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Abstract: The red mangrove crab, Goniopsis cruentata, influences the recruitment and composition of plant 
species in the mangrove ecosystem and it is an important fishery resource. Nevertheless, no current manage-
ment and conservation plans are available for this species for the Brazilian coast. This investigation evaluated 
the population structure and reproductive biology in populations of G. cruentata under contrasting fishery pres-
sures. The sampling program was carried out in two mangroves, Vaza-Barris and Sergipe River, from January 
through December 2011. Crabs from both mangroves were randomly collected by a professional fisherman 
during daytime low tide periods, using a fishing rod baited with pieces of a locally abundant gastropod, Pugilina 
morio, during 20min/area (catch per unit effort). Monthly measurements of air, sediment surface layer and water 
temperatures were obtained with a digital thermometer and salinity with an optical refractometer. Both crab 
populations were compared concerning their abundance, body size, sex ratio, size at onset of sexual maturity and 
fecundity (FI). Abiotic factors (air, water and mud temperature; and salinity) showed no significant differences 
between sampling localities. A total of 4 370 crabs were sampled, 2 829 from the Sergipe River and 1 541 from 
the Vaza-Barris River. The abundance and body size of crabs were compared between mangroves, and statisti-
cally significant differences were found. The sex ratio for both populations differed from the expected 1:1 ratio, 
and a significant deviation in favor of juvenile males was obtained, while adults showed a bias toward females. 
The estimated size at onset of sexual maturity for both sexes was similar in both populations. However, the 
populations differed significantly in the number and volume of eggs: a higher FI was obtained in females from 
the Sergipe River, while a higher egg volume was observed in females from the Vaza-Barris River mangrove. 
These results indicated a tendency to decrease the body size, the abundance of crabs and the reproductive poten-
tial of the species, with higher fishing intensities, reinforcing the need to develop a management plan as well as 
to establish conservation units for G. cruentata in the Northeastern Brazilian coast. Habitat loss in conjunction 
with long-term overfishing can have irreversible consequences, which can impact not only the populations of 
commercially exploited crabs, but the dynamics of virtually the entire mangrove ecosystem. Rev. Biol. Trop. 63 
(2): 443-457. Epub 2015 June 01.
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Brazil is the largest South American coun-
try, with 7 408km of coastline of which 6 786km 
contains mangrove forests with an estimated 
area of 25 000km2 (Saenger, Hegerl, & Davie, 
1983; Schaeffer-Novelli, Cintrón-Molero, 

Soares, & De-Rosa, 2000). The mangrove 
vegetation contributes to habitat complexity 
and the diversity of the mangrove ecosystem 
(Macintosh, Ashton, & Havanon, 2002; Colpo, 
Chacur, Guimarães, & Negreiros-Fransozo, 
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2011), and is considered the habitat with the 
richest diversity of land-dwelling crabs (Hart-
noll, & Gould, 1988).

Crabs of the families Ocypodidae, Uci-
didae, Sesarmidae and Grapsidae are among 
the most abundant and ecologically significant 
animals found in mangrove ecosystems, where 
they play a key role in food webs and energy 
flow (Macintosh, 1988; Schubart, Cuesta, & 
Felder, 2002; Kristensen, 2008). Ocypodid and 
Ucidid crabs cause bioturbation of the sediment 
and have the potential to influence and regulate 
mangrove production (Nordhaus, Wolff, & 
Diele, 2006; Kristensen, 2008; Smith, Wilcox, 
& Lessmann, 2009).

Grapsid crabs consume and process large 
quantities of mangrove leaf litter (Lee, 1998), 
often acting as the first consumers processing 
the mangrove carbon, even before microbial 
colonization (Nerot, Meziane, Provost-Govrich, 
& Rybarczyk, 2009). By facilitating microbial 
colonization and degradation of organic matter, 
grapsid crabs can also provide food for other 
organisms in mangrove areas (Lee, 1997; Nerot 
et al., 2009). Goniopsis cruentata is one of 
the most abundant grapsid crabs of mangrove 
ecosystems in the Brazilian South Atlantic, and 
the trophic role of this crab in the ecosystem is 
wider than that observed for sesarmid and ocy-
podid mangrove crabs (Lima-Gomes, Cobo, & 
Fransozo, 2011). Recently, a study by Ferreira, 
Ganade, Freire and Attayde (2013) showed that 
G. cruentata plays an important role in propa-
gule predation, and may affect the mangrove 
recruitment and community composition.

