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Abstract

Ovigerous females of the crab Sesarma rectum Randall, 1840 were sampled over two years in a
mangrove forest (23° 29°S and 45° 09°W) located in Ubatuba at the northern coast of Sdo Paulo State,
Brazil. Reproductive attributes: incubation time, egg size, fecundity and fertility (number of hatching
larvae) were analyzed. The duration of the embryonic development was 20 days at 25 °C. The mean
diameter of early-stage eggs was 0.465 + 0.01 mm with a corresponding volume of 0.052 % 0.003 mn’.
In the final embryonic stage (just before eclosion), the eggs had a mean diameter of 0.611 * 0.02 mm,
thus 2 mean volume of 0.12 + 0.01 mm?’ (n = 16). The eggs increased in volume 131% from the inital to
the final stage. Fertility was lower than fecundity, indicating substantial loss of eggs during the incubation
process, as observed in many other brachyuran crabs. Based on these results, we can deduce that is

important to evaluate female fertility as an estimation of the actual reproductive potential.
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Introduction

Fecundity in brachyuran crabs is commonly defined as the number of eggs produced per female
per clutch (Reid and Corey, 1991). However, a mote complete definition has been given by Corey (1987)
and Stechey and Somers (1995) for crayfish, who defined fecundity as: 1) potential fecundity, from the
number of oocytes counted in the ovaries; 2) realized fecundity, from the number of eggs actually
extruded and attached to the pleopods; and 3) actual fecundity, which refers to the number of juveniles
hatched. Instead of crayfish, marine brachyuran crabs hatch as larvae, which passes through several
zoeal stages. Thus, the term fertility will be used in the present work as the number of larvae produced
at hatching per female.

Just after egg extrusion by a female, several factors may contribute to egg losses in brachyurans.
These factors include loss from mechanical attrition from contact with the substrate during the female’s
activities (Wolcott and Wolcott, 1982; Henmi, 1989), or because of increased egg size during incubation
(Corey, 1987), or parasitism (Shields ez. a/, 1990). Furthermore, not all the eggs produced by a female
may be viable; in fact, most are infertile (McMullen and Yoshihara, 1971). Therefore, estimating production
in later brood stages is also useful in order to determine mortality during incubation and the actual
contribution of a given parental stock of both economically important and ecologically key-role species
(Kutis, 1991; Oh and Hartnoll, 1999).

The sesarmid S. rectum is a very common and abundant crab inhabiting mangrove forests, where
they construct burrows in the substrate in the uppetlittoral botder, in drier grassy areas (Tavares and
Albuquerque, 1989). Like othet mangrove-dwelling sesarmids, this species may play a paramount role in
contributing to the turnover of food in that ecosystem (Lee, 1998). This species occurs on the shores of (9
the western Atlantic Ocean from Florida (USA) to southern Brazil (Melo, 1996). Several aspects of its %
biology have been studied, such as larval and juvenile development (Fransozo and Hebling, 1986; Fransozo, 3
1986/87, Negreiros-Fransozo and Fransozo, 1991), food habits (Brogim and Lana, 1997) and population S
structure (Leme, 2002). However, its reproductive traits and other biological aspects are still pootly
known.
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The goal of this study was to examine the size-specific fecundity and fertility (modified from the
“realized” and “actual” fecundity terms used by Corey, 1987), the incubation time and the egg size at the
initial to the final stages of the crab S. rectum.

Material and Methods

Ovigerous females of S. rectum wete collected by hand at low tide in a mangrove forest (23° 29' 20”
S and 45° 09' 53” W), located near the city of Ubatuba on the northern coast of the State of Sio Paulo,
Brazil, over a two-year period from March 1996 to February 1998. Duting monthly surveys, the ovigerous
females were placed in individual plastic bags to avoid appendage and egg loss. In the laboratory, the
embryonic stage of the eggs were checked and measured to the nearest 0.1 mm, using a calipet (maximum
carapace width, CW).

