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Summary
Females of the mangrove crab Ucides cordatus were collected in a monthly basis along a 2-year
period at the mangrove areas ofIguape, SP, Brazil. Ovigerous individuals were measured (CW,
carapace width) and weighed (WW, wet weight). Each brood was weighed (WWE, wet weight
of eggs), dried (DWE, dry weight of eggs) and the number of eggs (EN) was recorded. Scatter
plots for the relationships EN/CW, EN/WW and EN/WWE were produced, and the data were
subjected to regression analysis. Relative average fecundity (F') was calculated in different
seasons and compared to verify if there were any temporal variation of reproductive intensity.
Fecundity in U cordatus varied from 36.081 to 250.566 eggs according to the size-dependent
relationship EN = 15.27CW2,24 (N = 66; R2 = 0.69; p<O.OO 1). The other expressions obtained for
the relationships were: EN = 3797.6WW0 813 (N= 56;R 2 = O.72;p<O.OOI); EN = 29226WWEo 775
(N= 54; R2 = 0,70;p<0,001); and EN = 1093586DWE0 769 (N= 66; R2 = 0.86;p<0.001). Ovigerous females were found only during spring and summer, and relative average fecundity
differed between these seasons. Relative average fecundity was higher in spring and relative
frequency of ovigerous females was higher during summer. Overall reproductive intensity was
similar between these seasons. The observed trends are regarded to be related to temperature and
photoperiod variations.
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Introduction
The reproductive strategy of brachyuran crustaceans is extremely diversified, ultimately shaped to
maximize egg production and offspring survivorship,
thus favoring the preservation of the species (Hartnoll
and Gould, 1988). The estimation offecundity and the
delimitation of the breeding season are important tasks
to achieve forecasting of the turnover capacity of
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natural populations (Mantelatto and Fransozo, 1997),
providing essential information for studies of environmental impact, management of stocks exposed to
fishing pressure and to evaluate the potential of a given
species for aquaculture production.
Fecundity is a species-specific factor, not only
regarding the number of eggs extruded in a single
batch but also the frequency of brood production
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during the breeding season or life span (Sastry, 1983).
According to Bourdon (1962), fecundity is defined as
the number of eggs produced in each batch, usually
increasing with the female body size (Pinheiro and
Fransozo, 1995; Costa and Negreiros-Fransozo, 1996;
Pinheiro and Terceiro, 2000) and decreasing with egg
size or volume (Hines, 1982). Fecundity may also be
affected by exogenous and/or endogenous factors
(Jensen, 1958; Sastry, 1983), varying interspecifically
among populations from different areas.
Size-specific fecundity has been assessed by using
different regression models, including non-linear
relationships, such as the power function y = ax h
(Thomas, 1964; Haynes et aI., 1976; Somerton and
Meyers, 1983; Pinheiro and Fransozo, 1995; Pinheiro
and Terceiro, 2000), and the volumetric model y =
a+bx3 (Jensen, 1958; Alma~a, 1987; Flores, 1993;
Leme and Negreiros-Fransozo, 1998). Therefore, intraspecific fecundity comparisons, either seasonal within
a given population or spatial among different populations, are not always possible. The structure of the
compared populations should be similar and the
mathematical and statistical treatment of data need to
be standardized (Pinheiro and Terceiro, 2000).
There is a general lack of information on the
fecundity patterns of seniterrestrial mangrove brachyurans from which grapsids were more frequently
studied (Pillay and Ono, 1978; Seiple and Salmon,
1987; Kyomo, 1988; Dfaz and Conde, 1989; Ruffino et
aI., 1994; Schuh and Diesel, 1995a, 1995b; Cobo and
Fransozo, 1998; Leme and Negreiros-Fransozo, 1998).
Regarding ocypodids, there are a few accounts on
species of the genus Uca, e.g., a revision by Hines,
1982, and Ucides (e.g., Rujel-Mena, 1996 on U. occidentalis and Mota-Alves, 1975, and Costa, 1979, on
Ucides cordatus).
Ucides cordatus (Linnaeus, 1763) is a semiterrestrial crab belonging to the Ocypodidae family,
distributed along the western Atlantic from Florida
(USA) to Santa Catarina (Brazil) (Melo, 1996). This
species is restricted to mangrove areas, where it feeds
on leaves and digs galleries in the sediment, being
considered one of the key-role mangrove species
(Koch, 1999).
The purpose of the present study is to estimate the
potential fecundity, the relative average seasonal
fecundity (F' ) and the reproductive intensity (lR) of U.
cordatus as a means to evaluate its reproductive
strategy. In addition, it is also presented a revision of
the literature containing information on the egg
production of this species, which is compared to the
values obtained for other mangrove brachyurans.

