all other gears within each month with the
exception of mini‐fyke nets during September (Table 3).
Bluegill TL frequency distributions were similar between
beach seines and both boat electrofishing and mini‐fyke
nets within each month, with the exception of mini‐fyke

nets during August (Table 3). Finally, Bluegill TL fre-
quency distributions were different between boat elec-
trofishing and mini‐fyke nets during June, August, and
September (Table 3).

Across lakes and gear types, the number of samples
required to detect a change in mean Bluegill CPUE or TL
increased as the desired detectable change decreased from
50% to 10%. For example, 400% more effort is required
to detect a 25% change compared with a 50% change in
mean Bluegill CPUE using boat electrofishing during
June. The minimum number of samples required to detect
a 10, 25, or 50% change in mean Bluegill CPUE was

FIGURE 1. Relationship between Bluegill monthly CPUE (net lift or seine haul or catch per 10 min; log10 transformed) and mean monthly water
temperature (°C) during June through September 2017 in both McDermott (black circles) and Sandy Beach (white squares) lakes. Beach seine hauls
were not conducted during the month of September. All Pearson correlations (r) ranged from –0.92 to 0.90 (all P > 0.05).

TABLE 2. Total number (N) and mean ± SE, minimum, and maximum total length (mm) of Bluegill sampled with four gears from June to
September 2017 at both McDermott and Sandy Beach lakes, Wisconsin.

Lake Sampling gear N

Total length

Mean ± SE Minimum Maximum

McDermott Lake Cloverleaf trap 1,042 54 ± 0.3 35 115
Boat electrofishing 1,455 76 ± 0.7 21 174
Mini‐fyke net 635 64 ± 1.0 24 140
Beach seine 372 64 ± 1.5 21 187

Sandy Beach Lake Cloverleaf trap 497 57 ± 0.6 26 107
Boat electrofishing 92 125 ± 4.1 28 201
Mini‐fyke net 198 49 ± 2.6 21 210
Beach seine 28 99 ± 6.2 24 176
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achieved with as few as 19 beach seine samples in June or
19 boat electrofishing samples in July in McDermott Lake
(Table 4). The minimum number of samples required to
detect a 10, 25, or 50% change during August and
September were achieved with as few as 24 cloverleaf trap
and 32 mini‐fyke net samples, respectively (Table 4). The
minimum number of samples required to detect a 10, 25,
or 50% change in mean Bluegill CPUE was higher in
Sandy Beach Lake compared to McDermott Lake. The
minimum number of samples required to detect a 10, 25,
or 50% change was achieved with as few as 40 mini‐fyke

net samples in July (Table 4). Across all months, ≥ 40
boat electrofishing, cloverleaf trap, or mini‐fyke net sam-
ples were required to detect a 10, 25, or 50% change in
mean Bluegill CPUE (Table 4). Beach seines required
more effort relative to other gears within each month to
detect changes in mean Bluegill CPUE.

Detecting a 50% change in mean Bluegill TL yielded
nonsensical results since the variability in mean TL was
relatively small; therefore, we only estimated the minimum
number of samples required to detect a 10% or 25%
change. The minimum number of samples required to

FIGURE 2. Cumulative frequency distributions and total number (N) of Bluegill collected from McDermott (left) and Sandy Beach (right) lakes
during June through September 2017 using cloverleaf traps, boat electrofishing, mini‐fyke nets, and beach seine hauls. Beach seine hauls were not
conducted during the month of September.
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detect a 10% or 25% change in mean Bluegill TL was
achieved with one sample using any gear in McDermott
Lake across months (Table 5). To detect a 10% change in

mean Bluegill TL in McDermott Lake, the minimum
number of samples required was achieved with as few as
two boat electrofishing samples in August. The minimum

TABLE 3. Kolmogorov–Smirnov test statistics (D) for pairwise comparisons of Bluegill total length frequency distributions from cloverleaf traps
(CLV), boat electrofishing (EF), mini‐fyke nets (FYKE), and beach seines (BS) within each month from McDermott and Sandy Beach lakes in north-
ern Wisconsin. Beach seine hauls were not conducted during September; therefore, total length frequency distribution comparisons between seine hauls
and other gears could not be evaluated. Bold italicized P‐values denote significant differences (α = 0.05).

