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ABSTRACT: The swimming crab Achelous spinicarpus can be considered an ‘indicator’ of cold-water environmental conditions
in the northern coast of Sao Paulo, Brazil. In order to improve our understanding about this species, we examined size at sexual
maturity, breeding period, and recruitment events of 4. spinicarpus in the region. Swimming crabs were sampled by monthly trawling
at seven depths in two locations (Ubatuba and Caraguatatuba) from July 2001 to June 2003. A total of 1057 specimens of A. spinicarpus
were collected in Ubatuba (598 males and 459 females), from which only 15 females were ovigerous. Size at sexual maturity was
estimated to be 24.2 and 23.8 mm carapace width (CW) in males and females, respectively. In Caraguatatuba, 5112 individuals were
collected (3138 males and 1974 females), from which only 29 females were ovigerous. Size at sexual maturity was estimated to be
23.7 and 23.5 mm CW in males and females, respectively. Ovigerous females and juvenile recruitment occurred mostly during spring
and summer seasons. Size at sexual maturity in 4. spinicarpus differ from that previously reported for the species, suggesting certain

reproductive plasticity.
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INTRODUCTION

Portunidae, known as the swimming crabs, are an
important source of food for human consumption. About
20 species occur in Brazilian marine waters, 17 of which
are found along the northern coast of the State of Sdo Paulo
(MEeLo 1996; BerTiNI et al. 2004). The genus Portunus
WEBER, 1795 is clearly polyphyletic (MANTELATTO et al.
2007; NG et al. 2008); therefore, the actual number of
species is still uncertain. Recently, nine species of this
genus were reallocated to Achelous DE Haan, 1833 by

MANTELATTO et al. (2009), including Achelous spinicarpus
(STimpson, 1871), the target species of this study.

Achelous spinicarpus has a wide geographic
distribution along the Western Atlantic coast, from
North Carolina (USA) to Rio Grande do Sul (Brazil)
(MELo 1996). This species inhabits shallow water to 550
m depth (WiLLiams 1984), is associated with low water
temperatures and is considered an indicator of the South
Atlantic Central cold water mass in SE Brazil (Pires 1992;
Dk LEo & PirREs-VaNIN 2006).
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Great abundance of 4. spinicarpus has been reported
for the northern coast of Sdo Paulo (Pires 1992; BErTINI &
Fransozo 2004 and Braca et al. 2005), but its reproductive
biology has been scarcely studied (CorBI-CorrEA &
Fransozo 2002; ParDAL-Souza & PiNHEIRO 2013). These
authors evaluated some morphometric relationships to
estimate the size of the species at maturity in northern Sao
Paulo and suggested the possibility of variations on the
estimated size at sexual maturity.

Although a morphometric approach is still used to
estimate sexual maturity in decapods crustaceans (SiLva
et al. 2014), there are other procedures. The techniques
usually employed to estimate sexual maturity are: 1)
examination of the external abdominal morphology,
with immature crabs having their abdomen sealed to
the thoracic sternites (FLORES & NEGREIROS-FRANSOZO
1999); 2) physiological maturity evaluating mature gonad
proportion in the population (REIGADA & NEGREIROS-
Fransozo 1999).

Latitudinal variation in exogenous factors can
influence reproduction in marine species (BERTINI et al.
2010 a; ANDRADE et al. 2015 a, b). Thus, it is expected
that the reproductive characteristics of 4. spinicarpus
could also be influenced by environmental variations
caused by the presence of South Atlantic Central Water.
Both the size at sexual maturity and the reproductive
period are basic data for the elaboration of conservation
and environmental management strategies, which may be
more relevant when dealing with ecologically important
species such as portunids.

In addition, 4. spinicarpus is part of the shrimp bycatch
in  Farfantepenaeus. paulensis (PEREzZ-FARFANTE, 1967)
and F. brasiliensis (LATREILLE, 1817) fishery (SEVERINO-
RODRIGUES ef al. 2002, BerTiNI ef al. 2010 b). However,
it is still unknown what effects such activity can cause in
populations of this swimming crab.

The aim of the present study was to analyze
reproductive pattern and recruitment of a population
of A. spinicarpus present along the north coast of Sao
Paulo during two years. Size of the sexual morphological
maturity (carapace width,), reproductive period and
juvenile recruitment were therefore analyzed in localities
near Ubatuba and Caraguatatuba.

