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ABSTRACT. The aim of the present study was to determine the size at sexual maturity in the freshwater crab Dilocarcinus pagei Stimpson, 1861,
from a population located in Mendonga, state of Sao Paulo, Brazil. The crabs were sampled monthly (July 2005 to June 2007), at Barra Mansa
reservoir. The specimens were captured manually or in sieves passed through the aquatic vegetation. The crabs were captured and separated by
sex based on morphology of the pleon and on the number of pleopods. The following dimensions were measured: carapace width (CW); carapace
length (CL); propodus length (PL); and abdomen width (AW). The morphological analysis of the gonads was used to identify and categorize
individuals according to their stage of development. The morphological maturity was estimated based on the analysis of relative growth based on
the allometric equation y = ax®. The gonadal maturity was based on the morphology of the gonads by the method CWs, which indicates the size
at which 50% of the individuals in the population showed gonads morphologically mature to reproduction. The biometric relationships that best
demonstrated the different patterns of growth for the juvenile and adult stages were CW vs. PL for males and CW vs. AW for females (p<0.001).
Based on these relationships, the estimated value to morphological sexual maturity was 21.5 mm (CW) in males and 19.7 mm (CW) in females.
The determination of the size at sexual maturity and the adjustment of the data based on the logistic curve (CWj) resulted in a size of 38.2 mm for
males and 39.4 mm for females (CW). Based on the data obtained for sexual maturity for D. pagei, we can estimate a minimum size for capture
of 40 mm (CW). This minimum size allows at least half of the population to reproduce and retains the juveniles and a portion of the adults in the
population.
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RESUMO. Crescimento relativo e maturidade sexual do caranguejo dulcicola Dilocarcinus pagei (Brachyura, Trichodactylidae) na
regifo noroeste do estado de Sao Paulo. Este estudo foi desenvolvido com o objetivo de determinar o tamanho da maturidade sexual de machos
e fémeas de uma populagdo natural de Dilocarcinus pagei Stimpson, 1861 de Mendonga, Sao Paulo, Brasil. Os caranguejos foram coletados
mensalmente (julho de 2005 a junho de 2007) na Represa Barra Mansa, capturados manualmente, ou por meio de peneiras passadas junto a
vegetacdo aquatica. Os caranguejos foram separados por sexo, de acordo com a morfologia do abdome e pledpodos. As dimensdes mensuradas
foram: largura da carapaga (LC); comprimento da carapaca (CC); comprimento do propodo (CP) e largura do abdome (LA). Além disso, analise
morfologica das gonadas foram realizadas e caracterizadas em relagdo ao estagio de desenvolvimento. A maturidade morfologica foi estimada
com base no estudo do crescimento relativo, esta analise ¢ baseada na equagdo alométrica y = ax® e a maturidade gonadal através da morfologia
das gonadas, utilizando o método LCs, indicando o tamanho em que 50% dos individuos encontram-se com goénadas desenvolvidas para a
reprodugdo. As relagdes biométricas que melhor indicaram os diferentes padrdes de crescimento das fases jovem e adulta foram LCxCP para os
machos e LCxAB para fémeas (p<0,001). Baseado nessas relagdes, o valor estimado para a maturidade sexual morfologica em machos foi de 21,5
mm (LC) e de 19,7 mm de (LC) para fémeas. Na determinagdo da maturidade sexual gonadal, o ajuste da curva logistica (LCs,) resultou em um
tamanho de 38,2 mm para os machos ¢ 39,4 mm para as fémeas (LC). Com base nos dados obtidos para a maturidade sexual ¢ possivel estimar o
tamanho minimo de captura para D. pagei de 40mm (LC), possibilitando que pelo menos metade da populagio consiga se reproduzir, mantendo
os jovens e parte dos adultos na populagio.