Month Test statistic CLV–EF CLV–FYKE CLV–BS EF–FYKE EF–BS FYKE–BS

McDermott Lake
June D 0.549 0.489 0.242 0.160 0.405 0.408

P <0.001 <0.001 <0.001 0.008 <0.001 <0.001
July D 0.450 0.417 0.277 0.413 0.321 0.379

P <0.001 <0.001 0.002 <0.001 <0.001 <0.001
August D 0.345 0.182 0.247 0.258 0.204 0.126

P <0.001 0.142 <0.001 <0.001 0.005 1.000
September D 0.955 0.355 0.741

P <0.001 <0.001 <0.001
Sandy Beach Lake

June D 0.767 0.762 0.819 0.625 0.667 0.624
P <0.001 <0.001 <0.001 <0.001 0.303 0.595

July D 0.904 0.943 0.857 0.246 0.362 0.389
P <0.001 <0.001 <0.001 1.000 1.000 1.000

August D 0.871 0.762 0.824 0.900 0.404 0.771
P <0.001 <0.001 <0.001 <0.001 0.332 <0.001

September D 0.786 0.210 0.709
P <0.001 1.000 <0.001

TABLE 4. Minimum number of samples required to detect a 10, 25, or 50% change in mean Bluegill CPUE (fish per net lift or seine haul or catch
per 10 min) at McDermott and Sandy Beach lakes among months (June–September; α = 0.10; 1 – β = 0.80). Beach seine hauls were not conducted
during the month of September.

% Change

McDermott Lake Sandy Beach Lake

Jun Jul Aug Sep Jun Jul Aug Sep

Boat electrofishing
10 1,114 482 691 1,344 1,562 3,044 1,549 1,454
25 178 77 111 215 250 487 248 233
50 45 19 28 54 62 122 62 58

Cloverleaf trap
10 608 1,476 612 2,338 1,108 1,247 2,659 2,419
25 97 236 98 374 177 199 426 387
50 24 59 24 94 44 50 106 97

Mini‐fyke net
10 828 1,266 949 800 1,111 991 5,741 2,148
25 132 203 152 128 178 159 918 344
50 33 51 38 32 44 40 230 86

Beach seine
10 467 528 1,114 3,777 3,541 6,011
25 75 84 178 604 567 962
50 19 21 45 151 142 240
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number of samples required to detect a 10% or 25%
change in mean Bluegill TL was higher in Sandy Beach
Lake compared to McDermott Lake. The minimum num-
ber of samples required to detect a 10% or 25% change in
mean Bluegill TL was achieved with as few as one clover-
leaf trap sample in June and July or two cloverleaf trap or
mini‐fyke net samples in August in Sandy Beach Lake
(Table 5). In September, the minimum number of samples
required to detect a 10% or 25% change was achieved
with as few as 10 cloverleaf trap samples in Sandy Beach
Lake (Table 5).

DISCUSSION
Our study contributes to the expanding body of litera-

ture evaluating and refining Bluegill sampling methodolo-
gies (e.g., Schultz and Haines 2005; Koch et al. 2014;
Flammang et al. 2016). Our results support previous liter-
ature stating that Bluegill sampling designs should con-
sider the use of multiple sampling gears to adequately
sample the entire population (Schultz and Haines 2005;
Ruetz et al. 2007); however, our results suggest that
assessments of Bluegill populations with low size structure
are likely to underestimate the abundance of small fish
that likely compose a greater proportion of the entire pop-
ulation. Bluegill CPUE was highest in cloverleaf trap sur-
veys and substock‐length Bluegill (fish ≤ 80 mm TL;
Gabelhouse 1984) accounted for a greater proportion of
cloverleaf trap catch relative to other gears, suggesting
that other gears do not efficiently sample smaller Bluegill.

