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Abstract

The objective of this study was to analyze the population biology and color patterns of Cardisoma guanhumi Latreille,
1828 in a mangrove area in Natal, Rio Grande do Norte, Brazil. Crabs were collected monthly between February 2010
and January 2012 and totaled 1,837 individuals. Sex ratios were similar between males and females in the first year
and differed in the second. Sex ratios by size class differed statistically in the extremes of the distribution, with an
abundance of males in the large size classes. There was no difference (p > 0.05) in carapace width between males and
females in the first year, but in the second year, males were larger than females (p = 0.003), showing the importance
of considering interannual variation in such studies. Both sexes presented a unimodal distribution. The size of first
maturing of the females was 6.00 cm. Asymptotic carapace width for males was 9.4 cm and females for 9.2 cm, using
the Wetherall method. There was no defined modal progression, which made the determination of the Von Bertalanfty
growth parameter K impossible. Juveniles were found throughout all months of the year, demonstrating that there was
no defined period of recruiting, although slightly fewer juveniles were found in the dry season. Four color patterns
were observed, the three first patterns were the same for both sexes, while the fourth pattern was observed in females
only. The four color patterns identified could be clearly related to the stage of development (size) and sexual maturity
of the animal.

Keywords: blue land crab, colour pattern, sex ratio, size frequency distribution.

Biologia Populacional e padrdes de coloracao do caranguejo terrestre,
Cardisoma guanhumi (Latreille 1828) (Crustacea: Gecarcinidae)
no Nordeste do Brasil

Resumo

O objetivo deste artigo foi analisar a biologia populacional e os padrdes de coloragdo da carapaca de Cardisoma
guanhumi Latreille, 1828 em uma area de manguezal em Natal, Rio Grande do Norte, Brasil. Os caranguejos foram
coletados mensalmente entre fevereiro de 2010 e janeiro de 2012 e totalizaram 1837 caranguejos. A propor¢ado sexual
foi semelhante para machos e fémeas (1:1) no primeiro ano e diferiu no segundo ano. A proporg¢ao sexual por classe
de tamanho diferiu estatisticamente nas classes extremas da distribui¢ao, com abundancia de machos nas superiores.
Nao houve diferenca (p > 0,05) entre as larguras de carapaga de machos e fémeas no primeiro ano, porém no segundo
os machos foram maiores que as fémeas (p = 0,003), revelando a importancia de se considerar as variagdes interanuais
nestes estudos. Ambos os sexos apresentaram distribui¢do unimodal. O tamanho de primeira maturagao sexual das
fémeas foi 6,00 cm. A largura de carapaga assintética para machos foi de 9,4 cm e para as fémeas de 9,2 cm, usando
o método Wetherall. Nao houve progressao modal definida, o que impossibilitou a determina¢do do parametro de
crescimento k de Von Bertalanffy. Foram encontrados juvenis ao longo de todos os meses do ano, mostrando nio
haver um periodo de recrutamento definido, embora a abundancia de juvenis tenha sido menor na estagio seca. Foram
observados quatro padrdes de coloragdo, trés para ambos os sexos ¢ um quarto padrao observado apenas para as fémeas.
Os quatro padrdes de coloragdo da carapaga estdo claramente relacionados ao estagio de desenvolvimento (tamanho)
e a maturidade sexual do animal.

Palavras-chave: guaiamum, padrao de coloragdo, propor¢ao sexual, distribuicdo de tamanho.
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1. Introduction

The blue land crab Cardisoma guanhumi (Latreille,
1828) displays a wide distribution in the West Atlantic,
ranging from Florida (U.S.) to Santa Catarina, southern
Brazil (Burggren and McMahon, 1988; Branco, 1991).
As a semi-terrestrial species, even though most of its life
cycle is in a terrestrial environment, where it feeds and
reproduces, it depends on the aquatic environment for
dispersion and planktonic larval development (Bliss, 1979;
Burggren and McMahon, 1988). This species builds its
galleries above the line of the high tide (Melo, 1996) in the
upper mangrove fringe and in areas adjacent to mangroves
(Schaeffer-Novelli, 1989). It is an important socio-economic
resource in many countries in Latin America and in the
Caribbean (Feliciano, 1962; Taissoun, 1974; Wolcott,
1988; Rodriguez-Fourquet and Sabat, 2009).

