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aBstract

Mussel farms are one of the most important modalities of aquaculture and 
constitute almost 80% of the total bivalve production in Brazil, representing 
about 5% of the national production. Brachyuran crabs are common inhabitants 
of these environments and represent an important link in coastal marine food 
chains. Th e aim of this investigation is to describe the population structure 
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of Panopeus austrobesus Williams, 1983 in a Perna perna (Linnaeus, 1758) farm located at the southeastern 
Brazilian coast. The samplings were carried out in the northeastern coast of São Paulo State. From May 2002 to 
April 2003, one mussel net was recovered monthly, and all individuals of P. austrobesus were collected. Population 
size-frequency analysis indicated a unimodal and non-normal distribution. Males were significantly larger than 
females, and the overall sex ratio significantly skewed from 1:1, female-biased. Recruitment occurred during 
the entire period, and ovigerous females were found in 11 months. The onset of sexual maturity was estimated 
around 5 mm cephalothorax width. Mussel farms represent an anthropogenic intervention in the sea landscape, 
causing environmental changes. However, these structures must allow species introduction, increasing their 
ecological and geographical distribution, and provide available space and food to establish new populations. This 
is particularly important for species with small populations, such as P. austrobesus. The results of this study attest 
the environmental counterpart role of the mussel farms. Once they can support populations, they may also help 
to reintroduce them into the area and could therefore be used in a consortium generating economic profits and 
acting as bioremediation tool, assuring the maintenance of the genetic patrimony.

Key words

Brown mussel, conservation, mariculture, Perna perna, Ubatuba.

IntroductIon

Mussel farms are one of the most important modalities 
of aquaculture. They represent an efficient way to obtain 
seafood and have become a strategic economic activity 
in some places around the world (FAO, 2012). In Brazil, 
bivalve mariculture represents about 5% of the national 
production. The most important aquaculture in Brazil 
is the cultivation of the mussel Perna perna (Linnaeus, 
1758), which constitutes almost 80% of the total bivalve 
production. Yields are second only to those of farmed 
fishes (e.g., Nile tilapia, carp, and “tambaqui”) and the 
Pacific white shrimp Penaeus vannamei Boone, 1931 
(Boscardin, 2007).

The production in these farms may be stimulated 
by continental budgets (Kemp and Boynton, 1984), 
nutrient cycling at the sediment-water interface 
(Herbert, 1999; Gibbs et al., 2005) and, over the 
coastal upwelling systems, by nutrient enrichment 
from offshore waters (Wooster et al., 1976; Fraga, 
1981). However, these farms also represent the 
introduction of hard structures on the water column 
(mussel rafts). Given the changing landscape, mussel 
rafts may affect the original community through three 
main mechanisms: the creation of a stable substratum; 
the provision of shelter against predators, physical, 
and physiological stress; and the control of particles 
and solutes transported to the benthonic environment 
(Gutierrez et al., 2003).

Therefore, mussel farms may impose a new habitat 
where they are installed, promoting abiotic and biotic 
changes in their environments; these changes have the 
potential to alter species richness and the population 
dynamics of those species that eventually will explore 
this new space in the pelagic zone (see Thiel and Ullrich, 
2002; Cinar et al., 2008; Antoniadou et al., 2013).

Brachyuran crabs of the Panopeidae family are 
common inhabitants of shallow waters, exploring 
both hard and soft bottoms, even in the intertidal zone 
(Melo, 1996). Panopeus austrobesus Williams, 1983 is a 
small crab with a large ecological range, found in bays 
and estuaries, digging galleries in the mud and walking 
on rocks and coral heads in reef zones. Its geographical 
distribution is restricted to the Western Atlantic Ocean, 
from Brazil (Rio de Janeiro to Rio Grande do Sul) to 
Uruguay (Melo, 1996; Peluffo, 2004).

In spite of the importance of P. austrobesus as a 
primary consumer, especially in estuarine zones, 
information concerning the main features of its biology 
remains lacking. Except for studies related to taxonomy, 
composition, and geographical distribution (e.g., 
Melo, 1996; Vieira and Calazans, 2010; Marochi and 
Masunari, 2011; Alves et al., 2012a; 2012b; Macedo et 
al., 2012), there is only a limited number of studies on 
the biology and ecology of P. austrobesus (see Montú et 
al., 1988; Negreiros-Fransozo and Fransozo, 2003). The 
aim of this investigation is to describe the population 
structure and dynamics of P. austrobesus associated with 
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P. perna mussel farms on the southeastern Brazilian 
coast and to compare its main characteristics to those 
of populations in their natural environments.