PALAVRAS-CHAVE. Alometria, maturidade gonadal, maturidade morfoldgica, reprodugao.

studies addressed to crustacean

Trichodactylidae consists of crabs that inhabit
lowland rivers, generally at elevations greater than 300
m. Crabs belonging to this family are found in Central
and South America from southern Mexico to Argentina
(MAGALHAES, 2003). According to NG ef al. (2008), this
family includes 50 species, 15 genera and 2 subfamilies:
Trichodactylinae and Dilocarcininae. Dilocarcinus
pagei Stimpson, 1861 belongs to the latter subfamily
and the common name is the red crab. Dilocarcinus
pagei occurs in the states of Amapa, Para, Mato Grosso,
Rondonia, Acre, Mato Grosso do Sul and Sao Paulo
(MAGALHAES, 2003). Individuals of this species reaches
60 mm in cephalothorax width and is used commercially
as live bait for fishery (PINHEIRO & TADDEL, 2005a). It is
considered an important member of the trophic chain in
the streams and reservoirs of northwestern state of Sao
Paulo (ESTEVES, 1988).

Among the
ecology, few of them have considered freshwater species.
Some these studies include analyses of reproduction (L1u
& L1, 2000), fecundity (MANSUR & HEBLING, 2002),
investigations about distribution (MAGALHAES ef al.,
2005), physiological topics (ONKEN & MCNAMARA, 2002;
AMADO et al., 2006), development (PINHEIRO & TADDEL,
2005a,b; MANSUR et al., 2005; TADDEI & HERRERA, 2010)
and population dynamics (DAVANSO ef al., 2013).

The process of sexual maturation in crabs is
characterized by morphological and physiological
variation and by changes in the social role of individuals
in the population, accompanied by changes in the
ethological characteristic of different life stages of the
species and influencing the occurrence of new habits and
behaviors (HARTNOLL, 1969; FERNANDEZ-VERGAZ et
al., 2000; Moura & COELHO, 2004). HARTNOLL (1974)
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showed that ontogenetic variation occurs in the relative
growth patterns of certain body parts (e.g. the chelipeds
for males and the abdomen for females). These findings
indicate that growth patterns differ not only between the
sexes but also between juvenile and adult individuals.

Another method used to estimate the size in
the decapods reaches its reproductive status can be
monitored by changes occurring in the ovary during the
reproductive cycle, in which there is multiplication of
gonadal cells and growth, maturation of gametes and
ovulation (GRrASSE, 1996). This gonadal maturity is
performed using the CW,; method, which estimates the
size at which 50% of individuals in the population exhibit
gonads morphologically designed for reproduction
(CoraGos & FrEIRE, 2006).

The harvest of several commercially exploited
crab species is regulated by a management plan that
includes a minimum size of capture (KNUCKEY, 1996).
This management strategy is important because it allows
the individuals in a population to reach the maturity
to permit the reproduction and contributing to the
maintenance of the population.

It is necessary to compare the values of the size at
sexual maturity obtained with different methodologies
to ensure the reliability of the estimates (CASTIGLIONT
& CoeLHO, 2011). Thus, the exact estimated size at
maturity should include significant changes in the
external morphology, in addition to the examination of
gonadal development, as sizes obtained are often different
(GONZALEZ-GURRIARAN, 1985). The aim of this study
was to estimate the size at sexual maturity in a natural
population of D. pagei based on the study of relative
growth and on gonad morphology and additionally to
evaluate a minimum size for capture which may be used
to species.

MATERIALS AND METHODS

Sampling procedure and laboratory analysis.
The Barra Mansa reservoir, Mendonga, state of Sao
Paulo (21°14°27”S, 49°56°28”W) is located in the
Parana Basin, in the Tieté/Batalha watershed on the
Western Plateau of Sdo Paulo. The reservoir has a
drainage area of 13,394 km?® and a total flow of 98 m%/s.

The population of D. pagei at Barra Mansa
reservoir was sampled monthly from July 2005 to June
2007, during the day by four individuals over a period
of 2 h. The specimens were captured manually or in
sieves passed vigorously through the aquatic vegetation.
The vegetation consists primarily of Eichhornia azurea
Kunt, E. crassipes (Mart.), Salvinia molesta D. S.
Mitchell, Cabomba sp. and Egeria densa Planch.

After capture, the animals were stored in plastic
bags. To prevent loss of eggs and early juveniles in the
incubatory chamber ovigerous females were individually
placed in plastic bags. The organisms were then transported
to the laboratory and kept frozen until the time for analysis.

