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Abstract The estuarine grapsid crabs Chasmagnathus
granulata and Cyrtograpsus angulatus belong to the most
typica and dominant inhabitants of brackish coastal
lagoons in southeastern South America. In a combined
laboratory and field investigation of juvenile growth, we
measured the increase in body size in these species under
controlled conditions as well as in field experiments (in
Mar Chiquita lagoon, Argentina), seasonal changes in
size frequency distribution of a natural population, and
growth related changes in selected morphometric traits of
male and female juveniles (relations between carapace
width, carapace length, propodus height and length of the
cheliped, and pleon width). At 24°C, Cy. angulatus grew
faster than Ch. granulata; it reached the crab-9 instar (C9;
13 mm carapace width) after 92 days, while Ch. granula-
ta required 107 days to reach the C8 instar (7.4 mm). At
12°C, growth ceased in both species. The pleon begins to
show sexual differencesin the C5 (Cy. angulatus) and C8
instar (Ch. granulata), respectively, while the chelae dif-
ferentiate earlier in Ch. granulata than in Cy. angulatus
(in C4 vs C6). In the field, growth was maximal in sum-
mer, and was generally faster than in laboratory cultures.
However, there is great individual variability in size
(about 25% even in the first crab instar) and in size incre-
ments at ecdysis, increasing throughout juvenile growth.
Our data indicate that, in the field, small-scale and short-
term variations in feeding conditions, temperature, and
sainity account for an extremely high degree of variabili-
ty in the absolute and relative rates of growth aswell asin
the time to sexua differentiation.
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Introduction

The growth of crustaceans appears as a discontinuous
process, as the hard exoskeleton is periodically replaced
in successive ecdyses, followed by postmolt uptake of
water and, in conseguence, a rapid increase in body size
during the short soft-skinned period. Hence, growth rates
depend on two principal components, (1) the size incre-
ment after molting, (2) the duration of the intermolt
period (Kurata 1962; Klein Breteler 1975; Hartnoll
1982; Restrepo 1989; Tweedale et al. 1993). The inter-
molt period usually increases with size, while the per-
centage increment tends to decrease.

In the field, growth is usually studied indirectly,
through the analysis of size frequency distributions, as-
suming that no major immigrations or emigrations take
place in a population during the period of investigation
(Hartnoll 1982). Under controlled conditions in the labo-
ratory, in contrast, intermolt periods and size increments
can be studied in identical individuals, allowing for pre-
cise quantitative descriptions of growth. On the other
hand, laboratory conditions are artificial and may thus
not allow for full extrapolation of experimental data to
field populations. Attempting to compensate for some of
those limitations, we chose a combined approach of lab-
oratory and field studiesin thisinvestigation.

In crabs, various morphological structures such as the
carapace, claws, walking legs, or the pleon may show
differential rates of growth. Changes in allometric rela-
tions between different body dimensions have extensive-
ly been studied in field-collected individuals (e.g. Kurata
1962; Mauchline 1977; Hartnoll 1982), while fewer
reports deal with morphometric changes in safely iden-
tified successive instars (Anderson and Ford 1976;
Yatsuzuka and Meruane 1987; Tunberg and Creswell
1991). This bias was attributed to difficulties in the col-
lection, identification, and subsequent rearing of juve-
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niles (Hebling et al. 1982; Negreiros-Fransozo and
Fransozo 1991), which render ecological research on the
functional importance of juveniles in their natural habi-
tats generally difficult (O'Connor 1990). In the present
study, we measured growth in various body dimensions
both in field-caught and laboratory-reared crabs, with
emphasis on sexua differences in morphometric rela-
tions.

Grapsid and ocypodid crabs are characteristic and fre-
guently dominant inhabitants of the intertidal and supra-
tidal zones of tropical and temperate estuaries and brack-
ish coastal lagoons (Pillay and Ono 1978; Seiple 1979;
Willason 1981; Jones and Simons 1982; Seiple and
Salmon 1987; Spivak et al. 1994). Representing typical
examples, Chasmagnathus granulata and Cyrtograpsus
angulatus (Grapsidae) are considered as key species in
“cangrejal” saltmarsh ecosystems (from Spanish, can-
grejo = crab), which are widespread along the warm-
temperate southwestern Atlantic coasts (Boschi 1964,
1988). In the intertidal zone of Mar Chiquita, Argentina,
the southernmost in a series of brackish coastal lagoons
extending along the coasts of southern Brazil, Uruguay
and northeastern Argentina, these two species co-occur
with dense populations (Olivier et al. 1972; Spivak et al.
1994). Adult Cy. angulatus are predominantly found in
the lower intertidal and the adjacent subtidal, but occur
also on rocky open sea shores. Ch. granulata digs bur-
rows in muddy substrates, preferably in the upper inter-
tidal and supratidal zones fringing saltmarshes.

