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Abstract

The area of influence of a baited trap of the type used in the southwestern Gulf of St. Lawrence snow crab fishery was studied by
releasing tagged crabs at increasing distances from the baitand noting recaptures after fishing periods of 24 and 48 hr. For the shorter
fishing period, the recapture rate decreased with increasing distance of released crabs from the trap. The radius of the prospected area
was estimated to be in the range of 100-140 m, with the radius of the effective fished area being about 50-70 m. Results from the 48-hr
experiment were inconclusive. The low recapture rates (maximum 5%) and the long distances travelled by the tagged crabs (up to
3,000 m in 48 hr) lead to the belief that biological factors, inasmuch as they interfere with the simple bait stimulus-response
mechanism, play an important role in variation of catch success. The results of this study also indicated that the trap’s influence
extends over a greater area than has been suggested in previous studies.

Introduction

Interpretation of catch success has always posed
problems for fishery biologists, the fundamental ques-
tion being to what extent the catch or sample of the
catch is representative of the number of individuals in
the fished area. The problems become very important
when such data are used for stock evaluation pur-
poses. Interpretation of data from experiments with
baited traps is particularly tenuous due to the varying
behavior of the researched species.

Experiments on the effectiveness of traps were
conducted by Miller (1975). He attempted to estimate
the area fished by the Japanese conical trap which was
used in the snow crab fishery of the eastern Gulf of St.
Lawrence. He defined the effective area as a function of
the average catch per unit of fishing time and the den-
sity of crabs on the bottom, with the density being
measured by independent techniques such as trawl
surveys and bottom photography. Another method of
estimating the effective area fished was described by
Eggers et al. (1982) from catch data. They proposed
the use of lines whereby the distance between succes-
sive traps or hooks is variable. This method permitted
estimation of the distances from the traps where the
effective areas ceased to overlap, thereby obtaining
the radius of the effective area.

In this paper, the study involved a short-time tag-
ging and recapture experiment with traps of the type
used in the snow crab fishery of the southwestern Gulf
of St. Lawrence, whereby batches of tagged crabs were
released at varying distances from the trap, with the
principal object of evaluating the effective fished area
from the recapture rates of the crabs.

Materials and Methods
General principles

The immersion of bait in water induces a sequen-
tial catch process which has been described by Caddy
(MS 1977). A schematization of this process is shown
as a flowchart in Fig. 1. The bait must obviously be
attractive to the species being studied. It is generally
acknowledged that detection of food by decapod crus-
taceans is by olfaction (McLeese, 1970; Mackie, 1973;
Hancock, 1974) and that the effectiveness of a bait can
be determined by its ability to release diffusible chemi-
cals, particularly amino-acids (Mackie et al., 1980). The
diffusion of these chemicals must follow the general
laws for diffusion of asubstance in salt-water, whereby
the concentration of a substance after release dimin-
ishes exponentially along a horizontal axis from the
source (Talbot and Sendner, 1973). Below some thres-
hold concentration, the animal cannot detect the
chemical. According to Caddy (MS 1977), this thres-
hold is between 10™* and 107 g/l for lobster (Homarus
americanus). When detection reaches extinction at a
distance Dmax from the source, the bait has no more
effect on the animal. The value of Dmax indicates the
limit of the influence of the trap.

Between the source of the odor and Dmay, all crabs
may detect the odor but are not vulnerable to the same
degree. Some animals may not be interested for var-
ious reasons: presence of other prey; immersion of the
trap outside the active feeding period, diurnal feeding
rhythms, or during periods of molting, migration and
reproduction. When a crab is interested in the bait, it
follows the bait-odor trail, as demonstrated by Miller
(1981) in tank experiments. Thereafter, success of the
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Fig. 1. General flowchart representing the process of capturing
animals in a baited trap
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trap will depend essentially on its shape, particularly
the location of the entrance, on its saturation level
(Miller, 1978, 1979), and on the aggressive behavior of
other crabs around the trap (Rodhouse, 1984). Once
inside the trap, the crab’s escapement depends on its
size and the selectivity of the gear.

The results of these diverse components may be
expressed as catch probability that is associated with
each individual. This probability varies as the intensity
of the stimulus, associated with the odor concentra-
tion, varies. It should decrease from a maximum value
(Pmax) near the source to zero at Dmax. All individuals
would be vulnerable to capture, if Pmax = 1. Values of
Pmax between 0 and 1 would indicate varying degrees of
vulnerability among individuals.

