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Determining the size of the sexual maturity of fish and crabs
have been a constant by researchers focusing, principally, the
management of fishery resources. However, it is useful also for
purposes of conservation of biodiversity by characterizing popu-
lation aspects concerned with abundance and structure since

that the amount of mature individuals in a given population is
responsible by the future generation. That kind of study gives
subside for management of natural stock of animal popula-
tions which also must be monitored for ends of habitat con-
servation.
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ABSTRACT. The aim of the present study was to ascertain the size at sexual maturity in females of the crab
Sesarma rectum Randall, 1840 by comparing gonadal maturity to morphologic maturity (using abdomen-width
data). The relative growth of the abdomen was analysed for all growth phases (for each 3-mm carapace width
size class), and the slopes of the separate allometric relationships were compared through analysis of covariance
(ANCOVA) from loge-transformed data to detect changes in the level of allometry during ontogeny. The
physiological size at maturity (gonadal criteria) was determined through a logistic curve, indicating the size at
which 50% of females presented mature gonads (M50 = 17.4 mm CW). The highest allometric levels occurred in
growth phases 2 and 3 (body sizes ranging from 15 to 21 mm CW), indicating faster growth of the abdomen
during those phases. Phases 1 (< 15 mm CW) and 4 and 5 (size classes above 21 mm CW) showed isometric
growth. In the study area, a mangrove on the northern coast of the state of São Paulo, Brazil, individuals of S.
rectum began to reach sexual maturity from 15 mm CW onward, when the slopes of the relationship of abdomen
width to carapace width became positively allometric, indicating a differential growth rate. A gradual decrease
in the slope, tending to isometry, occurred during ontogeny, as the animals became larger (older).
KEY WORDS. Allometric analysis, gonadal maturity, Grapsoidea, mangrove crab.
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foi determinar o tamanho da maturidade sexual em fêmeas do caranguejo Sesarma rectum através de comparações
da maturidade gonadal com a maturidade morfológica (usando dados da largura do abdômen). O crescimento
relativo do abdômen foi analisado para todas as fases de crescimento (para cada classe de tamanho de 3 mm de
largura de carapaça) e os coeficientes de regressão foram comparados para cada relação alométrica através de
analises de covariância (ANCOVA) após transformação logarítmica dos dados, afim de detectar mudanças nos
níveis da alometria ao longo da ontogenia. O tamanho da maturidade sexual fisiológica (critério gonadal) foi
determinado através de uma curva logística, indicando o tamanho no qual 50% das fêmeas apresentaram
gônadas maduras (M50 = 17.4 mm LC). Os maiores níveis alométricos ocorreram nas fases de crescimento 2 e 3
(tamanho de corpo variando de 15 a 21 mm LC), indicando acentuado crescimento do abdômen durante estas
fases. Crescimento isométrico ocorreu nas fases 1 (< 15 mm LC) e fases 4 e 5 (classes de tamanho acima de 21 mm
LC). No local de estudo, um manguezal localizado na costa norte do Estado de São Paulo, indivíduos fêmeas de
S. rectum começam a atingir a maturidade sexual a partir de 15 mm de LC, quando os coeficientes de regressão
das relações da largura do abdômen contra a largura da carapaça tornam-se positivamente alométricos, indican-
do taxa de crescimento diferencial. Uma gradual diminuição na inclinação da reta, tendendo a isometria, ocorre
ao longo da ontogenia conforme as fêmeas tornam-se maiores (mais velhas).
PALAVRAS CHAVES. Análises alométricas, maturidade gonadal, Grapsoidea, caranguejo de manguezal.
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In crustaceans, the allometric relationships between body
size and various organs have been used to estimate the size at
maturity, assuming that secondary sexual traits appear and grow
at different rates in the immature and mature phases. The tran-
sitional phase in brachyurans involves morphological and mor-
phometric changes which can be detected by inflections or
discontinuities in series of linear or curvilinear relationships
using bivariate analysis (HAEFNER 1990). For female crabs, abdo-
men width is the measurement which is most often used to
detect the onset of sexual maturity from morphological crite-
ria (HARTNOLL 1974, PINHEIRO & FRANSOZO 1993). However, to as-
certain the size at sexual maturity, other criteria must be used,
because morphometric maturity may not always correspond
to functional maturity (WENNER et al. 1974, OH & HARTNOLL 1999).
Brachyurans offer the possibility of direct assessment of female
functional maturity, because females carry their eggs beneath
their abdomen for some period of time. Ultimately, functional
maturity of females is realised only when they have extruded
and held a clutch of eggs. This criteria to accesses maturity size
is often used in studies of population dynamics for practical
purposes (DÍAZ & CONDE 1989, LEME 2002).