In Brazil, this species is a highly valued resource,
especially in the coastal region of Northeastern Brazil, and
is frequently sold at indoor and outdoor markets or roadside
stands near mangrove areas, being a favorite ingredient
in the regional cuisine (Oshiro et al., 1999; Botelho et al.,
2001). This demand for consumption has generated a strong
pressure on crab populations, and is one of the contributing
factors of the significant decrease in stock size observed
in Northeastern Brazil (Botelho et al., 2001). Besides the
increase in consumption, the species also suffers from
impacts caused by the changes generated by direct or
indirect devastation of their habitat, where the vegetation
of the mangrove is destroyed to provide space, primarily
for the expansion of ports, industries, salt production and
shrimp farms (Vannucci, 1999; Duarte et al., 2008).

Studies on C. guanhumi are extremely important, since
there is an enormous lack of information, especially in
northeastern Brazil (Abrunhosa et al., 2000; Botelho et al.,
2001; Shinozaki-Mendes et al., 2008; Shinozaki-Mendes et al.,
2012a, b) related to the population biology; this information
is essential for the proper management of this resource, to
allow sustainable exploitation of the species, as its populations
are already being overexploited (De Oliveira-Neto et al.,
2008; Firmo et al., 2012; Shinozaki-Mendes et al., 2012a).

The lack of information about the species C. guanhumi
is also reflected by the number of studies dedicated to
classifying and quantitatively investigating the relationship
of the carapace color patterns: there are just two published
studies (Gifford, 1962; Silva and Oshiro, 2002). In semi-
terrestrial crabs, the color patterns are correlated to
variations in behavior and physiology (Reid et al., 1997;
Silbiger and Munguia, 2008).

Thus, the objective of this study was to describe the
population structure of this species in a mangrove area with
restricted access in the state of Rio Grande do Norte, with
regard to sex ratio, size frequency distribution, relative
abundance of juveniles, growth and color patterns. The
choice of a mangrove area with restricted access and
negligible fishing mortality was essential to avoid any
effects of fishing selectivity for size, sex or color.
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The following hypotheses are tested: (a) the sex ratio
differs according to size class, (b) carapace width and
growth differs between sexes and between the periods
studied, (c) there is a distinct seasonal recruitment period,
and (d) the distinct color patterns are related to size, sex
and stage of maturation.

2. Material and Methods

Samples of C. guanhumi were collected, without the
reposition of the individuals, in a monthly interval over two
years, from February 2010 to January 2012. The sampling
area is located in the lower estuary of the Potengi river
(5°47°22,8”S,35°13°10,5”W), in a mangrove area of the
Naval Base of the city of Natal, Rio Grande do Norte
State, located in northeastern Brazil; thus, this is inside a
military area with restricted access and negligible capture
of land crabs.

The specimens were collected using cylindrical traps
with diameters of 40 mm (120 mm long) and 100 mm
(250 mm long). The traps were set up in all burrows
occupied by crabs, determined by the presence of feces
in the entrance of the burrow. Sampling was initiated at
9 am and stretched until 5 pm, with harvest intervals of
1 and a half hours; where crabs were trapped, they were
harvested and the traps were armed again.

In the lab, the following parameters were determined:
sex, color and width of the carapace (CW). The individuals
were classified as Juvenile (A — immature) or adults
(B, C, D and E — mature), through a macroscopic analysis
of the stages of gonad development (Botelho et al., 2001),
based on its shape, size, consistence and coloration. This
species presents three color patterns for males and four
for females (Silva and Oshiro, 2002). The patterns are
classified as follows: pattern 1 — characteristic for the
juvenile stage, when the dorsal part of the carapace is
a yellowish brown and the sides are a light purple, the
chelipeds and legs also have an orange or yellowish brown
color; pattern 2 — corresponds to the transition stage,
when the animals’ body has an intense bluish dark purple
tone; pattern 3 — represents the individuals with color of
the carapace, chelipeds and legs lavender blue; pattern
4 — is characterized by the whitish, yellowish or grayish
color. This pattern is frequently found in adult females;
according to Gifford (1962) and Fischer et al. (1978), it
is due to ovulation, and can also be observed in the male
reproductive period, although rarely.

