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Abstract.—Trap nets of varying design are commonly used to assess fish populations, but the
effect of the design on gear selectivity is not well known. In particular, it may be advantageous
to use multiple net designs with different mesh and throat sizes to maximize the catch of specific
length-classes and to minimize the risk of predation on small fish by larger fish. We compared the
species composition, catch rate, and length distribution of fishes caught by three trap net designs
with dimensions differing only in mesh size and throat size (0.6-cm delta mesh and 3.8-cm X 3.8-
cm square throats, 1.3-cm square mesh and 7.6-cm X 7.6-cm square throats, or 2.5-cm square
mesh and 12.7-cm X 12.7-cm square throats). A total of 3,473 fish of 18 species were captured
from Sandy Lake, Portage County, Ohio, during 24 sample dates from June to August 1999. The
large net design had a significantly higher average number of species captured (mean = 11) than
the medium or small net design (means = 9 and 8, respectively). Whereas nets with larger mesh
and throat size combinations typically caught larger fish for the six most commonly captured
species, only rarely did nets capture fish as large or as small as possible based on their physical
dimensions. Specific length-classes of some species were not captured in the nets or were very
net design specific, indicating a possible differencein trap net vulnerability of different ontogenetic
stages. We conclude that data from trap nets with different mesh and throat sizes should not be
directly compared with each other, and that multiple net mesh and throat sizes (or even multiple
gear types) should be used when a more complete picture of fish length and abundance is desired.

Trap nets are commonly used to assess fish pop-
ulations (Hubert 1996). While many trap-net de-
signs have been described (e.g., using different
mesh sizes, throat sizes and shapes, and heart di-
mensions), few studies have compared the catch
among these designs. All commonly used fish sam-
pling methods are biased with respect to species,
size, or sex of the fish caught (Hubert 1996).
Therefore, it is important to know the catch bias
of sampling equipment so gear can be selected that
will target the species, size, or sex of interest, or
a combination of gear can be used to minimize the
bias of samples of the overall fishery.

The minimum size of fish that can be captured
by atrap net is ultimately set by mesh size. Ac-
cordingly, several studies have found that netswith
smaller mesh tend to catch either smaller fish or
more fish in small length-classes for several spe-
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cies: yellow perch Perca flavescens (Kraft 1990;
Kraft and Johnson 1992), channel catfish Ictalurus
punctatus (Hesse et al. 1982; Holland and Peters
1992), white crappie Pomoxis annularis (Willis et
al. 1984; Jackson and Bauer 2000), Black crappie
P. nigromaculatus (Mclnerny 1988; Jackson and
Bauer 2000), and bluegill Lepomis macrochirus
(Jackson and Bauer 2000). However, some studies
have also found that differences in trap-net mesh
size did not affect the length distribution of cap-
tured fish (white crappie, Willis et al. 1984; north-
ern pike Esox lucius, Clark and Willis 1989). Stud-
ies have also found that trap-net mesh size affects
catch per unit effort (CPUE) for channel catfish
(Hesse et al. 1982; Holland and Peters 1992) and
some length-classes of black crappie (Mclnerny
1988). However, no consistent relationship be-
tween trap-net mesh size and CPUE has been
found for yellow perch (Kraft 1990) or northern
pike (Clark and Willis 1989). We know of no study
that has investigated the relationship between trap-
net mesh size and fish size or CPUE for many
fishes that are commonly captured in trap nets
(e.g., redear sunfish Lepomis microlophus, pump-
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Ficure 1.—Trap-net design used to test the effect of different mesh and throat size combinations on catch bias.

kinseed Lepomis gibbosus, brown bullhead Ameiu-
rus nebulosus, and largemouth bass Micropterus
salmoides). Additionally, we know of no study that
has compared the minimum size of fish actually
captured by a trap net with the minimum size a
given mesh size could physically retain.