Materials and Methods

Specimens of U. cordatus were monthly collected
at the mangrove areas of Barra de Icapara
(24°41 '9.2"S), Iguape (SP), during the period from
September, 1998, to August, 2000. In each month the
individuals were captured manually in their open and
closed burrows by two crab men in a rectangular
mangrove area (SOx 10m = 500 m2 ), disposed perpendicularly from the shore to mangrove apicum.
Individual females (nonovigerous and ovigerous) were
put in plastic bags to avoid the loss of eggs and
appendages, and frozen until further analysis.
Approximately ten eggs from each individual brood
were examined under a dissecting microscope to determine the embryonic stage of eggs, classified whether
as initial, intermediate or final, corresponding,
respectively, to the stage ranges 1-4, 5-8 and 9-10
proposed by Boolootian et al. (1959). Only females
incubating initial broods (late blastula to early gastrula)
were used for egg counts to minimize the error due to
egg loss during subsequent stages (Pinheiro and
Terceiro, 2000).
The wet weight (WW) of each ovigerous female
and their brood (WWE) was recorded using an
analytical balance to the nearest 0.01 g. The carapace
width (CW) of examined females was measured with a
vernier caliper to a precision of 0.05 mm. For each
specimen, the relative brood weight (SW%) was
obtained by the percentage of egg wet weight in comparison with total wet weight of the female. The
correlation between SW% and CW was tested at the
5% significance level.
The pleopods of each female were removed with
scissors and stored in 70% ethanol, which was replaced
with absolute ethanol 24 h after for better dehydration.
For analysis, the excess of ethanol was discarded and
the broods were placed in Petri dishes to separate the
eggs. After isolation, the egg mass of each female was
dried in a stove at 60°C for 48 h to achieve weight
stability.
The dry weight of eggs (DWE) of each female was
recorded in an analytical balance to the nearest
0.0001 g, and three subsamples of about 3 mg were
separated to estimate fecundity. In each subsample,
eggs were counted under a microscope supplied with a
computer analysis system (software KS-lOO 3.0,
Zeiss). To determine the fecundity of each female
(EN), the mean of the three subsamples was extrapolated to DWE, resulting in individual fecundity.
After the input of data, the scatterplots of the
relationships ENxCW, ENxWW, ENxWWE and
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ENxDWE were visually analyzed to observe the shap~
of the scatter and then choose the mathematical model
providing the best fit. Since in most relationships the
power function y = ax h renders an excellent fit
(Pinheiro and Fransozo, 1995), it was possible to
calculate the relative average seasonal fecundity (F' ),
according to Pinheiro and Terceiro (2000),
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where F'is relative average fecundity, n is the total
number of ovigerous females in the sample, NE; is the
number of eggs of the ith female, b is the constant of
the function y = axh for the relationship ENxCW, and
CW!-is the carapace width of the ith female.
F' was calculated for each season to assess reproductive potential and intensity. Data were subjected to
an ANOVA and the contrast among average values
was tested by a Tukey test (ex. = 0.05).
The percentage ofovigerous females was calculated
for each season based on the relative frequency of
breeding individuals within the total female in each
season. The proportions were compared at the 5%
statistical significance level by the x-square test,
according to Zar (1999).
The 'reproductive intensity (lR) was calculated for
each season as the F' value multiplied by the seasonal
proportion of ovigerous females.