In the analysis of the sex ratio in each class of carapace
width, the test utilized was the chi-square test ¥* (a0 = 0.05);
to assess the differences in carapace width between the
sexes in the two years analyzed, the t test was used (Zar,
1999). The premises of normality and homogeneity of
variances having been tested previously. In classes where
the values of n (number of individuals) were less than 20
and the expected frequencies were less than 5, we used
the Fisher’s Exact Test (Beiguelman, 1994).

The relative frequency (%) of the adult females in
each size class was plotted in a graph in which a sigmoid
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curve was adjusted, following the results of the logistic
equationy = 1 / (1 +exp [-r (CW -CW)]), where CW,
is the upper limit of the length class, CW, is the width of
the carapace at which 50% of the individuals reach sexual
maturity and 7 is the slope of curve. The adjustment of
the equation was performed through minimum squares
(Vazzoler, 1996).

For the adjustment of the Von Bertalanffy growth curve,
the ELEFAN routine was used (Pauly and David, 1981),
as incorporated in the FISAT II program (Gayanilo et al.,
1996; Gayanilo and Pauly, 1997). The asymptotic CW
(CW, ) was estimated using the Wetherall plot routine
(Wetherall, 1986; Pauly, 1986; Wetherall et al., 1987),
which is a method that has proven extremely robust to
estimate asymptotic length, even when there is no clear
modal progression (Palomares and Pauly, 2009).

To verify whether there is a significant difference in
the abundance of juveniles throughout the months in the
two years analyzed, the chi-square (y?) was utilized with
corrections of Yates and alpha (o) and with a Bonferroni
correction (Zar, 1999). This correction consists of adjusting
the value of a to a/n, where n is the number of possible
combinations of averages between the pairs. In months
where the values of n (number of individuals) were less
than 20 and the expected frequencies were less than 5, we
used the Fisher Exact Test (Beiguelman, 1994).

A Kruskal-Wallis ANOVA was used to analyze whether
the color pattern reflects significant differences (a=0.05) in
the size of the juveniles and adults of males and females,
since a priori tests of normality (Kolmogorov and Smirnov
test) and homogeneity of variances (Bartlett test) rejected
the hypotheses of normality and homogeneity. When
significant effects were detected in the Kruskal-Wallis
ANOVA, Dunn tests were applied a posteriori to the
results (Zar, 1999).

3. Results

3.1. Sex ratio

A total of 1,837 individuals were captured, with 959
in the first year (477 males and 482 females), with a sex
ratio not differing significantly from 1:1 (y*> = 0.026,
p = 0.871). In the second year, a total of 878 individuals
were captured (472 males and 406 females), with a sex
ratio differing significantly (x> =4.961, p = 0.025). The sex
ratio by size classes was 1:1 (p > 0.05) in the intermediary
classes, with a larger number of males in the extreme
classes of the distribution (juveniles and large adults) for
both years (Figure 1).

3.2. Size distribution

The size frequency distributions for males and females
presented in Figure 2 show a single modal pattern for both
sexes in both periods. In the first year, males varied from
1.7 t0 8.6 cm CW (5.73 £ 0.99), and females varied from
1.7 t0 8.0 cm CW (5.63 £ 1.00). In the second year, males
varied from 1.3 to 8.5 cm CW (5.94 £ 1.10) and females
from 2.1 to 8.0 cm CW (5.74 + 0.92). The modal class for
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Figure 1. Sex ratio of males and females of Cardisoma
guanhumi by size class, sampled in the mangrove of the
Potengi River, Brazil, from February 2010 to January 2012.
*indicates statistical significance. CW: carapace width.
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Figure 2. Histogram of size frequency of males and females
of Cardisoma guanhumi sampled in the mangrove of the
Potengi River, from February 2010 to January 2012.
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both sexes in the first year was 5.5-6.0 cm CW, but the
modal classes were different in the second year: for males
it was 6.0-6.5 and for females 5.5-6.0 cm CW. Thus, males
were larger than females in the second year, as confirmed by
student t-tests. There was no significant difference in CW
between males and females (t-test, p = 0.076) in the first
year, but a significant difference between sexes occurred
in the second year (t-test, p=0.003). For females, there
was no difference between both years (t-test, p = 0.069),
whereas males were significantly larger in the second year
(t-test, p = 0.002).