MaterIal and Methods

Study area and sampling methods
The northeastern coast of the São Paulo State is 

included on the Brazilian southeastern continental 
shelf, within more than 270,000 km2, which represents 
a typical modern shelf hydrodynamically constrained 
(Mahiques et al., 2004) and the only zone of the 
Brazilian coast with transitional environments from 
the subtropical to the temperate zones (Rocha et al., 
1975). The continental hydrodynamic shelf patterns 
along the southeastern coast of Brazil are driven by 
seasonal events, mainly those in regards to water 
masses and winter cold fronts (Castro-Filho et al., 
1987). Three main water masses converging at this 
zone define the water temperature (T) and salinity 
(S): The Coastal Water (CW) (T > 20°C, S < 36), 
South Atlantic Central Waters (SACW) (8.7 < T < 
20°C, 34.66 < S < 36.2), and Tropical Waters (TW) (T 
> 20°C, S > 36.2) (Castro-Filho and Miranda, 1998).

Sampling was carried out on Itaguá Beach, 
municipality of Ubatuba, northeastern coast of São 
Paulo State (23º27’07”S 45º02’49”W) (Fig. 1). From 
May 2002 to April 2003, one mussel net was recovered 
from the sea farm each month and all individuals of P. 
austrobesus were collected. Environmental parameters, 
such as bottom water temperature and salinity, were 
evaluated daily, obtaining monthly means to recognize 
the prevalent water mass in the studied site during the 
sample period. The obtained material was transferred 
to the Laboratory of Marine Biology, University of 
Taubaté, where the crabs were separated and stored 
in labeled jars filled with 70% alcohol. The individuals 
were sexed and grouped into juveniles or adults based 
on abdomen morphology and ovigerous condition 
(egg masses attached to the pleopods). 

Additionally, the individuals were grouped into five 
demographic categories: juvenile male ( JM), adult 
male (AM), juvenile female ( JF), non-ovigerous adult 
female (NOAF), and ovigerous female (OF). Carapace 
width (CW) was measured under a stereomicroscope 
and the crabs were grouped into different size classes. 
Identification was performed according to Melo (1996) 
and classification followed Ng et al. (2008).

Data analysis
Normality of the distribution of size frequency was 

assessed through Shapiro-Wilk test; size comparisons 
between sexes were performed by Mann-Whitney test 
(both with α= 0 .05). The sex ratio was estimated as 
the quotient between the number of males and the 
total number of individuals obtained. Thus, sex ratio 
values higher or lower than 0.5 indicate population 
skews toward males or females, respectively. Month 
and size class distributions were tested for deviations 
from a 1:1 sex ratio; monthly frequencies of ovigerous 
and non-ovigerous were compared by the binomial 
test (Wilson and Hardy, 2002).

Monthly absolute abundance of crabs was correlated 
with salinity and bottom water temperature, using 
the Spearman test (α = 0.05). Modal curves were 
detected and fitted according to the monthly frequency 
distribution by the Automatic Peak Detection and 
Fitting, Method I – Residuals (Pimenta et al., 2005; 
Keunecke et al., 2007); recruitment was detected as 
the presence of the modes in the firsts size classes, 
suggesting the entrance of juveniles into the population.

Figure 1. Northeastern coast of São Paulo, Ubatuba Bay; arrow 
points out Itaguá Beach, Ubatuba.
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Size at sexual maturity was estimated as the CW 
class within at least 50% morphologically mature 
individuals, using the interpolation of the logistic 
equation, adjusted by the least square method, over 
the data of the relationship between mature individual 
proportion (PA) and CW class (CWC) (see details in 
Aguilar et al., 1995; Vazzoler, 1996).

results

A total of 962 specimens of P. austrobesus were 
recorded, 451 males and 511 females, and distributed 
into five demographic categories: 230 JM, 221 AM, 127 
JF, 157 NOAF, and 227 OF (Fig. 2). The crabs were 
distributed into ten size classes with a 1-mm CW interval. 
The population size frequency analysis indicated a 
unimodal and non-normal distribution for P. austrobesus 
(Shapiro-Wilk test, W = 0.988, p < 0.001; see Fig. 3). 
The mean size recorded for the sampled population was 
5.59 ± 1.9 mm CW, ranging from 1.5–11.1 mm. Males 
(M = 5.74 ± 1.54; range = 1.5–11.1 mm CW; n = 451) 
were significantly larger than females (M = 5.40 ± 2.20; 
range = 1.8–9.1 mm CW; n = 511; Mann-Whitney U 
test, U = 98422.00, p < 0.001).

