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ABSTRACT

The sizes at morphological and physiological maturity of male and female Arenaeus cribrarius
were estimated to determine if both events are synchronous. Animals were captured with otter-
trawls at Ubatuba, Brazil. A total of 2 356 specimens, 977 males and 1 379 females, were obtained.
The major carapace width without spines (CW), the propodus length of the major cheliped (PL)
and the width of the 5" abdominal somite (AW) were measured with vernier calipers. Allometric
relationships and gonadal development were analyzed to determine the maturity in both sexes. The
size at the onset of male morphological maturity was estimated at CW 52 mm, smaller than the CW
63.4 mm physiological maturity size observed. For females, these events are synchronous since
both estimates converged at CW 59.7 mm. The onset of functional sexual maturity in A. cribrarius
at CW 63.4 and 59.7 mm in males and females, respectively, would indicate a minimum size of CW
64 mm for fishing purposes. Differences between allometric and gonadal estimates indicate the
importance of considering both methods. A comparison of the present results with other available
data in portunid crabs is provided.

RESUME

Les tailles 4 la maturit¢ morphologique et physiologique du male et de la femelle d’Arenaeus
cribrarius ont été estimées pour déterminer si les deux évenements sont synchrones. Des animaux
ont été capturés au chalut 2 Ubatuba, Brésil. Au total, 2 356 spécimens, 977 méles et 1 379 femelles,
ont été obtenus. La plus grande largeur de carapace sans les épines (CW), la longueur du propode
de grand chélipede (PL) et la largeur du Seme somite de 1’abdomen (AW) ont été mesurées au pied
a coulisse 2 vernier. Les relations morphométriques et la maturité des gonades ont été analysées
pour évaluer la maturité dans les deux sexes. Le début de la maturité morphologique des méles
(CW 52 mm) a précédé la maturité physiologique (CW 63,4 mm), alors qu'un synchronisme a été
observé chez les femelles (CW 59,7 mm). La maturité fonctionnelle a été constatée & CW 63,4 mm
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pour les méles 8 CW 59,7 mm pour les femelles. La taille minimale pour la préservation des stocks
est de CW 64 mm.

Ces résultats montrent I’importance de I’étude macroscopique des gonades associée & la mor-
phométrie pour mieux caractériser la maturité de 1’espece. Une comparaison avec d’autres crabes
portunides est fournie.

INTRODUCTION

Estimates of size at the onset of sexual maturity, especially in the case of
edible species, are among the most important information concerning biological
populations. This information is required prior to the establishment of a fish-
ery management program, which would preserve these natural stocks for future
generations.

Most work on sexual maturity has been carried out on marine and freshwater
fish species, but such studies have also been conducted on crustaceans, mainly
commercially exploited species such as shrimps (Crocos & Kerr, 1983; Dailey
& Ralston, 1986; Crocos, 1987; El Hady et al,, 1990) and lobsters (Krouse,
1973; Grey, 1979; MacDiarmid, 1989). Due to an intensification of fishing
activities and a growing consumption of crustaceans, there has been a remarkable
increase of available information on this subject in recent years. This is the case
for certain brachyurans, mainly portunids (Lewis, 1977; Choy, 1988; Prasad &
Neelakantan, 1990; Haefner, 1990; Branco & Thives, 1991; Branco & Lunardén-
Branco, 1993; Santos, 1994) and majids (Watson, 1970; Brown & Powell, 1972;
Conan & Comeau, 1986).

The onset of sexual maturity, defined as a measure of size, can vary consid-
erably at the inter- and intraspecific level (Fonteles-Filho, 1989). Therefore, the
estimate of size at which at least 50% of a given species’ population is sexually
mature is important and often required.

Assessment of sexual maturity has been accomplished by associating the
macroscopical development stage of gonads with the size of individuals. Cara-
pace width is frequently used as a measure of size in brachyuran crabs, and
gonadal maturation analysis provides an estimate of the physiological maturity
(Campbell & Eagles, 1983; Conan & Comeau, 1986; Fonteles-Filho, 1989).

The ontogenetic growth of crustaceans is divided into phases, that often can
be detected by external morphological examination. Allometric growth rates
of certain somites are in many cases growth phase indicators. Sometimes the
growth phase transition itself is marked by an abrupt allometric change of these
structures (Hartnoll, 1974, 1978, 1982). Among the three described growth
phases, i.e., larval, juvenile, and adult, the puberty moult, which separates the
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last juvenile and first adult instars, is the most important since the secondary
sexual characters are fully developed.

In some brachyuran male crabs, fully developed secondary sex characters
include the release of abdominal somites and gonopods from the thoracic sternites
(Guinot, 1979), the conspicuous growth of certain cheliped segments (mainly
the propodus) (Hartnoll, 1982; Pinheiro & Fransozo, 1993), and colour pattern
enhancement of cheliped propodus and dactylus (Hopkins, 1963; Ryan, 1967).
In females, there is a positive allometric growth of certain abdominal somites,
e.g., the 5% and the 6%, and in some species the gonopore openings are only
noticeable when maturity is achieved.

Sexual maturity in crustaceans can also be estimated from external observa-
tions. In this procedure, biometrical relationships are analyzed in which di-
mensions of chelar propodus (in males) and abdominal somites (in females) are
regarded as dependent variables. Since graphical inspection can only indicate the
size interval in which the portunid puberty moult occurs, Somerton (1980) and
Somerton & Maclntosh (1983) developed two FORTRAN computer softwares
{(MATURE 1 and MATURE 2) for a more precise estimate.