The size frequency distribution showed that females in
general were more abundant until the central size class of
6.0-6.5 cm, while males were more abundant in the larger
size classes, starting from the class of 6.5-7.0 cm CW, in
both periods. This fact puts in evidence the predominance
of males in the larger size classes in both years and in the
smaller size classes in the first year. When comparing the
size distributions between years, a decrease in the relative
amount of small males and an absolute increase in large
males in the second year are thus the main features.

The size at which 50% of females are mature (CW, )
was 6.00 cm CW. The adult females were grouped for
both years, as there was no difference in carapace width
between years for females.

The monthly size-frequency distributions did not
present any modal progression, which made the adjustment
of a growth curve and the determination of the growth
parameter K impossible. The values of asymptotic CW
obtained by the Wetherall method were 9.4 cm for males
and 9.2 cm for females.
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Juveniles were found in every month of the year, with
1-16.3% of the total individuals caught (Figure 3). For males,
there were 2.2-15.8% juveniles (average: 8.3%), while for
females, there were 1-16.3% juveniles (average: 8.4%).
In the first year, there were 3 groups of relative juvenile
abundance ()% p < 0.05) that intermingled throughout the
year for males and females. In the second year, there were
4 groups for males and 5 for females that also intermingled
throughout the months. A smaller abundance of female
juveniles was observed from November to February (i.e.
in the dry season) in both periods, indicating a possible
increase in recruitment in the rainy season (March-October).

3.3. Color patterns

Color patterns were analyzed for 1,502 individuals:
778 males and 724 females. Three color patterns were
observed for males and four for females. The three first
patterns were the same for both sexes, while the fourth
pattern was observed in females only (Figure 4). Pattern 1
was present in males varying from 1.3 cmto 7.2 cm CW
and females from 2.1 cm to 6.6 cm CW. Pattern 2 occurred
in males varying from 1.8 cm to 7.5 cm CW and in females
from 2.1 cm to 7.0 cm CW. Pattern 3 occurred in males
from 1.7 cm to 8.5 cm CW and in females from 2.1 cm
to 8.0 cm CW. Color pattern 4 occurred only in females,
with sizes varying from 5.0 cm to 7.6 cm CW.

Considering the maturational stages, both juvenile males
and females showed higher abundance in color patterns
1 and 2 (Males - pattern 1 = 35%, 2 = 52%; Females -
pattern 1 = 38%, 2 = 49%), whereas adult individuals
were more abundant in patterns 2 and 3 (Males - pattern

50% - Feb/2011 - Jan/2012
40%
» 30% A
=20%{c P a Paa lC g
d ¢ b Sb b o, 9 i 4
“Nanngannll
a
0% H |_| |_| |_| || |_| |_| |_| |_|
FMAMIJ J AS ONDJ
50% - Feb/2011 - Jan/2012
40% -
% 30%-a b b b b b
g c c ¢ d ¢
£ 20% b d e d z d d e g4 a
c e e b
10% 4 d H & ¢ °© H ° .
c
a
os L1 I:l ] I:l H I:l — [l o
FMAMIJ JT A S ONDJ
Months

Figure 3. Monthly distribution of the percentage of male and female juveniles of Cardisoma guanhumi sampled in the
mangrove of the Potengi River, from February 2010 to January 2012. The letters above the bars correspond to groups

according to their abundance, as defined by y? tests.
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2 =36%, pattern 3 = 54%; Females - pattern 2 = 40%,
pattern 3 = 36%).