All individuals were thawed at room temperature
before analysis and were sexed using pleon morphology
and the number of pleopods (PINHEIRO & TADDEI,
2005b). A precision caliper (0.05 mm) was used to
measure the following structures in each crab: carapace
width (CW); carapace length (CL); propodus length
(PL); and abdomen width (AW) (MANSUR et al., 2005)
(Fig. 1).

After measurements, the carapace of the individuals
was batted to allow the visualization of the gonads for
the morphological analysis and estimative of gonadal
maturity. The gonads were classified macroscopically into
three stages: immature (IM), characterized by the absence
of visible gonads in both males and females; maturing
(Mt), characterized by an early folding of the gonads in
both sexes, with white coloration in males and orange in
females; mature (M) characterized by greater folding of
the gonads, occupying a large space in the body cavity and
with milky white coloration in males and red in females.
Individuals with undeveloped gonads but with a size equal
to or greater than that estimated for morphological sexual
maturity were subsequently classified as rudimentary
(RU) adapted from PINHEIRO & FRANSOZO (1998).

Relative growth and determination of morphological
sexualmaturity. To estimate the values of the measurements
corresponding to morphological sexual maturity, an
analysis of relative growth was performed. This analysis
was based on allometric methods (HuxLEy, 1950)
applied to the morphometric data obtained for the crabs.
The analysis produced an empirical characterization of
the relationships between CW (independent variable)
and selected dependent variables (AW, PL and CL). The
data were displayed on scatterplots and fitted with the
allometric equation y = ax’ (HArRTNOLL, 1974, 1978,
1982), where y = dependent variable; x = independent
variable; a = source index; b = constant of allometric
growth. The allometric equation was expressed in linear
form (logy = loga + b logx) (HUXLEY, 1950), and the
parameters were estimated from a linear regression of
the log-transformed data. The value of the allometric
constant b was calculated for each biometric relationship,
and the null hypothesis (H,: b = 1) was tested with a
Student ¢ test (a0 = 0.05). The values of the allometric
constant correspond to isometric growth (b = 1), positive
allometry (b > 1) or negative allometry (b < 1) (ZAR,
1996). The fit of the mathematical model was verified
according to the coefficient of determination (R”) for
each relationship (PINHEIRO & FrRANSOZO, 1993).

Based on the linear relationships for relative
growth, a non-hierarchical K-means cluster analysis
was performed to characterize the morphometric
relationships of the data. This method classifies the data
into a number of groups. The analysis divides the data
into groups of interest (e.g., juveniles and adults). The
results of the K-means classification were refined with a
discriminant analysis (SAMPEDRO et al., 1999).

After the establishment of the correct division
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AW

Fig. 1. Dilocarcinus pagei Stimpson, 1861, measurements taken: a) males; b) females (CW, carapace width; CL, carapace length; PL, propodus

lenght; AW, abdomen width).

into demographic categories, a covariance analysis
(ANCOVA) of the log-transformed data was performed
to test the differences among formed groups in the
angular (b) and linear (a) coefficients. Based on this
analysis, it was possible to determine whether the data
for each relationship should be represented by a single
straight line or should be represented by different linear
equations for the groups (PANTALEAO et al., 2011).
Determination of the size at gonad maturity. The
CW,, method was utilized to identify the size at gonad
maturity, i.e., the size at which 50% of the individuals in
the population showed morphologically mature gonads
(Mt+ M stages). This method analyzes the distribution of
individuals according to size classes based on carapace
width (CW). A graph based on the logistic curve equation
y =1/( 1+ e"©"-tWs0) was plotted to relate the size of the
animal (CW), the independent variable, where 7 is the
slope of the curve, for 50% of the population to reach the
adult phase (CWj) to the relative frequency of mature
individuals (Mt + M), the dependent variable. The size
at gonad maturity is defined by the interpolation point
corresponding to a relative frequency of 50% on the
graph. The equation of the logistic curve was fitted to the
data by the method of least squares (VAZZOLER, 1996).