The overall sex ratio recorded during the study 
period was 1:1.13 (χ2 = 3.74; p = 0.053), with a 
significant departure from 1:1, female-biased. Skewed 
sex ratios were verified for males in the initial and final 
size classes and for females in the intermediate size 

classes (Fig. 4). During the study period, sex-ratio 
skews were detected in December 2002 (1:2.56; p < 
0.001) and January 2003 (1:1.63; p < 0.001), and all 
of them were biased toward females (Fig. 5).

Juveniles were distributed in the size classes from 
1.5–2.5 to 7.5–8.5 mm CW. Adults were recorded 
mainly in the 3.5–4.5 mm CW size class. Non-
ovigerous females were absent only from the largest 
size class, where only adult males were recorded, and 
the ovigerous females were concentrated in the size 
classes from 5.5–6.5 to 9.5–10.5 mm CW.

Based on the size frequency distribution data, 
juveniles were recorded in almost all sampled months, 

Figure 2. Frequency of Panopeus austrobesus by size class in the 
mussel farm at Itaguá Beach, Ubatuba, State of São Paulo, Brazil 
( JM, juvenile male; AM, adult male; JF, juvenile female; NOAF, 
non-ovigerous adult female; OF, ovigerous females).

Figure 3. Size frequency distribution of body size (CW) of 
Panopeus austrobesus in the mussel farm at Itaguá Beach, Ubatuba, 
State of São Paulo, Brazil.

Figure 4. Sex ratio (estimate ± SD) by size class of Panopeus 
austrobesus in the mussel farm at Itaguá Beach, Ubatuba, State 
of São Paulo, Brazil. Black squares indicate a deviation from a 
1:1 sex ratio.
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and the recruitment of P. austrobesus was recorded 
during the entire sampling period, considering the 
modal curve evaluation (Fig. 6). Ovigerous females 
occurred in 11 months, with the main peak occurring 
in January and February 2003, when significant 
differences in the abundance of non-ovigerous females 
were observed (binomial test, p < 0.05). The smallest 
AM and the largest JM measured 3.8 and 6.8 mm CW, 
respectively, while the smallest AF and the largest JF 
measured 4.0 and 5.1 mm CW, respectively. Based 
on the logistic function, the onset of sexual maturity 
was estimated to occur at around 5 mm CW for both 
sexes (Fig. 7).

During the sampling period, the temperature of the 
water at the bottom ranged from 18.6 to 28.5°C (24.3 

Figure 5. Sex ratio (estimate ± SD) by month of Panopeus 
austrobesus in the mussel farm at Itaguá Beach, Ubatuba, State 
of São Paulo, Brazil. Black squares indicate a deviation from a 
1:1 sex ratio.

Figure 6. Monthly size frequency distribution of Panopeus austrobesus, indicating the modal curve evaluation, in the mussel farm 
at Itaguá Beach, Ubatuba, State of São Paulo, Brazil.
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Figure 7. Adjustment of the logistic function, indicating carapace width (CW) of Panopeus austrobesus, where 50% of the crabs 
are morphologically mature, in the mussel farm at Itaguá Beach, Ubatuba, State of São Paulo, Brazil.

± 2.66°C), with the lowest value recorded in August 
2002 and the highest in February 2003. Salinity ranged 
from 30.3 to 35.5 (33.3 ± 1.68), with the lowest salinity 
in October 2002 and the highest in June 2003. The 
recorded temperature and salinity values suggest the 
predominance of coastal water in the study area, as 
pointed out in the T-S diagram (Fig. 8). In addition, the 
salinity and bottom water temperature were negatively 
associated with the absolute abundance of P. austrobesus 
(Spearman test, p > 0.05).