Two different notions should be defined here. The
first is the gear's area of influence, whichis acircle with
radius Dmax. The other notion is the effective fished
area, which corresponds to a theoretical circle of
radius De, where all crabs have the same catch proba-
bility (Pmax). It is this effective area that Miller (1975)
and Eggers et al. (1982) tried to measure. The first
notion is useful for studying the gear’s influence on the
population and for evaluating interactions between
gears, whereas the second notion integrates better into
the measurement of population size.
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Fig. 2. Schematic representation of the gear used in the tagging
experiment with snow crabs in the southwestern Gulf of St.
Lawrence.

By directly comparing catch to population density,
Miller (1975) implicitly assumed that all crabs were
equally vulnerable to capture by the gear with Pmax=1.
The method advanced by Eggers et al. (1982), in the-
ory, leads to a measurement of the area of influence,
which they equated implicitly to the effective fished
area, because they assumed that all individuals present
in the area have equal probability of capture. If, instead
of using variable distances between units of the gear,
marked animals are released at variable distances from
the baited trap, it should be possible to measure both
the area of influence and the effective fished area, and
to observe the changes in catch probability.

Methodology

The experiment was conducted in October 1983
on muddy, gravelly bottom in the southwestern Gulf of
St. Lawrence (48°33'N, 64° 07'W) with traps of the type
used in the fishery for snow crabs (C. opilio). The trap
consisted of a prism-like frame (1.5 x 1.5 m base and
0.6 m high) covered with 130 mm mesh (stretched)
netting and containing two lateral opposing entrances.
Although the crab fishermen are interested only in
retaining male crabs larger than 95 mm carapace
width, this study involved male crabs greater than 85
mm.

Tagged crabs were released at known distances
from the baited trap. Because the depth was greater
than 100 m and did not permit diving operations, the
crabs were lowered to the bottom in synthetic bags
which were closed with a rubber bracelet and a sugar-
ring. The ring dissolved completely after approxi-
mately 30 minutes, permitting the crabs to escape.
Each crab was marked with a numbered spaghetti tag
which was tied around the carapace (Watson, 1970).
Seven bags were attached to a cord which extends
from the trap to a grapnel (Fig. 2). Each bag contained
15 tagged crabs. Tag-induced mortality was estimated
from the number of dead crabs in an additional closed
bag at the end of the line when the gear was retrieved.

Two different fishing periods (time from setting to
retrieval of gear) were used — 24 and 48 hr. In the
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shorter fishing period, distances between the trap and
successive bags were 5, 15, 30, 45, 50, 55 and 60 m. in
the longer fishing period, the last three bags were
placed at 60, 75 and 90 m from the trap. The surface
area of a circle with radius 60 m is 11,300 m?, which is
more than twice the effective fished area (4,100 m?)
calculated by Miller (1975) from experiments on the
same species with a conical trap.

Eleven sets were made for each fishing period. The
bait in each trap consisted of 2 kg of frozen herring
(Clupea harengus) or cod (Gadus morhua), for which
the catch rates were not significantly different
(P>0.05). After each haul, the number of tagged crabs
and their distances from release points were noted.

Only those crabs which were caught in traps asso- -

ciated with their release lines were used in estimating
the recapture rates. Because of the small numbers of
tagged crabs that were recaptured and the variation
among sets, the data for all sets with the same fishing
time were combined and an overall recapture rate
determined for the crabs released at each distance
from the trap. The recapture rates were adjusted to
account for 6% mortality due to the tagging operations.

The models used in estimating Dmax were the sim-
ple linear regression of recapture rate on distance of
release from the trap

P:Pmax_aD (1)

and the logarithmic (base ‘10) transformation of the
negative exponential function

log(P + 1) = log(Pmax + 1) — bD (2)

where P is recapture rate, D is distance from trap, aand
b are regression coefficients, and parameters Pmax and
log (Pmax + 1) are the y-intercepts of the regression
lines. The relevant values of Dmax are determined by
setting P = 0. If the catch probability (Pmax) of all recap-
tures are assumed to the same, the radius of the effec-
tive fished area (Do) may be considered as being equal
to Dmax/2.

Irrespective of their release sites relative to the
locations of the traps, all recaptures were considered
as a multiple tag-recapture experiment, in order to
estimate the size of the sampled population (N) by the
Schnabel method (Ricker, 1980):

N = (ZC: My)/R (3)
where C; is the total number of crabs caughtin period t,
M is the number of crabs released at the beginning of

period t, and R is the total number of recaptures. The
variance of the reciprocal of N is given by

V(1/N) = R/(ZCt My)? (4)

In order to find the density of crabs, the size of the
experimental area was estimated by mapping the

polygon that was formed by the points of release, the
positions being plotted by radar. The resulting esti-
mate of the surface area was 5.1 km?. The effective
fished area (S) was determined from the ratio

S =c/d (5)

where C is the average catch (number) and d is the
density (number/m?). For this estimation, 170 addi-
tional tagged crabs were released at the center of the
experimental area by means of a special cage (Farmer
and Al-Attar, 1981), in order to avoid dispersion of the
crabs by currents.