Synchronism between morphological and physiological maturity in crustaceans,
such as in the functionally mature juvenile specimens, for reproductive purposes
are not very clear. Although frequently focused on (Conan & Comeau, 1986;
Ennis et al., 1988), the reproductive events related to these questions are not
adequately understood.

Though being used as a fishery resource in many regions along the Brazilian
coast, there is no information regarding the sexual maturity in Arenaeus cribra-
rius at present. Establishing a minimum capture size would help this species’
management in the wild and contribute to keep available stocks for future gener-
ations. Therefore, this study aims to estimate the size at the onset of sexual ma-
turity in the swimming crab Arenaeus cribrarius (Lamarck, 1818) in the Ubatuba
region, SP, Brazil, comparing size at morphological and physiological maturity to
verify a possible synchrony between them. Furthermore, a comparative analysis
using information gathered on other portunid crabs is provided.

MATERIALS AND METHODS

Monthly crab samples were obtained during a 2-year period, from May 1991
to April 1993, with two otter-trawls with 10 mm mesh nets in the Ubatuba
region (fig. 1). An additional 403 crabs (189 males and 214 females), sampled
in November 1988 and October 1989 in Fortaleza Bay, Ubatuba, were included
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Fig. 1. Ubatuba region, Sdo Paulo State, Brazil, where Arenaeus cribrarius (Lamarck, 1818)
specimens were obtained.

in these analyses. After capture, the crabs were maintained in thermic boxes,
placed in labeled plastic bags and frozen (—10°C) until processed.

Each specimen was sexed and its morphology checked. In the later procedure,
females with triangular and suboval-shaped abdomens were considered juvenile
and adult crabs, respectively. In males, both juveniles and adult specimens have
inverted “T” shaped abdomens, but in juvenile crabs the abdomen adheres to the
thoracic sternites, a characteristic which became first known from Callinectes
spp- (Van Engel, 1958; Taissoun, 1970).

Carapace width excluding lateral spines (CW) was used as a representative
measure of body size (independent variable) (fig. 2). The propodus length of the
major cheliped (PL) in males and 5" abdominal somite width (AW) of females
(regarded as dependent variables) were also measured. All measurements were
made with vernier calipers to the nearest 0.05 mm. Damaged crabs or individuals
with regenerating or otherwise anomalous limbs were discarded.
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Fig. 2. Arenaeus cribrarius (Lamarck, 1818). Measurement specifications of: 1, carapace; 2, ma-
jor chela; 3, abdomen of juvenile female; 4, abdomen of adult female. CW, carapace width;
PL, propodus length; AW, abdomen width.

Morphological maturity in A. cribrarius was estimated from the biometric
relationship between PL x CW in males and AW x CW in females (Pinheiro &
Fransozo, 1993). The allometric equation (y = azP) was fitted to each growth
phase to obtain the allometric growth constant “b”, which is required to determine
the growth pattern (see Somerton, 1980). Patterns of relative growth include
cases in which growth phase lines present an overlap, making it difficult to
determine the size at maturity by simple graphic inspection, and others in which
allometric growth of the dependent dimension at the puberty moult leads to non-
overlapping juvenile and adult growth lines. MATURE 1 software (Somerton,
1980) was developed to estimate the morphological maturity of species presenting
overlapping growth phase lines, while MATURE 2 (Somerton & MacIntosh,
1983) should be used in the case of intercepting growth phase lines. If the
data set is too extensive, its size can be reduced by means of pseudo-random
generation of uniformly distributed numbers (Naylor et al., 1966; Wichmann &
Hill, 1982), maintaining the lower and upper limits of each growth phase line.
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TABLE 1
Arenaeus cribrarius (Lamarck, 1818). Diagnosis of gonadal development stages
and substages used in macroscopical analyses in both males and females (modi-

fied from Haefner, 1976 and Erdman & Blake, 1988)

Stage Substage Macroscopical features
Male Female
Immature I Gonads can only be ob- Gonads can only be ob-
served under an over 40x served under an over 40 X
magnification. magnification.

1I Filamentous colourless vas Filamentous ovary.
deferens. Only visible if Colourless to translucent.
magnified. Only visible if magnified.

Developing I Vas deferens filament visi- Filamentous ovary but
ble to the naked eye. visible to the naked eye.
Colourless to translucent. Salmon to orange.

v Gonad : hepatopancreas Gonad : hepatopancreas
size ratio approximately size ratio approximately
1:4. White. 1:2. Ovary is light

orange.
Developed \Y% Gonad and hepatopancreas Gonad and hepatopan-
with similar sizes. White. creas with similar sizes.
Ovary is dark orange.
\%| The gonad is larger than the The ovary is larger than

hepatopancreas, occupying
all cephalothoracic cavity.
White.

the hepatopancreas, occu-
pying all cephalothoracic
cavity. Ova are visible
to the naked eye. Dark
orange.

Gonads were examined to determine the size at which half of the population
is physiologically mature (CWsgq, ). Stage of gonadal development was assigned
by gonad colour and the gonad/hepatopancreas size ratio (table I).

According to the methodology described by Vazzoler (1982) and Fonteles-

Filho (1989), the crabs were grouped into 5 mm CW classes. Individuals with
immature gonads were classified as juvenile while specimens with both develop-
ing and developed gonads were considered adults. The proportions of juvenile
and adult crabs within each size class were calculated, and the percentages of
adult crabs per class were adjusted to an y = 1 — e~*% sigmoid curve, where
Z = z% and A = Ina of the linearized equation In[—In(1 — y)] = Ina + blnz.
Estimates of the onset of sexual maturity were obtained from the equation
CWsgq = elnl=In(1-0.5)]-InAl/b (Eonieles-Filho, 1989).