Results
During the period from September, 1998, to
September, 2000, 276 U. cordatus ovigerous females
were captured. Size range of collected crabs ranged
from 30.9 and 72.9 mm (50.6 ± 8.7 mm) CWo Females
carrying early broods prevailed (39.1 %), followed by
crabs bearing intermediate (34.4%) and final clutches
(26.5%). From the 108 females collected with early
embryos, 66 crabs within the size range between 36.8
to 72.8 mm (50.9 ± 8.7mm) CW were used for
fecundity analyses. Number of eggs varied from
36,081 to 250,565 (107,891 ± 46,399).
EN was positively correlated with female size (r =
0.83; p<O.OOI) and the resulting scatterplot shows a
curvilinear trend (Fig. lA), expressed by the function
EN = 15.3 CW 224 (R 2 = 0.69, N= 66,p<0.001), which
rendered a satisfactory fit. The same pattern was
observed for the relationships between EN and weight
(Fig. 1B, 1C), in which a positive and significant
correlation at the 0.1 % statistical significance level was
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Fig. 1. Ucides cordatus (Linnaeus, 1763). Scatterplot and
fitted power function for the relationships: A. Number of
eggs (EN) vs. carapace length (CW). B. number ofeggs (EN)
vs. total wet weight (WW). C. Nmber of eggs (EN) vs. wet
weight of eggs (WWE).

found (EN/WW, r = 0.85; EN/WWE, r = 0.84 and
EN/OWE, r =0.93). Descriptive statistics of the
variables involved are shown in Table 1, and the
models adjusted to the data are listed in Table 2.
The variable BW% varied from 4.6 to 16.2% (8.7 ±
2.0%) and was not found to be correlated with female
size (N = 146; r = - 0.09, p>O.OO 1).
Ovigerous females were only recorded in spring
and summer during both sampled years (Fig. 2A).
Their relative frequency was higher during summer
(31.6% > 25.8%; X2=17.75,p<0.01), but their index of
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Table 1. Ucides cordatus (Linnaeus, 1763). Descriptive statistics of biometric and biologic variables of ovigerous females
used in fecundity and biometric analyses involving number of eggs
Variables

N

Min.

Max.

x±s

CV,%

CW,mm
EN
WW,g
WWE,g
DWE,g

66
66
56
54
66

36.85
36,081
22.98
1.75
0.27

72.85
250,566
143.28
13.72
2.10

50.90 ± 8.68
107,891 ± 46,339
60.76 ± 28.34
5.45 ± 2.42
0.94 ± 0.46

17.1
43.0
46.7
44.4
48.9

Table 2. Ucides cordatus (Linnaeus, 1763). Equations of biometric relationships using number ofeggs (EN) as the dependent
variable and carapace width (CW), total weight of ovigerous female (WW), wet weight of eggs (WWE) and dry weight of
eggs (DWE) as independent variables. All relationships were found significant at the 0.1 % statistical significance level
Relationship

N
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0.69
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145.5
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122.5
389.4

12.1
11.7
11.0
19.7

relative average fecundity was higher during spring
(17.9 ± 3.0 > 12.9 ± 2.3; p<O.OOI) (Fig. 2B). The
antagonism between the relative frequency of
ovigerous females and the index of relative average
fecundity (PI ) resulted in similar indices of IR in these
seasons, i.e., 4.6 in spring and 4.1 in summer (Fig. 2C).
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Fig. 2. Ucides cordatus (Linnaeus, 1763). Bar graph showing
percentage of ovigerous females in the total female sample
(A), relative average fecundity (B) and reproductive intensity
(C) in each season during the study period from September,
1998, to August, 2000.