Furthermore, seasonal fluctuations in surface water tem-
perature were not correlated with Bluegill CPUE for any
gear, but within‐month variability in catch (i.e., variability
in catch among net lifts or seine hauls or 10 min of elec-
trofishing each sampling session) led to highly variable
sample sizes needed to detect predetermined changes in
mean Bluegill CPUE or TL across months. Consequently,
we suggest that managers consider the associated biases
and sampling effort required by each gear when designing
and performing assessments of Bluegill populations with
low size structure. We suggest that other management
agencies could benefit from an evaluation of Bluegill sam-
pling protocols to ensure that the data obtained from such
protocols accurately reflect Bluegill populations present
within their systems.

We did not estimate the actual size structure of Bluegill
populations in either lake and therefore do not know the
true selective biases associated with each gear. Mean back‐
calculated length‐at‐age 1 for Bluegill collected from both
McDermott and Sandy Beach lakes was 48 mm and
66 mm, respectively (C. J. Sullivan, unpublished data), and
is approximately 74 mm across North America (25th per-
centile of mean length‐at‐age 1; Jackson et al. 2008), sug-
gesting that Bluegill populations sampled herein are slower
growing and slow growth likely extends the time to recruit-
ment for a variety of sampling gears. Early in life or at
these small sizes, Bluegill generally select for densely vege-
tated and complex habitats (Crowder and Cooper 1982;
Gotceitas and Colgan 1987; Collingsworth and Kohler
2010). Both lakes were shallow (mean depth ≤ 3.0 m) and
contained emergent and submerged vegetation in the lit-
toral zones that could serve as primary habitat for Bluegill
populations with low size structure. Cloverleaf traps are
commonly deployed in vegetated areas (e.g., Weber and
Brown 2012; Carl et al. 2016), but these habitats are unable
to be successfully sampled using other gears such as boat
electrofishing (e.g., Serafy et al. 1988), mini‐fyke nets, and
beach seines (e.g., Bonar et al. 2009). Although overly
abundant complex habitats did not hinder sampling
throughout this study, we encountered some difficulties
with gear‐specific site selection (e.g., beach seines). Further,
effective immobilization of fish using boat electrofishing is
related to body size (Dolan and Miranda 2003) as larger
fish are more susceptible to immobilization than smaller
fish (e.g., Anderson 1995). In our study, boat electrofishing
captured the highest proportion (2.5% of total catch in both
lakes) of quality‐length Bluegill (≥150 mm TL; Gabelhouse
1984) compared to beach seines (1.0%), mini‐fyke nets
(0.003%), and cloverleaf traps (zero catch). This ability of
boat electrofishing to capture quality‐length Bluegill is well
documented (e.g., Pierce et al. 2001; Ruetz et al. 2007;
Flammang et al. 2016), but its inability to capture small
Bluegill highlights the utility of other gears (e.g., cloverleaf
traps). Consequently, our findings align with previous

TABLE 5. Minimum number of samples required to detect a 10% or
25% change in mean Bluegill total length (mm) at McDermott and Sandy
Beach lakes among months (June–September; α = 0.10; 1 – β = 0.80).
Sample sizes for cloverleaf traps, mini‐fyke nets, and beach seine hauls
represent the number of individual lifts or hauls; sample sizes for boat
electrofishing are the number of 10‐min transects. Beach seine hauls were
not conducted during the month of September.

% Change

McDermott Lake Sandy Beach Lake

Jun Jul Aug Sep Jun Jul Aug Sep

Boat electrofishing
10 3 3 2 5 53 31 22 99
25 <1 <1 <1 1 8 5 3 16

Cloverleaf trap
10 1 <1 1 1 3 1 9 63
25 <1 <1 <1 <1 <1 <1 2 10

Mini‐fyke net
10 3 6 10 6 14 71 15 74
25 <1 1 2 1 2 11 2 12

Beach seine
10 6 16 9 44 154 50
25 1 3 1 7 25 8
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studies suggesting that the representation of the entire fish
population is strongly dependent upon sampling protocols.