Captured females were separated in different trials according to the developmental stage of their
broods. For ovigerous females beating a newly laid egg mass, a sample of 10 eggs was removed and
placed under a stereomicroscope provided with a micrometric eyepiece for measurements. Some of
these specimens (n = 23) were frozen for later egg counting (fecundity), while the remaining females
were kept alive in order to determine incubation time (n = 9), increase in egg size, and fertility (n = 14)
by counting hatched larvae. This latter group, together with females incubating eyed eggs at capture
(considered to be eggs in the intermediate stage), wete conditioned individually in plastic containers with
2 cm of filtered seawater diluted to 20 & 2%o. Small stones were placed in the containers to serve as a
substratum. Trial containers were placed in an incubating chamber where the temperature (25 £ 1 °C)
and photoperiod (14 h L/10 h D) wete held constant, close to summer environmental conditions in
Ubatuba. Crabs were fed on mangrove leaves and pieces of shtimp’s muscle. The water was changed and
the food replaced daily. From each ovigerous female analyzed, 2 sample of 10 eggs was removed each
day, to check the developmental stage of the embryos and to measure their diameter for later estimation
of the egg volume by the equation for a sphere.

In this study, incubation time was estimated from females carrying eggs at the vety beginning of
development when they were captured. For analyses of the egg size increment, I consideted the initial
(INI) size as that measured in eggs full of yolk, still lacking a visible animal pole; the intermediate stage
of eggs (INT) as the measurements of eggs with early embryonic pigmentation; and the final size (FIN)
as that obtained from eggs a day prior to hatching,

To determinate the fecundity (EN) of . rectum, eggs wete carefully removed from the pleopods
using fine forceps and a brush. Special care was taken to separate the individual the eggs. The number of
eggs was estimated by taking ten 1-ml sub samples from a 75-ml homogenized water solution. Counting
was performed under a stereomicroscope. The total number of eggs laid by a single female was then
estimated by extrapolation.

Fertility (F) was estimated by counting latvae hatched in the laboratory from females monitored
each day until hatching. After larval release, the water where the female was kept was filtered through a
150 mm plankton net. Zoeae were then preserved in 4% formalin. The number of larvae was estimated
using the same procedure as for counting eggs.

Size-specific fecundity and fertility were exptessed using the allometric model after log transformation
of the data. The number of eggs (EN) and number of larvae wete plotted against size (CW), and a linear
regression was fitted to a log-log scatter plot. Slopes (regtession coefficients) were tested against the
theoretical 3.0 value using Student’s #test, and decisions wete made based on the 95% statistical significance

Q level. Slopes and intercepts (angular coefficients) of size-specific fecundity and fertility relationships
%were compared using the ANCOVA (Zar, 1999).

=S The mean hatching rate was determined by dividing the mean number of hatching larvae by the
E mean number of eggs and then multiplying by 100 accotrding to Lobio ez a/ (1986).
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Results

At 25 °C, embryogenesis requires 20.4 = 2d (n = 9) in S. rectum. The embryonic pigments, which
charactetize the intermediate stage of eggs, appear near the midpoint of embryonic development, z¢. at
day 12. The initial egg color is dark wine. During development, the color changes to brown tones, and
then to light gray 24 h before hatching. The larvae always hatched at night, close to a new or full moon
times.

Egg size clearly increased during embryogenesis (Fig. 1). The mean diameter of eggs in the initial
stage was 0.46 = 0.01 mm (n = 9), thus 2 mean volume of 0.052 £ 0.003 mm’. In the final stage the eggs
had a mean diameter of 0.61 * 0.02 mm, thus a2 mean volume of 0.12 = 0.01 mm’ (n = 16). This
corresponds to an increase of 131% in volume.

The mean number of eggs laid by S. rectunz was 9,882 + 3,262 and vatied from 6,420 to 18,170 for
females ranging from 19.0 to 31.0 mm CW.

The number of eggs increased together with female size (Fig. 2). The slope obtained from the
linear regressions of egg number on body size (CW) did not differ from the theoretical slope of 3.0 (r=
2.27, P <0.01), indicating an isometric relationship.

The mean number of hatched larvae was 8,065 + 3,082 and varied from 2,955 to 12,135 for females
ranging from 19.4 to 31.1 mm CW (Fig, 2). The slope did not differ from 3.0 (# = 0.18, P < 0.01), also
indicating an isometric relationship.

The regression between EN and CW was compared with the regression between F and CW to
examine differences in the number of eggs laid and the actual number hatching. An ANCOVA showed
that the slopes of the regressions wete not significantly different between the two processes (IF' = 1.38,
df =1,33, P> 0.05), but the intercepts did differ (I' = 60.93, 4./ = 1, 34, P < 0.0001), indicating that
fertility was lower than fecundity. The mean hatching rate determined for S. rectum was 82% indicating

that approximately 18% of eggs are lost or unviable.
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Figure 1: Mean sizes of eggs in different developmental stages of . rectum. Box-plots with at least one same letter above did not differ
statistically (ANOVA, p < 0.05). (IN = initial embryonic stage; INT = intermediate and FIN = final).
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Figure 2: Size-specific egg number fecundity (solid circles) and fertility (open circles) of . rectum.