Results

The average catch of crabs in the 48-hr fishing
period was slightly higher than in the 24-hr period
(Table 1), but the difference was not statistically signif-
icant (P>0.30). The recapture rates of tagged crabs in
both fishing periods were quite low, the maximum
values being 2.6% and 5.0% for the crabs released at
5 m from the traps in the 24- and 48-hr periods respec-
tively.

For the 24-hr experiment, the recapture rates were
significantly correlated (P<0.05) with the distances of
releases from the traps (Fig. 3), the correlation coeffi-
cients being approximately the same (0.78 and 0.79)
for the linear and logarithmic regressions. This indi-
cates that distance of release from the bait accounted
for about 60% of the variability in recapture rates.
Extrapolation of the regression lines provides Dmay
estimates of 106 and 139 m for the linear and logarith-
mic models respectively. These radii define circles with
surface areas of 35,300 m? and 60,700 m?, which may
be considered as estimates of the maximum surface

TABLE 1. Effective numbers of tagged crabs released at various
distances from the traps and the corresponding numbers
recaptured during 11 sets for each fishing period. (Recap-
tures pertain only to traps associated with their own

release lines.)
Distance 24-hr fishing period 48-hr fishing period
fromtrap Number Recaptured Number Recaptured
(m) tagged No. % tagged No. %
5 155 4 2.6 141 7 5.0
15 155 3 1.9 127 1 0.8
30 155 2 1.3 141 2 14
45 154 2 1.3 1565 1 0.7
50 155 3 1.9 — = —
55 155 2 1.3 — — —
60 154 1 0.6 155 3 1.9
75 — — — 155 1 0.7
90 — — — 154 3 1.9
Total 1,083 17 1.6 1,028 18 18
Mean number of
crabs caught 149 + 49° 162 + 48°

? 95% confidence limits.
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Fig. 3. Relations between recapture rate of tagged crabs and
distance of their release from the trap for the 24-hr fishing
period: (A) ordinary linear regression, and (B) linear regres-
sion of log-transformed variables.

areas that are influenced by the bait odor. With the
effective distance D. being equal to one-half Dmax, the
corresponding effective fished areas are 8,800 m? and
15,200 m®. However, according to the method of Sokal
and Rolph (1981), the 95% confidence interval for Dmax
is very large, the limits being 53 to 846 m for the linear
model and 73 to 6,685 m for the logarithmic model. The
results of the 48-hr experiment were much less definite
(Fig. 4), because the correlations were not significant
and distance from the trap explained no more than 18%
of the variability in recapture rates.

The degree to which tagged crabs intermingled
was quite high (Table 2). Apart from the first day of the
experiment, about 70% of the recaptured crabs were
taken in traps outside their lines of origin. Evidently,
the tagged crabs moved about to a great extent (Table
3), because some were taken up to 900 m from their
release sites in 24 hr and up to 3,300 m away in 48 hr.

Analysis of the data by the Schnabel tag-recapture
method (Ricker, 1980) gave an estimate of 64,000
vulnerable crabs in the experimental area, with 95%
confidence limits from 48,800 to 90,700 individuals
(Table 4). For the experimental surface area of5.1 km?,
these numbers correspond to an average density of 6.3
crabs per 500 m?, with variation from 4.8 to 8.9 crabs
per 500 m?. For the average catch of 149 crabs in the
24-hr fishing period (Table 1), the effective fished area
of a trap in operation for 24 hr is estimated to be
between 8,400 and 15,500 m?, the average being 11,800
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Fig. 4. Relations between recapture rate of tagged crabs and dis-
tance of their release from the trap for the 48-hr fishing
period: (A) ordinary linear regression, and (B) linear regres-
sion of log-transformed variables.

m?. This range of estimates is similar to that derived
earlier by assuming that D, was equal to one-half Dmax
(8,800 to 15,200 m?).

Discussion

In principal, the tagging method described above
appears efficient. For the 24-hr fishing period, catches
of tagged crabs decreased with increasing distance of
their release sites from the traps, which confirms the
hypothesis that the effect of a stimulus (bait’s odor) isa
function of its intensity. The estimated effective fished
area (8,800-15,200 m?), as measured from the regres-
sions of recapture rate on distance of released crabs
from the trap, appears realistic for the 24-hr fishing
period. The upper limit of the range is similar to the
area (15,000 m?) suggested by Greendale and Bailey
(1982) for the same kind of trap without any mention of
their method of calculation. Because the method of
determining the effective fished area, in this study, by
extrapolation of straight lines is a somewhat hazardous
operation and the confidence limits are very large, the
results must be considered as gross approximation.
However, the range of estimates of the effective fished
area is very similar to that obtained by the Schnabel
tagging-recapture method (8,400-15,500 m?).
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TABLE 2. Numbers and percentages of tagged crabs recaptured in
traps other than those associated with their own release
lines.