Sampling gears should also provide precise estimates of
relative abundance and length distribution with minimal
sampling effort (Colvin 2000). Several studies have esti-
mated the sampling effort needed to achieve specified
levels of precision for metrics used to describe Bluegill
populations and populations of other closely related spe-
cies (Hardin and Connor 1992; Koch et al. 2014; Flam-
mang et al. 2016). Conversely, no published studies have
evaluated and compared the sampling effort required to
detect changes in mean CPUE and TL of Bluegill popula-
tions using the gears we assessed or for populations with
low size structure. In the lake‐rich regions of the upper
Midwest, utilizing > 40 gear deployments per lake to
detect changes in either mean Bluegill CPUE or TL may
require more financial or time commitments than desired.
However, it is unknown if other methods are more effi-
cient for obtaining estimates of mean Bluegill CPUE and
TL for populations with low size structure. Maximizing
the amount of gear deployments per sampling occasion
during months when the estimated number of samples
needed to detect a predetermined change is lowest (e.g.,
eight 10‐min boat electrofishing transects per sampling
occasion during July) would reduce the number of site vis-
its required and lead into possible investigations of smaller
changes in mean CPUE or TL able to be detected (e.g.,
<50%) from population surveys. Thus, our evaluation of
the sampling efficiency of specific gears can aid fishery
managers in identifying labor‐efficient sampling methods
for Bluegill populations with small size structure.

Cloverleaf traps have been used to capture age‐0 and
juvenile Yellow Perch (Brown and St. Sauver 2002) and
Common Carp (Carl et al. 2016) as well as age‐0 Bluegill
(Weber and Brown 2012; Kaemingk et al. 2013), but this
is the first study to evaluate cloverleaf traps for their rela-
tive abilities to sample Bluegill populations in littoral
areas of Midwestern lakes. Cloverleaf trap openings are
relatively small (12.7 mm), resulting in the inability of
large Bluegill to swim through trap openings and be cap-
tured (few Bluegill >100 mm TL were caught); therefore,
cloverleaf traps are unlikely to adequately sample entire
populations. However, cloverleaf traps captured substock‐
length fish more commonly (98.5% of total catch <80 mm
TL) compared with the other gears and at a higher catch
rate. Additionally, the decreased effort in labor for clover-
leaf traps (<30 s; Mangan et al. 2005; Carl et al. 2016) rel-
ative to the other gears used herein (>300 s for
deployment and retrieval; Collins et al. 2017), the ability
to be deployed in areas hard to sample with other gears
(e.g., complex habitats), and the minimal investment cost
per trap (~$150/trap) suggests that cloverleaf traps provide
a cost‐ and time‐efficient gear for sampling substock‐
length Bluegill.

Management Implications
Most sampling gears used in fishery surveys have inher-

ent biases that can hinder accurate quantification of fish
population structure (e.g., Jackson and Bauer 2000; Ruetz
et al. 2007; Bonar et al. 2009) and potentially result in
inappropriate management decisions. Across the Midwest,
fisheries biologists primarily use boat electrofishing surveys
or fyke net surveys in the spring to early summer to sam-
ple Bluegill populations and collect data to derive popula-
tion metrics (Schultz and Haines 2005; Simonson et al.
2008; Rypel et al. 2016). Our study indicated that assess-
ing Bluegill populations with low size structure using a
single gear (e.g., boat electrofishing) is likely to underesti-
mate the abundance of smaller fish and limit the ability to
detect significant changes in mean CPUE or TL of popu-
lations, indicating that more sampling effort will be
required to collect and monitor populations. Furthermore,
our results suggest that detecting changes in mean Bluegill
CPUE and TL is convoluted because the gears are sam-
pling differing subsets of the Bluegill population and sug-
gests that alternative sampling methods should be used to
capture fish of all sizes. Thus, our results support previous
literature suggesting that multigear approaches are neces-
sary to sample a fish population (Ruetz et al. 2007; Cle-
ment et al. 2014; Koch et al. 2014). To sample Bluegill
populations with low size structure in lakes, we suggest
incorporating both boat electrofishing surveys and either
mini‐fyke nets or beach seine hauls into sampling proto-
cols depending on population density. Using a combina-
tion of these gears for Bluegill population assessments
would allow for higher capture rates and a better repre-
sentation of the Bluegill population size structure while
reducing the amount of sampling effort required when
attempting to assess populations.