Goniopsis cruentata (Latreille, 1803) is 
restricted to the Western Atlantic, and in Bra-
zil occurs from Pará to Santa Catarina (Melo, 
1996). During low tide this species can be 
found walking on the substrate, hiding in bur-
rows made by other species and crevices, or 
climbing the trunks and roots of trees, occupy-
ing virtually all mangrove microhabitats (Cobo, 
& Fransozo, 2003). The species is consumed 
and exploited by artisanal fisherman, mainly in 
Northeastern Brazil (Moura, & Coelho, 2004; 
Maciel, & Alves, 2009).

In recent years, fishing pressure on G. 
cruentata has been increasing, since the stocks 
of Ucides cordatus (Linnaeus, 1763) have been 
significantly reduced, mainly due to habitat 
destruction, Lethargic Crab Disease (LCD) 
and overfishing (Botelho, Andrade, & San-
tos, 2004; Diele, Koch, & Saint-Paul, 2005; 
Guerra et al., 2013). Some researchers have 
also reported an apparent decline in stocks 
of G. cruentata under different impacts, such 
as, cutting trees and discharge of solid waste 
(Menezes, Araújo, & Calado, 2012), as well as 
decreased body size of these crabs (Maciel, & 
Alves, 2009). This is a matter for concern, as 
no management plan has yet been developed 
to ensure the conservation of natural stocks of 
this species in Brazil. The majority of studies 
have focused on the exploitation of resources in 
aquatic ecosystems (Pauly et al., 2002; Costa, 
Fransozo, Freire, & Castilho, 2007; Fisher, 
Frank, & Leggett, 2010; Almeida, Baeza, Fran-
sozo, Castilho, & Fransozo, 2012; Baeza et al., 
2013), compared with the exploitation of semi-
terrestrial crabs living in the inter- and supra-
tidal zones (Diele, Koch, & Saint-Paul, 2005).

In the last decade, fishery monitoring 
data for G. cruentata, provided by the Brazil-
ian Institute of Environment and Renewable 
Natural Resources (IBAMA), point to an esti-
mated catch for the State of Sergipe (Brazil) 
of about 0.5tons/year. However, recent fishery 
statistics for the Sergipe coast showed differ-
ent results, estimating the harvest for the year 
2010 alone at 115 tons (Souza, Dantas-Junior, 
Silva, Félix, & Santos, 2012). This estimate 
exceeds the average annual production for all 
of Northeastern Brazil, estimated by IBAMA 
at about 71.87±38.25tons/year. This is alarm-
ing because underestimation of fishing of G. 
cruentata on the Northeast coast of Brazil may 
be hiding the actual situation of overfishing of 
stocks of this species.

Taking into account the ecological and 
socioeconomic importance of G. cruentata 
on the Brazilian coast and the lack of a plan 
for management and conservation by govern-
ment agencies, the present investigation evalu-
ated the population structure and reproductive 
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biology in two populations of G. cruentata 
under different fishery pressures. The data were 
compared with results obtained by different 
researchers in recent years, in order to assess 
possible spatial and temporal changes in popu-
lation features.

MATERIALS AND METHODS

Study site: The samples of G. cruentata 
were obtained monthly from January through 
December 2011. The sampling program 
was conducted in two mangroves, Sergipe 
(10º48’52” S - 37º06’10.4” W) and Vaza-
Barris (11º06’26.6” S - 37º13’53.7” W), the 
two major mangrove ecosystems in the state 
of Sergipe, with estimated areas of 54.96km2 
and 59.96km2, respectively, on the Vaza-Barris 
and Sergipe rivers (Carvalho, & Fontes, 2007). 
The mangroves in this part of the Brazilian 
coast develop in protected estuaries because of 
the high wave energy on the open coast. The 
mangroves are composed mainly of members 
of the genera Rhizophora, Laguncularia and 
Avicennia, with stands reaching more than 
10m in height (Schaeffer-Novelli, Cintrón-
Molero, & Adaime, 1990). In this study, Rhi-
zophora mangle L. dominated the two study 
areas, and the substrate was typically muddy 
(personal observation).

The catch of G. cruentata in the Sergipe 
River mangrove during 2010 was estimated at 
187.12kg/year, and for the Vaza-Barris River 
mangrove at 17 140.27kg/year (Souza et al., 
2012). Unfortunately, long-term monitoring 
data for the species in these areas are non-
existent. The distance between the sampling 
localities is approximately 25km; the great 
difference in the crab catch between these 
mangroves is mainly related to the fishing 
intensity from riverside communities, which 
have distinctive cultural traits. The main target 
of artisanal fishing on the Sergipe River is U. 
cordatus, while along the Vaza-Barris River 
the fishery is focused on both G. cruentata 
and U. cordatus.

