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Abstract

Variations in catch per unit effort (CPUE), distributions of size-structure, sex ratio, and spawning female conditions
from a fishery were examined to better understand the impact of fishing activities. We collected data from crab fishery,
which is a small-scale fishery in Chonburi, an eastern province of Thailand, during October 2006 - September 2007. Both
CPUE and size-structure of the swimming crab varied seasonally. Sex ratio from the catch was not 1:1 and the distributions
of both male and female varied by season. Even though it is premature to conclude that the stock is overfished, more
management measures are recommended to prevent overfishing due to the concern of high proportion of females and the

presence of numbers of spawning females in the catches.
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1. Introduction

The swimming crab fishery is one of the most impor-
tant small-scale fisheries in Thailand. There are many fishing
communities in the country that play an important economic
role by contributing to the domestic seafood market. Fishing
also allows the people in coastal communities to keep their
traditional way of life, an element that is diminishing in many
societies. Because of its high market price, the swimming
crab stock has been heavily exploited. Most of the small-
scale fishers have noticed and complained that both catch
rate and size of individuals of this species have drastically
declined over time. Although fishing has been suspected as
the main cause of such reductions, no one has investigated if,
or how, the fishery has impacted the swimming crab popula-
tion.

Data from a fishery, such as catch per unit of effort
(CPUE) and catch composition (e.g., size and sex) are basic
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but important information for fish stock assessment. Scien-
tists use these catch statistics to assess the stock as well as to
understand behavior of fishers and how the fishery might
affect the stock. Examples are the works of Vignaux (1996a
and 1996b ), who used commercial catch and effort data to
study vessel movements and strategies of the New Zealand
hoki (Macruronus novaezelandiae) fishery and to investigate
spatial distribution of the fish. However, Vignaux did not
examine impacts from the hoki fishery.

Traditionally, CPUE has been used as an index of
abundance, meaning that the relationship between CPUE
and fish stock abundance is a straight line through the origin.
An increase or decrease in a stock size can be perceived from
the change in CPUE over time. However, this index will be
biased if the slope of the relationship is not constant or the
line does not pass through the origin. The constant slope
denoted as catchability may change temporally and spatially
due to many factors, such as changes in fishing fleet efficiency
and distribution, and behavior and density of fish, (Richards
& Schnute, 1986; Sullivan & Dyner Rebert, 1998; Mauder
& Punt, 2004; Mauder et al., 2006). Therefore, most of the
studies on CPUE have centered on investigating either the
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relationship of CPUE and abundance (Gaertner & Dreyfus-
Leon, 2004; Hanchet, Blackwell & Dunn, 2005), or factors
causing the bias and how to remove them so that CPUE
becomes a reliable index (Worthington, Andrew & Bentley,
1998; Battaile & Quinn 11, 2004; Campbell, 2004).

We placed our focus on making use of CPUE and
other catch information to understand the potential impact
of fishing activities. We used the swimming crab fishery as a
case study and examined seasonal variations in CPUE, size-
structure, sex ratio, numbers of spawning females, and their
condition (whether carrying eggs inside or outside the shell).
We then incorporated our findings and fishing activity infor-
mation to explain how the fishery could possibly have an
impact on the swimming crab population. We also discuss
management implications for the small-scale swimming crab
fishery. Specifically, our objectives were 1) to investigate
seasonal variation in CPUE; 2) to investigate seasonal varia-
tion in population size-structure; and 3) to investigate
seasonal variation in the sex of harvested crab, and in the
condition of spawning females.

2. Materials and Methods

We conducted 24 surveys to collect information from
the fishers in Bang Phra, a coastal village in Chonburi prov-
ince (Figure 1) from October 2006 to September 2007. A
survey was completed within 2-3 days every other week each
month. About 12-36 fishers, accounting more than 50% of
the fishers who were out fishing during each survey, were
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interviewed for information on catch (kg) and fishing effort
(traps/trip). Also, in each survey we randomly sampled
harvested crabs to record their size, sex, and spawning female
conditions (eggs inside or outside the shell). Catch per unit
of effort (CPUE, g/trap/trip) was calculated from the catch
and effort data. All the data were grouped by season (cool,
hot, or rainy), based on the 2006 and 2007 announcements
of the Thai Meteorological Department, Ministry of Informa-
tion and Communication Technology. The cool season was
from October 15, 2006 to the end of February 2007. The hot
season began on March 1 and ended on May 4, 2007, while
the rainy season ran from May 5 to October 14, 2007. Ac-
cordingly, the data collected from the first survey conducted
on October 7, 2006 were excluded from the analysis.