Due to their inabilities to capture stock‐length Bluegill,
cloverleaf traps should be used for objective‐specific popu-
lation assessments. For example, cloverleaf traps could be
used to assess substock‐length Bluegill but should not be
used to generally assess Bluegill populations (e.g., changes
to adult density). Furthermore, density‐dependent interac-
tions can decrease the size structure of Bluegill popula-
tions (Wiener and Hanneman 1982; Walters and Post
1993). Low size structure within Bluegill populations asso-
ciated with high density and slow growth ultimately pro-
vides poor angling quality. Consequently, fisheries
managers attempt to maintain an appropriate balance
among population density, growth rate, and size structure
through various management actions. In certain situations,
cloverleaf traps may provide an alternative for reducing
abundances of small, more numerous Bluegill compared
with the stocking of predators (Otis et al. 1998; Schneider
and Lockwood 2002; Tomcko and Pierce 2005), altering
harvest regulations (Coble 1988; Rypel 2015), or altering
habitats (Crowder and Cooper 1982; Webb et al. 2016).

722 SULLIVAN ET AL.



ACKNOWLEDGMENTS
We thank the numerous undergraduate research techni-

cians from the University of Wisconsin–Stevens Point and
the University of Wisconsin–Madison that helped complete
field work. We thank M. Flammang for constructive com-
ments on an earlier draft. This work was funded by the
U.S. Geological Survey National Climate Change and
Wildlife Science Center Grant G11AC20456 to the Univer-
sity of Wisconsin–Madison and Grant G16AC00222 to the
University of Wisconsin–Stevens Point. We thank G. Sass,
Z. Lawson, and numerous WDNR staff who provided field
support for this project. This study was performed under
protocol 2017.03.13 approved by the University of Wiscon-
sin–Stevens Point Institutional Animal Care and Use Com-
mittee protocol permit, and animals were collected under
state permit SCP‐FM‐2018‐055. Any use of trade, firm, or
product names is for descriptive purposes only and does not
imply endorsement by the U.S. Government. There is no
conflict of interest declared in this article.

REFERENCES
Anderson, C. S. 1995. Measuring and correcting for size selection in elec-

trofishing in mark–recapture experiments. Transactions of the Ameri-
can Fisheries Society 124:663–676.

Bayley, P. B., and R. A. Herendeen. 2000. The efficiency of a seine net.
Transactions of the American Fisheries Society 129:901–923.

Beard, T. D. Jr., and J. M. Kampa. 1999. Changes in Bluegill, Black Crap-
pie, and Yellow Perch populations in Wisconsin during 1967–1991.
North American Journal of Fisheries Management 19:1037–1043.

Bennet, C. D., and B. E. Brown. 1969. A comparison of fish population
sampling techniques on Lake Raymond, Oklahoma. Proceedings of
the Annual Conference of the Southeastern Association of Game and
Fish Commissioners 22:425–444.

Bevil, M. C., and M. J. Weber. 2018. Relative effects of density‐depen-
dence versus environmental factors on Bluegill populations. North
American Journal of Fisheries Management 38:140–151.

Bonar, S. A., W. A. Hubert, and D. W. Willis, editors. 2009. Standard
methods for sampling North American freshwater fishes. American
Fisheries Society, Bethesda, Maryland.

Brown, M. L., and T. St. Sauver. 2002. An assessment of Yellow Perch,
Perca flavescens, stocking contributions in eastern South Dakota
lakes. Fisheries Management and Ecology 9:225–234.

Campbell, M. J., S. A. Julious, and D. G. Altman. 1995. Estimating
sample sizes for binary, ordered categorical, and continuous outcomes
in two group comparisons. British Medical Journal 311:1145–1148.

Carl, D. D., M. J. Weber, and M. L. Brown. 2016. An evaluation of
attractants to increase catch rates and deplete age‐0 Common Carp in
shallow South Dakota lakes. North American Journal of Fisheries
Management 36:506–513.

Clark, S. J., J. R. Jackson, and S. E. Lochmann. 2007. A comparison of
shoreline seines with fyke nets for sampling littoral fish communities
in floodplain lakes. North American Journal of Fisheries Manage-
ment 27:676–680.