Functional maturity was regarded as the minimum size at which crabs of each
sex are both morphologically and physiologically ready to reproduce. A quanti-
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tative assessment of the immature crab catch in a locally exploited commercial
activity is provided.

RESULTS

From May 1991 to April 1993, a total of 1953 crabs were obtained: 788 males
(100 juveniles and 688 adults) and 1 165 females (253 juveniles and 912 adults).
Including the crabs previously collected in the Fortaleza Bay, 2 356 individuals
were analyzed.

Morphological maturity

A total of 685 males (100 juveniles and 585 adults) were included in the
PL x CW analysis; the equations:

InPL = —0.84+ 1.11InCW  (r? =0.99;¢t = 105.52; P < 0.05) and
InPL = —1.53+1.28InCW (r? = 0.98;¢ = 164.91; P < 0.05)

were obtained for juvenile and adult crabs, respectively. In the AW x CW analysis
of 1313 females (324 juveniles and 989 adults), we found, respectively:

InAW = —2.40+1.27InCW (r? =0.98;t = 113.76; P < 0.05) and
InAW = —1.79 +1.20InCW (r? = 0.93;t = 114.68; P < 0.05)

for juvenile and adult crabs.

In males, the PL x CW scatterplot (fig. 3) resembles Somerton’s (1980) “A”
pattern, prompting the use of the MATURE 2 software in the analysis. Since the
data size was within the software’s capability range, the routines were executed
without sample size reduction. Sizes of analyzed crabs ranged from 22.1 to
107.7 mm CW and a residual sum of squares (RSS) minimization at 52 mm CW,
indicating the inflection point. In this analysis, the fit of two different regressions
was better than the fit of a single one (F = 61.23; P < 0.01), and the expressions
obtained were:

juvenile males: InPL = —0.77 4+ 1.09InCW (N =75) and
adult males: InPL = —1.56+1.29InCW (N = 610).

In females, the AW x CW scatterplot is similar to Somerton’s (1980) “D”
pattern, so MATURE 1 software was used. In this case, data size (1 313 females)
was too large and 500 random points were used to obtain the relationships shown
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Fig. 3. Arenaeus cribrarius (Lamarck, 1818). Chelar propodus length (PL) versus carapace
width (CW) scatterplot in males (N = 683).

in fig. 4. Size ranged from 28.4 mm to 92.8 mm CW and growth phase lines
overlap within the 45-75 mm size interval. The relationships obtained were:

juvenile females: InAW = —2.41+128mCW (N =120) and
adult females: In AW = —1.83+1.20InCW (N = 380).

Parameter estimates when fitting the logistic function, y = 1/(1 + Ae®¥) to
the size class frequency of mature females data resulted in the constants A =
847.11 x 10° and B = —305.62 x 1073, Therefore, the onset of morphological
maturity (CWspq,) is estimated at 59.7 mm. Of the 500 specimens analyzed,
mature female size ranged from 51.9 mm to 72.4 mm CW.

Physiological maturity

The size frequency distributions of 952 males and 1369 females in each go-
nadal development stage are shown in table II. In males, the maturity curve
constants obtained were A = 2.51 x 107!° and b = 8.57. Thus, the onset of
physiological maturity in males was estimated at CWspq, = 63.4 mm as shown
in fig. 5. Crabs larger than 85.7 mm were invariably mature. In females, the
“A” and “b” constants were estimated at 8.06 x 10~'8 and 9.54, respectively. As
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TABLE II
Arenaeus cribrarius (Lamarck, 1818). Size frequency distributions of males
and females in each gonadal development stage (I = immature; D =

developing; De = developed)

Size classes Males Females
(mm) I D De I D De
20-25 3 - - - - -
25-30 4 - - 3 - -
30-35 6 - - 8 - -
35-40 13 - - 11 - -
40-45 37 - - 44 1 -
45-50 30 1 - 53 6 -
50-55 33 6 - 74 14 -
55-60 48 15 2 65 46 7
60-65 23 38 4 37 54 26
65-70 15 48 22 17 133 76
70-75 11 65 63 7 135 96
75-80 3 35 68 - 126 100
80-85 1 24 69 - 82 70
85-90 - 37 89 - 36 30
90-95 - 21 66 - 5 7
95-100 - 9 23 - - -
100-105 - 4 12 - - -
105-110 - 2 1 - - -
110-115 - - 1 - - -
Total 227 305 420 319 638 412

shown in fig. 6, the maturity curve indicates the onset of physiological maturity
at CWsg9, = 59.6 mm. All individuals larger than 78.2 mm were mature.

Functional maturity

Considering the values obtained from morphological and physiological data
(fig. 7), the onset of functional maturity in males and females is estimated at
63.4 mm and 59.7 mm CW, respectively. Hence, the catch of immature crabs,
266 males and 329 females, corresponded to 25.5% of all crabs collected (VN =
2337).