Gonadal criteria (or physiological maturity) are also a
potential indicator of size at maturity, and have been associ-
ated with allometric changes in abdomen width as the female
crab matures (KNUDSEN 1960, HARTNOLL 1974, 1982, HAEFNER

1990). Therefore, the use of more than one method to deter-
mine size at maturity appears to be appropriate, particularly if
these methods are to be used to stipulate the minimum legal
size of commercially exploited species (HAEFNER 1990, ALUNNO-
BRUSCIA & SAINTE-MARIE 1998, OVERTON & MACINTOSH 2002).

For many brachyuran species, morphological changes in
the female abdomen may occur abruptly (after the molt to pu-
berty) or may take place progressively, after several molts
(HARTNOLL 1974, 1982). In grapsoid crabs these abdominal
changes are not obvious and the abdomen widths of mature
and immature females overlap, which makes it difficult to de-
termine the onset of maturity by means of morphometric meth-
ods (HARTNOLL 1965).

Several methods have been applied to solve this prob-
lem, such as the MATURE proposed by SOMERTON (1980) or von
Bertalanffy´s equations. These later method have been criti-
cized (DAY & TAYLOR 1997) because they employ personal choice
of the determinate component in analysis and graphical per-
ception. CLEVELAND & MCGILL (1985) discussed the matter of
judging angle rather than tangents (slopes) by personal choice,
which leads to distortions in judgments of line segment.

As an alternative to growth models, energetic consider-
ations have been evaluated by assuming that resource alloca-
tion changes during the lifetime, and the onset of maturity
involves a reduction in the amount of energy devoted to
growth. At the onset of reproduction, resources are diverted to
the reproductive process (e.g., gonadal maturation, breeding)
and the growth rate decreases (CHARNOV et al. 2001).

Allometric changes during ontogeny may reflect some
functional relationship between body size and physiological
or life-history parameters (GOULD 1966, KOBAYASHI 2002), or may
be a by-product of some underlying mechanism (KOZLOWSKI &
WEINER 1997). Accordingly, allometric changes may reflect
metabolic rates at several sizes or ages and provide support for
biological explanations of life histories.

The aim of the present study was to ascertain the size at
sexual maturity in females of the grapsoid crab Sesarma rectum
Randall, 1840, by comparing gonadal maturity to morphologic
maturity by simultaneously taking morphometric measure-
ments (using abdomen-width data) and observing the devel-
opmental stage of gonads. In parallel, the relative growth of
the abdomen was analised in phases, and the slopes of the sepa-
rate allometric relationships were compared to detect changes
in the degree of allometry during ontogeny.

MATERIAL AND METHODS

Females of Sesarma rectum were collected in the Escuro
River mangrove (23º29’S and 45º09’W), Ubatuba, state of São
Paulo, Brazil from March 2000 through February 2001.

The widest carapace width (CW) and the abdomen width
(AW) of the fifth abdominal somite were measured to the near-
est 0.1 mm using vernier calipers. The stage of gonadal develop-
ment was checked by means of a stereomicroscope and classi-
fied according to shape, colour and size of ovaries, in four dif-
ferent stages: 1) immature (IM), not differentiated; 2) rudimen-
tary (RU), with narrow pale cream or yellow filamentous; 3) in
development (ID), ovaries bright orange with visible oocytes but
still small and; 4) developed (DE), ovaries in advanced stage of
maturation and occupying more space in the cephalothorax.

The percentage of mature females (with ID + DE gonads)
was calculated for each 1-mm CW size class. The physiological
size at maturity was determined by means of a logistic curve,
indicating the size at which 50% of females reach sexual matu-
rity (M50).

To determine the morphological size at sexual maturity,
the abdomen-width data were plotted against CW, after loge-
transformed data. Separate regression lines were fitted to the
plots for each 3-mm CW size class. Through one-way analysis
of covariance (ANCOVA) of the loge-transformed data, these
regression lines were tested for equality of slopes and inter-
cepts. The allometric level (b value) obtained from each equa-
tion was tested for significant difference from 1 (b # 1) by means
of a t-test (ZAR 1999).

RESULTS

A total of 193 females of the crab S. rectum were analised
in this work as the gonadal maturation and abdomen mea-
surements simultaneously.

Immature gonads were present in 100% of individuals with
body sizes from 12 to 15 mm CW. RU and ID ovaries began to
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appear in females up to 15 mm CW. The logistic maturity curve
indicated that 50% of females reach maturity, as defined by the
presence of ID and DE gonads, at 17.4 mm CW (Fig. 1). This
finding is equal to the size of the smallest ovigerous of S. rectum
sampled in this study (size at functional maturity).

Dispersion diagrams of the AW versus CW of non-trans-
formed data are presented in figure 2. There are no discon-
tinuities or clear indications of inflection points in the data
sets. Therefore, based on the proportions of physiologically
mature individuals in size classes (Fig. 1), the individuals were
categorized into five size classes, each of 3 mm CW, which are
termed “phases”. Phase 1 (CW = 12 to < 15 mm) included physi-
ologically immature individuals, phase 2 (CW = 15 to < 18
mm) included the size determined by the logistic equation were
50% of females are mature, phase 3 (CW = 18 to < 21 mm)
included some few immature and most of mature individuals,
and phases 4 and 5 (CW = 21 to < 24 mm and 24 to < 27 mm,
respectively) included only mature females.