Clement, T. A., K. Pangle, D. G. Uzarski, and B. A. Murry. 2014. Effec-
tiveness of fishing gears to assess fish assemblage size structure in small
lake ecosystems. Fisheries Ecology and Management 21:211–219.

Coble, D. W. 1988. Effects of angling on Bluegill populations: manage-
ment implications. North American Journal of Fisheries Management
8:277–283.

Collingsworth, P. D., and C. C. Kohler. 2010. Abundance and habitat
use of juvenile sunfish among different macrophyte stands. Lake and
Reservoir Management 26:35–42.

Collins, S. F., M. J. Diana, S. E. Butler, and D. H. Wahl. 2017. A com-
parison of sampling gears for capturing juvenile Silver Carp in river–
floodplain ecosystems. North American Journal of Fisheries Manage-
ment 37:94–100.

Colvin, M. A. 2000. Criteria and procedures for evaluating the quality of
fish populations in reservoirs. Environmental Science and Policy 3
(Supplement 1):S127–S132.

Cross, T. K., M. C. McInerny, and D. H. Shupp. 1995. Seasonal varia-
tion in trap‐net catches of Bluegill in Minnesota lakes. North Ameri-
can Journal of Fisheries Management 15:382–389.

Crowder, L. B., and W. E. Cooper. 1982. Habitat structural complexity
and the interaction between Bluegills and their prey. Ecology
63:1802–1813.

Dauwalter, D. C., F. J. Rahel, and K. G. Gerow. 2010. Power of revisit
monitoring designs to detect forestwide declines in trout populations.
North American Journal of Fisheries Management 30:1462–1468.

Dolan, C. R., and L. E. Miranda. 2003. Immobilization thresholds of
electrofishing relative to size. Transactions of the American Fisheries
Society 132:969–976.

Drake, M. T., J. E. Claussen, D. P. Philipp, and D. L. Pereira. 1997. A
comparison of Bluegill reproductive strategies and growth among
lakes with different fishing intensities. North American Journal of
Fisheries Management 17:496–507.

Dumont, S. C., and J. A. Dennis. 1997. Comparison of day and night
electrofishing in Texas reservoirs. North American Journal of Fish-
eries Management 17:939–946.

Fischer, J. R., and C. P. Paukert. 2009. Effects of sampling effort, assem-
blage similarity, and habitat heterogeneity on estimates of species
richness and relative abundance of stream fishes. Canadian Journal of
Fisheries and Aquatic Sciences 66:277–290.

Flammang, M., R. D. Schultz, and M. J. Weber. 2016. Comparison of
three methods for sampling panfish in Iowa impoundments. North
American Journal of Fisheries Management 36:1347–1357.

Gabelhouse, D. W. Jr. 1984. A length‐categorization system to assess fish
stocks. North American Journal of Fisheries Management 4:273–285.

Gaeta, J. W., B. Beardmore, A. W. Latzka, B. Provencher, and S. R.
Carpenter. 2013. Catch‐and‐release rates of sport fishes in northern
Wisconsin from an angler diary survey. North American Journal of
Fisheries Management 33:606–614.

Gotceitas, V., and P. Colgan. 1987. Selection between densities of artifi-
cial vegetation by young Bluegills avoiding predation. Transactions of
the American Fisheries Society 116:40–49.

Hardin, S., and L. L. Connor. 1992. Variability of electrofishing crew
efficiency, and sampling requirements for estimating reliable catch
rates. North American Journal of Fisheries Management 12:612–617.

Holland-Bartel, L. E., and M. R. Dewey. 1997. The influence of seine
capture efficiency on fish abundance estimates in the upper Mississippi
River. Journal of Freshwater Ecology 12:101–111.

Hoxmeier, R. J. H., D. D. Aday, and D. H. Wahl. 2009. Examining
interpopulation variation in Bluegill growth rates and size structure:
effects of harvest, maturation, and environmental variables. Transac-
tions of the American Fisheries Society 138:423–432.

Isermann, D. A. 2019. Bluegill catch rates and total length distributions
among four sampling gears in two Wisconsin lakes with low size
structure: U.S. Geological Survey data release. U.S. Geological Sur-
vey. Available: https://www1.usgs.gov/csas/doi/form.htm?doi=doi:10.
5066/P9QJL2UH.