MATERIAL AND METHODS
Study area

The sampled areas localities differ with reference to
their hydrogeographic characteristics. Ubatuba littoral
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(23°26°S, 45°02°W) presents a diverse combination of
environmental variables such as texture and amount of
organic matter available in the sediment, temperature
and salinity of the water (MANTELATTO & FrRANSOZO 1999
a). In contrast, the Caraguatatuba littoral area (23°51°S,
45°26°W) presents a homogeneous variation of these
same environmental factors, because it is sheltered from
the direct action of the waves and winds by the “Sao
Sebastiao” Island, with slight variations of the bottom
morphology (Barros et al. 1997).

Three water masses influence the studied region
throughout the year (Pires 1992): Coastal Water
(Temperature > 20 °C and Salinity < 36), Tropical Water
(T>20°C and S > 36), and South Atlantic Central Water
(T< 18 °C and S < 36) (Castro-FiLHO ef al. 1987).

Biological data

Monthly samplings were carried out from July 2001
to June 2003 in both areas. Sampling was accomplished
by means of a shrimp fishing boat equipped with double-
rig trawls at seven depths: 5, 10, 15, 20, 25, 30 and 35 m
(Fig. 1). The net opening was approximately 4.5 m; mesh
aperture were 20 mm in the main net body and 15 mm
in the cod end. Each trawl lasted 30 minutes, covering an
estimated swept area of 18,000 m?.

The swimming crabs were identified according to
MELo (1996). All swimming crabs were sexed, measured
at their maximum carapace width, excluding the lateral
spine using a caliper to the nearest 0.01mm. Individuals
were classified into five demographic groups according to
HaErNER (1990), differentiating juveniles (immature) and
adults (mature) by shape and adherence of the abdomen to
the thoracic sternites, and by the presence of eggs: juvenile
males, adult males, juvenile females, adult females and
ovigerous females.

Data analysis

Size at sexual maturity was estimated considering the
size (CW, carapace width) at which 50% of specimens
reached sexual maturity using a sigmoid curve based on
the following equation:

1
y= 1 +e(-HCW-CW50))

where y is the estimated proportion of mature individuals,
and r is the coefficient of angulation of the logistic curve.
The equation was adjusted by the minimum squares
method (VazzoLEr 1996).
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Fig. 1 - Map of the collection sites in the studied areas.

The reproductive period was verified by the presence
of ovigerous females in the year four seasons, and the
recruitment period by the proportion of juveniles in relation
to the total abundance in each season. The proportion
of juveniles was calculated in relation to the total of
individuals in each localitie (Ubatuba and Caraguatatuba),
i. e., the expected proportion (calculated as: J . /N
and J . LN ., were “J” is the total number of
juveniles and “N” is the total number of individuals, in
each locality) and expressed as percentage. Difference
was tested with respect to its significance, i.e., between
the expected and the observed juvenile proportion in each
season of the year, by means of a binomial test (WiLson
& Harpy 2002). The seasons when juvenile proportions
were significantly higher (o = 0.05) than expected were
considered as recruitment periods.

RESULTS

During the study period, we obtained 1057 specimens
of A. spinicarpus in Ubatuba: 598 males and 459 females
(see Table 1). The estimated size (CW) at sexual maturity
was higher in males (24.2 mm) than in females (23.8 mm)
(Fig. 2). The largest juvenile male was 29.4 mm CW and
the smallest adult male 21.2 mm. The largest juvenile
female was 23.7 mm CW, the smallest adult female 20.9
mm, and the smallest ovigerous female 35.3 mm. In
Caraguatatuba, we obtained 5112 specimens: 3138 males
and 1974 females (see Table 1). The estimated size at
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Fig. 2. Achelous spinicarpus (StimpsoN, 1871). Percentage of adult
individuals (males and females) with the tendency line fitted to the
logistic function for individuals collected in Ubatuba. The arrow
indicates the estimated size at sexual maturity.
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Table 1. Achelous spinicarpus (STiMpson, 1871). Total number of specimens obtained in each locality.