DISCUSSION

Size at the onset of sexual maturity and number of instars following the pu-
berty moult are important information on the reproductive biology of brachyuran
crabs. This knowledge is required in the management of commercially exploited
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Fig. 6. Arenaeus cribrarius (Lamarck, 1818). Physiological maturity curve in females
(N =1369).
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Fig. 7. Arenaeus cribrarius (Lamarck, 1818). Comparative scheme showing morphological (MM)
and physiological maturity (PM) in males and females and size range of mature specimens.

populations (Knudsen, 1960; Kwei, 1978; Campbell & Eagles, 1983). These
reproductive features, among others, such as number of spawns in a single instar
and reproductive seasonality, present high interspecific variability in brachyuran
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crabs which, compared to other crustaceans, show a relatively large array of
reproductive strategies (Hartnoll & Gould, 1988).

According to Hartnoll (1969), mating in portunid crabs generally involves
intermoult males and recently moulted females. Males should be sexually mature
for a successful spermatophore transfer while morphological maturity, instead of
gonadal maturity stage, is the main requirement in mating females (Hartnoll,
1978; Gonzdalez-Gurriardn, 1985). This fact was verified in Arenaeus cribrarius,
in which 98.8% of recently mated females (with full spermathecae) showed
immature or developing gonads (Pinheiro, 1995).

Some morphological changes take place during brachyuran ontogeny. Of
those, the most conspicuous ones are related to sexual maturity and the moult of
puberty (Pérez, 1928). At this moult, portunid males undergo a marked growth
of certain cheliped segments (mainly the propodus), thereby increasing individ-
ual shape, and establish dominant hierarchical castes (Warner, 1977). In some
portunids, these castes are differentiated by the colour pattern of the inner side
of the chelae (propodus and dactylus), as verified by Ryan (1967) for Portunus
pelagicus (L., 1758). In male A. cribrarius there is an intensification of the
yellowish colour pattern of the inner chelar surface, which is displayed during
mating (Pinheiro, 1995). This is similar to what Hopkins (1963) observed in
Callinectes sapidus Rathbun, 1896.

Brachyuran males use their chelae in a wide variety of ritualized exhibitions
related to the reproductive process, including agonistic interactions with other
males while contending for mates and during female handling in pre- and post-
copulatory events (Wright, 1968; Hartnoll, 1968, 1974, 1978; Lewis, 1977,
Conan & Comeau, 1986; Vaninni & Gherardi, 1988). Therefore, larger males
provided with larger chelipeds have an advantage in mate selection and in related
intraspecific competition events. In the case of portunid females, the abdomen
is released from the thoracic sternite, pleopod setae are developed and the ab-
dominal somites widen. These changes, which provide protection to gonopores
and egg mass, occur after the puberty moult (Finney & Abele, 1981; Hartnoll,
1982). In A. cribrarius the opening of the gonopore occurs at this stage, a
process that takes place before this critical moult in some Callinectes species
(Negreiros-Fransozo, pers. comm.).

The morphometrical analyses in this study provide accurate estimates of size at
the onset of sexual maturity. Similar meaningful results were obtained by other
authors (Watson, 1970; Brown & Powell, 1972; Wenner et al., 1974; Haefner,
1985; Conan & Comeau, 1986; Choy, 1988; Felder & Lovett, 1989; Haefner,
1990) justifying its wide use in carcinology.
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According to Hartnoll (1963), the puberty moult in oxyrhynchous crabs (e.g.,
Majidae, Hymenosomatidae, Parthenopidae) is the terminal moult, while cancrid
crabs and some representatives of the family Portunidae can moult once, twice, or
several times after attaining the puberty moult. Although uncommon, moulting
activity after sexual maturity was confirmed in A. cribrarius (cf. Pinheiro, 1995),
since 11 adult females (near 1% of all adult females collected) were captured
in the pre-moult stage, indicating that they may moult at least once after the
puberty moult. Similar results were obtained in P. sanguinolentus (Herbst, 1796)
and Necora puber (L., 1767) by Ryan (1967) and Drach (1933), respectively.

Despite the close association between development of secondary sexual charac-
ters and physiological maturity, in some species these events are not synchronous
(table III). Asynchrony, in which physiological maturity precedes morphological
maturity, was verified in A. cribrarius males. Other portunids demonstrating
asynchrony are Liocarcinus holsatus (Fabricius, 1798) and N. puber (L., 1767)
as found by Choy (1988), Scylla serrata (Forskal, 1775) by Prasad & Neelakan-
tan (1990), and Necora puber (L., 1767) by Gonzalez-Gurriardn & Freire (1994)
(see table III). These events are simultaneous in A. cribrarius females, as also
reported for other portunids like Callinectes danae Smith, 1869 by Pita et al.
(1985), Ovalipes catharus (White, 1843) by Armstrong (1988), and Portunus
spinimanus Latreille, 1819 by Santos (1994).

In almost all studied portunid species except P. pelagicus (cf. Batoy et al.,
1987; Ingles & Braum, 1989), females attain sexual maturity at smaller sizes
than males (table III). This fact can be particularly advantageous in A. cribrarius,
since in mating pairs males are 20 to 40% larger than females (Pinheiro, 1995),
thus, soft-shelled female protection after mating is probably assured.

In some cases, population structure analyses involving, e.g., the size of the
smallest ovigerous females, the abdominal dimorphism, and the size range in
which the sealed-abdomen condition is observed, are useful in establishing size
at sexual maturity. Some authors have investigated the size at maturity of certain
crustacean species based on the smallest ovigerous females recorded in size
frequency distribution analyses (Aguilar & Espina, 1988; Jayakody, 1989; Sarda,
1991).