Date of Recaptures No/Nr
experiment Nr (total) No (outside) (%)
09 Oct 8 3 375
10 Oct 31 22 71.0
11 Oct 20 13 65.0
12 Oct 51 37 725
Total 110 75 68.2

TABLE 3. Residual distances travelled by crabs before recapture,
excluding those caught in traps associated with their own
release lines.

Days of No. of Distance travelled (m)
freedom crabs Mean Minimum Maximum
1 4 530 320 870
2 27 590 280 3,300
>2 36 2,350 360° 5,950°

? Recaptured after 3 days.
® Recaptured outside experimental area after 5 days.

TABLE 4. Estimated population size of crabs in the experimental
area by the Schnabel tagging and recapture method.
No. of Catch Tagged Estimated
tagged of crabs population
crabs crabs recaptured size
(My) (Cy (Re) (Ne)
090ct 684 790 8 60,040
100ct 1,350 722 31 30,459
11 0ct 1,883 453 20 40,619
120ct 2,258 2,069 51 89,842
Mean population size, X (Ci.M\)/ZR; 64,000

95% confidence limits (df = 3) 48,800-90,700

The range of density in this experiment (4.8-8.9
crabs/500 m?), based on population estimates by the
Schnabel method, is very similar to that reported by
Miller (1975) from bottom photography in Conception
Bay, Newfoundland (5.2-9.2 crabs/500 m?). The fact
remains, however, that certain basic requirements of
the method may not have been met. The method
assumes that random mixing of tagged and untagged
crabs takes place and that the probability of capture
remains the same for the tagged and untagged individ-
uals (type C error, according to Ricker, 1980). The
considerable mobility that was observed among the
crabs inthis experimentindicates thatthe first criterion
may have been fairly well met. The second criterion
concerning equal probability of capture may not have
been well met, because the experimental process
increased the probability that certain tagged crabs be
recaptured by specific traps. This could result in a
decrease in the apparent density and, consequently, in
overestimation of the effective fished area.

No conclusion can be obtained from the experi-
ment involving the 48-hr fishing period. Because of the
extended fishing time and the evident mobility of the
crabs, some individuals that were outside the bait's
odor plume when the traps were set could have hapha-
zardly entered the area while searching for food.

The major problem concerns the low recapture
rate of tagged crabs (<5% overall) which casts some
doubt on the validity of the conclusions. The principal
cause of the low rate may lie in the technique itself. The
trauma of the tagging operation and the possible diffi-
culty of escaping from the plastic bags must surely
have contributed to reducing the activity level of the
crabs. The length of the recuperation period, coupled
with a hiding reaction, could also have reduced the
crabs’ activity and thus their likelihood of recapture.
One improvement in the tagging technique would be
the use of self-opening cages instead of bags. Other
reasons for the low recapture rate could be biological
in nature. The bait odor is assumed to be the principal,
if not the only, stimulus which attracts the crabs to the
trap, but this may not be the case. Factors which might
cause disinterest in the bait, and thus affect the catch-
ing process, include the presence of other suitable
prey, migrations, molting, reproductive activity,
aggressive reactions, etc. An element which has not
been taken into account is hydrology (notably cur-
rents) which may not only perturb the behavior of
crabs but also modify the odor plume. The presence of
currents could seriously affect the results and conse-
quently the estimation of the effective fished area
which is assumed to be circular.

The experimentsindicate that the area of influence
of a baited trap may be quite extensive. The observa-
tions that certain tagged crabs travelled 800 min 24 hr
and as far as 3,000 m in 48 hr before being recaptured
lead to the belief that the area of influence is much
greater than those which may be surmised from the
studies of Miller (1975) and Caddy (MS 1977). The
latter author based his model on diffusion of the bait
odor in water. The results of the experiments in this
paper indicate that, in commercial operations, there
must be a fair amount of interaction among traps, even
when they are spaced at distances of 100 to 200 m
apart.

The biological parameters of the population
appear to be extremely important factors. They are
intervening, if not predominant, contributors to the
vulnerability of individual crabs and, consequently, to
the variability of catch success. These parameters,
which may or may not be measurable, induce a high
degree of variability in the estimates. It seems,
therefore, that the concepts of effective fished area and
influential area of the trap are essentially theoretical.
Problems with their measurement limit considerably
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the practicality of using baited traps for stock
assessment purposes.
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