








Figure 4.—Carapace width frequency histograms and median carapace widths (vertical dashed lines) of mature female (1), all
male (2), and sponge crabs (3) from pots with 45x85 mm excluders (a), 45x90 mm excluders (b), and control pots (c) tested during

2004-06.

Carapace width, body length, and body
depth (mm) were measured on each crab
= 59 mm body length. Crabs that were
less than 59 mm body length (less than
the diameter of the cull rings) were not
included in the analysis because early in
the field work they were often observed
escaping through the cull rings as pots
were being pulled.

Owing to the high variability on
the catches of each category of legally
harvestable crabs (mature female, legal
male, and sponge), catch-per-pot (catch-
per-unit-effort (CPUE)) comparisons
among treatments for each crab type
were conducted using the nonparametric
Kruskal-Wallis test. Post-hoc multiple
comparisons were performed in those
cases when the Kruskal-Wallis test
statistic was significant.

Due to the non-normality of crab
size (carapace width) data, widths of
mature female, all male (legal and sub-
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legal), and sponge crabs were compared
among treatments using a median test, a
nonparametric pairwise ranks test that
employs a chi-square test statistic.

Body length and depth measurements
were used to determine the percentage of
crabs in each of three categories (female,
legal male, and sponge) that were too
large to fit through each of the two ex-
cluder sizes tested in field trials.

Results

A total of 1,061 control pots, 1,027
pots with 45x90 mm excluders, and
1,015 pots with 45x85 mm exclud-
ers were fished. Median and mean
carapace widths of mature female crabs
were similar among treatments (Fig.
4; Tablel). There were no significant
pairwise differences in the median
carapace width of mature female crabs
between treatments (Table 2). Exclud-
ers had a more pronounced effect on

widths of male than female crabs (Fig.
4; Tablel). Each excluder treatment
caught significantly smaller male crabs
than the control, although there was
no difference among the two excluder
treatments (Table 2). Excluders also
had a pronounced effect on the widths
of sponge crabs (Fig. 4; Table 1). Each
excluder treatment caught significantly
smaller median sized sponge crabs
than the control, although there was
no difference among the two excluder
treatments (Table 2).

The analysis of catch-per-pot data
indicated that larger openings permit-
ted the entry of greater numbers of
mature female, legal male, and sponge
crabs (Table 3). Pots with 45x90 mm
excluders, but not pots with 45x85 mm
excluders, maintained mean catch rates
of mature females relative to control
pots (Krukal-Wallis H=10.19; p=0.070)
(Fig. 5a, Table 4). Pots with each size
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Table 1.—Median and mean (+S.E.) carapace width (mm) of mature female, all male, and sponge crabs among three

pot treatments tested during 2004-06.

Measurement Treatment Mature female Male Sponge
Median 45x85 mm excluder 141 131 129
45x90 mm excluder 141 133 131
Control 141 132 134
Mean 45x85 mm excluder 141.90+0.25 131.52+0.23 130.06+0.59
45x90 mm excluder 141.91+0.24 131.68+0.22 131.59+0.55
Control 142.21+0.23 132.86+0.21 185.72+0.53

Table 2.—Chi-square test statistics and significance levels (0= 0.05) of multiple comparisons tests of median cara-
pace width of mature female, all male, and sponge crabs among three pot treatments tested during 2004—06.

Crab type Treatment | —

45x85 mm excluder 45x90 mm excluder

45x85 mm excluder
45x90 mm excluder

Mature female

Control
Male 45x85 mm excluder
45x90 mm excluder

Control
Sponge 45x85 mm excluder

45x90 mm excluder
Control

1.08; 0.299
0.71;0.400 0.04; 0.841
0.25;0.614

14.18;0.0001 8.07;0.005
4.02; 0.045*

15.81; <0.0001 9.85; 0.002

of excluder caught significantly less
legal male crabs than control pots (H
=26.05; p=0.001) (Fig. 5b; Table 4).
Similar results were observed for the
mean number of sponge crabs caught (H
=49.09; p<0.001) (Fig. 5c; Table 4).
Crabs from control pots were as-
sumed to represent the sizes of crabs in
the Core Sound population (no nega-
tive size selectivity). Measurements of
mature female crabs from control pots

Table 3.—Mean catch-per-pot (+S.E.) of mature female,
legal male (=127 mm carapace width), and sponge crabs
among three pot treatments tested during 2004-06.