The results of the Kruskal-Wallis ANOVA to test the
differences of average sizes of individuals among the color
patterns of C. guanhumi show that (Figure 5), in relation to
the size of juvenile males, the color patterns 1 was different
from others (H = 24.644; p = 0.000). For adult males,
differences in size occurred between all color patterns (H =
87.475; p=0.000). Juvenile females presented differences
between color patterns 1 and 3 (H = 9.802 p = 0.020).
Adult females did not present any differences between
color patterns 3 and 4, but there were differences among
these patterns and the others (H = 105.001; p = 0.000).

4. Discussion

4.1. Sex ratio

The present study adds important information in
respect to the population biology and color patterns of
C. guanhumi, as these data are scarce in the literature,
thus hampering the evaluation of the current situation of
this extremely vulnerable species.

In relation to the results of sex ratio, the Fischer theory
(Fisher, 1930) suggests a sex ratio of 1:1 (female:male).
However, some populations may differ from this ratio
due to the sex preference for different habitats, mortality,
differential growth between sexes and migration (Berglund,

@

®

Figure 4. Color patterns of Cardisoma guanhumi collected in the mangrove of the Potengi River, Brazil, from February 2010
to January 2012. a: pattern 1, b: pattern 2, c: pattern 3, d: pattern 4. Scale: 5 cm.
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1981; Johnson, 2003; Diele et al., 2005; Hartnoll, 2006,
2009).

In the present study, sex ratio did not differ from
unity in the first year, while in the second year, there was
an excess of males, or more specifically, of large males.
In other studies conducted for this species, sex ratios did
not differ from unity (Figure 1). The smaller abundance
of females in the classes of greater size of the distribution
can be explained by the greater allocation of energy
in the females for reproductive tissues, as well as the
dietary restriction during the period of incubation of the
eggs, which compromises the somatic growth of females
(Alunno-Bruscia and Sainte Marie, 1998; Hartnoll, 2006).

The results show that females were more abundant in
the classes up to 5.5-6.0 cm and the CW, of the females
was 6.0 cm of carapace width. Therefore, in this size class,
50% of the females start investing a large amount of their
energy in gonad development, which results in a decrease
in their body growth, explaining the greater abundance of
males in the larger size classes. However, according to
Wenner (1972), the ratios in small size classes should be
equal, which did not happen in this study, probably due
to the selectivity of the capture method, which made it
difficult to capture a more abundant amount of individuals
in the initial classes of distribution, or possibly, a more
active behavior of small males, making them more prone
to capture.

4.2. Size distribution

A unimodal annualized size distribution for males
and females is common for decapods of tropical regions
(Warner, 1967, Diaz and Conde, 1989). Gifford (1962),
Taissoun (1974) and Henning (1975) propose that the
females of this species may spawn up to five times per year,
which explains the continuous recruitment, as the females
are capable of storing and maintaining the sperm in their
spermathecae for years (Taissoun, 1974). In the present
study, females were observed with fertilized eggs attached
to pleopods and whose gonads were already mature again,
indicating at least two sequential ovipositions.

Multiple consecutive ovipositions during a reproductive
cycle may explain the impossibility to adjust the von
Bertalanffy equation on the length-frequency data. Since
recruitment is continuous and without distinct, simultaneously
recruiting and growing size classes (i.e. cohorts) throughout
the year, it was not possible to observe the presence of
cohorts over the months. However, a relevant factor for the
inability to adjust the growth curve was the selectivity of
the traps that led to a low capture of small juveniles. This
is a recurring problem in studies with C. guanhumi, since
the capture of juveniles is quite difficult due to the cryptic
and agonistic behavior of this species (Hill, 2001; Wedes,
2004). On the other hand, the lack of modal progression
may also be an indication of slow growth (low “K” value)
of the species, which has been observed for C. guanhumi.
According to Henning (1975), this species is characterized
by its slow growth and great longevity compared to other
crabs; while other crabs need approximately 20 molts to
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reach maximum size, C. guanhumi needs up to 60 molts,
reaching up to 13 years of age. The slow growth, especially
in species affected by overfishing, becomes more of an
aggravating factor for the recovery of stocks.