UBATUBA CARAGUATATUBA
Males Females Males Females
Total/sex 598 459 3138 1974
Adult 73 80" 500 228"
Juveniles 525 379 2638 1746
Ovigerous 15 29
Total/locality 1057 5112

* these numbers include ovigerous females from each locality.

sexual maturity in this locality was 23.7 mm for males
23.7 mm CW, being the sizes of the largest juvenile 26.6
mm and the smallest adult 16.6 mm CW. For females, the
size at sexual maturity was 23.5 mm CW, being the size of
the largest juvenile female 23.8 mm and the smallest adult
female 18.8 mm CW (Fig. 3). The smallest ovigerous
female captured had 34.4 mm CW.

In both localities numbers of ovigerous females were
low, but in Ubatuba (N=15) they were no significant
and present in all seasons (Table 2). In Caraguatatuba,
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Fig. 3. Achelous spinicarpus (StimpsoN, 1871). Percentage of adult
individuals (males and females) with the tendency line fitted to the
logistic function for individuals collected in Caraguatatuba. The arrow
indicates the estimated size at sexual maturity.
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ovigerous females were observed only during spring (N
= 1) and summer (N = 28) (Table 3). Juveniles constituted
85% of the sampled individuals in both areas and they
were present in all seasons of the year. The proportion of
juveniles was significantly higher (binomial test, p <0.05)
in the spring of 2001 and 2002 and in the summer of 2003
in Ubatuba (Fig. 4) and Caraguatatuba (Fig. 5).
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Fig. 4. Achelous spinicarpus (StimpsoN, 1871). Percentage of individuals
(juveniles and adults) in Ubatuba. The “*” indicates seasons when
observed juveniles proportion are significantly higher than the expected
(binomial test, p < 0.05), indicating recruitment.
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Fig. 5. Achelous spinicarpus (STiMpsoN, 1871). Percentage of individuals
(juveniles and adults) in Caraguatatuba. The “*” indicates seasons when
observed juveniles proportion are significantly higher than the expected
(binomial test, p < 0.05), indicating recruitment.
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Table 2. Achelous spinicarpus (StimpsoN, 1871). Total number of individuals collected in all sampling points, during two years in Ubatuba.

Tuveniles Adult Males Non Ol\;igerous Adult Ovigerous
emales Females
Winter 5 2 B 3
Spring 372 11 16 4
Summer 523 56 45 6
Autumn 4 4 P N
Total 904 73 65 15

Table 3. Achelous spinicarpus (StimpsoN, 1871). Total number of individuals collected in all sampling points, during two years in Caraguatatuba.

Juveniles Adult Males Non Ovigerous Adult Ovigerous Females
Females

Winter 32 5 1 0

Spring 275 12 6 1
Summer 3985 314 145 28
Autumn 92 69 47 0

Total 4384 500 199 29

DISCUSSION Fransozo (1999) in laboratory experiments. The copula

In natural environments, on the average males of
brachyuran crabs usually reach sexual maturity at larger
size than females. This has been reported for Achelous
spinimanus  (LATREILLE, 1819), Callinectes ornatus
(OrpWAY, 1863), Acantholobulus schmitti (RATHBUN,
1860), Persephona mediterranea (Herbst, 1794) and
Hexapanopeus paulensis Rathbun, 1930 (Branco et al.
2002; Branco & Fracasso 2004; Fumis et al. 2007; BERTINI
et al. 2010a; Siva et al. 2014). The larger body size of
the males can represent an advantage while competing for
access to receptive females, besides favoring protection
during copulation.

Considering energy consumption, HarTNOLL (1985)
found that growth and reproduction are competing
processes. One of the basic causes of reduced growth is the
diversion of energy to reproductive processes (HARTNOLL
2006). In this aspect, male crabs invest more energy
in somatic growth, whereas females direct energy for
reproduction (HartnoLL 1982), since oocyte production
requires more resources than sperm production (ALUNNO-
Bruscia & SAINT-MARIE 1998).

The males’ investment in growth is due to several
factors related to reproduction, such as: visual displays,
competition for females and protection of these during
copulation (HarTtNnoLL 2006). Such behaviors were verified
for Arenaeus cribrarius (LAMARCK, 1818) by PINHEIRO &

behavior of A. cribrarius consists of the formation of a
couple, usually with a male (in inter-molt) larger than the
female (in pre-molt), after the courtship. To date, no cases
have been reported in which females of portunids reach a
maximum asymptotic size larger than the males.