Treatment Mature female  Legal male Sponge
45x85 mm

excluder 2.27+0.10 1.43+0.07  0.38+0.03
45x90 mm

excluder 2.40+0.10 1.50+0.07  0.48+0.03
Control 2.57+0.10 1.86+0.08  0.77+0.05

from 2004—06 showed that 0.5% had a
body length and/or depth that exceeded
the 45x85 and 45x90 mm excluders.
Measurements of legal male crabs from
control pots show that 0.7% had a body
length and/or depth that exceeded the
45x85 and 45x90 mm excluders. Lastly,
measurements of sponge crabs from
control pots show that 13.4% had a body
length and/or depth that exceeded the
45%x85 mm excluder while 7.2% had a
body length and/or depth that exceeded
the 45x90 mm excluder.

Discussion

Three years of sampling in Core
Sound indicates that, depending on
spring salinities and weather, the poten-
tial exists for crab pots with excluders
to reduce entry of sponge crabs relative
to those without excluders (control

Table 4.—Significance levels (0= 0.05) of multiple comparisons tests of mean catch-per-pot of mature female, legal
male (=127 mm carapace width), and sponge crabs among three pot treatments tested during 2004-06.

Crab type Treatment | —

45x85 mm excluder 45x90 mm excluder

45x85 mm excluder
45x90 mm excluder

Mature female

Control
Legal male 45%x85 mm excluder
45x90 mm excluder

Control
Sponge 45x85 mm excluder

45x90 mm excluder
Control

0.888
0.018 0.268
0.660

<0.0001 0.006
0.954

<0.0001 0.0002

40

3.0

A. Mature female crabs
25

2.0
15
1.0
0.5
0.0

B. Legal male crabs

&

0%
e
K
XXX

XXX
X
3555
XXX

SRRRLS
ogogeteete!
odeletolele

<
X

X
<
&

XK
S5
2030
XXX,

o%

2.0

1.5
1.0
0.5
0.0

C. Sponge crabs

764

el

3
9%
%]

57
K
29588
%!

50K

oo
RXX

oSotete

505
3535
%
Lo

v
%
3%
o
%!

<
9.

Catch-per-pot

XS
X8
%5
%%

v
zs
5%
2
e

<
X

0.8

0.6

0.4
0.2 %
0.0

45x85 mm 45x90 mm Control

=
55
%e%e%

%
L

<

0
<

X
L

7

Figure 5.—Mean catch-per-pot (+ S.E.)
of mature female (a), legal male (b),
and sponge crabs (c) among three pot
treatments tested during 2004-06.

pots). In this experiment, control pots
had a significantly greater catch rate of
sponge crabs than pots with either size
of excluder. Sampling also demonstrated
that pots with excluders could not main-
tain catch rates of both mature female
and legal male crabs while concurrently
reducing catch rates of sponge crabs.
Further, when using excluders, sizes
of both mature female and legal male
crabs could not be maintained while
also reducing sizes of sponge crabs.
While some crabs can pass through an
excluder of an equal or smaller size than
their body length and/or depth, the field
data we collected also indicates that
a restrictive opening the same size or
slightly (mm) larger than a crab’s body
length and/or depth will deter some non-
sponge crabs trying to enter pots.

Only a small percentage of sponge
crabs from control pots had body lengths
and/or depths that would theoretically
prevent them from entering pots with
45%x85 (13.4% prevented entry) and
45%90 mm excluders (7.2% prevented
entry) (Fig. 6). (It is assumed that
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the funnel opening of a control pot
(~150%100 mm) is sufficiently large that
it does not bias the size of sponge crabs
entering it). While sampling closer to
Barden’s Inlet or one of the other four
inlet blue crab sanctuaries in North
Carolina may have yielded different
percentages of sponge crabs that would
theoretically be prevented entry by using
excluders, it is assumed that the size
distribution of sponge crabs approxi-
mates that of the population from other
waters close to spawning sanctuaries.
While the percentage of sponge crabs
prevented entry from excluder-equipped
pots is low, reducing the excluder size
to prevent entry of a larger percentage
of sponge crabs would (in the minds of
commercial fishermen) prevent entry
of an unacceptably high percentage of
nonsponged legal crabs. Sponge crabs
prevented entry by either 45x85 or
45%x90 mm excluders would be among
the most fecund in the population; a
sponge crab 180 mm carapace width, for
example, has a brood with roughly three
times the number of eggs as a sponge
crab 120 mm carapace width (NCDMEF,
2004). Since a female crab can produce
up to five broods in the same season
(Rittschof, 2004), the disproportion-
ately greater egg production by larger
females, and protection of these female,
have benefits over multiple broods.
According to a recently developed
model of sponge crab emigration from
nearby Newport River (NC) estuary
(Rittschof, 2002), sponge crabs caught
in Core Sound are carrying their first
broods. Thus, harvest of sponge crabs
in North Carolina estuaries eliminates
not only release of the first brood,
but production and release of subse-
quent broods as well. Field work from
studying excluders indicates that the
reproductive potential of blue crab
broodstock may also be impacted by
brood scrubbing when sponge crabs
become stressed from confinement in
pots. Of sponge crabs that had broods in
the early stages of development (yellow
or orange sponges) when a rounded
sponge should be observed, 31.7% had
broods with a scrubbed appearance.
Rather than naturally releasing some of
their brood, many crabs with orange or
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Figure 6.—Body lengths and depths (mm) of sponge crabs with full broods (esti-
mated 100%) from control pots. Color (black or white) and size of each mark denotes
the number of sponge crabs that had this body length and depth.