Discussion

Incubation time in brachyurans may be highly variable, and is strongly influenced by temperature
(Weat, 1974; Kobayashi and Matsuura, 1995) and by egg size (Steele and Steele, 1975). Embryos of .
rectnm require, on average, 20 days to hatch at 25 °C, which corresponds to the mean temperature in the
study locale during the summer months. However, the ambient temperature may vary widely, contributing
to accelerating or slowing incubation times in the natural population.

Egg size is an impottant variable for charactetization of reproductive traits concerning the evolution
of life histories in crustaceans (Hines, 1986). Interspecific differences are related principally to the early
development modes, i.e., planctotrophic, lecithotrophic, or direct, among others (Mileikovsky, 1971;
Vance, 1973).

In many cases, egg size has been discussed with regard to the amount of energy which will be
available for embryonic development. It is usually postulated that larger eggs possess more yolk, providing
large larvae at eclosion (larvae in advanced stage of development), or larvae that hatch with larger amounts
of yolk reserves remaining (Clarke, 1993; Lardies and Castilla, 2001). Since the advanced larva must
spend more time in the egg, the incubation time for larger eggs must be extended (Steele and Steele,
1975; Rabalais and Gore, 1985).

Semiterrestrial grapsoid crabs usually have 3-5 zoea stages (Rabalais and Gore, 1985). According to
Diesel et /. (2000), increased egg size toward land is an evolutionary trend related to the abbreviation of
larval stages in more terrestrial environments.

The semiterrestrial crab . rectum produces large eggs and has three zoea stages in its larval
development (Fransozo and Hebling, 1986). Similar egg sizes are reported for its congeners S. resiculatum
(Say, 1817) (0.45 mm) by Seiple and Salmon (1987); and . curacavense De Man, 1892 (0.55 to 0.60 mm) by
Hartnoll, (1965), which has only two zoea stages. Larger eggs than these are observed in grapsoids which
are considered truly terrestrial, such as the bromeliad crab Metgpanlias depressus Rathbun, 1896 studied by
Hartmoll (1964) and . jarvisi Rathbun, 1914 studied by Diesel and Horst (1995), in which the egg size
reaches up to 1 mm in diameter and the larval development is abbteviated.

%) The eggs produced by S. rectum practically doubled in size during the course of embrtyonic

S development. This is not unusual for brachyuran crabs (Henmi, 1989; Zimmerman and Felder, 1991;
~§-Kobayashi and Matsuura, 1995; Luppi ef a/, 1997; Bas and Spivak, 2000). However; the rate of increase
E may be highly variable. The major process accounting for increments in egg size is osmotic water uptake
(Weart, 1974), and temperature seems to be an important factor affecting the rate of absorption of water

by the eggs (KKobayashi and Matsuura, 1995), as well as the salinity factor (Bas and Spivak, 2000; Giménez
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and Anger, 2001). According to Pandian (1970), this uptake provides ecophysiologic advantages for both
the egg and embryo, and may play an important role during the hatching process (Wear, 1974; Saigusa,
1992).

However, substantial increase in egg volume during embryonic development, as demonstrated in
this study, could be a potential cause of egg loss (Corey, 1987; Lardies and Castilla, 2001; Thatje ez al.,
2004). Atresic or infertile eggs were also monitored in this study, and no swelling was observed. The
clutch was eventually aborted or ingested by the female.

In brachyuran crabs, the evolution of offspring number is governed by the trade-off between egg
size and egg number due to allometric constraints of body size (Hines, 1982). Therefore, fecundity is
determined primarily by female body size. The slope b = 3.0 of the linear regression of egg number on
size indicates an isometric relationship (Somers, 1991), which means that the larger the female, the larger
the clutch size (number).

Studies on the realized fecundity in brachyuran crabs have been conducted using specimens carrying
eatly eggs, because egg loss is common in nature. Since not all the eggs in a clutch are viable and egg loss
is frequent, fertility estimates may provide a better parameter for the quantification of the production of
offspring. This study showed that the number of hatched larvae in 5. rectum might be considerably lowet
than the number of eggs extruded.
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