Abiotic factors: The similarity of the 
localities was analyzed in relation to environ-
mental variables. Monthly measurements of 
air, sediment surface layer and water tempera-
tures were obtained with a digital thermom-
eter and salinity with an optical refractometer. 
Unfortunately, data concerning the sediment 
grain size and organic matter content were 
not taken. Data on air temperature and salinity 
were not transformed. Data on water and sedi-
ment temperature were log-transformed, but 
the homogeneity of variances remained hetero-
geneous. The similarity in air temperature and 
salinity between the localities was assessed by 
Student’s t-test (α=0.05). The water and mud 
temperatures were compared using a non-para-
metric Mann-Whitney U test (α=0.05).

Sampling methodology: The crabs were 
collected in the intertidal zone, during daytime 
low-tide periods (spring tides: new or full 
moon) in Sergipe and Vaza-Barris mangroves, 
which are areas typically exploited by the 
riverine communities. In each mangrove, six 
equidistant areas of 38.5m2 each were delim-
ited, 20m apart and approximately 10m from 
the ebb-tide limit. The crabs were randomly 
captured by a professional fisherman using a 
fishing rod baited with pieces of a locally abun-
dant gastropod, Pugilina morio, during 20min/
area (catch per unit effort). To estimate the size 
of each area, the maximum range of the line 
attached to the fishing rod (3.5m) was used as 
the radius of the area. The total number of crabs 
caught each month in the six areas was consid-
ered a sample unit. This sampling procedure 
was employed because the use of quadrats or 
transects for measuring crab abundance is not 
appropriate in this species. The agility of crabs 
in moving in this heterogeneous habitat pre-
vents sampling by other methods. This proce-
dure is commonly used by artisanal fishermen 
to catch G. cruentata in Northeastern Brazil; 
for details, see Maciel and Alves (2009).
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After each collection, the crabs were stored 
in plastic bags and transported to the labora-
tory, where they were sexed by observation 
of the abdomen (narrow for males and wide 
for females) and number of pleopods (2 pairs 
for males and 4 pairs for females). Ovigerous 
females were placed in individual plastic bags 
in the field, to prevent egg loss. Subsequently, 
crabs were measured for the following dimen-
sions, with a digital caliper (0.05mm): Cara-
pace Width (CW) and Abdomen Width (AW) 
for males and females; and Gonopod Length 
(GL) only for males.

Abundance and body size: The data on 
crab abundance were normal and homosce-
dastic. The abundance of G. cruentata was 
compared among months and localities, as 
was the interaction between these two factors, 
using a factorial analysis of variance (two-way 
ANOVA, months/localities as fixed factors) 
(Zar, 2010). After differences among months 
and between localities were found, a post hoc 
Tukey test (α=0.05) was carried out.

Data for body size were log-transformed, 
but the homogeneity of variances remained 
heterogeneous. Even though this violates the 
assumptions of a parametric test, a two-way 
ANOVA (α=0.05) was performed to compare 
the mean size of individuals and sexes. This 
procedure was adopted because the analysis 
of variance is robust, operating well even 
with considerable heterogeneity of variances 
(Zar, 2010).

Sex ratio: Crabs were separated into juve-
nile or adult demographic categories by adopt-
ing the highest value obtained by the analyses 
of morphological and gonadal maturity, for 
each sampling location. The sex ratio was 
estimated as the quotient between the number 
of males and the total number of individuals in 
the sample; sex ratios higher or lower than 0.5 
indicated a population skewed toward males or 
females, respectively. For each locality, devia-
tions from a balanced sex ratio were evaluated 
for juveniles and adults separately, using a 
binomial test (Wilson & Hardy, 2002).

Size at Onset Maturity (SOM): In 
order to estimate the SOM, males were first 
grouped into age categories according to the 
relationship between CW and GL. Similarly, 
females were first grouped into age categories 
according to the relationship between CW and 
AW. Morphometric variables used to deter-
mine SOM were based on previous reports, 
to allow comparisons. Next, a K-means non-
hierarchical clustering analysis was performed; 
this clustering analysis distributes the data in 
groups of numbers previously established by 
an iterative process that minimizes the vari-
ance within groups and maximizes it among 
them. The result of the classification (K-means) 
was refined using discriminant analysis. This 
statistical procedure was based on Sampedro, 
González-Gurriarán, Freire & Muiño (1999) 
and Corgos and Freire (2006).