Jackson, J. J., and D. L. Bauer. 2000. Size structure and catch rates of
White Crappie, Black Crappie, and Bluegill in trap nets with 13‐mm
and 16‐mm mesh. North American Journal of Fisheries Management
20:646–650.

MANAGEMENT BRIEF 723

https://www1.usgs.gov/csas/doi/form.htm?doi=doi:10.5066/P9QJL2UH
https://www1.usgs.gov/csas/doi/form.htm?doi=doi:10.5066/P9QJL2UH


Jackson, Z. J., M. C. Quist, and J. G. Larsheid. 2008. Growth standards
for nine North American fish species. Fisheries Management and
Ecology 15:107–118.

Jolly, J. C., D. W. Willis, and R. S. Holland. 2010. Match–mismatch
regulation for Bluegill and Yellow Perch larvae and their prey in
Sandhill lakes. Journal of Fish and Wildlife Management 1:73–85.

Kaemingk, M. A., K. J. Stahr, J. C. Jolley, R. S. Holland, and D. W.
Willis. 2013. Evidence for Bluegill spawning plasticity obtained by
disentangling complex factors related to recruitment. Canadian Jour-
nal of Fisheries and Aquatic Sciences 71:93–105.

Koch, J. D., B. C. Neely, and M. E. Colvin. 2014. Evaluation of preci-
sion and sample sizes using standardized sampling in Kansas
reservoirs. North American Journal of Fisheries Management
34:1211–1220.

Lyons, J. 1986. Capture efficiency of a beach seine for seven freshwater
species in a north‐temperate lake. North American Journal of Fish-
eries Management 6:288–289.

Mangan, M. T., M. L. Brown, and T. R. St. Sauver. 2005. A comparison
of passive gears for selective Yellow Perch harvest. North American
Journal of Fisheries Management 25:1067–1072.

Miranda, L. E., and J. Boxrucker. 2009. Warmwater fish in large stand-
ing waters. Pages 29–42 in S. A. Bonar, W. A. Hubert, and D. W.
Willis, editors. Standard methods for sampling North American fresh-
water fishes. American Fisheries Society, Bethesda, Maryland.

Mittelbach, G. G. 1981. Foraging efficiency and body size: a study of
optimal diet and habitat use by Bluegills. Ecology 62:1370–1386.

Ogle, D. H. 2016. Introductory fishery analysis with R. CRC Press, Boca
Raton, Florida.

Otis, K. J., R. R. Piette, J. E. Keppler, and P. W. Rasmussen. 1998. A
Largemouth Bass closed fishery to control an overabundant Bluegill
population in a Wisconsin lake. Journal of Freshwater Ecology 13:391–
403.

Parkinson, E. A., J. Berkowitz, and C. J. Bull. 1988. Sample size require-
ments for detecting changes in some fisheries statistics from small
trout lakes. North American Journal of Fisheries Management 8:181–
190.

Paukert, C. P., and D. W. Willis. 2002. Seasonal and diel habitat selec-
tion by Bluegills in a shallow natural lake. Transactions of the Ameri-
can Fisheries Society 131:1131–1139.

Paukert, C. P., D. W. Willis, and J. A. Klammer. 2002. Effects of preda-
tion and environment on quality of Yellow Perch and Bluegill popula-
tions in Nebraska Sandhill lakes. North American Journal of
Fisheries Management 22:86–95.

Pierce, C. L., A. M. Corcoran, A. N. Gronbach, S. Hsia, B. J. Mullar-
key, and A. J. Schwartzhoff. 2001. Influence of diel period on elec-
trofishing and beach seining assessment of littoral fish assemblages.
North American Journal of Fisheries Management 21:918–926.

R Development Core Team. 2016. R: a language and environment for sta-
tistical computing. R Foundation for Statistical Computing, Vienna.
Available: http://www.R-project.org. (September 2017).

Ruetz, C. R., D. G. Uzarski, D. M. Krueger, and E. S. Rutherford.
2007. Sampling a littoral fish assemblage: comparison of small‐mesh
fyke netting and boat electrofishing. North American Journal of Fish-
eries Management 27:825–831.