The maximum size of fish that can be captured
by atrap net is ultimately set by the throat size of
the net. However, we are unaware of any study
that has investigated the relationship between
throat size and fish size or CPUE. Theoretically,
building trap nets with fine mesh size and large
throats would maximize the range of fish sizesthe
net could catch. However, large throats may not
be efficient at retaining small fish, and larger fish
allowed into nets with large throats may prey on
smaller individuals inside the net. Additionally,
small mesh netting is heavy and expensive. Thus,
it would seem most efficient to use multiple gear
sizes and to vary mesh size and throat size together
when using trap nets to sample fish of different
sizes. However, with the limited information on
the effects of mesh and throat size, this idea re-
mains untested. Therefore, we compared the spe-
cies composition, CPUE, and size distribution of
fishes caught by three different trap-net designs of
differing mesh and throat size.

Methods

Trap nets were designed so that only mesh and
throat size varied among net types (Figure 1). The
nets were constructed by sewing pieces of tar-
treated nylon netting together with tar-treated #21
nylon twine. Square frames were constructed from
2.54- and 0.64-cm-diameter, schedul e 20 polyvinyl
chloride (PVC) pipes for the one heart and four
pot frames, respectively. The first three pot frames
contained square throats (Figure 1).

Two nets were constructed for each of the three
mesh and throat size designs. Each pair of nets
with the same mesh and throat size combination
was attached together with a single 30-m lead net
fastened to one side of each net’s heart with 10.2-
cm cable ties. The lead net was set perpendicular
to the opening of each net. A wing net was then
attached to the other side of the each net's heart
with 10.2-cm cable ties and set at a 45° angle to
the lead net. Leads and wings for each pair of nets
were constructed from the same mesh as the nets.
Floats (number 125 hard plastic, 12.7 cm long, 3.8-
cm diameter) were hung on the top of the leads
and wings every 91 cm. Lead weights (23.3 g)
were hung on the bottom of the leads and wings
every 37 cm, and the wings and leads were at-
tached to the trap nets with 10.2-cm cable ties.
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Each pair of nets was set in Sandy L ake, Portage
County, Ohio, parallel to the southwest shoreline
along the 1.8-m depth contour (approximately 1
m offshore from a fairly distinct deep vegetation
line). The net pair was oriented as described by
Hubert (1996), with the lead net parallel to shore
and the opening of the two nets facing each other
(opening perpendicular to the shore). The nets
were set on June 18 and remained in the lake until
August 19, 1999. The nets were sampled 24 times
during this period and were usually emptied every
24 or 48 h (range, 19-124 h). Nets were always
fished for the same length of time on a given sam-
ple date. All fish were identified to the lowest tax-
onomic level possible and released. On 14 sample
dates, total lengths (mm) of all fish captured were
also recorded.

During the study, net pairs were rotated between
three sampling locations on June 23 and June 30.
All three sampling locations were adjacent to each
other (the distance between the cod ends of ad-
jacent net pairs was approximately 7 m) and had
similar habitats. An analysis of CPUE and mean
length using data taken for this and a concurrent
study from June 19 to July 7 (all nets sampled an
equal number of times in each location) indicated
no significant sampling station effect (CPUE:
F, o7 = 0.424, P = 0.6585; length: F, ,o = 0.097,
P = 0.9082). Therefore, nets were not rotated
again after this time. There were no significant
differences in mean CPUE (small net type: t =
—0.30, df = 23, P = 0.7652; medium net type: t
= —1.07, df = 23, P = 0.2883; large net type: t
= 1.03, df = 23, P = 0.3073) or mean fish length
(small net type: t = 0.73, P = 0.4724; medium
net type: t = 0.25, P = 0.8045; large net type: t
= 1.92, P = 0.0658) between replicate nets with
the same mesh and throat size. Therefore, the data
from each pair of replicate nets were pooled for
analysis.

Total length and body depth (measured as the
maximum dorsal-ventral distance perpendicular to
the anterior-posterior body axis) were measured
on preserved bluegill, pumpkinseed, redear sun-
fish, largemouth bass, and black crappie that had
been captured from Sandy Lake using the six trap
nets during a concurrent study. A regression equa-
tion was generated for each species and used to
estimate the body depth of fish captured in this
study (Table 1). These body depth estimates were
then compared with the mesh and throat sizes of
the nets (measured as the diagonal distance when
the net is pulled tight so that mesh and throat open-
ings were square) to determine if the minimum
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TaBLE 1.—Length—body depth regression statistics for
five of the most commonly captured species caught from
Sandy L ake, Portage County, Ohio, from June 19 through
August 19, 1999.