The number of eggs produced by decapod crustaceans may vary widely according to phylogenesis, life
style and habitat (Ou Preez and Maclachlan, 1984).
In brachyurans, egg production is limited by
internal cephalotoracic space for the accumulation of
yolk, varying according to the cephalotorax shape and
the volume occupied by branchial chambers (Hines,
1982). According to Hartnoll (1988), U. cordatus may
be classified in the T 2 category of "terrestriality"
because, although reduced, their branchial chambers
allow the storage of air due to a dorsal dilatation at the
branchial carapace region. As a result, the relative
volume ofgonads in this species is notoriously reduced
compared to aquatic brachyurans such as portunids.
The average relative weight of the brood in U. cordatus is 8.7%, thus contrasting with the 12.3% value
observed for the swimming crab A. cribrarius
(Pinheiro and Terceiro, 2000). On the other hand,
Gifford (1962) reported a higher relative brood weight
in Cardisoma guanhumi, a more terrestrial species,
compared to the values obtained herein for U. cordatus. Yet, the author established this average value
based on only seven specimens. The present account
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confirms the general trend observed by Hines (1988),
who evidenced that relative weight of broods is
constrained to about 10% of the body weight in
brachyuran crustaceans.
The estimation offecundity allows the evaluation of
the reproductive capability and population turnover
potential of a given species (Fonteles-Filho, 1979).
Actual fecundity is not only given by the number of
eggs produced but also by the percentage of fertilized
eggs. In most crustaceans, the number of eggs is
positively and significantly correlated to the size of the
parental female, a rule followed by the mangrove crab
U cordatus. It is worth noting that all functions fitted
in the present study can be used to predict egg
production since determination coefficients indicate an
adequate fit of data, a condition that is not verified in
many fecundity studies published so far. By comparing
the scatterplots produced for U cordatus, it may be
concluded that the model used in the present study is
representative for the size range of ovigerous females
(Fig. 3). According to Pinheiro and Terceiro (2000),
lack of representativeness may result in a non-efficient
model for the analysis of fecundity in pleocyemate
crustaceans, therefore hampering the extrapolation
between the analyzed variables. For instance, the
results presented by Costa (1979) and Mota-Alves
(1975) for U cordatus are obtained from crabs within
a rather narrow size range (32:-:;CW:-:;54 mm), thus not
encompassing a representative sample of the size
distribution of ovigerous females.
Even within a single species, the latitudinal variation of fecundity is evident, certainly due to the effect
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Fig. 3. Ucides cordatus (Linnaeus, 1763). Comparison of
models fit to the relationship between number of eggs (EN)
and carapace width (CW) for the three populations
examined. Equations published by Costa (1979) and MotaAlves (1975) were obtained from average number of eggs
(EN) in each cephalotoracic length classes (CL), after
extrapolation to carapace width values (CW).

19~26

23

of different environmental factors, mainly temperature
and photoperiod (Hines, 1988). Such a trend does not
seem to occur among U cordatus populations, since
size-specific fecundity functions at Iguape (24°42'S)
and at a mangrove in Ceara Sate (3°40'S) (Mota-Alves,
1975) are remarkably similar, differing to those
obtained by Costa (1979), probably because the latter
have also used females carrying intermediate and final
embryo stages which may be a source of bias leading
to fecundity underestimation. Alternatively, a reduced
reproductive potential may be due to specific environmental alterations not indicated by the author. This
could be the case, since Costa's study was carried out
at the same locality where Mota-Alves sampled the
crabs.
The different reproductive patterns of crustaceans
are the result of an interaction between endogenous
and exogenous patterns. Water temperature and photoperiod are among the most important exogenous
factors regulating reproduction (Payen, 1980). This
seems to apply to U cordatus since the relative
frequency of ovigerous females is positively and significantly correlated to those environmental variables,
and to rainfall as well (Pinheiro, 2001). This explains
the seasonal reproductive pattern of this species, with
the occurrence of breeding females during spring and
summer, mainly during the latter when temperature is
higher and the embryonic and larval development
shorter favoring the survivorship of the offspring.
According to the classification proposed by
Pinheiro and Fransozo (2001), U. cordatus follows a
seasonal reproduction, always during the spring and
summer months, regardless of latitude (Pinheiro,
2001). The length ofthe breeding period in this species
does not differ between equatorial and intertropical
populations (4-5 months), but the reproductive season
starts 2 months before in regions close to the austral
distribution boundary of this species. This is possibly
due to differences of the climatic regime and synchronization of larval release, although the latter is
known to be associated to periods of new and full
moon (Freire, 1998; Diele, 2000).
Although multiple brooding is a common event in
brachyuran crabs (Van Engel, 195.8; Pinheiro and
Fransozo, 1999), it does not seem to take place in
U. cordatus. Costa (1979) states that females may
produce up to two broods per year, but yearly unimodal
distribution of females bearing mature gonads
(Pinheiro, 2001) does not support that reproductive
trend. According to Pinheiro (2001), the breeding
period in this species is ensured by a mating season
comprising several months, which actually time
reproduction in this species.