Specimens of A. cribrarius larger than 64 mm CW can be regarded as mature.
This value should only apply to Ubatuba, since an inverse relationship between
latitude and size at maturity is known (Berrill, 1982; Hines, 1989). Among the
environmental factors capable of influencing size at maturity, water temperature
(Kinne, 1964, Leffler, 1972; Somerton, 1981) or its effect combined with certain
photoperiod conditions (Hines, 1989) are noteworthy.
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TABLE III
Size at the onset of sexual maturity in previously studied portunid species (MM =
morphological maturity; PM = physiological maturity; CW = carapace width)

Species Author CW (mm)
Males Females
MM PM MM PM
Arenaeus cribrarius This study? 52 63.4 59.7  59.6
Callinectes danae Pita et al. (1985)" 67 - 55-60 55
Costa (1995)% 68.1 67.6 53.1 539
Gaspar (1981)" - 86.3 - 69.8
Branco & Thives (1991)" 98.5 - 88.8 -
Callinectes ornatus Haefner (1990)2) 51.3 51.3-58.3 40.8  50-65
Branco & Lunard6n-Branco - 67 - 61
(1993)V
Mantelatto (1995)” - 50 - 43
Callinectes sapidus Gray & Newcombe (1938)Y 89 - - -
Van Engel (1990)" 107 82 - -
Charybdis natator Sumpton (1990)> - - 80-95 -
Liocarcinus depurator Mori & Zunino (1987)]) 30 - 24 -
Liocarcinus holsatus Choy (1988)" 18.5 28.5 17 25
Macropipus wberculatus  Mori (1987)" 28-33 - 25-32 -
Necora puber Choy (1988)" 42 54 38 48
Gonzélez-Gurriardn (1985)% 57 56 53 -
Gonzdlez-Gurriardn & Freire 533 54.8 52.3 49.8
(1994)%
Ovalipes catharus Armstrong (1988)? - 60-65 55 55-60
Ovalipes stephensoni Haefner (1985)" 61 31-50 51 61-70
Portunus pelagicus Batoy et al. (1987)% - 37 - 39
Ingles & Braum (1989)¥ 96.4 - 106 -
Portunus spinimanus Santos (1994)2) 48 47 46.5 46
Scylla serrata Prasad & Neelakantan (1990))  81-90 97 81-90 91-100

D= carapace width including lateral spines;

2) _

no information available regarding carapace width measurements.

carapace width excluding lateral spines; N =

The number of instars preceding sexual maturity in swimming crabs varies
considerably. In Callinectes danae sexual maturity is attained after 18 months
since larval release, corresponding to the 27™ instar (Fischler, 1965), while the
blue crab Callinectes sapidus attains maturity at approximately the 18" to 20%
instar (Van Engel, 1958). There is no information available on the somatic
growth of A. cribrarius, limiting further estimates on this species’ chronological
age at maturity. '

In the study region, otter trawl nets as those used in the present study are
the main fishing gear used in the penaeid shrimp catch. Local fishermen are
not particularly interested in A. cribrarius and most crabs captured are returned
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to the sea. However, it is alarming that 25% of the total catch is composed
by immature specimens. Inasmuch as a commercial exploitative activity on this
species is likely to occur, it is important to establish a minimum catch size to
avoid overexploitation, possible (local) extinction, and consequently damage to
the benthic environment.

According to Gonzalez-Gurriardn (1985), it is necessary to compare size at
sexual maturity values from different methodologies in order to achieve more
reliable estimates. His point is confirmed in the present study. So, it can be
concluded that accurate size at sexual maturity estimates should include allo-
metric studies of secondary sexual characters and micro- or macroscopic gonad
examination since these values are often different.

ACKNOWLEDGEMENTS

FAPESP provided financial support as a Ph.D. fellowship to the first author
(Proc. # 92/1752-8). We are gratefull to our NEBECC colleagues for their aid
in laboratory analyses. Dr. Gustavo A. S. de Melo (Museu de Zoologia, USP),
Dr. Heloisa M. Amaral (Depto. Zoologia, UNICAMP), Dr. Nilton J. Hebling
(Depto. Zoologia, IB, UNESP Rio Claro) and Dr. Wagner C. Valenti (Depto.
Biologia Aplicada, FCAV, UNESP Jaboticabal) provided useful suggestions dur-
ing the public presentation of the first author’s Ph.D. thesis, which includes the
present paper. We are also indebted to Dr. David A. Somerton (University of
Washington, Seattle) who send the MATURE program, Rui Vieira de Moraes
(Depto. Bioestatistica, 1B, UNESP Botucatu) for statistical advice, and to our
friend M.Sc. Augusto A. V. Flores who helped us in translating this paper.

LITERATURE CITED

AGUILAR, A. T. & P. A. ESPINA, 1988. Observaciones biologicas sobre Mursia gaudichaudi
(H. Milne Edwards, 1837) capturada en Valparaiso, Chile (Decapoda, Brachyura, Calap-
pidae). Cienc. y Tec. del Mar, 12: 33-59.

ARMSTRONG, J. H., 1988. Reproduction in the paddle crab Ovalipes catharus (Decapoda: Portu-
nidae) from Blueskin Bay, Otago, New Zealand. New Zealand Journ. mar. Freshwater Res.,
22: 529-536.

Baroy, C. B., J. E SARMAGO & B. C. PiLAPIL, 1987. Breeding season, sexual maturity and
fecundity of the blue crab, Portunus pelagicus (L.) in selected coastal waters in Leyte and
vicinity, Philippines. Ann. Trop. Res., 9: 157-177.