If the CW overlapped between the juve-
nile and adult age categories, the SOM was 
determined as the CW at which 50% of the 
specimens showed morphometric relationships 
characteristic of the adult condition (W 50%). 
This value was obtained by logistic function 
interpolation AP=a/(1+b*exp(-cx)) adjusted to 
the data for adult proportions (AP) vs. size 
classes (1.0mm) (CW), where the value of a 
is first estimated to be the maximal value of y. 
The values of b and c are then estimated using 
a straight-line fit to a linearized model.

Gonadal sexual maturity (SOG): Data 
for the carapace width (CW) were related to 
the stages of gonadal development in order to 
determine the SOG of G. cruentata. These data 
were analyzed separately for males and females 
by the macroscopic characterization, based on 
color, shape and volume of the gonads and 
hepatopancreas in relation to the thoracic cav-
ity. Gonads were classified into four stages of 
development for both sexes, according to the 
model proposed by Cobo and Fransozo (2005) 
and Souza and Silva (2009) for G. cruentata.

Fecundity and egg size: The determina-
tion of fecundity was based on the number 
of eggs spawned per female. Thirty females 
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from each mangrove, in the same breeding 
season, were selected for fecundity analysis. 
The females analyzed had eggs in the early 
stages of embryonic development (Costa, & 
Negreiros-Fransozo, 1996), to avoid any bias 
in the analysis caused by the loss of eggs dur-
ing the incubation period. The egg mass of 
each ovigerous female was separated from the 
pleopods under a stereomicroscope. A sub-
sample of 1 000 eggs (from different pleopods) 
was removed from each female. After the sub-
sample was separated and counted, the eggs 
(total+subsample) were dried in an oven at a 
constant temperature of 60°C, and weighed on 
an analytical balance (0.0001g) every 3h until 
the weight stabilized.

After drying, the number of eggs of each 
female was extrapolated from the dry weight of 
the subsample in relation to the total dry weight 
of the sample (Pinheiro, & Terceiro, 2000). For 
comparative purposes, the fecundity index was 
calculated for each ovigerous female by the 
formula: FI=n/CW, where FI=Fecundity index, 
n=number of eggs.

The size of eggs (n=30) was obtained by 
measuring their diameter, using a stereomicro-
scope equipped with an imaging and measuring 

system, and the volume calculated by the ellip-
soid formula according to Jones and Simons 
(1983): v=1/6πI3 where, v=volume of egg and 
I=diameter of egg. The number and volume of 
eggs from the two populations were compared 
using Student’s t test (Zar, 2010).

RESULTS

Abiotic factors: No significant annual 
differences in abiotic factors between sampling 
localities were observed. The mean values for 
each abiotic factor are shown in Table 1.

Abundance and body size: During the 
collection period, a total of 4 370 crabs were 
sampled, 2 829 from the Sergipe River and 
1 541 from the Vaza-Barris River. The mean 
size of individuals from the Sergipe River 
was 33.72±5.13mm CL, and from the Vaza-
Barris River 32.57±5.41mm CW. The descrip-
tive statistics for each demographic category 
of the crabs in the two mangroves are shown 
in Table 2.

The abundance of crabs was compared 
between mangroves, and statistically signifi-
cant differences were found in relation to the 

TABLE 1
Mean and standard deviation for abiotic parameters measured in the Sergipe River and Vaza-Barris River mangroves

Abiotic Parameters Sergipe Vaza-Barris p-value Significance
Air Temperature 28.25±1.72 28.20±1.71 0.95 ns1

Water temperature 26.79±0.96 26.62±1.92 0.79 ns2

Mud temperature 26.83±1.07 27.27±2.39 0.58 ns2

Salinity 28.08±5.99 25.0±5.62 0.20 ns1

Temperature (°C), Salinity (psu), 1=Statistical comparison by Student’s t test, 2=Statistical comparison by Mann-Whitney 
U test.