N
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Table 3. Revision of fecundity values in species ofthe genus Ucides examined so far and other semi-terrestrial brachyuran crabs
Species

Ocypodidae:
U cordatus

Reference

Locality

Costa (1979)
Caucaia, CE, Brazil
Mota-Alves (1975) Caucaia, CE, Brazil
Present study

Iguape, SP, Brazil

U occidentalis

Rujel-Mena (1996) Trujillo, Peru

Uca thayeri

Costa & Negreiros- Ubatuba, SP, Brazil
Fransozo (1999)

Latitude Fecundity equation

EN=0.028 CW380
(N = 50; R 2 = 0.81)
24°42'S EN = 15.27 CW224
(N = 66; R 2 = 0.69)
3°15'S -

3°40'S
3°40'S

23°29'S

EN = 88.4 CW 191
(N = 25; R 2 = 0.62)

Carapace width, mm
Min.

Max.

x±s

43.4*
48.2*

59.7
60.2*

-

36.8

72.8

50.9±
8.7

55.3

75.5

15.4

25.5

-

-

Egg numbers
Min.

Max.

x-±s

17,600*
64,000

39,100" 195,000

36,081

250,566

190,973

251,526

12,910

59,000

107,891±46,399

~
~

27,679±10,915

~
"'tI

5·

::t'
(\l

Gecarcinidae:
Cardiosoma
guanhumi

:;.
Silva & Oshiro
(1998)

Baia de Sepetiba,
RJ, Brazil

-

-

56.4

83.5

103,300

366,400

190,000

c

....
(\l

l:l

~

Grapsidae:
Chasmagnathus
granulata
Aratus pisonii

Sesarma
curacaoense
Metasesarma
rubripes
Goniopsis
cruentata

-.......

Lagoa dos Patos, RS,
Ruffino et al.
Brazil
(1994)
Leme (1995);
Ubatuba, SP, Brazil
Leme & NegreirosFransozo (1998)
Lagoa Taquariga,
Conde & Diaz
Venezuela
(1989)
Parque Morrocoy,
Venezuela
Diaz& Conde
(1989)
Trelawni, Jamaica
Schuh & Diesel
(1995a)
Rio Grande, RS,
Capitoli et al.
(1977)
Brazil
Cobo & Fransozo Ubatuba, SP, Brazil
(1998)
Silva & Oshiro
Mangue ltacurw;a,
RJ, Brazil
(2000)

31°00'S EN = 13.61 CW244
(N = 30; R 2 = 0.78)**
23°29'S EN = 3714.6 +
1.67CW3
(N = 23, R 2 = 0.86)
10 0 1O'N 10 52'N EN = -40,998.8 +
2846.6 CW
(N = 87; R 2 = 0.58)
18°29'N EN = -765 + III CW
(N = 49; R 2 = 0.80)
32°00'S 0

23°29'S
-

EN = 0.084 CW380
(N= 30; R 2 = 0.61)
EN = 5.54 CW 260
(N= 51; R 2 = 0.42)

14.5
15.0

25.6
24.3

19.1± 2.0
19.2±
7,448
2.2

19,250±6,816

-

27,500

15,197±5,771

~

-l:>..

v..

N
c
c

14.4
11.4

26.3
23.1

18.7
18.5

7,952
3,724

34,057
27,314

16,379

~

11,577

'f
KJ

.......