Species r2 n  Slope Intercept

Bluegill 0982 94 0437 746
Pumpkinseed 0991 34 0462 —8.08
Redear sunfish 0969 15 0425 —4.60
Largemouth bass 0.964 24 0268 —2.96
Black crappie

(>130 mm) 0970 21 0400 -8.24
Black crappie (<60 mm) 0955 15 0.329 —2.49

and maximum fish lengths captured in each net
were being constrained by the physical limitations
of the net or by some other factor.

The mean number of species and the total CPUE
(1 unit effort = one net pair set for 24 h) captured
by each net type was analyzed separately with a
two-factor (net type X sample date) analysis of
variance (ANOVA), using date as a blocking var-
iable. Species composition (species-specific
CPUE) from the three net types was then analyzed
using athree-factor (species X net type X sample
date) ANOVA, using date as a blocking variable.
The most commonly captured species (=5% of the
total catch) on the dates that lengths were mea-
sured (bluegill, pumpkinseed, redear sunfish,
brown bullhead, largemouth bass, and black crap-
pie) were then analyzed separately using a two-
factor (net type X date) ANOVA (with date as a
blocking variable) to test for significant differenc-
es among net types in the mean of the minimum,
median, and maximum lengths of fish caught from
each sample. On days when fish length was re-
corded, no largemouth bass from large nets and
no black crappie from small nets were caught.
Therefore, these two net types were not part of the
statistical analysis for these species. Data showing
significant differences from ANOVA procedures
were subsequently analyzed with Tukey’stests. To-
tal and species-specific CPUE values were log
transformed (log,[X + 1]) to correct for propor-
tionality between means and standard deviations
prior to analysis, and the significance of statistical
results was determined (P < 0.05). All analyses
were performed using the Proc Mixed procedure
of the SAS Institute (1997).

Results

The three net pairs captured 3,473 fish of 18
species during the 24 sample dates. The mean
number of species captured in the large net type
(mean = 11.2) was significantly higher than in the
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medium (mean = 8.6; Tukey P = 0.008) or small
(mean = 8.3; Tukey P = 0.003) net types (F, 46
= 7.50, P = 0.002). The mean number of species
captured in the medium and small net types was
not significantly different (Tukey P = 0.922).

Total CPUE was significantly higher in thelarge
net (mean = 21.4, SE = 3.5) than in the medium
(mean = 11.2, SE = 2.2; Tukey P < 0.001) and
small (mean = 9.3, SE = 1.0; Tukey P < 0.001)
net types (F, 46 = 15.23, P < 0.001). Total CPUE
of the medium and small nets were not signifi-
cantly different (Tukey P = 0.835).

Species-specific CPUE was significantly differ-
ent among net types (significant net type X species
interaction, Fig 505 = 10.27, P < 0.001; Figure 2).
Bluegill had the highest CPUE relative to other
species in the three net types. Other species that
had a high CPUE in one or two net types had a
low CPUE in the other(s).

For the six most commonly captured species,
large nets generally caught significantly larger fish
(minimum, median, and maximum total length;
Figure 3; Table 2). However, there were no sig-
nificant differences between the three net typesin
the minimum or median length of black crappie
(P = 0.367 and 0.420 for minimum and median
length, respectively) and largemouth bass (P =
0.108 and 0.548 for minimum and median length,
respectively), or the maximum length of the large-
mouth bass (P = 0.398) caught. Additionally, there
were no significant differences between the me-
dium and large net types with any of the three
length metrics for redear sunfish or brown bull-
head. There were also no significant differences
between medium and large nets in the median and
maximum lengths of pumpkinseed caught. Medi-
um nets caught the widest range of fish lengths for
species appearing in all three net types (Figure 3;
Table 2).