We used four main analyses, seasonal variation in
CPUE, in size-structure distribution, in sex and spawning
female distributions, and in average carapace length (CL) for
males, females and spawning females. All analyses were
made with Minitab 15 (Minitab Inc., 2007) and significance
tests were at an alpha level of 0.05. For the analysis of
seasonal variation in CPUE, we first tested for normality of
the CPUE data by the Kolmogorov-Smirnov test. Because
CPUE was not normally distributed (KS = 0.116, p<0.01)
we applied the Kruskal-Wallis test (oo = 0.05) to examine
the difference among seasons.

The carapace length (CL) of an individual was
measured to the nearest cm CL. The measurements of cara-
pace length (cm), grouped by season, were used to construct
length-frequency diagrams. The difference in size-structure
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Figure 1. Map of Thailand showing study site, Bang Phra subdistrict (%), Chonburi province, located between 13°21°43" N, 100°58°45"E
and 12°58’36"N, 100°54°48"E., and the four fishing grounds, 1 Bang Saen, 2 Bang Phra, 3 Ao Udom, and 4 Bang Lamung.
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of the crab population between any two seasons was investi-
gated by the Kolmogorov-Smirnov two-sample test.

For the analysis of sex distribution, we applied Chi
square statistics to examine the sex ratio distribution and the
seasonal difference of sex distribution. Specifically, the Chi-
square goodness of fit test was applied for sex ratio analysis.
Meanwhile, a 2 x 3 contingency table was arranged and
analyzed to examine associations between the distributions
of males and of females and seasons. Similarly, seasonal
variation in the distribution of spawning females was also
investigated by applying the Chi-square analysis.

In order to examine variation in size of swimming
crab caught from the trap fishery, we applied the Kruskal-
Wallis test to compare the difference of distribution of CLs
among males, females, and spawning females. We further
investigated differences in distribution of CLs between any
of two seasons using the Mann-Whitney test.

3. Results
3.1 Seasonal variation in CPUE

CPUE significantly differed among seasons (p<
0.001). The highest average CPUE of 127.89 grams/trap/trip
was obtained in the cool season, with averages of 86.55 and
63.75 g/trap/trip for hot and rainy seasons, respectively (Fig-
ure 2). However, the estimates of CPUE obtained in the cool
season had a wider range than those in the hot and rainy
seasons. Catch and CPUE appeared to decline with time
(Figure 3) while fishing effort increased (Figure 4).

3.2 Seasonal variation in size-structure
There was evidence that size-structure of the swim-

ming crab caught by the small-scale trap fishery differed
among seasons. The length-frequency distribution from the
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Figure 2. Seasonal variation of CPUE. The labeled numbers repre-
sent average CPUE (g/trap/trip), with their sample sizes
in parentheses.

cool season differed significantly from those of the hot and
rainy seasons (p = 0.004 and p<0.001, respectively). The
length-frequency distribution also differed between hot and
rainy seasons (p<0.001).

About 51.4% of the harvest in the cool season was
composed of larger individuals than those in other seasons,
having CL in the range of 3.9-4.5 cm, with an average of
3.99 cm (Figure 5). Harvested crabs in the hot season had
CL in the range of 4.1-4.5 cm, with the average of 3.97 cm.
In contrast to the other two seasons, crabs harvested in the
rainy season were smaller, with CL ranging from 3.1 to 3.9
cm., and averaging 3.59 cm.

3.3 Seasonal variation in sex ratio and spawning female
conditions

The sex ratio of harvested swimming crabs was not
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Figure 3. Trends in catch and CPUE.
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Figure 5. Length-frequency distribution of the harvested swimming crab by sex and by season.

1:1 (x* = 39.54, p<0.001). Additionally, the distributions of
both males and females varied seasonally (x> = 15.93, p<
0.001). Accordingly, the female:male ratios were 1.29:1,
1.61:1, and 1.06:1 for the cool, hot and rainy seasons respec-
tively. Females were caught in slightly greater numbers than

males in the cool and hot seasons, while the catch in the
rainy season had the ratio of female:male close to parity
(Figure 6). The highest numbers of females were caught in the
hot season, while the highest numbers of males were caught
in the rainy season.
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Spawning females were harvested in every season.
However, there was a significant seasonal variation in spawn-
ing female condition (Pearson x> = 18.02, p<0.001). The
spawning females that carried eggs inside the shell were
found most frequently in the cool season, whereas, those
that carried eggs outside the shell were found in the highest
proportion in the hot season.

3.4 Variation in average size among males, non-spawning
females, and spawning females

The Kruskal-Wallis test showed a significant differ-
ence of size distribution among male non-spawning female,
and spawning female swimming crab (p<0.001). The CLs of
males and non-spawning females caught from the trap fishery

were inasimilar range, 1.9-5.8 cm for males and 2.05-5.9 cm
for females. Meanwhile, the CL of spawning females ranged
from 3.30-6.66 cm. Our further investigation revealed that
the distribution of CLs of the males and non-spawning
females were not significantly different (p = 0.63). However,
the CL of spawning females was significantly higher than
that of both males and non-spawning females (both with p<
0.001) (Figure 7).