0'1

7.5

15.8

-

8.0

15.0

25.1

41.4

34.4

47.2

11.7±
2.6
33.6±
4.0
38.0±
3.64

112

980

2,500

4,350

12,249

169,400

57,235±35,235

29,975

142,050

74,751±27,296

3,790

*In original article the number of eggs are represented by carapace length classes (CL), but converted to CW according to equation established by Alcantara-Filho
(1978), in the same locatity. **Mean fecundity by size classes.
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The higher percentage of ovigerous females takes
place during summer, two months after the highest
mating activity period which occurs in October, shortly
after the nuptial molt when the carapace of crabs show
a sky blue color (Pinheiro, 2001). However, the
average relative fecundity is lower in summer than in
spring, for what the reproductive potential is balanced
over these seasons. In this point, U cordatus contrasts
to A. cribrarius, which shows a similar reproductive
potential year round (Pinheiro and Terceiro, 2000) due
to multiple brooding up to four viable clutches
(Pinheiro and Fransozo, 1999).
Fecundity in U cordatus may be regarded as
intermediate compared to other brachyurans. Yet, its
reproductive potential is higher than in other semiterrestrial and terrestrial mangrove brachyurans
(Table 3) where it is verified that the values reported in
this contribution are similar to certain species of
similar size and ecological role, as the congener U
occidentalis, examined by Rujel-Mena (1996), and the
gecarcinid Cardisoma guanhumi, by Silva and Oshiro
(1998). Although living in sandy, higher mangrove
reaches, this latter species presents similar fecundity to
that observed for U cordatus in spite of being less
abundant.
The results obtained may be used to predict reproductive potential of this species in estuaries, but there
is still a need to gather information on this species
fertility to achieve more reliable estimates.

Acknowledgements
FAPESP provided financial support for the Ucides
Project (Proc. # 98/06055-0), and granted the second
author a scientific capacitation fellowship (Proc.
#00/04046-6). CNPq granted a scientific productivity
fellowship to the first author (Proc. # 300312/96-2).
Thanks are also due to agronomist engineer
MSc. Gustavo Y. Hattori, and to biologist Ana G.
Fiscarelli for their invaluable help during fieldwork.

References
Alma9a, C., Egg number and size in Pachygrapsus maurus
(Lucas, 1846) from Praia da Laginha (Faial, Azores
Islands). Inv. Pesq., 51 (1987) 157-163.
Boolootian, R.A., Giese, A.C., Farmanfarmain, A. and
Tucker, J., Reproductive cycles of West Coast crabs.
Physiol. Zool., 32 (1959) 213-220.
Bourdon, R., Observations preliminaries sur la ponte des
Xanthidae. Bull. Soc. Lorraine Sci., 2 (1962) 2-27.
Capitoli, R.R., Bemvenuti, C.E. and Gianuca, N.M.,

25

Ocorrencia e observa90es bioecol6gicas do caranguejo
Metasesarma rubripes (Rathbun) na regiao estuarial da
Lagoa dos Patos. Atlantica, 2 (1977) 50-62.
Cobo, V.J. and Fransozo, A., Fecundity and reproductive
period of the red mangrove crab Goniopsis cruentata
(Brachyura, Grapsidae), Sao Paulo state, Brazil, The
Biodiversity Crisis and Crustacea: Proc. Fourth International Crustacean Congress, Amsterdam, The Netherlands, 1998, pp. 527-533.
Costa, R.S., Bioecologiado caranguejo-u9a, Ucides cordatus
(Linnaeus, 1763) Crustacea, Decapoda - no nordeste
brasileiro. Bol. Cear. Agron., 20 (1979) 1-74.
Costa, T.M. and Negreiros-Fransozo, M.L., Fecundidade de
Callinectes danae Smith, 1869 (Crustacea, Decapoda,
Portunidae) naregiao de Ubatuba(SP), Brasil. Arq. BioI.
Tecnol., 39 (1996) 393-400.
Costa, T.M. and Negreiros-Fransozo, M.L., Fecundidade de
Uca thayeri Rathbun, 1900 (Decapoda, Ocypodidae) no
manguezal da Praia Dura, Ubatuba (SP), Brasil.
Abstracts do IV Taller sobre Cangrejos y Cangrejales / I
Jornadas Argentinas de Carcinologia, Buenos Aires,
Argentina, 1999, p. 20.
Diaz, H. and Conde, J.E., Population dynamics and life
history of the mangrove crab Aratus pisonii (Brachyura,
Grapsidae) in a marine environment, Bull. Mar. Sci., 45
(1989) 148-163.
Diele, K., Life history and population structure of the
exploited mangrove crab Ucides cordatus cordatus
(Linnaeus, 1763) (Decapoda: Brachyura) in the Caete
Estuary, North Brazil. Ph.D. Thesis, Universidade de
Bremen, Alemanha, 2000.
Du Preez, H.H. and McLachlan, A., Biology ofthe three spot
swimming crab Ovalipes punctatus (De Haan) III. Re c
production, fecundity and egg development. Crustaceana,
47 (1984) 285-297.
Fonteles-Filho, A.A., Recursos Pesqueiros: Biologia e
Dinamica Populacional, Imprensa Oficial do Ceara,
Fortaleza, 1979.
Flores, A.V., Estrategia reprodutiva de Pachygrapsus
transversus (Gibbes, 1850) (Crustacea, Decapoda,
Brachyura), na regiao de Ubatuba (SP). Graduation
monograph, Instituto de Biociencias, UNESP, Botucatu,
1993.
Freire, A.S., Dispersao larval do caranguejo do mangue
Ucides cordatus (L. 1763) em manguezais da Baia de
Paranagua, Parana. Ph.D. Thesis, Instituto Oceanografico
da Universidade de Sao Paulo, USP, Sao Paulo, 1998.
Gifford, C., Some observation on the general biology of the
land crab, Cardisoma guanhumi (Latreille) in south
Florida. BioI. Bull., 123 (1962) 207-223.
Hartnoll, R.G., Evolution, systematics, and geographical
distribution. In: Biology of the Land Crabs, W.W.
Burgreen and B.R. McMahon (eds.), Cambridge University Press, New York, 1988, pp. 6-54.
Hartnoll, R.G. and Gould, P., Brachyuran life history
strategies and the optimization of egg production. In:
Aspects of Decapod Crustacean Biology, A.A. Fincham
and P.S. Rainbow (ed.), Clarendon Press, Oxford, 1988,
pp. 1-9.