RESULTS

During the study, 1,340 crabs were captured
(804 males and 536 females). Ten of the females were
ovigerous. The CW of the males ranged from 13.3 to
53.2 mm (mean 27.3 + 13.8 mm); in the females, the CW
ranged from 13.5 to 58.3 mm (mean 28.8 + 12.9 mm).
The smallest ovigerous female had a CW of 39.5 mm.
The mean CW of the ovigerous females was 44.1 +2.56
mm.

Estimate of size at morphological and gonad
maturity. The plots of the morphological data (Figs 2,
3) illustrated the growth patterns associated with the
demographic categories analyzed: juvenile male (JM),
adult male (AM), juvenile female (JF) and adult female
(AF). The biometric relationships that best demonstrated
the different growth patterns of the juvenile and adult
stages were CW vs. PL for males (p<0.001) and CW vs.
AW for females (p<0.001) (Tab. I). The cheliped growth
patterns (CW vs. PL) were isometric for the males and
females in the juvenile stage and positively allometric
in the adult stage. The CW vs. CL relationship showed
negative allometry for both sexes. The relationships
with the growth of the abdomen (CW vs. AW) showed
negative allometry for males in both phases. As for the
females showed a negative allometry for the juveniles
and positive allometry for the adults (Tab. I). The CW
vs. CL relationship showed no statistically significant
changes between the growth stages for both sexes and
the CW vs. AW only for the males (Tab. II).

According to the K-means analysis, was observed
by the relationship CW vs. PL for males a significant
difference between the stages of growth after the size
categories were separated. Based on this relationship,
the estimated size of morphological sexual maturity
corresponds to the CW of the smaller individual after
the break point of the equations for immature and adult,
in male was estimated as a carapace width of 21.5 mm
(Fig. 2).

For females was found significant difference for
the relationship CW vs. AW which due to overlap of the
growth lines (juveniles and adults) to estimate size of
morphological sexual maturity was applied the CW,,
analysis to this individuals, resulting in an estimated as a
carapace width of 19.7 mm (Fig. 3).
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Fig. 2. Morphometric relationship in males of Dilocarcinus pagei Stimpson, 1861, indicating the different straight lines for juveniles and adults,
based on the k-means analysis. The estimated size of morphological sexual maturity corresponds to the CW of the smaller individual after the
break point of the equations for immature and adult.
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Fig. 3. Morphometric relationship in females of Dilocarcinus pagei Stimpson, 1861, indicating the different straight lines for juveniles and adults,
based on the k-means analysis. The estimated size of morphological sexual maturity corresponds to the CW of the adjusting the logistic equation
of overlapping juveniles and adults, indicating the size (CW) in which females are morphologically mature.
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Tab. 1. Regression analyses of morphometric data of Dilocarcinus pagei Stimpson, 1861 [CW, carapace width (independent variable);
PL, propodus length; CL, carapace length; AW, abdomen width; JM, juvenile males; AM, adult males; JF, juvenile females; AF, adult
females; N, number of specimens; r?, determination coefficient; T, statistic values; +, positive allometry; —, negative allometry; 0, iso-

metry].

Relationship Sex N Intercept (log) Inclination 12 p T (b=1) Allometry

M 303 0.246 1.002 0.858 <0.001 0.10 0

CW vs. PL AM 421 -1.032 1.564 0.808 <0.001 15.15 +

vS- JF 170 20.242 0.997 0.840 <0.001 0.07 0

AF 306 20368 1.083 0.837 <0.001 3.05 +

M 305 -0.008 0.946 0.924 <0.001 347 -

CW us. CL AM 492 +0.028 0.936 0.906 <0.001 4.67 -

V- JF 181 +0.026 0.919 0.881 <0.001 322 -

AF 351 +0.066 0.913 0.868 <0.001 4.53 -

M 294 0.193 0.930 0.761 <0.001 2.29 -

AM 496 -0.119 0.889 0.823 <0.001 5.98 -

CWs. AW JF 199 20.179 0.93 0.852 <0.001 2.54 -

AF 329 -0.301 1.055 0.800 <0.001 1.91 +

Tab. II. Results of the Covariance analysis (ANCOVA) of morphometric data of Dilocarcinus pagei Stimpson, 1861 (CW, carapace width; PL,
propodus length; CL, carapace length; AW, abdomen width; J, juveniles; A, adult, F-statistic; *, p<0.05).