Rypel, A. L. 2015. Effects of a reduced daily bag limit on Bluegill size
structure in Wisconsin lakes. North American Journal of Fisheries
Management 35:388–397.

Rypel, A. L., J. Lyons, J. D. T. Griffin, and T. D. Simonson. 2016.
Seventy‐year retrospective on size‐structure changes in the recreational
fisheries of Wisconsin. Fisheries 41:230–243.

Schneider, J. C. 1999. Dynamics of quality Bluegill populations in two
Michigan lakes with dense vegetation. North American Journal of
Fisheries Management 19:97–109.

Schneider, J. C., and R. N. Lockwood. 2002. Use of Walleye stocking, anti-
mycin treatments, and catch‐and‐release angling regulations to increase
growth and length of stunted Bluegill populations in Michigan lakes.
North American Journal of Fisheries Management 22:1041–1052.

Schultz, R. D. 2008. Assessment of the impact of physical, chemical and
biological factors and angling upon Bluegill and crappie populations.
Iowa Department of Natural Resources, Federal Aid to Fish Restora-
tion, Project F-160-R, Completion Report, Des Moines.

Schultz, R. D., and D. E. Haines. 2005. Comparison of seasonal Bluegill
catch rates and size distributions obtained with trap nets and elec-
trofishing in a large, heated impoundment. North American Journal
of Fisheries Management 25:220–224.

Serafy, J. E., R. M. Harrell, and J. C. Stevenson. 1988. Quantitative
sampling of small fishes in dense vegetation: design and field testing
of portable “pop‐nets.” Journal of Applied Ecology 4:149–157.

Simonson, T., A. Fayram, J. Hennessy, and T. Treska. 2008. Fisheries
assessments—lakes 2007–09 sampling procedures. Wisconsin Depart-
ment of Natural Resources, internal publication, Madison.

Simpson, D. E. 1978. Evaluation of electrofishing efficiency for Large-
mouth Bass and Bluegill populations. Master's thesis. University of
Missouri, Columbia.

Sindt, A. R. 2018. Evaluation of unbaited hoop nets for simultaneously
assessing Channel Catfish and Flathead Catfish populations in the
Minnesota River. North American Journal of Fisheries Management
38:538–548.

Tomcko, C. M., and R. B. Pierce. 2005. Bluegill recruitment, growth,
population size structure, and associated factors in Minnesota lakes.
North American Journal of Fisheries Management 25:171–179.

Wagner, T., B. J. Irwin, J. R. Bence, and D. B. Hayes. 2013. Detecting
temporal trends in freshwater fisheries surveys: statistical power and
the important linkages between management questions and monitor-
ing objectives. Fisheries 38:309–319.

Walters, C. J., and J. R. Post. 1993. Density‐dependent growth and com-
petitive asymmetries in size‐structured fish populations: a theoretical
model and recommendations for field experiments. Transactions of
the American Fisheries Society 122:34–45.

Weaver, M. J., J. J. Magnuson, and M. K. Clayton. 1993. Analysis for
differentiating littoral fish assemblages with catch data from multiple
sampling gears. Transactions of the American Fisheries Society
122:1111–1119.

Webb, K. M., R. E. Schultz, and E. D. Dibble. 2016. The influence of
invasive aquatic plant removal on diets of Bluegill in Minnesota
lakes. Journal of Aquatic Plant Management 54:37–45.

Weber, M. J., and M. L. Brown. 2012. Diel and temporal habitat use of
four juvenile fishes in a complex glacial lake. Lake and Reservoir
Management 28:120–129.

Werner, E. E., and D. J. Hall. 1988. Ontogenetic habitat shifts in Blue-
gill: the foraging rate‐predation risk trade‐off. Ecology 69:1352–1366.

Wiener, J. G., and W. R. Hanneman. 1982. Growth and condition of
Bluegills in Wisconsin lakes: effects of population density and lake
pH. Transactions of the American Fisheries Society 111:761–767.

724 SULLIVAN ET AL.

http://www.R-project.org