BERRILL, M., 1982. The life cycle of the green crab Carcinus maenas at the northern end of its
range. Journ. Crustacean Biol., 2: 31-39.

BRANCO, J. O. & M. J. LUNARDON-BRANCO, 1993. Crescimento e tamanho na primeira maturagao
em Callinectes ornatus Ordway, 1863 (Decapoda, Portunidae) da regido de Matinhos, Parand,
Brasil. Arg. Biol. Tecnol., 36 (3): 497-503.



SEXUAL MATURITY OF ARENAEUS CRIBRARIUS 449

BRANCO, J. O. & A. THIVES, 1991. Relacdo Peso/Largura, Fator de condicdo ¢ Tamanho na
primeira maturagio de Callinectes danae Smith, 1869 (Crustacea, Portunidae), no manguezal
do Itacorubi, SC, Brasil. Arq. Biol. Tecnol., 34 (3/4): 415-424.

BROWN, R. B. & G. C. POWELL, 1972. Size at maturity in male alaskan tanner crab, Chionoecetes
bairdi, as determined by allometry, reproductive tract weights, and size of precopulatory
males. Journ. Fish. Res. Board Canada, 29 (4): 423-427.

CAMPBELL, A. & M. D. EAGLES, 1983. Size at maturity and fecundity of rock crabs, Cancer
irroratus, from the Bay of Fundy and southwestem Nova Scotia. Fish. Bull., U.S., 81 (2):
357-362.

CHoy, S. C., 1988. Reproductive biology of Liocarcinus puber and L. holsatus (Decapoda,
Brachyura, Portunidae) from the Gower Peninsula, South Wales. Mar. Ecol., 9 (3). 227-
241.

CONAN, G. Y. & M. CoMEAU, 1986. Functional maturity and terminal moult of male snow crab
Chionoecetes opilio. Canadian Journ. Fish. aquat. Sci., 43 (9): 1710-1719.

Costa, T. M., 1995. Ciclo reprodutivo de Callinectes danae Smith, 1869 (Crustacea, De-
capoda, Portunidae) na regifio de Ubatuba (SP): 1-94. (Master Thesis, Universidade Estadual
Paulista—UNESP, IB, Botucatu, SP, Brazil).

CROCOS, P. J., 1987. Reproductive dynamics of the grooved tiger prawn, Penaeus semisulcatus, in
the north-western Gulf of Carpentaria, Australia. Journ. exp. mar. Freshw. Res., 38: 79-90.

Crocos, P. J. & J. D. KERR, 1983. Maturation and spawning of the banana prawn Penaeus
merguiensis de Man (Crustacea: Penaeidae) in the Gulf of Carpentaria, Australia. Journ. exp.
mar. Biol. Ecol., 69: 37-59.

DAILEY, M. D. & S. RALSTON, 1986. Aspects of the reproductive biology, spatial distribution,
growth, and mortality of the deepwater caridean shrimp, Heterocarpus laevigatus, in Hawaii.
Fish. Bull., U.S., 84 (4): 915-925.

DRACH, P, 1933. Sur la croissance de I’abdomen chez les Brachyoures. C. R. Acad. Sci., Paris,
197: 93-95.

EL HADY, H. A, F. A. ABDEL RAZEK & A. EzzAT, 1990. Reproduction of Penaeus semisulcatus
De Haan in Dammam waters (Arabia Gulf), Kingdom of Saudi Arabia. Arch. Hydrobiol.,,
118 (2): 241-251.

ENNIS, G. P, R. G. HOOPER & D. M. TAYLOR, 1988. Functional maturity in small male snow
crabs (Chionoecetes opilio). Canadian Journ. Fish. aquat. Sci., 45 (12): 2106-2109.

ERDMAN, R. B. & N. J. BLAKE, 1988. Reproductive biology of female golden crabs Geryon fenneri
Manning and Holthuis, from southeastern Florida. Journ. Crustacean Biol., 8 (3): 392-400.

FELDER, D. L. & D. L. LOVETT, 1989. Relative growth and sexual maturation in the estuarine ghost
shrimp Callianassa louisianensis Schmitt, 1935. Journ. Crustacean Biol., 9 (4): 540-553.

FISCHLER, K. J., 1965. The use of catch-effort, catch-sampling, and tagging data to estimate a
population of blue crabs. Trans. American Fish. Soc., 94 (4): 287-310.

FINNEY, W. C. & L. G. ABELE, 1981. Allometric variation and sexual maturity in the obligate
coral commensal Trapezia ferruginea Latreille (Decapoda, Xanthidae). Crustaceana, 41 (2):
113-130.

FONTELES-FILHO, A. A., 1989. Recursos pesqueiros. Biologia ¢ dindmica populacional: 1-296.
(Imprensa Oficial do Ceard, Fortaleza).

GASPAR, M. H., 1981. Contribuigio ao estudo biolégico do “siri” Callinectes danae Smith, 1869
(Decapoda-Portunidae) do Rio Itiberé (Paranagui-Parand): 1-150. (Master Thesis, Universi-
dade Federal do Parand, Curitiba, PR, Brazil).

GONZALEZ-GURRIARAN, E., 1985. Reproduccién de la nécora Macropipus puber (L.) (Decapoda,
Brachyura), y ciclo reproductivo en la Ria de Arousa (Galicia, NW Espaiia). Bol. Inst. Espafiol
Oceanogr., 2 (1): 10-32.