There are few published studies focusing on the
population biology of the species C. guanhumi in Brazil
(Botelho et al., 2001; Silva and Oshiro 2002; Botelho et al.,
2009; Shinozaki-Mendes et al., 2012a, b) and these show
that the species reaches larger amplitudes and medium
size in Southeastern regions of Brazil. The largest size for
the species in the Southeastern region is given because
the species is not as appreciated in the regional cuisine
in this region and because of factors related to the lower
temperature and higher food availability, which act on
the population structure of crustaceans (Hartnoll, 1982;
Bond-Buckup and Buckup, 1989; Miiller et al., 1999;
Fischer et al., 2009a, b). This difference can be evidenced
in the minimum catch sizes for the species in the regions
of Brazil: in the tropical Northeast, except for the state of
Bahia, this species has a minimum catch size of 6 cm CW,
but in the cooler Southeast it is 8 cm CW (Brasil, 2003).

Botelho et al. (2001) estimated the von Bertalanfty
growth parameters of C. guanhumi in a population and made
caveats to the problems associated to this estimation. They
estimated CW,  as 8.3 ¢cm, K as 0.594, and first maturity
of the females as 1.47 years. Conversely, Henning (1975)
estimated a considerably later first maturity of females as
3.75 years, based on molts in the laboratory. Both estimates
may be biased, since a recent study using transponder
tags in a related tropical land crab (Ucides cordatus) in
northern Brazil (Diele and Koch, 2010) showed that length
frequency analysis strangely overestimates growth rates,
with drastic consequences for stock assessment.

The length at first sexual maturity of the females of
C. guanhumi was 6.00 cm CW in the present study; in other
words, this was the same size suggested by the Brazilian
environmental legislation as the minimum capture size
(Shinozaki-Mendes et al., 2012a). However, we herein
present the caveat that the sampling site is a restricted access
area, where the species is scarcely captured. Compared
with other projects, in this study the species presented a late
maturing of the gonads. Other authors found considerably
lower values of CW for females, ranging from 3.55 to
5.87 cm (Gimenez and Acevedo, 1991; Botelho et al.,
2001; Silva and Oshiro, 2002; Shinozaki-Mendes, 2008;
Gil, 2009). Only Taissoun (1974) found a larger value of
CW,, (7.00 cm) in Venezuela.

Exogenous parameters can interfere with metabolic
rates and growth in individual populations of the same
species in different regions, originating different sizes
for the beginning of the maturation, as observed by Hines
(1989) for some crab species of the West Coast of the
United States. Other factors may also influence the size
at first maturity, such as salinity and the availability of
food resources (D’Incao et al., 1993).

Botelho et al. (2001) found a main period of recruitment
between May and September (rainy season). In this study,
the analysis of juvenile abundance over the two years
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showed that there is no clearly defined recruiting period,
except for a slight decrease in female juveniles during the
dry season (mainly in the first period). Recruitment in the
rainy season has the advantage of a lower desiccation stress
during the occupation of higher, less frequently inundated
areas by small juveniles (Diele and Koch, 2010).

Despite the formation of some abundance groups that
blend together throughout the year as much for males
(both period) as for females (second period), we observed
the presence of juveniles throughout every month of the
year. This result reinforces what other authors (Gifford,
1962; Taissoun, 1974; Henning, 1975) have reported about
the reproductive characteristics of this species (already
mentioned in this study), which enables this continuous
recruitment.

The distribution by size classes showed that the females
were more abundant in the modal and intermediary classes,
and were less abundant in the peripheral classes. Similarly,
Shinozaki-Mendes (2008) also observed that females
were more abundant in the modal class and absent in the
peripheral classes in a population of C. guanhumi in the
state of Ceara, northeastern Brazil. This predominance of
one sex in the peripheral classes may indicate different
rates or sizes of recruiting and mortality (Shinozaki-
Mendes, 2008).