The presence of ovigerous females in all seasons in
Ubatuba is a common process in tropical regions, but
in Caraguatatuba there was a tendency of reproductive
activity in the months influenced by the South Atlantic
Central Water. According to CasTro-FiLHO ef al. (1987),
the front of this water mass reaches the northern coast
of Sdo Paulo with greater intensity in the summer. It is
important to emphasize that the low number of ovigerous
females observed in this study, makes it difficult to
formulate a definitive inference about the reproductive
period. Therefore, it is necessary to combine information
about the recruitment period that is the result of the
reproductive activity.

Recruitment and breeding patterns of several
species of decapod crustaceans are known to be linked
in some way with the South Atlantic Central Water
front, for instance: C. ornatus, Mithraculus forceps
(A. Milne-Edwards, 1875), Libinia spinosa H. Milne
Edwards 1834, Persephona mediterranea (Herbst,
1974), Nematopalaemon schmitti (Holthuis 1950),
Acantholobulus. schmitti and Arenaeus cribrarius
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(MaNTELATTO & FRANSOZO 1999 b; MANTELATTO et al.
2003; BraGa et al. 2007; BErTINI et al. 2010 a; ALMEIDA
etal.2011; FranNsozo et al. 2013; ANDRADE et al. 2015 b).

According to CasTrO-FILHO ef al. (1987) and AIDAR et
al. (1993), South Atlantic Central Water causes nutrient
enrichment in the coastal region, increasing primary
production and this may increase the availability of food
for planctotrophic larvae. According to VEGA-PEREZ
(1993), the temporal variation of planktonic productivity
may represent an essential factor in the reproductive
activity of crustaceans, which is closely related to
the availability of food (phytoplankton) for larvae. In
addition, A. spinicarpus is considered by many authors
as an indicator of South Atlantic Central Water on the
Brazilian coast (Pires 1992; DE LEo & PirRes-VaNIN 2006
and Liva et al. 2014), being favored not only indirectly by
the generated enrichment of nutrients, but also because it
is adapted to withstand low temperatures (T <20°). Thus,
spring and summer periods are apparently more favorable
for the reproductive activities of this species.

According to ANDRADE et al. (2015 b) in a study of 4.
cribrarius, the reproductive activity of the species seems
not only to be related to temporal variations in temperature,
among other environmental factors (salinity, sediment
characteristics), but also to an adaptive synchrony
between a period of more intense larval dispersion and
high availability of food in the water column. According
to these authors, this reproductive plasticity is also
reflected in changes in the size at sexual maturity and
may have developed due to exogenous factors, both
environmental and anthropic, such as: fishing and the
introduction of exotic species.

Considering that the estimated values for size at
sexual maturity of 4. spinicarpus, in the present study, are
different from those obtained by PArRDAL-Souza & PINHEIRO
(2013) (males, 37; females, 32 mm CW), sampled in the
Brazilian Southeastern coast, from range depth of 95 to
100 m, with collections carried out about 5 years after the
present study, it is likely that the size at maturity of this
species is also being influenced by exogenous factors,
both environmental and/or caused by human action,
like it was early reported for the portunid 4. cribrarius
(ANDRADE et al. 2015b). However, it is worth mentioning
that the technique used by ParRDAL-Souza & PINHEIRO
(2013) was based on the relative growth of secondary
sexual characters, which may cause some variation in the
results, and difficult a more precise comparison.
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This study reinforces that the reproductive
characteristics (sexual maturity, reproductive period and
recruitment) of 4. spinicarpus may be being modulated
by two factors: dynamic of water masses (as suggested
by PIres et al. 1992 for the most of decapod crustaceans
in this region) and anthropic effect. The effects of biotic
interactions within the benthic community cannot be
ruled out. However, studies are still needed to investigate
the influence of such factors on the spatio-temporal
distribution of this species, in order to correlate such
variables with reproductive characteristics.

Although only a portion of the population of A.
spinicarpus (5 to 35 m deep) was sampled in this study
(taking into account that this species is distributed up
to 500 m), it was verified that all benthic demographic
groups were found. The high abundance (total number of
individuals in 2 years = 6169) of this species in the shallow
water indicates the use of this area (both Ubatuba and
Caraguatatuba), through most of its life cycle, mainly, from
juveniles to mature adults. In this sense, environmental
changes caused directly or indirectly in these areas should
be monitored to prevent damage to natural stocks and to
marine organisms in general, particularly in the case of 4.
spinicarpus which may indicate important oceanographic
processes such as South Atlantic Central Water input.
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