dIscussIon

The panopeid P. austrobesus is reported as exploiting 
a large environmental range, from estuarine zones 
to exclusively marine habitats (Melo, 1996), which 
suggests a broad ecological valence. This wide ecological 
distribution may be responsible for the large sizes 
recorded in the mussel farms in marine environments, 
as observed in this study (5.7 ± 1.5 and 5.4 ± 2.2 
mm CW for males and females, respectively), when 
compared with the specimens sampled in estuarine 
zones (16.1 ± 8.8 and 13.3 ± 6.7 mm CW for males and 
females, respectively), reported by Negreiros-Fransozo 
and Fransozo (2003). Differences in the mean sizes 
within the same species from different areas have been 
recorded for other species, especially for those that 
inhabit both marine and estuarine environments, such 
as Aratus pisonii (H. Milne Edwards, 1837) (Conde and 
Díaz, 1989). According to these authors, differences in 
salinity can be responsible for restricting crab growth, 
mainly due to the control of osmoregulation.

The difference in sizes recorded in this study, when 
compared with those reported by Negreiros-Fransozo 
and Fransozo (2003), seem to corroborate the results 
of Conde and Díaz (1992), which demonstrated that 
crabs in estuarine and riverine environments reach 
larger sizes when compared to crabs in hypersaline 
and marine habitats. Alves et al. (2012a; 2012b) 
also recorded a similar mean size for specimens of P. 
austrobesus from the Vitoria Archipelago (mean size = 
5.4 ± 1.5 mm CW) and Itaguá Beach (mean size = 6.9 
± 4.6 mm CW), both of which are on the northeastern 
coast of São Paulo state, Brazil. It is probable that the 
negative association between the absolute abundance of 
P. austrobesus in the conditions of salinity and bottom-
water temperature recorded in this investigation can 
be explained by the same reasons.

The recorded differences in the mean size and 
abundance of P. austrobesus populations from marine 

Figure 8. T-S diagram indicating the presence of water masses 
in the study region from May 2002 to April 2003.
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and estuarine habitats can be related to the following 
hypotheses: first, the marine population studied here 
is composed of juveniles and individuals that have just 
reached the adult phase, which recently initiated the 
colonization, since the nets were installed exclusively 
for this study. However, this hypothesis can be refuted, 
as the same mean sizes were reported by Alves et al. 
(2012a; 2012b) for marine habitats. Second, the 
restricted size can also be an adaptation for exploiting 
the microhabitats in the farming nets. Alves et al. 
(2012a; 2012b) may corroborate this hypothesis, as 
the nets obtained crabs from rock crevices, which 
also offer small-sized refuges. Third, estuarine areas 
had a larger productivity than marine areas. Food 
availability can contribute to size determination of the 
P. austrobesus mussel culture, and the large differences 
in the food items available in the estuarine and marine 
environments must be accounted for. Additional studies 
that focus on this subject are needed in order to obtain 
more precise information concerning size restriction, 
verified to P. austrobesus individuals in mussel farms.

In spite of the individual size differences, the 
population structure of P. austrobesus in the mussel 
farm reveals the same general trends verified for the 
estuarine population, previously reported as unimodal 
and non-normal distribution (Negreiros-Fransozo 
and Fransozo, 2003), which was skewed towards 
the left and showed larger males than females. These 
features seem to be adaptive trends with regard to 
boundary environmental conditions, such as the high 
salinity of the marine environments or the significant 
salinity variability in the estuaries. This pattern in the 
frequency distribution is common for tropical decapod 
populations and may suggest a stable population with 
constant recruitment and mortality rates (Conde and 
Díaz, 1989).

The mean size of the population sampled in 
the mussel farm was lower than that reported by 
Negreiros-Fransozo and Fransozo (2003), which 
must be explained as a result of the population being 
newly settled, taking into account that the mussel nets 
were installed exclusively for this investigation. It is 
also possible that the population still did not reach 
its final size. Males of P. austrobesus reached larger 
sizes than females, and these characteristics must be 
associated with differences in energy budgets. Females 
must have reduced somatic growth when compared 

to males, because their energetic budget drives gonad 
development (Mantelatto and Fransozo, 1996; López-
Greco et al., 2000). On the other hand, males may reach 
larger sizes to succeed in intra-specific competition, 
which is part of a strategy to maximize reproductive 
success and to gain a selective advantage in accessing 
mating partners (Abrams, 1988; Gherardi et al., 1989).