26

MA.A. Pinheiro et at. /1RD 43 (2003) 19-26

Haynes, E., Karinen, J.F., Watson, J. and Hopson, D.J.,
Relation of number of eggs and egg length to carapace
width of the brachyuran crabs Chionoecetes bairdi and
C. opilio from the southeastern Bering Sea and C. opilio
from the Gulf of St. Lawrence. J. Fish. Res. Board Can.,
33 (1976) 2592-2595.
Hines, A.H., Allometric constraints and variables of reproductive effort in brachyuran crabs. Mar. BioI., 69 (1982)
309-320.
Hines, A.H., Fecundity and reproductive output in two
species of deep-sea crabs, Geryon fenneri and G. quinquedens (Decapoda: Brachyura). J. Crust. BioI., 8 (1988)
557-562.
Jensen, J.P., The relation between body size and number of
eggs in marine malacostrakes, Meddr. Dan Fish.
Havunders., 2 (1958) 1-25.
Koch, V., Epibenthic production and energy flow in the
Caete mangrove estuary, North Brazil, ZMT Bremen
Contribution, Center for Tropical Marine Ecology,
Bremen, Germany, 1999.
Kyomo, J., Analysis of the relationship between gonads and
hepatopancreas in males and females of the crab
Sesarma intermedia, with reference to resource use and
reproduction. Mar. BioI., 97 (1988) 87-93.
Leme, M.H.A., Ecologia populacional de Aratus pisonii
(H. Milne Edwards, 1837) (Crustacea, Decapoda, Grapsidae) em uma area estuarina do litoral norte paulista.
MSc. Dissertation, Instituto de Biociencias, UNESP,
Botucatu, 1995.
Leme, M.H.A. and Negreiros-Fransozo, M.L., Fecundity of
Aratus pisonii (Decapoda, Grapsidae) in Ubatuba region,
State of Sao Paulo, Brazil. Iheringia, Ser. Zool., 84
(1998) 73-77.
Melo, G.A.S., Manual de Identificayao dos Brachyura
(caranguejos e siris) do litoral brasileiro, Pleiade/
FAPESP, Sao Paulo, 1996.
Mota-Alves, M.l., Sobre a reproduyao do caranguejo-uya,
Ucides cordatus (Linnaeus), em mangues do Estado do
Ceara- Brasil. Arq. Cien. Mar., 15 (1975) 85-91.
Payen, G.G., Aspects fondamentaux de I'endocrinologie de
la reproduction chez les crustaces marins. Oceanis, 6
(1980) 309-339.
Pillay, K.K. and Ono, Y., The breeding cycles oftwo species
of grapsid crabs (Crustacea: Decapoda) from the North
Coast of Kyushu, Japan. Mar. BioI., 45 (1978) 237-248.
Pinheiro, M.A.A., Biologia do Caranguejo Uya, Ucides
cordatus (Linnaeus, 1763) (Crustacea, Decapoda,
Brachyura), no litoral sui do Estado de Sao Paulo.
Fundayao de Amparo Ii Pesquisa do Estado de Sao Paulo
(FAPESP), Sao Paulo, 2001.
Pinheiro, M.A.A. and Fransozo, A., Fecundidade de Pachycheles haigae Rodrigues da Costa, 1960 (Crustacea,
Anomura, Porcellanidae) em Ubatuba (SP), Brasil. Rev.
Brasil. BioI., 55 (1995) 623--631.
Pinheiro, M.A.A. and Fransozo, A., Reproductive behavior
of the swimming crab Arenaeus cribrarius (Lamarck,