4. Discussion

The crabs harvested in the cool and hot seasons had
similar size-structure and average size. Nonetheless, CPUE
measured in terms of weight of crab per trap per fishing trip
in the two seasons differed significantly. The difference in
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CPUE could presumably be due to changes in population
size, given that environmental factors, such as temperature
and salinity, which typically influence distribution of crabs,
(Kangas, 2000), and consequently affect catchability of fish-
ing gears, were relatively stable over our study period. Mean-
while, the lowest CPUE was obtained in the rainy season,
when most of the catch was composed of smaller indivi-
duals. This suggests that seasonal variation in CPUE was
also due to variation in size-structure.

The presence of spawning females in every season
indicates that the swimming crab in Chonburi’s fishing
grounds spawn all year round, similar to those in other tropi-
cal waters (e.g. Sumpton et al., 2003). This stock appears to
have its spawning peak in the cool season, suggested by the
higher proportion of spawning females in the catch. The data
collected on the condition of spawning females indicated
that most female swimming crabs released eggs during the
hot season. The increased proportion of small crabs in the
subsequent rainy season suggests successful recruitment of
this species.

The tendency of traps to catch more of one sex than
another could be attributable to many factors, including the
differences in abundance and in habitat preference of male
and female, behavioral changes in both sexes, and the effect
of fishing (Kangas, 2000). In the particular case of the
Chonburi crab trap fishery, the factors playing an important
role in determining catching of a higher numbers of females
than of males were inconclusive. However, the results of
Bellchambers and de Lestang’s study for the swimming crab
fishery in the Peel-Harvey estuary, Western Australia (2005),
provided convincing evidence for an effect of differences in
habitat preferences for males and females. Mature swimming
crabs show sexual aggregation over space and time and
females prefer the areas with sandy substrate (Kangas, 2000).
The different preferences result in the dominant distribution
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of one sex over another for certain places and times. The
swimming crab fishery in the Peel-Harvey estuary caught
more males than females except in May when females
finished spawning and moved back into the estuary, imply-
ing that the estuary is a geographically and characteristically
unfavorable habitat for spawning females. In contrast, the
Chonburi swimming crab fishery fished in the fishing grounds
where the bottom surfaces are mostly sandy. In addition, most
of females caught by the fishery were larger than males and
had also reached maturity (Figure 5). Taken together with a
comparison to the Australian study, the finding that females
were caught more than males especially during intensive
spawning in the cool and hot seasons while the numbers of
catches of females and males were only slightly different in
the rainy season, indicates habitat preference of female for
the fishing grounds.

Generally speaking, the decreasing trends in catch
and CPUE as effort increases from a fishery imply that the
population of the targeted species has been declining due to
fishing pressure. However, the decreasing trends in both catch
and CPUE together with the increasing trend in effort (Fig-
ures 3 and 4) from this study can not be used to make the
same implications owing to the possibility of short-term
variation. The similar pattern could possibly be a coincidence.
Additionally, there is insufficient historic and current infor-
mation about the stock and its fishery, such as fishing moral-
ity rate and stock status, so that it is premature to conclude
that the stock has declined or is being overfished.

Many crab fisheries prohibit the harvest of females,
e.g. Queensland’s blue swimmer crab pot fishery (Clarke and
Ryan, 2004). In Thailand, harvest of females and spawning
females is allowed year-round, except during October to
December, when taking females with eggs outside the shell is
prohibited. Such a short-term restriction being enforced to a
certain group in the population is unlikely to prevent doing
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harm to the stock, which may be reflected in the higher pro-
portion of females found in the catches in all seasons and,
also, the bycatch of egg-bearing females during the restric-
tion. Furthermore, the restriction only covered a small
portion of the intensive spawning period, which extends into
the hot season (March to early May) (Figure 8). Our inter-
view with the fishers implied that the stock could also be
harmed by the fishers’ preference for catching spawning
females, especially egg-bearing females, as they provide
higher biomass than other crabs. In the Chonburi crab fishery,
lenient regulations and fishers’ preference for spawning
females are important pressures on the stock.

If the pattern of catch compositions having larger
proportion of females is observed over a long-term, females
will be persistently removed from the population. Under this
circumstance, when fishing pressure increases the stock
could potentially experience growth overfishing, the situa-
tion where the recruitment of the stock declins in accordance
with the reduction of spawning stock. The current fishing
measures that allow the taking of females, including spawn-
ing females except egg-bearing females from October to
December, could open for a chance of fishing down females
to the point where growth overfishing could not be avoided.
More management measures need to be enforced to protect
females and to ensure the absence of overfishing. For
instance, the fishing grounds where spawning females are
the most abundant during the peak of spawning should be
closed to fishing. Alternatively, the duration of the restriction
on taking egg-bearing females should be lengthened so as to
protect more females.
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