According to Wenner (1972), a deviation from the 
1:1 ratio is expected for adult marine crustaceans, as is 
here verified for P. austrobesus with a male-biased sex 
ratio over the sample period. This result matches the 
anomalous pattern observed by Wenner (1972), in 
which one sex is concentrated in the intermediary size 
classes and the other one dominates the low- and high-
end size classes, providing evidence for the differential 
growth of males and females. For P. austrobesus, as for 
brachyuran crabs in general, this differential growth 
rate is strongly related to reproduction tasks. Females 
allocate most of their energy to reproduction, especially 
during the incubation season, when somatic growth 
events cease, resulting in restricted female growth 
when compared to males (Adiyody and Adiyody, 1970; 
Wenner, 1972).

Recruitment of P. austrobesus seems to be constant 
in the mussel farm. The crab frequency of the first size 
class over the entire sampling period was constant, 
suggesting a constant larval supply. Continuous 
recruitment is expected for tropical and subtropical 
decapod populations once the reproduction patterns 
of these animals are continuous, which would thus 
create a constant larval supply (Giese, 1959; Erdman 
and Blake, 1987; Negreiros-Fransozo et al., 1992). 
According to Queiroga et al. (1994), there is evidence 
that many crustacean species, including estuarine 
species, maintain their migration processes during 
larval development. This exposes the larvae to other 
marine environments as they develop, before they 
return to the parental environment and settle into 
the original population. In this process, the mussel 
farms act like “islands” for settlement, offering the 
hard substrata needed by the crab to establish during 
the zoeal phase.

González-Gurriarán et al. (1982) point out that 
an abundance of resources, such as food and space, 
in a given environment must result in the exponential 
increase of the reproductive output and, subsequently, 
of juvenile recruitment. Similarly, both food and space 
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are available for crabs in the mussel farm nets, thus 
constituting a suitable site for population development, 
as seems to occur for P. austrobesus verified in this 
investigation.

During most of the study period, the mussel farm 
was under the influence of the coastal water (CW) 
mass (T > 20°C, S < 36), which is typical for most 
of the Brazilian coast. Therefore, this coastal water 
mass is probably the main environmental parameter 
that constrains the development of crab populations 
in this region, contributing to the stability of the 
main regulating factors of the population, such as 
reproduction and recruitment. The role played by 
variations of temperature and salinity has previously 
been reported as a proximal feature of the spatial 
distribution and dynamic population modeling for 
crustaceans, including the brachyuran crabs (De Léo 
and Pires-Vanin, 2006). In this way, the low variation 
within these environmental parameters must be equally 
responsible for the general population structure 
assigned for P. austrobesus in this investigation.

As submerged algae beds, mussel rafts allow for the 
maintenance of benthic species on the water column, 
accessing this new habitat by larval dispersion (Hovel, 
2003). According to Flores and Paula (2002), while the 
life history characteristics of the evolution of the species 
change over time, the establishment and permanency 
of a population in a given habitat are conditioned to 
intermittent and even fortuitous events that guarantee 
the supply of new recruits. In this sense, the emergence 
of a new hard substratum in the pelagic zone seems 
to be an oasis for the establishment of larvae. It may 
also provide food and protection as a function of the 
mussel rafts.

However, even the mussel farms, being new 
structures on the sea, have the potential to modify 
the environment. Mussels are producers of biodeposits, 
and organic matter and shell debris accumulate in 
the pelagic zone and on the benthic floor, generating 
pollution that may affect the environment and the biota 
in the area. This can modify the natural balance among 
species, inverting the dominance patterns and even 
contributing to the entrance of tolerant species into 
the community (Schetinni et al., 1996; Chamberlain 
et al., 2001; Mirto et al., 2000).

In general, mussel farms represent an anthropogenic 
intervention in the seascape, causing some 

environmental changes that may affect the natural 
dynamics. However, these structures must allow for 
the introduction of many species, increasing their 
ecological and even geographical distribution, which 
will expand the amount of available space and food 
to establish new populations. This is particularly 
important for some of those small populations such 
as P. austrobesus, which exhibit almost the same general 
trends as those verified for the estuarine population 
(Negreiros-Fransozo and Fransozo, 2003).

The P. austrobesus sampled here may attest the 
environmental counterpart role of the mussel farms 
since they can support populations. It may also help 
to reintroduce them into this area, where they can 
then be used to generate economic profits. They may 
also act as a bioremediation tool, guaranteeing the 
maintenance of the genetic patrimony in the region.
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