yellow sponges likely were stressed in
pots to the point that they began to scrub
(Rittschof, 2004). Additionally, field
work for the excluder study revealed that
28% of sponge crabs had brown or black
broods. Given that sponge crabs release
their broods in coastal (not estuarine)
waters (Rittschof, 2002), it appears that
sponge crabs are being caught as they
emigrate from estuaries. Thus, the repro-
ductive potential of sponge crabs may be
impacted through harvest and capture
that stresses the crab (brood scrubbing)
or delays its migration offshore.
Success of using excluders as a man-
agement tool to protect sponge crabs
rests on two premises: 1) male and
female crabs are variably distributed
by salinity, and 2) fishermen would
be satisfied that specific areas where
excluders are required have sufficiently
few male crabs that the sizes and catch
rates of nonsponged hard crabs (pri-
marily nonsponged females) could be
maintained. In the study area, the com-
position of the hard crab catch abruptly
switched from males to females with
increasing distance from land (or marsh)
(increasing depth) and also proximity

to Barden’s Inlet (increasing salinity).
While the catch was not examined on
an area-by-area basis, these observa-
tions indicate that using excluders
in high salinity waters close to inlets
would have little impact on catches of
males, because relatively few are found
there. Indeed, the differential salinity
preferences between male and female
crabs creates a relatively low natural
abundance of males in the vicinity of
inlet sanctuaries, and a correspond-
ingly low expectation by commercial
fishermen that large numbers of males
would be found there. The comparative
catch data between excluder sizes also
shows that using excluders of the largest
size we tested (45x90 mm) would have
no statistical impact on catch rates of
nonsponged females compared to pots
without excluders (control).

The seasonal abundance of sponge
crabs is sufficiently brief and the area
where they are found in abundance suf-
ficiently small that excluders could have
a positive effect if used over short peri-
ods and in specific locations. Of course,
North Carolina already has time and area
closures to protect sponge crabs, in the
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form of its five spawning sanctuaries
that prohibit crab potting and trawling
during seasons (spring/summer) of
greatest sponge crab abundance. The
effectiveness of North Carolina’s five
blue crab sanctuaries remains unclear.
In 2005 sampling, sponge crabs repre-
sented 29% of our total catch despite
our relatively long distance (~12 km)
from the nearest sanctuary, Barden’s
Inlet. Medici (2004) postulated that
a spatially and temporally dynamic,
rather than static, sanctuary program
would allow managers the flexibility
to protect sponge crabs during times
when, and in areas where, they are
most abundant. These areas of high-
est sponge crab concentration before
they leave estuaries would likely shift
westward during drought years and
seaward during years of high rainfall
(Medici, 2004).

Because of their construction from
12-gauge stainless steel, each excluder
was relatively expensive ($2.60, 2004
price). The cost of outfitting an entire
pot with excluders from stainless would
be a likely impediment to their accep-
tance among commercial fishermen.
However, high-density polyethylene
(HDPE) (for example) can be molded to
form excluders of precise sizes and rela-
tively inexpensive prices (~$0.30 each,
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2004 price). HDPE excluders attached
externally to funnel entrances, such as
done in studies of interactions between
diamondback terrapins and crab pots
(Cahoon and Hart 2004), can greatly
decrease the time required to affix or
remove them.

This analysis of excluders as devices
to prevent entry of sponge crabs to pots
while allowing entry of nonsponged
crabs demonstrates that excluders of
any one size are not highly effective at
preventing entry of sponge crabs. The
largest openings tested (control pots)
allowed the greatest rates of capture
of both sponge and nonsponged crabs.
Conversely, the smallest excluder tested
prevented entry of a high percentage
of sponge crabs (relative to control
pots) but also prevented entry of a high
number of nonsponged hard crabs.
Rather than a physical barrier such as
excluders, a yet-to-be-tested chemical
device may hold greater promise of
preventing entry of sponge crabs in
high salinity environments where their
protection is sought.
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