TABLE 2
Descriptive statistics for each demographic category of Goniopsis cruentata

Locale Category N Mean size ± sd (mm) Maximum size (mm) Minimum size (mm)
Sergipe Males 1 312 34.12±5.79 48.36 14.08

Females 975 32.71±4.77 43.51 16.54
Ovigerous females 542 34.55±3.51 42.99 22.53

Vaza-Barris Males 802 33.02±5.75 49.04 19.92
Females 529 31.41±5.27 45.65 18.39
Ovigerous females 210 33.77±3.58 43.29 25.23

sd=standard deviation.
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mangrove and months (Table 3). Although the 
number of crabs sampled from the Sergipe 
River mangrove was higher than from the 
Vaza-Barris River mangrove, statistically sig-
nificant differences in the abundance of crabs 
between the mangroves were found only for 
February, March, September and November 
(Fig. 1A).

Regarding the size of the crabs, significant 
differences were also found between the man-
groves and sexes (Table 4). The mean sizes 
of both sexes were larger in the Sergipe River 
than in the Vaza-Barris River mangrove. Males 

were larger than females in both mangroves 
(Fig. 1B).

Sex ratio: The sex ratio for both popu-
lations differed from the expected 1:1 ratio 
(male:female) (p<0.01), for both juveniles and 
adults. A significant deviation in favor of juve-
nile males was obtained, while adults showed a 
bias toward females (Fig. 1C).

Morphological sexual maturity: The esti-
mated value for morphological sexual maturity 
was higher for males than for females, for the 

Fig. 1. (A) Abundance of Goniopisis cruentata sampled/mangrove area (m2). * represents statistically significant differences 
(Tukey, α=0.05); (B) Comparison of body size between sexes and between the Sergipe and Vaza-Barris river mangroves, 
during the sampling period; and (C) Sex ratio of juveniles and adults sampled in the Sergipe and Vaza-Barris river 
mangroves. Black diamonds indicate a significant deviation from a 1:1 sex ratio.
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population of the Sergipe River mangrove. The 
estimated size where 50% of individuals were 
already in adult form (W 50%) for males was 
32.24mm CW (Fig. 2A, Fig. 2B); the largest 
juvenile male measured was 33.57mm CW, 
and the smallest adult male 32.11mm CW. For 
females, the estimated value was 27.01mm CW 
(Fig. 2C, Fig. 2D); the largest juvenile female 
measured was 27.8mm CW and the smallest 
adult female 24.98mm CW.

The estimated size at onset of sexual 
maturity for both sexes was similar in the two 
populations. The estimated size where 50% of 
individuals were already in adult form (W 50%) 
in males was 31.49mm CW (Fig. 2E, Fig. 2F); 
the largest juvenile male measured 32.39mm 
CW and the smallest adult 30.80mm CW. For 
females the estimated value was 27.23mm CW 
(Fig. 2G, Fig. 2H); the largest juvenile female 
measured 28.35mm CW and the smallest adult 
25.16mm CW.

Gonadal sexual maturity: The estimated 
sizes for gonadal sexual maturity were very 
close to those estimated from the morphologi-
cal sexual maturity, 32.38 and 26.53mm CW 
for males and females, respectively, from the 
Sergipe River mangrove (Fig. 3A, Fig. 3B) and 
30.90 and 27.88mm CW for males and females, 

respectively, from the Vaza-Barris River man-
grove (Fig. 3C, Fig. 3D).

Fecundity and egg size: The populations 
differed significantly in the number of eggs, 
with a higher IF for females from the Sergipe 
River mangrove (t=2.28, p=0.026) (Fig. 4A). 
The mean number of eggs carried by females 
from the Sergipe River mangrove was estimat-
ed at 50 460±19 828 eggs, while females from 
the Vaza-Barris River carried 40 005±18 508 
eggs. The mean CW for ovigerous females 
was 35.23±4.6mm for the Sergipe River man-
grove; and the largest and smallest ovigerous 
females measured 42.04 and 25.71mm CW, 
respectively. The mean CW for ovigerous 
females in the Vaza-Barris River mangrove was 
34.51mm; and the largest and smallest oviger-
ous females measured 42.08 and 25.62mm CW, 
respectively.

The egg volume also showed statistically 
significant differences between populations 
(t=8.98, p<0.001). In contrast to the trend for 
fecundity, the population from the Sergipe 
River carried smaller eggs than the population 
of the Vaza-Barris River mangrove (Fig. 4B).

Table 5 compares the data obtained 
in the Sergipe State with other previously 
published data.