Using length-body depth regression statistics
for each species (Table 1), we determined that, in
most cases, the mesh size of all three net types
could haveretained smaller fish than were captured
in the samples (Figure 3). Throat sizes of all three
net types would have allowed the capture of larger
fish than were actually captured (Figure 3), a pat-
tern that was most pronounced in the larger net

types.
Discussion
Because the actual species composition and
length distribution of the fish populationsin Sandy

Lake are unknown, it is not possible to determine
if the nets caught fish in proportion to their abun-
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dance or if they were biased to specific species or
length-classes. However, we assume each pair of
nets was interacting with the same fish populations
for three reasons. First, there were no significant
sampling location effects. Second, the different net
types were periodically rotated between sampling
locations during the first part of the study. Third,
the sampling stations were adjacent to each other
and had no obvious habitat differences. Because
the samples were collected over 2 months, it is
also likely that the length distribution of fishes
changed during the study or that fish may have
changed their behavior relative to the trap nets
with experience or seasonally based behavior
(Hamley and Howley 1985; Crosset al. 1995). But,
because the different net types were sampled on
the same dates and the ANOVA procedure ac-
counted for variability attributable to date, sea-
sonal changes in length distribution or trap-net
avoidance would not bias the results of the net
design comparison.

The three net types caught different species and
had different species-specific CPUE and length
distributions. Using all three net types together
would therefore provide a more complete picture
of the abundance and size structure of the fishery
than using any one design by itself. This is con-
sistent with the findings of other studies that have
demonstrated an effect of trap-net mesh size on
CPUE and the lengths of captured fish (Hesse et
al. 1982; Mclnerny 1988; Holland and Peters
1992). We are unaware of any study that has doc-
umented the effect of different throat sizes on the
catch of trap nets. Nonetheless, we expect that
smaller throats would improve the retention of
smaller fish and exclude larger predatorsthat could
bias the samples through selective predation.

Even using the three trap net types to target
different length-classes, our data imply that trap
nets provide a skewed view of fish length distri-
bution for some species. Some species had length-
classes that were not captured by any of our nets.
For some species (i.e., large largemouth bass and
small black crappie), individuals in the length-
classes not captured by our trap nets were captured
in littoral zone seining samples or were caught by
anglers—often near the trap nets (D. Shoup, per-
sonal observation). Therefore, it is most likely
these fish length-classes were present but avoided
the nets. Other researchers have captured certain
length-classes of adult largemouth bass (Roach
1942; Latta 1959) and juvenile crappie (Mclnerny
1988; Miranda et al. 1996; Allen et al. 1999) that
were not captured in our nets. This discrepancy



466 SHOUP ET AL.

16
14 A Large mesh & throat size
12
10 - l
8 4
6 - B
q I
5] B I B J_ B
0 ﬁ L L] C L] L} L] C 1 C 1] L]
BB PS WM BG RE LS LB BC  Other
16
Medium mesh & throat size
Ll 7
D 127
A 10+
O s+ A
C 6T
O 44
q') B
21 BC BCD cb BC
S = e [ |me o » o -
BB PS WM BG RE LS LB BC Other
16
14 Small mesh & throat size
12 4+
10 +
84
61 A
‘T A
24+ B T
B B B B
0 B = . | i | . . _?_ . |+| . . . £
BB PS WM BG RE LS LB BC Other
Species

FiGURe 2—Mean catch per unit effort (24 h) for trap nets with three different mesh and throat size combinations
fished in Sandy Lake, Portage County, Ohio, from June 19 through August 19, 1999. Abbreviations are: BB = brown
bullhead, PS = pumpkinseed, WM = warmouth, BG = bluegill, RE = redear sunfish, LS = Lepomis spp., LB =
largemouth bass, YP = yellow perch, BC = black crappie, and Other = other species, which included black bullhead
Amelurus melas, white crappie, walleye Sizostedion vitreum, gol den shiner Notemigonus crysoleucas, green sunfish Lepomis
cyanellus, yellow bullhead Ameiurus natalis, gizzard shad Dorosoma cepedianum, orangespotted sunfish Lepomis humilis,
grass pickerel Esox americanus vermiculatus, and golden redhorse Moxostoma erythrurum. Error bars indicate 1 SE,
letters indicate significant differences (Tukey P < 0.05) among species within each net type.
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FIGURe 3.—Lengths of the six most commonly captured species (=5% of the total catch) caught from Sandy
Lake, Portage County, Ohio, in trap nets with three mesh and throat size combinations. The white bar indicates
the range of fish lengths captured. Triangles indicate the median length. *“Error bar’” lines indicate the range of
lengths the trap-net type could capture based on mesh size and throat size of the net in relation to fish body depths
(the total Iength—body depth relationship for each species is based on regression information in Table 1). Lines
indicating the range of fish lengths the trap net could capture are not given for largemouth bass in the large net
and brown bullhead in all net types because the regression data did not include enough fish to accurately estimate
these values. The number of individuals of each species captured in each net type is also given.
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TABLE 2—Means of the minimum, median, and maximum length (total length; mm) of fish captured in each sample
by trap nets with three different mesh and throat size combinations. The six species listed were the most frequently
captured (=5% of total catch) by the nets in Sandy Lake, Portage County, Ohio, from June 19 through August 19,
1999. Net types that were significantly different in the Tukey’s test (P < 0.05) are indicated by a less than symbol (<)