1818) (Crustacea, Brachyura, Portunidae) in captivity.
Bull. Mar. Sci., 64 (1999) 243-253.
Pinheiro, M.A.A. and Terceiro, O.S.L., Fecundity and
reproductive output of the speckled swimming crab
Arenaeus cribrarius (Lamarck, 1818) (Brachyura, Portunidae), Crustaceana., 73 (2000) 1121-1137.
Pinheiro, M.A.A. and Fransozo, A., Reproduction of the
speckled swimming crab Arenaeus cribrarius (Brachyura: Portunidae), in the southern coast of Brazil. J.
Crust. BioI., 22 (2002) 416--428.
Ruffino, M.L., Telles, M.D. and D'Incao, F., Reproductive
aspects of Chasmagnathus granulata Dana, 185 I (Decapoda, Grapsidae) in the Patos Lagoon Estuary - Brazil.
Nauplius, 2 (1994) 43-52.
Rujel-Mena, B.G., Biologia reprodutiva de Ucides occidentalis "cangrejo de los manglares" en ellitoral de Tumbes,
Peru. MSc. Dissertation, Universidad Nacional de
Trujillo, Trujillo, 1996.
Sastry, A.N., Ecological aspects of reproduction. In: The
Biology of Crustacea. Environmental Adaptations,
Vol. 8, F.J. Vernberg and W.E. Vernberg (eds.),
Academic Press, New York, 1983, pp. 179-270.
Schuh, M. and Diesel, R., Effects of salinity and starvation
on the larval development of Sesarma curacaoense De
Man, 1892, a mangrove crab with abbreviated development (Decapoda: Grapsidae). J. Crust. BioI., 15 (1995a)
645--654.
Schuh, M. and Diesel, R., Effects of salinity, temperature,
and starvation on the larval development of Armases
(=Sesarma) miersii (Rathbun, 1897), a semi-terrestrial
crab with abbreviated development (Decapoda: Grapsidae). J. Crust. BioI., 15 (1995b) 205-213.
Seiple, W.H. and Salmon, M., Reproductive, growth and
life-history contrasts between two species of grapsid
crabs, Sesarma cinereum and S. reticulatum. Mar. BioI.,
94 (1987) 1--6.
Silva, R. and Oshiro, L.M.Y., Aspectos reprodutivos de
Cardisoma guanhumi (Latreille, 1825) da Baia de Sepetiba (Crustacea/Decapoda/Gecarcinidae). Resumos do
XXII Congresso Brasileiro de Zoologia, Recife, PE,
1998, p. 78.
Silva, Z.S. and Oshiro, L.M.Y., Aspectos reprodutivos de
Goniopsis cruentata (Latreille, 1803) (Decapoda, Grapsidae) do Manguezal de Itacuruya -RJ. Resumos do XXII
Congresso Brasileiro de Zoologia, Recife, PE, 2000,
pp.90-91.
Thomas, H.J., The spawning and fecundity of the Norway
lobsters (Nephrops norvegicus L.) around the Scottish
Coast. J. Conseil, 29 (1964) 221-229.
Van Engel, W.A., The blue crab and its fishery in
Chesapeake Bay. Part 1, Reproduction, early development, growth, and migration. Commercial Fisheries
Review, 20 (1958) 6-17.
Zar, J.H., Biostatistical Analysis, Prentice Hall, NJ, 1999,
pp. 1--663.