DISCUSSION

The lack of studies and standardized pro-
cedures used in sampling G. cruentata prevents 
comparisons of its abundance with populations 
from other mangroves. Nevertheless, consider-
ing that this study used the same field procedure 
for both mangroves, we can infer that the mean 
crab abundance found in the Vaza-Barris River 

TABLE 3
Two-way ANOVA for the abundance of Goniopsis cruentata in relation to sampling locality and month

Source of variation d.f. m.s. F p
Mangrove 1 11 395.6 125.220 <0.001
Month 11 3167.4 3.164 <0.001
Mangrove vs. Month 11 1 830.7 1.829 0.056

d.f.=degrees of freedom, m.s.=mean square.

TABLE 4
Factorial ANOVA for the body size of Goniopsis 

cruentata in relation to mangrove and sexes

Source of variation d.f. m.s. F p
Mangrove 1 1 440 53.3 <0.001
Sex 1 697 25.8 <0.001
Mangrove vs. Sex 1 11 0.4 0.523

d.f.=degrees of freedom, m.s.=mean square.
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Fig. 2. Size at onset of morphological sexual maturity (W 50%) of Goniopsis cruentata sampled in the Sergipe River 
mangrove (A-D) and Vaza-Barris River mangrove (E-H). (A) Dispersion points for males; (B) CW 50% for males; (C) 
Dispersion points for females; (D) CW 50% for females; (E) Dispersion points for males; (F) CW 50% for males; (G) 
Dispersion points for females; and (H) CW 50% for females.
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mangrove is lower than in the Sergipe River 
mangrove. These differences can be attributed 
to environmental factors that are intrinsic to a 
particular mangrove forest or crab population, 

such as primary productivity, pneumatophore 
density, or patterns of larval recruitment (Piou, 
Berger, & Feller, 2009; Sandrini-Neto, & Lana, 
2012), but might also be a consequence of 

TABLE 5
Comparative data of population parameters of Goniopsis cruentata

Reg. State Lat. (ºS) Year MCW (M) MCW (F) SOF SOM Author
M F

NE PE 8 1998 49.00 43.00 21.00 - 25.20 Santos et al. (2001)
PE 7 1999 55.20 51.00 30.50 31.64 28.00 Moura and Coelho (2004)
AL 9 2000 55.00 51.00 28.00 - 35.50 Botelho et al. (2004)
CE 3 2004 - 46.10 27.20 - 26.40 Souza and Silva (2009)
AL 9 2005 46.38 43.36 - - - Menezes et al. (2012)
AL 9 2007 45.35 42.45 - - - Lira, Caldado and Araujo (2013)
SE 10 2011 48.36 43.51 22.53 32.38 26.53 Present paper
SE 11 2011 49.04 45.65 25.23 30.90 27.88 Present paper

SE SP 23 1995 48.00* 48.00* - 21.00 22.60 Cobo and Fransozo (2005)
RJ 22 1997 56.00 48.80 26.00 - - Silva and Oshiro (2002)
RJ 22 2001 55.20 47.80 23.70 - - Silva (unpublished data)

Reg.=Geographic region, NE=Northeast, SE=Southeast, PE=Pernambuco, AL=Alagoas, CE=Ceará, SE=Sergipe, 
SP=São Paulo, RJ=Rio de Janeiro, Lat.=Latitude, MCW=Maximum Carapace Width, SOF=Smallest Ovigerous Female, 
SOM=Size at Onset of Sexual Maturity (gonad), M=Males, F=Females, *=values obtained from graphs.

Fig. 3. Size at onset of gonadal sexual maturity (CW 50%) of Goniopsis cruentata (A and B) from the Sergipe River 
mangrove; and from the Vaza-Barris River mangrove (C and D).
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the stronger fishing intensity (Tripple, 1995; 
Carver, Wolcott, Wolcott, & Hines, 2005) in the 
Vaza-Barris River mangrove.

In Northeastern Brazil, G. cruentata is 
usually not sold as whole individuals but as 
processed meat, popularly known as “catado”. 
Goniopsis cruentata (mean size 33.72±5.13mm 
CW in individuals from Sergipe State) is not 
large compared to other mangrove crab spe-
cies, such as U. cordatus (mean size about 
45.00mm CW, on the Northeastern Brazilian 
coast) (Castiglioni, & Coelho, 2011). Therefore 
a large number of individuals of G. cruentata 
are usually required to produce a small amount 
of meat; according to Carriço et al. (unpub-
lished data), 120-150 adult crabs are needed to 
produce one kg of “catado”. This makes fishing 
for G. cruentata a highly impactful activity for 
the natural populations.

