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Abstract

The objective of this study was to determine the fecundity of Enphia gonagra using the
number of eggs laid by female crabs. A total of 92 female crabs was analyzed. Specimens of E.
gonagra were collected monthly for two years (1996-1997), on the rocky shore of Praia Grande,
Ubatuba, Sdo Paulo. The mean carapace width for ovigerous crabs was 28.4 £ 6.11 mm, the
mean egg diameter was 0.466 £ 0.031 mm, and the mean brood size was 15,362 £ 8,002 eggs
per female. The number of eggs was directly proportional to the carapace width, which seems
to be the general trend among brachyurans. Erjphia gonagra reproduced yeat-round, with well-
distributed spawning periods. This reproductive strategy is assumed to contribute to the

establishment and colonization of this species on rocky shotes.
Key wotds: Fecundity, Erphia gonagra, Crustacea, Brachyura, Xanthidae.

Introduction

Estimates of fecundity and knowledge of reproductve periodicity atre crucial to proper
understanding of the population dynamics, determination of management strategies and to
optimize the exploitation of commercially important species (Petkins, 1971; Campbell and
Eagles, 1983 and Kennelly and Watkins, 1994).

Sastry (1983) noted that fecundity analysis includes estimating not only the number of
eggs produced by each female, but also the rate at which the eggs are produced over a period
of time or during the female’s lifespan. However, many authors define fecundity by the total
number of eggs laid by a female of a given species, during a single spawning and over a certain
time period of the reproductive cycle (Bourdon, 1962; Du Preez and Mclachlan, 1984; Melville-
Smith, 1987; Branco and Avilar, 1992; Negrelros -Fransozo ez al, 1992; Costa and Negreiros-
Fransozo, 1996).

The body size of a female crab is the principal determinant of reproductive output. The
weight of the egg mass is apparently limited to 10% of the body weight, because of the small
space available in the cephalothoracic cavity to accommodate the gonads (Hines, 1982).

Many investigators have reported on the relationship between fecundity and female body
size (Prager ef al, 1990; Shields ef al, 1991; Reid and Corey, 1991; Haddon, 1994). Different
aspects of fecundity have been treated by other workers: Somerton and Meyers (1983) that
studied the fecundity differences between primiparous and multiparous females; Jewett ¢ 4.
(1985), with the size at sexual maturity; Batoy ef a/. (1987) about breeding season and sexual “
maturity; Campbell and Fielder (1988) studied egg extrusion and egg development and Hines 3
(1988) with the reproductive output. In Brazil, the fecundity of brachyurans has been studied \s~
by Ogawa and Rocha (1976), Pinheiro and Fransozo (1995), Reigada and Negreiros-Fransozo S
(1995), Mantelatto and Fransozo (1997), Santos and Negreiros-Fransozo (1997) and Leme g
and Negreiros-Fransozo (1998).
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The fecundity of the crab Eriphia gonagra has not vet been studied. Previous reports on
this species have dealt with recruitment (Gdes and Fransozo, 1997a), relative growth (Goes
and Fransozo, 1997b), heterochely (Gées and Fransozo, 1998), sex ratio (Gdes and Fransozo,
2000) and morphological aspects of the size at female maturation (Gées and Fransozo, 2001).
We now report an analysis of the fecundity of E. gonagra, which was estimated by counting the
number of eggs laid by each female, during a single spawning, over a certain period of time in
its reproductive cycle.

Material and Methods

Specimens of E. gonagra were collected monthly from January 1996 through December
1997 along the rocky coast of Praia Grande (23°28°02” S and 45° 03°35” W), at Ubatuba, Sao
Paule, Brazil (Figure 1). In the laboratory, the animals were counted, their carapace width
(CW) was measured, and the CWs were arranged according to Sturges (1920) in size classes
over a range of 4.2 to 50.2 mm, with an interval of 4.2 mm. '
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Figure 1: Map of the study atea.

The pleopods of the females with eggs were cut at their base, and a subsample of ten eggs
was taken, to determine the egg diameter. The remaining eggs were fixed in 70% ethanol. The
fixed eggs were classified as: 1) initial stage: the eggs are orange and this color becomes more
intense after fixation, indicating high yolk content; 2) intermediate stage: the fixed eggs are
light brown, and the compound eyes of the embryos can be observed by a microscope; 3) final
stage: the fixed eggs are black, and the well-developed zoeae can be observed through the
transparent outer egg membrane, by a microscope. '

For measurements of egg diameter, 92 egg masses were used, including 56 masses in the
initial stage, 24 in the intermediate stage and 12 in the final stage. To estimate fecundity, 90
ovigerous females were used, 73 in the initial stage and 17 in the final stage.