Relationship Factor (Group) Parameters (log) F p
a - -
Male (J vs. A) b 164.857 <0.001%
CW vs. PL
a _ _
F le Jvs. A
emale (J vs. A) b 4.057 0.044*
Male (J vs. A) a 16.226 <0.001*
aelivs b 0.229 0.632
CW vs. CL
a 18.727 <0.001*
Female (J vs. A)
b 0.029 0.864
Male (J vs. A) a 4.577 0.032*
aelivs b 1506 0.220
CW vs. AW
a _ _
F le (Jvs. A
emale (J vs. A) b 9.608 0.002*
From the total number of specimens collected 1983; GREGATI & NEGREIROS-FrRANSOzO (2007) for

during the study, 441 crabs were with gonads developed
to reproduction (Mt+M). These crabs included 320
males and 121 females, which were distributed in 15
size classes defined by intervals of 4 mm.

For gonad sexual maturity, the adjustment of the
data based on the logistic curve (CW,) resulted ina CW
at gonad maturity of 38.2 mm for males and 39.4 mm for
females (Fig. 4).

DISCUSSION

This study identified marked differences between
juveniles and adults in the growth pattern of the
cheliped propodus and of the abdomen for males and
females, respectively, and yielded the best indicators of
morphological sexual maturity. These results indicate
that the differential growth of these structures is related
with secondary sexual character.

This type of differential growth was also
observed for the specie investigated in the present
study by MANSUR ef al. (2005) in state of Mato
Grosso do Sul, midwestern Brazil. Similar meaningful
results were obtained by other authors: FERNANDEZ-
VERGAZ et al. (2000) for Chaceon affinis (A. Milne-
Edwards & Bouvier, 1894); NEGREIROS-FRANSOZO &
FrANS0z0 (2003) for Panopeus austrobesus Williams,

Neohelice granulata (Dana, 1851) (as Chasmagnathus
granulatus); CoBo & ALVES (2009) for Mithrax tortugae
Rathbun, 1920; SAL Movyano et al. (2011) for Libinia
spinosa (Milne-Edwards, 1834) and Liva et al. (2013)
for Trichodactylus fluviatilis Latreille, 1828.

The positive allometry found for the male cheliped
propod in the adult stage indicates the possibility of a
greater energy investment in the development of this
structure after the pre-pubertal stage. This implies that
the cheliped propod is associated with reproductive
functions, as observed for the same species collected from
state of Mato Grosso do Sul by MANSUR ef al. (2005) and
also observed in Uca burgersi Holthuis, 1967 by BENETTI
& NEGREIROS-FRANSOZO (2004) and in Austinixa
patagoniensis (Rathbun, 1918) by ALVES et al. (2005).

GHERARDI & MICHELT (1989) noted that
copulation in freshwater crabs occurs when both sexes
are in intermolt. The males use the chelipeds to hold the
female. This observation emphasizes the importance
of this structure in the reproductive process and in
several behavioral interactions, including courtship
and signaling to attract females, as in species of the
genus Uca (BENETTI & NEGREIROS-FRANSOZO, 2004;
MASUNARI & DISSENHA, 2005); defense and courtship in
Ocypode quadrata (FRANSOZO et al., 2002); and other
agonistic behaviors.
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Fig. 4. The logistic curve indicating the point at which 50% of males and
the size (CW) in which males and females reach gonadal maturity.

The CW vs. PL relationship also showed positive
allometry in adult females, a characteristic also found by
DanNIeLs (2001) for the freshwater species Potamonautes
warreni (Calman, 1918) and attributed to the use of the
chelipeds to defend the eggs and early juveniles against
predators.