Allometric regression lines were fitted for each phase (see
Tab. I), and the allometric level obtained for each one was tested
by the difference from the theoretical slope (H0: b = 1) by
Student’s t-test to determinate the allometric growth type. Phase
1 (immature individuals only) was isometric (t-test, p < 0.05).
The highest allometric levels occurred in phases 2 and 3 (body
sizes ranging from 15 to 21 mm CW), indicating faster growth
of the abdomen in those phases. Phases 4 and 5 showed isom-
etry, and there was no significant difference between them
(ANCOVA, F = 0.026, d.f. = 1, 66, p = 0.86). The slopes indicated
no significant difference between phases 2 and 3 (ANCOVA, F =
0.991, d.f. = 1, 103, p = 0.68), but these differed from phases 4
and 5 (ANCOVA, F = 6.26, d.f. = 3, 169, p = 0.0007). Grouping
phases 4 and 5 resulted in the equation lnAW = 1.04 lnCW-0.334,

indicating that in the size classes containing only mature fe-
males, the relative growth of the abdomen was isometric (b = 1,
t-test, p > 0.05).

DISCUSSION
The onset of both physiological and morphological ma-

turity of S. rectum occurs within the same size class (CW = 15 to
18 mm). The smallest ovigerous female found in this work had
17.4 mm CW (functional maturity size), which coincides with
the maturity size found by gonadal criteria.

Allometric analysis of abdomen width against carapace
width shows that females with 18-21 mm CW still show signs of
differential growth presenting positive allometry. Above this size
class, the abdomen growth rate diminishes in relation to cara-
pace width showing isometric growth. Such finding indicates
that morphological maturation of abdomen might be incom-
plete yet when females attain the functional maturity and, fe-
males with indeterminate growth may continue to enlarge the
incubation space (OH & HARTNOLL 1999, KOTB & HARTNOLL 2002).

This result differ from those of SILVA & CHACUR (2002)
which reported the morphologic maturity size of 13.3 mm CW
for S. rectum and, they found positive allometry of the abdo-
men width for both young and adult females. Such results
implicate that energy budget no change over the ontogeny
(CHARNOV et al. 2001). On the other hand, these variations on
the onset of maturity size may occur due abiotic factors acting
on local and seasonal basis, which may have influence on
growth rates (WENNER et al. 1974).

In brachyurans, the abdomens of adult females are
adapted for reproduction and egg incubation (HARTNOLL 1985).
Because allometric variations during ontogeny could be asso-
ciated with the reproductive strategy of a species (HARTNOLL

Figures 1-2. (1) Logistic curve fitted based on the proportion of mature individuals (ID and DE gonads) in size classes used to establish
the size at 50% maturity. The arrow indicates the mean size at physiological maturity of Sesarma rectum; (2) relationship between
abdomen width and carapace width in females of Sesarma rectum from Ubatuba, Brazil. Separate regression lines were fitted to the plots
for each growth phase.
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1985), such variations might also reflect differential investment
(age or size-dependent) of resources in growth (CHARNOV et al.
2001). The steeper slopes observed for physiologically imma-
ture individuals of S. rectum, demonstrated that proportionally
more resources had been allocated to body growth. A gradual
decrease in slope, tending to isometry, occurred during ontog-
eny as the animals became larger (older). Thus, the changes in
slope may reflect changes in both growth rates and molt incre-
ment since the rate at which a crustacean grows depends on
intermolt period and molt increment. In brachyurans with in-
determinate growth, i.e., which continue to molt after reach-
ing the mature size (HARTNOLL 1985), the intervals between molts
become longer and the molt increment decreases as the ani-
mal grows. In females these events are more evident due to the
egg incubation period, which is an antagonistic event with
growth (ADIYODI & ADIYODI 1970, FINGERMAN 1987). Moreover,
the allocation of resources for somatic growth in immature
individuals can differ from the somatic investment of adults,
because the adults must allocate resources for reproductive
purposes (TUOMI et al. 1983). Allometric analyses contribute to
the clarification of many biological events concerned with the
life cycle of animals (GOULD 1966). In this study, it was identi-
fied three changes in allometry of the abdome-width relation-
ship. These changes have been detected in anothers works on
brachyurans and are related as immature, prepubescent and
adult stages of life cycle (HARTNOLL 1982, ALUNNO-BRUSCIA & SAINTE-
MARIE 1998). A marked positive allometry occurs in the transi-
tional phases of immature to mature females, which concerned
with the prepuberal phases or where the maturity molt occur.
For S. rectum, there is not a marked maturity molt with abrupt
changes of abdomen shape. So, we conclude by this work that
the morphologic maturity molt of S. rectum occur between the
size interval of 15-18 mm CW, and the morphological changes
of abdomen are associated with gonadal development.
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