The eggs were separated from the pleopods by washing them with a solution of 0.033 to
0.06% sodium hypochlorite. Each egg mass was counted using a Motoda subsampler (1959).
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The regression relationships between the carapace width (CW) and the total number of
eggs (NE), number of initial eggs (NIE), final (NFE) and the weight of the egg mass (WE)
wete calculated. The weight of the egg-bearing female (WF) was related to the NE, NIE and
NFE, and the WE to NE. For these regressions we used the power function y=ax’, which
seemed to be the best correlation between the variables.

The data for CW vs. NE, WF vs. NE and WE vs. NE, for eggs in the initial and final
conditions, were compared by covariate analysis, ANCOVA (Zar, 1999). To check for a possible
difference in seasonal egg production during the sample period, we performed an analysis of
variance, ANOVA (Sokal and Rohlf, 1995; Zar, 1999).

.

Results

The smallest ovigerous female was 17.7 mm CW, and the largest was 43 mm. The mean
CW was 28.4 £ 6.1 mm.

For the 92 egg masses analyzed, egg diameter ranged from 0.407 to 0.599 mm. The mean
diameter was 0.466 * 0.031 mm. The values in the three embryonic developmental stages
were analyzed by the Kruskal-Wallis test. The resulting groups, isolated by the Dumm test, are
shown in Table I.

The number of eggs ranged from 2,720 to 36,192, with a mean of 15,362 * 8,002. The
eggs were distributed in their respective size classes (Table II).

The best correlation in the fecundity analysis was by the power function (y=ax"), which
always showed the best relationship. Figure 2 shows the regression of CW vs. NE, and Figute
3 the regression of CW vs. NIE and NFE. The ANCOVA test showed no significant difference
between the initial and final stages for both equations {F(1;87) = 0.55; p>0.05}.

Table I: Erphia gonagra. Minimum, maximum and mean size of the diameter of eggs in the embryonic developmental
stages (N= number of females with eggs).

EGG STAGE N EGG DIAMETER (mm)

Minimum Maximum Mean Median SD

INITIAL 56 0.407 0.481 0.452 0.450a 0.017
INTERMEDIATE 24 0.439 0535 0.475 0.471b 0.020
FINAL 12 0.470 0.599 0.516 0.503 b 0.041

Table II: Erphia gonagra. Minimum, maximum and mean number of eggs of the females in the respective size classes
(N= number of females with eggs).

CLASSES N NUMBER OF EGGS
(mm) Minimum Maximum Mean SD
16.6 ---] 20.8 12 2,720 6,208 4,737 1,128
20.8 ---] 25.0 16 3,744 15,552 9,262 3,616
25.0 -] 29.2 22 8,512 21,856 14,303 3,920
29.2 ---134.4 24 10,784 27,792 18,340 4,983
34.4 ---] 37.6 10 19,652 32,640 24,078 3,948
37.6 ---141.8 3 20,480 36,192 28,245 7,857

41.8 ---] 46.0 3 29,904 35,488 32,384 2,843
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Figure 4 shows the WF vs. NE relationship, which was strongly positively correlated, with
2 = 0.86. The ANCOVA test showed no significant difference {F (1;87) = 3.88; p>0.05}
between the weight of the female and eggs, cither in the initial or the final stages (Figute 5).

For CW vs. WE there was a strong positive cortelation (t* = 0.77), as shown in Figure 6.
However, plotting WE vs. NIE and NFE we obtained two different equations (Figure 7). For
this correlation, the ANCOVA test showed a significant difference {F (1;87) = 7.33; p< 0.05}
between the weight of egg mass and the eggs in the initial and final stages.

Figure 8 shows the distribution of the number of eggs produced during each season, in
both years. These data were plotted in box-plots according to Tukey (1977).
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Figure 2: Erphia gonagra. Regression between the carapace width (CW) and the total number of eggs (NE).
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Figure 3: Eriphia gonagra. Regression between the carapace width (CW) and the number of eggs in the initial
developmental stage (NIE).
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Figure 4: Eriphia gonagra. Regression between the weight of the female (WF) and the total number of eggs (NE).
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Figure 5: Ernjphia gonagra. Regression between the weight of the female (WF) and the number of initial eggs (NIE =
gray triangle) and final eggs (NFE = black circle).
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Figure 6: Erphia gonagra. Regression between the carapace width (CW) and the weight of the egg mass (WE).
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Figure 7: Erphia gonagra. Regression between the weight of the egg mass (WE) and the number of initial eggs (NIE
= gray triangle) and final eggs (INFE = black circle).
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Figure 8: Erphia gonagra. Number of eggs produced, by season (central square = mean; N = number of individuals
analyzed in each season).

Discussion

Knowledge of the size of the smallest ovigerous female of a given species during its
seasonal cycle is essential to estimate the species” sexual maturity. The smallest ovigerous
female of E. gonagra (17.7 mm) found in this population agreed with the size at which this crab
reaches sexual maturity, as determined by Gdées and Fransozo (1997 b), and with the
physiological sexual maturity (Goes, 2000).