The negative allometric growth of the abdomen
in the females during the juvenile stage and the positive
allometric growth during the adult stage correspond
to the increase in the reproductive potential of the
females. This characteristic of the adult stage has also
been verified in other brachyuran species (PINHEIRO &
Fransozo, 1993; MANTELATTO & FRrRANSOzO, 1994,
1999; SaNTOS et al, 1995; FLORES & NEGREIROS-
FrANS0ZO, 1999; NEGREIROS-FRANSOZO et al., 2002,
2003). In brachyuran, the abdomen of females and their
pleopods present an important reproductive function,
especially for most freshwater crabs because they form
a “chamber incubatory” with the function of retaining
the eggs and early juveniles newly hatched. According
to KAESTNER (1970) this fact features a parental care
typical of freshwater crabs. In freshwater crabs, the
enhanced development of the abdomen increases the
volume of the incubatory chamber so that the chamber
can contain a greater number of eggs (HINES, 1982).

The difference in the size at morphological sexual
maturity between females and males is expected and is
consistent with the pattern proposed by SHINE (1988)
for brachyurans. According to this author, this pattern
is explained by a difference between the sexes in the
requirements for reproduction. When females allocate
their energy for reproductive purposes, such as spawning
and egg incubation, they tend to mature at smaller sizes
than males, who invest their resources in somatic growth
and reach maturity at greater sizes.

The present study found that the females reached
morphological sexual maturity at smaller sizes than the

females of Dilocarcinus pagei Stimpson, 1861 are mature, estimating

males. The difference in the size at morphological sexual
maturity between males and females (21.5 and 19.7 mm
for males and females respectively) is expected and is
consistent with the pattern proposed by SHINE (1988)
for brachyurans. According to this author, this pattern
is explained by a difference between the sexes in the
requirements for reproduction. When females allocate
their energy for reproductive purpose, such as spawning
and egg incubation, they tend to mature at smaller sizes
than males, who invest their resources in somatic growth
and reach maturity at greater sizes.

According to TADDEI & HERRERA (2010), the
females of D. pagei can reproduce during the first year
of life. However, an estimate sizes similar to the gonadal
maturity in both sexes, in this study, probably, favors the
formation of pairs in a population and the copulation
(HARTNOLL, 1969; PINHEIRO & TADDEIL 2005a; L1MA et
al., 2013).

Most likely, copulation in D. pagei occurs when
both sexes are in intermolt, as observed for the freshwater
species Candidiopotamon rathbunae (De Man, 1914),
whose females lack male protection during the intermolt
stage (Liu & Li, 2000; TADDEI & HERRERA, 2010).
Males exhibit the behavior of forcing copulation, which
occurs in hours, as opposed to days of marine species,
which discards the protection of the male (PINHEIRO &
FrANSOZ0, 1998; TADDEI & HERRERA, 2010).

The emergence of the observed secondary
sexual characters at the transition from the juvenile to
the adult stage (HARTNOLL, 1978), is not necessarily
synchronous with the maturity of the gonads. In a study
of the crab Chaceon affinis, by FERNANDEZ-VERGAZ et
al. (2000), it was suggested that although the functional
capacity for mating to be related with the morphological
maturity, this is attained before the individual becomes
physiologically mature and is, therefore, able to
reproduce. The first evidence of the morphometric
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changes required for reproduction occurs before the
females attain a size sufficient for successful copulation,
which occurs at the end of this process. This fact was
verified for D. pagei in the present study where there
has been a positive allometry of the abdomen in relation
to carapace width in adult females showing that at this
stage they are morphologically able for reproduction.

Because the studied species is used in the region
as bait for sport fishing, it is important to establish a
minimum size for capture to avoid both overexploitation
and the resulting harm to the environment, as these
organisms serve as the basis of many food chains
(MAGALHAES, 2003). Thus, it can be conclude that to
estimate a size of sexual maturity should include studies
of secondary sexual characters and examination of the
gonads, as these values may not occur synchronously.

Based on the data obtained for sexual maturity
(males and females) and to facilitate a practicable
inspection due to a possible implementation of a
minimum size to capture of D. pagei, the value was
rounded to 40 mm to carapace width. This minimum
potentially allows at least one-half of the population
to reproduce and maintains juveniles and adults in the
population. In addition, the present study will contribute
to the implementation of future projects involving this
species and, consequently, to the maintenance of natural
stocks.
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