Males presented greater amplitude of size and were
more abundant in the classes of larger size. This difference
is generally more pronounced in aquatic brachyurans
than in terrestrial or semi-terrestrial ones (Hartnoll, 1982;
Gleenson, 1991). However, this has also been reported in
various studies with C. guanhumi (Herreid, 1967; Bozada
and Chavez, 1986; Silva and Oshiro, 2002; Rivera, 2005;
Shinozaki-Mendes et al., 2008; Gil, 2009). In brachyurans,
the larger size of males according to several authors (Warner,
1967; Benetti and Negreiros-Fransozo, 2003; Johnson,
2003; Luppi et al., 2004; Litulo, 2005) is the result of a
longer period of somatic growth and a larger increase in
size during molting.

4.3. Color patterns

The color patterns found in this study corroborate the
patterns reported for C. guanhumi by other authors (Gifford,
1962; Silva and Oshiro, 2002; Gil, 2009). However, Gil
(2009) reports the capture of two males (9.2 and 9.3 cm
CW) with color pattern 4, one in the post-molt period
and the other in the reproductive stage, which is a rare
color pattern for males according to Gifford (1962) and
Fischer et al. (1978).

Phenotypic plasticity in color patterns is often observed
in marine crabs and could be related to an advantage against
predators (Todd et al., 2006; Reuschel and Schubart,
2007). In semi-terrestrial crabs, the color patterns may
change with growth, seasonality, the current state of the
individual, such as stress, endogenous rhythms and even
temperature changes (Silbiger and Munguia, 2008). It
may also be related to osmoregulatory and respiratory
physiology, response to desiccation, the molt cycle and
mating behavior (Reid et al., 1997).
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The color patterns of C. guanhumi are determined
by different combinations of effects due to the presence
of pigments in the carapace and chromatophores of the
epidermis (Gifford, 1962). In this species, it is believed
that the color patterns are related to the maturity of the
animal (Gifford, 1962) or the development stage (Silva
and Oshiro, 2002).

The results found here show that the color pattern of
the carapace reflects differences in the sizes of juveniles
and adults of both sexes. Hence, the color of the carapace
is related as much to the developmental stage as to the
maturity of the animal, since both factors are directly related.

The population parameters studied here provide
important information for the proper management of this
species. In Brazil, the species C. guanhumi as well as
other species of semi-terrestrial crabs come under intense
capture, which causes a reduction in the size and abundance
of these individuals (Amaral and Jablonski, 2005). The
findings show that reduced fishing activity observed in
the analyzed area contributed to the species obtaining
similar parameters to the population of southeastern
Brazil, including maintaining capture size (CW, ), which
was established in legislation (Brasil, 2003). However,
most areas where the species occurs have easy access
to fishermen and little or no oversight by government
agencies is observed. Thus, factors such as slow growth
of the species, indiscriminate capture of individuals who
have not yet reached maturity, the capture of females that
is prohibited under any circumstances and no respect to
the closed period were decisive for this species reaching
the level of current vulnerability.

All this factors contributed to the species be classified
nowadays how critically endangered (CR) (Subira et al.,
2012).

5. Conclusion

The analysis of the sex ratio shows that the percentage
of males and females may differ over the years and
males tend to be more abundant, especially in the larger
size classes. However, despite the fact that the males of
C. guanhumi do not differ from the pattern presented for
the brachyuran crabs, where males tend to be larger than
females, there was no significant difference between the
averages of carapace width of males and females in the
first year of sampling.

The distribution of the single modal type expected
for decapods was confirmed for C. guanhumi. It was
not possible to estimate the K growth parameter, due to
characteristics inherent to the species which were reported
by other authors, such as slow growth and high longevity,
being aggravated by the difficulties in sampling juveniles.

The species does not present a well-defined recruiting
period. The color patterns of the carapace are clearly related
to the development stage and sexual maturity of the animal.

The present study brings relevant contributions to the
study of this species and to the understanding of its biology,
besides being the first study to relate color patterns to size
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and gonadal development stages. However, further studies
are necessary for a better comprehension of its population
biology and the factors related to its color patterns,
especially considering its socio-economical importance
and its current status of vulnerability to overharvesting.
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