Our measurements for E. gonagra revealed that the mean egg diameter increased slightly
during the development of the embryos. The increase in egg size results both from embryonic
growth and from water intake by osmosis during the later stages (Hattori and Pinheiro, 2001).

Several authors studying the fecundity of crabs have expressed concern about using only
eggs in the initial stages. However, in the present study, as regards the regression between the
carapace width and the number of eggs, there was no significant difference in the equations for
eggs in the initial and final stages. In this case, it was possible to infer that the concern of many
researchers about not counting eggs in the final stages, because of possible losses duting
development, should be borne in mind, but that losses apparently did not affect the results. In
our analysis, it was possible to use a single equation to indicate the fecundity of E. gonagra.

From the results for the mean number of eggs in E. gonagra by size class, we inferred that
larger females produce more eggs. This is in agreement with the results of Warner (1977), Du
Preez and Mclachlan (1984), Campbell and Fielder (1988), Hines (1988), Branco and Avilar
(1992), Reigada and Negreiros-Fransozo (1995), Costa and Negreiros-Fransozo (1996),
Mantelatto and Fransozo (1997) and Leme and Negreiros-Fransozo (1998).

For E. gonagra, in regard to the regression between WF vs. NIE and WF vs. NFE, it was
possible to say that there was no loss of eggs. This is clear from the strong positive correlation
found for both equations, and also from the lack of significant statistical differences. It is
possible that at certain times the female may eliminate and eat some eggs, for instance when
she is under stress, as in the laboratory environment. The eggs are fixed on the pleopods and it
was very difficult to separate them; in many cases it was necessary to use additional sodium
hypochlorite. For these reasons, we believe that there was no significant egg loss. In many
species of crabs, the large number of eggs is closely related to evolutionary mechanisms, mostly
in respect to larval survival during development.
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There was a significant difference between the equations for the regressions of WE vs.
NIE and WE vs. NFE. This difference may be related to an increase in the diameter of eggs,
caused by the development of the larvae and by water intake, rather than to a possible loss of
eggs during the time required for the larvae to hatch.

We collected ovigerous females at all seasons of the year. During the autumn, winter and
spring there was a wider range in the number of eggs. Because of the small number of females
sampled in the summer, one might conclude, erroneously, that there was a difference between
summer and other times of year. However, the statistical tests showed no significant difference
among seasons in both years. This lack of seasonal differences is expected for species with
continuous reproduction, like E. gonagra (Goes, 1995). This reproductive pattern is common in
tropical and subtropical climates, where most females spawn over a long period, sometimes
with peaks in some months or seasons (Goodbody, 1965; Ahmed and Mustaquim, 1974).

Analysis of the numbers of eggs of several species from different brachyuran families
revealed a wide variation (2,560 to 433,888). This wide range in the number of eggs extruded
may result from the many biological and ecological factors affecting the life cycle of each
species. Table III shows the ranges in mean sizes of eggs of different species in different
families. For E. gonagra, the mean sizes of all animals and the means of number of eggs produced
were strongly correlated, > = 0.80. i

The mean carapace width and the number of eggs were strongly and positively correlated
in different families of crabs, indicating that fecundity is closely related to the size of the
animal. This suggests that two crabs of different families, with about the same carapace width,
may have different fecundities; this may be telated to the size of eggs, resulting in a longer ot
shorter larval development. On the other hand, it is possible to find animals from the same
species, of about the same size, which show a wide range of fecundity. Accotrding to Reigada
and Negteiros-Fransozo (1995) and Costa and Negreiros-Fransozo (1996), such a wide range
may result from many factors, such as latitudinal differences, season, available food and the
reproductive period of each female, and whether the estimate was made from the first, second
or third hatch in the cycle.

In E. gonagra, it was common to observe females of about the same size with different
numbers of eggs. This phenomenon has been observed previously in brachyurans. For instance,
Mantelatto and Fransozo (1997), working with Calkinectes ornatus, emphasized that this difference
may be a function of multiple spawnings and also of the existence of more than one reproductivé
cycle annually. o

For xanthids, some reports have indicated that the number of spawnings during a single
intermolt period may vary. For Neopanope sayi, Swartz (1978) reported one or two spawnings.
Porter (1960) found that Mensppe mercenaria may spawn four times in each intermolt period.
Vannini (1987) observed that E. smithi spawns mote than twice per intermolt period; however,
Tomikawa and Watanabe (1992) reported that this species always spawns once per intermolt
period, although some individuals are able to spawn twice.

For E. gonagra, we infer that there is more than one spawning, because of the differences
found in the CW vs. NE relationship for females of the same size. However, additional laboratory
analyses are necessary to confirm this.
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