The two populations differed significantly 
in body size. Body size variations are common, 
and may reflect the phenotypic plasticity of the 
organisms or the influence of environmental 
factors such as photoperiod, temperature, and 
food availability (Campbell, & Eagles, 1983; 
Negreiros-Fransozo, Fransozo, González-Gor-
dillo, & Bertini, 2002). One of the most obvi-
ous of these changes is related to the latitudinal 
cline. Intraspecific studies on decapod crus-
taceans tend to show that larger-bodied crabs 
occur at higher latitudes (Jones, & Simons, 
1983; Hines, 1989; Lardies, & Castilla, 2001; 
Castilho et al., 2007; Hirose, Fransozo, Tropea, 

Lopez-Greco, & Negreiros-Fransozo, 2012); 
this phenomenon is known as Bergmann´s rule 
(Blackburn, Gaston, & Loder, 1999).

Comparison of the body size of crabs in 
this and previous studies on the Northeastern 
Brazilian coast, in relation to space and time, 
does not show evidence of a latitudinal cline 
or a spatial dependency in the maximum body 
size, probably due to intrinsic differences in 
environmental factors of each mangrove for-
est. In contrast, the relationship of the body 
size vs. year shows an apparently temporal 
pattern, with a tendency to diminution of the 
maximum body size in relation to time. Body 
size is probably the most important quantita-
tive trait of an individual. It deeply affects 
virtually all physiological (e.g., metabolic rate) 
and fitness traits (e.g., fecundity or mating 
success), producing strong but not necessarily 
well-understood allometric relationships within 
and among organisms (McNab, 1971; Blanck-
enhorn, & Demont, 2004).

The artisanal fishery for the red man-
grove crab targets the larger individuals (per-
sonal observation), probably due to the small 
amounts of meat in juvenile crabs. The result 
is, in part, that juvenile individuals (less than 
the estimated W50%) are maintained in the 
population. Moreover, selection of the largest 
individuals by fishermen would tend to capture 
larger numbers of males due to their larger 
body size. This could explain the deviation in 
sex ratio recorded for the adults in this study. 

Fig. 4. (A) Fecundity and (B) egg volume of Goniopsis cruentata.
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Furthermore, the collection of larger individu-
als could favor genotypes with slower growth 
and a younger age at onset of maturation, 
among other changes, that reduce the repro-
ductive success of a population (Conover, & 
Munch, 2002; Carver et al., 2005). 

The size at onset of sexual maturity (W 
50%) of G. cruentata from Sergipe State was 
estimated utilizing different procedures (mor-
phological and gonadal maturation). The results 
were similar, in agreement with Souza and 
Silva (2009). However, when compared among 
localities or on a time scale, no apparent pattern 
was found. This is probably because the SOM 
is very plastic under different environmental 
conditions, i.e., different levels of productivity 
and stress, or the presence, mainly in mangrove 
areas, of large amounts of growth-inhibiting 
substances (e.g., polyphenols derived from 
tannins of halophyte plants) (Power, & Bliss, 
1983; Rodríguez, 1987; Díaz, & Conde, 1988 
and 1989; Conde, & Díaz, 1989; Negreiros-
Fransozo et al., 2002; Hirose et al., 2012).

The existing management plans for com-
mercially exploited crustacean species in Brazil 
are based on a set of measures designed to 
maintain a breeding stock large enough for 
adequate recruitment, and to prevent the cap-
ture of individuals in critical phases of their 
life cycles (MMA/IBAMA, 2011). The size at 
onset of sexual maturity (W50%) is regularly 
used to define a minimum size of capture (esti-
mated for Sergipe State in 32.4 and 27.9mm 
CW for males and females, respectively). In 
view of the high variability found here (W50%) 
compared to other locations, an ecosystem-
based management plan should be adopted to 
increase the efficiency of these measures as 
alternatives for protection of natural popula-
tions (Ma, Townsend, Zhang, Sigrist, & Chris-
tensen, 2010).

The effect of fishing on the reproduc-
tive potential of G. cruentata should be taken 
into account. Our results show that both sexes 
are taken by fishermen, and approximately 
33% of the females sampled were bearing 
eggs. According to our observation, ovigerous 

females are typically used in the production 
of “catado” in Sergipe, which could heavily 
impact the reproductive potential of the stock. 
The estimated mean fecundity of G. cruentata 
from Sergipe (42 923±19 171 eggs) is lower 
than that described by Moura and Coelho 
(2003) from Ceará in 1999 (87 000 eggs). 
This may be a reflection of the smaller body 
size in Northeastern populations, which would 
also tend to reduce the reproductive potential 
of the species.