450 M. A. A. PINHEIRO & A. FRANSOZO

GONZALEZ-GURRIARAN, E. & J. FREIRE, 1994. Sexual maturity in the velvet swimming crab Necora
puber (Brachyura, Portunidae): morphometric and reproductive analyses. ICES Journ. mar.
Sci., 51 (2): 133-145.

GRAY, E. H. & C. L. NEWCOMBE, 1938. The relative growth of parts in the blue crab Callinectes
sapidus Rathbun, Journ. Studies Dev. Increase, 2: 235-246.

GREY, K. A., 1979. Estimates of the size of first maturity of the western rock lobster Panulirus
cygnus, using secondary sexual characteristics. Australian Journ. mar. Freshwater Res., 30:
785-791.

GUINOT, D., 1979. Donées nouvelles sur la morphologie, la phylogénese, et la taxonomie des
Crustacés Décapodes Brachyoures. Mém. Mus. nat. Hist. nat., Paris, (A, Zool.) 112; 1-354,

HAEFNER, P. A., JR., 1976. Distribution, reproduction and moulting of the rock crab, Cancer
irroratus Say, 1917, in the mid-Atlantic Bight. Journ. nat. Hist., London, 10: 377-397.

— —, 1985. Morphometry, reproduction, diet and epizoites of Ovalipes stephensoni Williams,
1976 (Decapoda, Brachyura). Journ. Crustacean Biol., 5§ (4): 658-672.

— —, 1990. Morphometry and size at maturity of Callinectes ornatus (Brachyura, Portunidae) in
Bermuda. Bull. mar. Sci., 46 (2): 274-286.

HARTNOLL, R. G., 1963. The biology of Manx spider crabs. Proc. zool. Soc. London, 141: 423-496.

— —, 1968. Reproduction in the burrowing crab, Corystes cassivelaunus (Pennant, 1777) (De-
capoda, Brachyura). Crustaceana, 15: 165-170.

— —, 1969. Mating in Brachyura. Crustaceana, 16: 161-181.

-— —, 1974. Variation in growth pattern between some secondary characters in crabs (Decapoda,
Brachyura). Crustaceana, 27 (2): 131-136.

— —, 1978. The determination of relative growth in Crustacea. Crustaceana, 34 (3): 281-293.

— —, 1982. Growth. In: L. G. ABELE (ed.), The biology of Crustacea, 5, Embryology, morphology
and genetics, 2: 111-196. (New York, Academic Press).

HARTNOLL, R. G. & P. GouLD, 1988. Brachyuran life history strategies and the optimization of
egg production. In: A. A. FINCHAM & P. S. RAINBOW (eds.), Aspects of decapod crustacean
biology: 1-9. (Oxford, Clarendon Press).

HINES, A. H., 1989. Geographic variation in size at maturity in brachyuran crabs. Bull. mar. Sci.,
45 (2): 356-368.

Hopkins, T. H., 1963. Sexual dichromatism in three species of portunid crabs. Crustaceana, 5 (3):
238-239.

INGLES, J. A. & E. BRAUM, 1989. Reproduction and larval ecology of the blue swimming crab
Portunus pelagicus in Ragay Gulf, Philippines. Int. Rev. ges. Hydrobiol., 74 (5): 471-490.

JAYAKODY, D. §., 1989. Size at onset of sexual maturity and onset of spawning in female Panulirus
homarus (Crustacea, Decapoda, Palinuridae) in Sri Lanka. Mar. Ecol. Progr. Ser., 57: 83-87.

KINNE, O., 1964. The effects of temperature and salinity on marine and brackish water animals. II.
Salinity and temperature-salinity combinations. Oceanogr. mar. Biol. ann. Rev., 2: 281-339.

KNUDSEN, J. W., 1960. Reproduction, life history, and larval ecology of the California Xanthidae,
the pebble crabs. Pacific Sci., 14: 3-17.

KROUSE, J. S., 1973. Maturity, sex ratio, and size composition of the natural population of american
lobster, Homarus americanus, along the Maine coast. Fish. Bull. U.S., 71 (1): 165-173.
KWwEL E. A., 1978. Size composition, growth and sexual maturity of Callinectes latimanus (Rath.)

in two Ghanian lagoons. Zool. Journ. Linnean Soc., London, 64: 151-175.

LEFFLER, C. W., 1972. Some effects of temperature in the growth and metabolic rate of juvenile
blue crabs, Callinectes sapidus, in the laboratory. Mar. Biol., 14: 104-110.

LeEwis, E. G., 1977. Relative growth and sexual maturity of Bathynectes superbus (Costa) (De-
capoda: Portunidae). Journ. nat. Hist., London, 11: 629-643.



SEXUAL MATURITY OF ARENAEUS CRIBRARIUS 451

MACDIARMID, A. B., 1989. Size at onset of maturity and size-dependent reproductive output of
female and male spiny lobsters Jasus edwardsii (Hutton) (Decapoda, Palinuridae) in northern
New Zealand. Journ. exp. mar. Biol. Ecol., 127: 229-243,

MANTELATTO, F. L. M., 1995. Biologia reprodutiva de Callinectes ornatus Ordway, 1863 (De-
capoda, Brachyura, Portunidae) na regido de Ubatuba (SP), Brasil: 1-147. (Doctoral Thesis,
Universidade Estadual Paulista—UNESP, IB, Botucatu, SP, Brazil).

MoRrI, M., 1987. Observations on reproductive biology and diet of Macropipus tuberculatus (Roux)
of the Ligurian Sea. Inv. Pesq., 51 (Suppl. 1): 147-152.