In Mar Chiquita, reproduction takes place from Sep-
tember to May in Cy. angulatus, and from October to
March in Ch. granulata, with several egg clutches pro-
duced during each season (Spivak et al. 1996). Accord-
ing to plankton studies, newly hatched zoea-| larvae are
exported from the lagoon, later zoeal development takes
place in coastal marine waters, and the megalopa stage
returns for settlement into the lagoon (Anger et al. 1994).
Settlers and early juveniles of Cy. angulatus are predom-
inantly found in crevices of sand “reefs’ which are con-
structed by Ficopomatus enigmaticus, a tube-building
polychaete, and in other sheltered microhabitats, e.g.
under stones and between empty mollusc shells. Young
Ch. granulata, in contrast, are frequently found on mud-
dy bottoms, especially inside and around the burrows
of conspecific adults (Boschi 1964; Spivak et al. 1994;
Luppi et al. 1994).

Although ecological and physiological traits of Cy.
angulatus and Ch. granulata are well documented for
the larvae (Boschi et al. 1967; Anger et a. 1994; Anger
and Ismael 1997; Ismael et al. 1997; Gebauer et al. 1998;
Valero et a. 1999) and for the adult phase of the life
cycle (Spivak and Politis 1989; Gavio and Spivak 1994,
Spivak et al. 1994, 1996; Luppi and Spivak 1996;
Iribarne et al. 1997; Luppi et a. 1997; Lopez Greco and
Rodriguez 1998; Luppi 1999; Spivak 1999), much less
information is available on the juvenile phase (Spivak
1988; Rieger and Nakagawa 1995; Anger and Ismael
1997; Lopez and Rodriguez 1998; Gebauer et al. 1999).
The principal aim of the present paper is thus to quanti-

tatively describe the juvenile growth of these species.
This includes (1) the absolute and relative patterns of
growth under controlled laboratory conditions, (2) sexual
and size-dependent changes in morphometric relations,
and (3) estimates of growth in the field.

Materials and methods

Study area

Mar Chiquita lagoon (37°32'-37°45'S/57°19'-57°26'W) covers
an area of 46 km2. A few small rivers feed it with freshwater,
while seawater enters and leaves it periodically with semidiurnal
high tides. The extent of water exchange depends on the tidal
amplitude and the direction and speed of winds (Olivier et al.
1972; Reta et al. 1997). Water temperature (Fig. 1) and salinity
show strong seasonal, daily and local variations (Anger et al.
1994; Marcovecchio et al. 1997; Martos and Reta 1997).

Collection and rearing techniques

Megalopae of Cy. angulatus and Ch. granulata were collected
during March 1996 in their respective settlement habitats and sub-
sequently transported to the laboratory. Thirty megalopae were
transferred individually to 100 ml plastic bowls with 80 ml water
(23%o salinity), which was prepared by the addition of freshwater
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Fig. 1A, B Temperature conditions in Mar Chiquita lagoon.
A Seasonal and interannual variations of average daily air temper-
atures during the study period, from 1993 to the end of the last
field experiment (March 1998); the dates in the x-axis indicate the
beginning of the austral summer; B Daily variation of air tempera-
ture (hourly mean values); data from the meteorological station
at Camet airport, 30 km south of Mar Chiquita lagoon (courtesy
National Meteorological Service)



to inshore seawater (34%o), both previously filtered (10 um). The
cultures were maintained at constant 24°C and a 16:8 h light:dark
photoperiod. The water was changed on alternate days and nauplii
of Artemia sp. were added as food. Juveniles with =5 mm car-
apace width were transferred to 250 ml plastic bowls. All individ-
uals were checked daily for molting or mortality. Exuviae and
dead individuals were stored individually in 4% formaldehyde.

Growth measurements

From each exuvia, the following measurements were taken using a
stereomicroscope with an ocular micrometer or, in larger crabs, a
caliper (0.01 mm precision): maximum carapace length (CL),
maximum carapace width (CW; in Cy. angulatus including the lat-
era spines), maximum cheliped height (CHH) and length (CHL)
measured in the propodus, and maximum pleon width (PW) mea-
sured in the fourth somite. From these data, percentage size incre-
ments (PSI) were calculated. Sex was determined from pleon and
pleopod morphology. Successive crab instars were named C1, C2,
etc. Relationships between body measurements (logarithmically
transformed), PSI, and intermolt periods (IP) in successive instars
were analysed with least-square regressions, and slopes of regres-
sion equations were compared using ANCOVA (Zar 1984).