Fecundity and egg size differed signifi-
cantly between the two mangrove areas under 
different fishing pressure in Sergipe state. 
These results suggest an apparent trade-off 
between egg size and egg number. Trade-offs 
between egg number and size are characteristic 
of most animals (Timi, Lanfranchi, & Poulin, 
2005). According to Fox and Czesak (2000), 
when environmental conditions vary, the rela-
tionship between progeny size and progeny fit-
ness is likely to vary too, resulting in a different 
optimal progeny size in different environments. 
Factors that may affect the trade-off between 
egg size and egg number include climate condi-
tions, predation and population density (Fox, & 
Czesak, 2000). In the present study, the signifi-
cant differences in population density between 
the mangrove localities may affect competition 
for food and consequently select for egg size 
(Parker, & Begon, 1986).

Habitat loss in conjunction with long-term 
overfishing can have irreversible consequenc-
es, which can impact not only the popula-
tions of commercially exploited crabs, but the 
dynamics of virtually the entire mangrove 
ecosystem. Our results indicated a tendency 
towards a decrease in the body size, abundance 
and reproductive potential of G. cruentata, 
probably in response to pressure from artisanal 
fishing. Our overall evaluation indicates that 
Northeastern populations of G. cruentata can 
be currently overfished, reinforcing the need to 
develop a management plan for the species, as 
well as for the implementation of conservation 
units in the mangroves on the Northeastern 
Brazilian coast.
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RESUMEN

Estructura de la población del cangrejo rojo de 
manglar, Goniopsis cruentata (Decapoda: Grapsidae) 
bajo diferentes impactos de pesca: Implicaciones para 
la gestión de los recursos. El cangrejo rojo Goniopsis 
cruentata influye en el reclutamiento y la composición de 
especies vegetales del ecosistema manglar y es un impor-
tante recurso pesquero. Sin embargo hasta la fecha, no se 
han desarrollado planes de manejo y conservación para 
esta especie en Brasil. La presente investigación evaluó 
la estructura poblacional y la biología reproductiva de las 
poblaciones de G. cruentata expuestas a diferentes presio-
nes de pesca. El muestreo se realizó en dos manglares, Río 
Sergipe y Río Vaza-Barris entre enero y diciembre 2011. 
En ambos manglares, los animales fueron recolectados 
de día durante la marea baja por un pescador profesional, 
utilizando una caña de pescar con carnada del gasterópodo 
Pugilina morio, durante 20min/área (captura por unidad de 
esfuerzo, CPUE). Mensualmente con un termómetro digital 
se registró la temperatura del aire, agua y capa superficial 
del sedimento, mientras que la salinidad fue cuantificada 
utilizando un refractómetro óptico. Las poblaciones fueron 
comparadas en su abundancia, tamaño corporal, proporción 
de sexos, talla de primera madurez sexual y fecundidad. 
Los factores abióticos (temperatura del aire, agua y 
sedimento y la salinidad) no mostraron diferencias signi-
ficativas entre ambos sitios de muestreo. Se recolectaron 
un total de 4 370 cangrejos; 2 829 en el río Sergipe y 1 
541 en Vaza-Barris. Se registraron diferencias significati-
vas entre los manglares con respecto a la abundancia y el 
tamaño corporal de los animales. La proporción de sexos 
de ambas poblaciones difirió de la relación 1:1 esperada y 
se obtuvo una desviación significativa en favor de machos 
jóvenes, mientras que los adultos mostraron una tendencia 
hacia las hembras. A su vez, las poblaciones difirieron sig-
nificativamente en el número de huevos, con un mayor IF 
para las hembras del manglar del río Sergipe. El volumen 
de los huevos también mostró diferencias significativas 
entre ambas poblaciones. Estos resultados indican que 
la alta intensidad de pesca podría estar afectando dichos 
parámetros, lo que refuerza la necesidad de desarrollar un 
plan de manejo y la creación de unidades de conservación 
para G. cruentata en la costa noreste de Brasil. La pérdida 

del hábitat junto con la sobrepesca a largo plazo, pueden 
tener consecuencias irreversibles, que afectan no sólo a las 
poblaciones de cangrejos de importancia comercial, sino 
también la dinámica del ecosistema de manglar.

Palabras clave: fecundidad, Grapsidae, plan de manejo, 
sobrepesca, tamaño corporal.
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