between means.

Net mesh and throat size

ANOVA results

Species Length Small Medium Large F P
Bluegill Maximum 117 < 166 < 189 56.6 <0.001
Median 84 < 107 < 134 73.9 <0.001
Minimum 58 < 67 < 113 156.2 <0.001
Pumpkinseed Maximum 93 < 162 167 84.8 <0.001
Median 88 < 135 142 48.0 <0.001
Minimum 83 < 103 < 122 145 <0.001
Redear sunfish Maximum 87 < 188 205 19.7 <0.001
Median 87 < 164 179 32.7 <0.001
Minimum 87 < 143 149 134 0.001
Brown bullhead® Maximum 120 < 330 367 11.6 0.001
Median 120 < 292 319 131 0.033
Minimum 120 < 254 261 6.5 0.014
Largemouth bassP Maximum 100 102 1.9 0.398
Median 55 102 111 0.186
Minimum 43 102 341 0.108
Black crappie® Maximum 196 < 273 14.0 0.020
Median 175 200 14 0.304
Minimum 149 161 1.7 0.267

20nly two brown bullheads were captured in the small net on dates when lengths were recorded.
b | argemouth bass were not captured in the large net and only two individuals were captured in the medium net on dates when lengths

were recorded.

¢ Black crappies were not captured in the small net on dates when lengths were recorded.

could be due to some design feature of the nets
used or to a difference in the behavior of the fish
in the lakes sampled. Regardless, it is clear that
trap nets may not adequately sample all sizes of
some species, even with multiple net types. This
is consistent with the conclusions of other studies
(Latta 1959; Yeh 1977; Hayes 1989; Miranda et
al. 1990; Weaver et al. 1993; Jackson and Harvey
1997) indicating that multiple gear types are nec-
essary to obtain a complete picture of a fishery
(but see caution by Jackson and Harvey 1997).
Large nets caught more fish than the other two
types. Therefore, based on our results, nets with
larger mesh and throat size should be used when
catching the greatest number of fish is paramount.
While we are unaware of any other study that has
compared both mesh and throat size, studies in-
vestigating mesh size alone have found either no
effect of mesh size on CPUE (Kraft 1990) or that
nets with smaller mesh sizes had the largest CPUE
(Hesse et al. 1982; Holland and Peters 1992). It is
possible that the small throat size on our small
mesh net prevented this net from having a higher
CPUE than the larger net types. While the large
mesh and throat size nets had the highest CPUE,
it isimportant to note that this design did not cap-
ture fish as small as the other net types and may

therefore give a biased view of species composi-
tion and size distribution if used by itself.
Within the range of fish lengths captured by each
net design, all three net types appeared to function
similarly with respect to the relative CPUE of spe-
cific length-classes. Length-class modes for each
species often occurred in all three net designs, ex-
cept for length-class modes that were too large or
too small to be captured in a given net type. How-
ever, because nets typically did not capture fish as
large or as small as would have been physically
possible, researchers should be careful about con-
clusions based on the catch of fish that are close
to the physical limits of the net design used. We,
therefore, recommend using trap-net designs that
overlap slightly with respect to the minimum and
maximum physical constraints of each design.
Our results demonstrate that trap-net design can
affect the number of species captured, total CPUE,
species-specific CPUE, and the length distribution
of the catch. Therefore, catches from nets with
different designs should not be directly compared,
and researchers should select one or more net de-
signs that are compatible with their research ob-
jectives. Multiple mesh and throat size designs
may provide a more complete picture of the fish
community, but other types of gear may also be
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necessary to capture specific length-classes or spe-
cies.
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