For morphometric analyses, quotients between body dimen-
sions (CW, CL, CHH, CHL, PW) were caculated as relative
growth indices (RGI) in each instar. Sexual differences between
RGI values of successive instars were statistically tested using a
non-parametric Mann-Whitney rank test, because the data did not
always fulfill the assumptions of normality and homogeneity (Zar
1984). Additionally, larger juveniles and adults were collected by
hand in Mar Chiquita and sorted according to size (CW) and
sex. From these samples, 20 males and 20 females belonging to
each of the following size-classes were selected: 10+1, 15+1,
20+2, 30+2 mm (Ch. granulata); 15+1.5, 20+2, 30+2, 40+3 mm
(Cy. angulatus). CW, CL, CHH, CHL and PW were measured and
used for the calculation of RGI values.

Effects of temperature on growth

In January 1996, megal opae of both species were collected in Mar
Chiquita, transported to the laboratory, and placed in 3 | containers
with water of 23%o salinity. Immediately after molting, 15 crabs of
each species were placed individually in 100 ml plastic bowls and
reared at 21°C and 12°C, 23%. S, and a 16:8 h light:dark photope-
riod. Crabs were fed with Artemia sp. nauplii every 48 h, after
each water change. The presence of exuviae was recorded daily.
CW was measured after 30 days, and mean size values were com-
pared using a Mann-Whitney U test.

Field sampling

In total, 104 samples of recently metamorphosed crabs (54 Cy.
angulatus, 48 Ch. granulata) were taken from October 1992 to
December 1995. The frequency of collection was two or three
times a month in summer and less frequently in winter. Cy. angu-
latus recruits were collected from ten core samples (300 ml)
extracted from Ficopomatus enigmaticus “reefs’. Ch. granulata
were obtained by hand in an area with a high density of adult
burrows and a variable number of sample units (0.25 cm?), select-
ed at random along a transect. In al individuals, CW was mea-
sured.

A size frequency distribution (SFD) was constructed for each
sample, with the following size intervals (CW): size class
1-4 mm: intervals of 0.25 mm; 4.01-8 mm: 0.5 mm; 8.01-11 mm:
1 mm. For species with a short but intense recruitment period and
with low intracohort variability in growth, several graphical and
statistical methods have been developed to estimate growth rates
from the displacement of modal SFD classes (Hartnoll 1978,
1982, 1983; Klein Breteler 1975; Orensanz and Gallucci 1988).
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The two species studied here, however, show a long recruitment
period with several pulses of reproductive activity, as well as in-
tracohort variability in growth, due to small-scale and short-term
heterogeneneity in the environmental conditions (Luppi 1999).
Consequently, the available analytical methods could not be used
in this study. The displacement of modal classes was thus deter-
mined visually, and linear least-sgquare regressions of modal values
and time elapsed from the first appearance of the putative cohorts
were calculated. The slopes of regression lines obtained in the
field and laboratory were compared using an ANCOVA (Zar
1984).

Field experiments

Megalopae of Cy. angulatus and Ch. granulata were collected in
Mar Chiquita in February 1997 and 1998, transported to the labo-
ratory and reared through metamorphosis as previously described.
Groups of 20 Cy. angulatus in the C1 instar were placed in 3 |
plastic containers with perforated walls and lids, covered with a
plastic screen (500 pm mesh size). A piece of polychaete “reef”
(approximately 500 ml, without crabs) was placed as refuge. Five
replicates were suspended from a rope and submerged in the
lagoon (30 cm above the bottom). After 30 days, the survivors
were collected, counted, and measured (CW).

Groups of 20 Ch. granulata in the C1 instar were placed in
each of four 10 | tubes with perforated walls and top, covered with
a plastic screen (500 pm mesh size). These tubes were buried
15 cm deep in the substrate near adult burrows, after the removal
of naturally occurring juvenile crabs. The numbers and CW of the
survivors were recorded after 21 days. Differences in mean size
among replicates were evaluated with a one-way ANOVA fol-
lowed by Student-Neuman-Keuls test or with a Kruskal-Wallis
test for median comparison in case of deviations from normality
or homosedasticity.