MOoR1, M. & P. ZUNINO, 1987. Aspects of the biology of Liocarcinus depurator (L.) in the Ligurian
Sea. Inv. Pesq., 51 (Suppl. 1): 135-145.

NAYLOR, T. H,, J. L. BALINTFY, D. S. BURDICK & K. CHU, 1966. Computer simulation techniques:
1-352. (John Wiley & Sons, New York).

PEREZ, C., 1928. Caractéres sexuels chez un crabe oxyrhynque (Macropodia rostrata L.). C. R.
Acad. Sci., Paris, 188: 91-93.

PINHEIRO, M. A. A., 1995. Biologia reprodutiva do siri chita Arenaeus cribrarius (Lamarck, 1818)
(Crustacea, Brachyura, Portunidae) na regido de Ubatuba, Litoral Norte do Estado de Sdo
Paulo: 1-180. (Doctoral Thesis, Universidade Estadual Paulista—UNESP, IB, Botucatu, SP,
Brazil).

PINHEIRO, M. A. A. & A. FRANSOZO, 1993. Relative growth of the speckled swimming crab
Arenaeus cribrarius (Lamarck, 1818) (Brachyura, Portunidae), near Ubatuba, State of Sdo
Paulo, Brazil. Crustaceana, 65 (3): 377-389.

PiTA, J. B., E. S. RODRIGUES, R. GRACA-LOPES & J. A. P. COELHO, 1985. Observacdes bioeco-
l6gicas sobre o siri Callinectes danae Smith, 1869 (Crustacea, Portunidae), no complexo
bafa-estudrio de Santos, Estado de Sdo Paulo, Brasil. Bol. Inst. Pesca, 12 (4): 35-43.

PrASAD, P. N. & B. NEELAKANTAN, 1990. Size at maturity in male crab Scylla serrata as deter-
mined by chela allometry and gonadal condition. Fish. Tecnol., 27 (1): 25-29.

RYAN, E. P, 1967. The morphometry of sexually mature instars in the crab Portunus sanguinolentus
(Herbst) (Brachyura: Portunidae). Proc. Symp. Crustacea, 2: 715-723. (Marine Biological
Association of India).

SANTOS, S., 1994. Biologia reprodutiva de Portunus spinimanus Latreille, 1819 (Crustacea,
Brachyura, Portunidae) na regido de Ubatuba, SP: 1-158. (Doctoral Thesis, Universidade
Estadual Paulista—UNESP, 1B, Botucatu, SP, Brazil).

SARDA, F., 1991. Reproduction and moult synchronism in Nephrops norvegicus (L.) (Decapoda,
Nephropidae) in the westem Mediterranean: [s spawning annual or biennial? Crustaceana,
60 (2): 186-199.

SOMERTON, D. A., 1980. A computer technique for estimating the size of sexual maturity in crabs.
Canadian Journ. Fish. aquat. Sci., 37: 1488-1494.

— —, 1981. Regional variation in the size of maturity of two tanner crabs (Chionoecetes bairdi
and C. opilio) in the Bering Sea, and its use in defining management subareas. Canadian
Journ. Fish. aquat. Sci., 38: 163-174.

SOMERTON, D. A. & R. A. MACINTOSH, 1983. The size at sexual maturity of blue king crab,
Paralithodes platipus, in Alaska. Fish. Bull., U.S., 81 (3): 621-628.

SuMPTON, W. D., 1990. Morphometric growth and fisheries biology of the crab, Charybdis natator
(Herbst) in Moreton Bay, Australia (Decapoda, Brachyura). Crustaceana, 59 (2): 113-120.

TAISSOUN, N. E., 1970. Las especies de cangrejos del genero Callinectes (Brachyura) en el Golfo
de Venezuela y Lago de Maracaibo. Bol. Cent. Invest. Biol. Zulia, 2: 1-102.

VAN ENGEL, W. A., 1958. The blue crab and its fishery in Chesapeake Bay. Part I. Reproduction,
early development, growth, and migration. Commer. Fish. Rev., 20 (6): 6-17.

— —, 1990. Development of the reproductive functional form in the male blue crab, Callinectes
sapidus. Bull. mar. Sci., 46 (1): 13-22.



452 M. A. A. PINHEIRO & A. FRANSOZO

VANNINI, M. & F. GHERARDI, 1988. Studies on the pebble crab, Eriphia smithi MacLeay, 1838
(Xanthoidea, Menippidae): patterns of relative growth and population structure. Trop. Zool.,
1: 203-216.

VAZZOLER, A. E. A. M., 1982. Manual de métodos para estudos biolégicos de populacBes de
peixes. Reprodugio e Crescimento: 1-108. (Brasilia, Brasil. CNPq, Programa Nacional de
Zoologia).

WARNER, G. F,, 1977. The biology of crabs: 1-202. (Elek Science, London).

WATSON, J., 1970. Maturity, mating and egg laying in the spider crab, Chionoecetes opilio. Journ.
Fish. Res. Board Canada, 27: 1607-1616.

WENNER, A. M., C. FUSARO & A. OATEN, 1974. Size at onset of maturity and growth rate in
crustacean populations. Canadian Journ. Zool., 52: 1095-1106.

WICHMANN, B. A. & [. D. HILL, 1982. An efficient and portable pseudo-random number generator
(Algoritmo AS T 83). Appl. Statist., 31: 188-190.

WRIGHT, H. O., 1968. Visual displays in brachyuran crabs: field and laboratory studies. American
Natural., 8: 655-665.

Received for publication 6 May 1997.