Results
Laboratory growth and morphometric changes
Cyrtograpsus angulatus

Survival was high, with 93.5% of all individuals still
alive after 105 days of rearing (Table 1). The crabs
reached instar C9 and 13+0.6 mm CW after 92 days
(Fig. 2a). The intermolt period (IP) increased during
juvenile growth, more rapidly after the C4 instar, from
5.8+1.4 days (C1-C2) to 34.3+6.2 days (C8-C9;
Fig. 2b). The percentage size increment (PSI) did not
show a clear pattern, varying between 24% and 37%
(Fig. 2c). All regressions of body size on instar number
were significant. The slopes of the relationships between

Table 1 Surviva (individual number and percentage) in successive
crab instars of Cyrtograpsus angulatus and Chasmagnathus granu-
lata. n Number of individuals at the beginning of experiment

Species Instar

n 1 2 3 4 5 6 7 8
Cyrtograpsus 30 30 30 30 28 28 28 28 28
angulatus (%) 100 100 100 93 93 93 93 93
Chasmagnathus 30 29 28 28 26 26 25 25 -
granulata (%) 97 93 93 87 87 83 83 -
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Fig. 2A—C Growth of Cyrtograpsus angulatus and Chasmagna-
thus granulata through successive juvenile instars. A Carapace
width CW, B intermolt period IP, C percentage size increment
PS, in successive molts (mean values + SD)

CHH, CHL and PW regressed on the instar number dif-
fered significantly between sexes (Fig. 3a—€).

The RGI alowed for the examination of morpho-
metric changes during the course of juvenile develop-
ment, and hence, was able to detect those instars where
sex-specific differences appeared. In the C1 instar, the
carapace was longer than wide (CW<CL), but this rela-
tionship reversed in the C2 so that CW was larger than
CL inal later instars. The CL/CW quotient, however, did
not show a statistically significant difference between
sexesin any instar (Fig. 48). From the C4 instar stage, the
chelae tended to become proportionally higher and longer

in males than in females, and these sex-specific morpho-
metric differences increased throughout juvenile devel op-
ment (Fig. 4b, c). From the C5 onward, the pleon was
significantly wider in females than in males; this typical
sex-specific character became increasingly conspicuous
in the subsequent juvenile instars, with a stabilizing
PW/CW relation reached by instar C9 (Fig. 4d).

Chasmagnathus granulata

After 120 days, 25 individuals (83%) were still alive
(Table 1). During this period, the crabs reached the C8
instar and an average CW of 7.4+0.6 mm (Fig. 2a). The
IP increased from 815 days (instars C1-C2) to
34.6+£9.6 days (C7—C8; Fig. 2b). The PSI showed no
clear tendency, varying between 18% and 30% (Fig. 2c).
All regressions of the various measurements of body size
and the instar number were statistically highly signifi-
cant (Fig. 3). Significant sex-specific differences be-
tween the slopes of these regression lines were observed
in CW, CL, CHH and CHL (Fig. 3f+). In the C1 instar,
carapace length and width were amost identical
(CL/CW=1), but as CW grew proportionally faster in the
subsequent instars, the CL/CW index decreased thereaf-
ter, stabilizing from C5; it did not differ significantly be-
tween males and females in any instar (Fig. 4€). From
the C3 or C4 instar, respectively, the chela was signifi-
cantly higher and wider in males than in females; these
sex-specific morphometric differences increased in later
juvenile instars (Fig. 4f, g). The pleon width in relation
to CW did not differ significantly between sexes; thus,
this sex-specific character develops in Ch. granulata
only after the C8 instar (Fig. 4h).

Data from field-collected crabs allowed us also to
study the relative growth patterns in later juvenile instars
(5). In Cy. angulatus, the CL/CW quotient had a virtual -
ly constant value in the size range between 15 and
40 mm CW. It was 7.7% higher than the value observed
in the largest laboratory-reared crabs (C9 instar, 13 mm
CW). On the other hand, Ch. granulata had already
reached the same CL/CW value as in larger field-collect-
ed crabs by the C8 instar stage (Fig. 4a, €). The sex-
specific differences in relative chela width and height
continued to increase in larger crabs, athough these
morphometric changes also differed between the two
species. In large female Cy. angulatus, the size propor-
tions of the chelae were similar to those observed in lab-
oratory-reared C9 crabs, while the relative chela size of
the males continued to increase throughout later growth
(Fig. 4b, c). In Ch. granulata, chela size in relation to
CW continued to increase in both sexes, but this propor-
tional increase was greater in males, so that the sex-spe-
cific differences tended to increase from juvenile to adult
crabs (Fig. 4f, g). In both species, the pleon shape did
not change after the C9 instar in males, while the
PW/CW relation of female crabs increased until a CW of
about 20 mm was reached, remaining constant only
thereafter (Fig. 4d, h).



Fig. 3 Cyrtograpsus angulatus
(A-E), Chasmagnathus granu-
lata (F-J): least-square regres-
sion lines and equations de-
scribing changes in various
body dimensions (measured in
mm; logarithmic scale) as func-
tions of the juvenile instar
number; underlined equations
males, not underlined females,
R2 coefficient of determination,
N number of individuals, F sta-
tistic for slope comparisons,

P level of significance for dif-
ferences between slopes,

CW carapace width, CL car-
apace length, CHH chela
height, CHL chelalength,

PW pleon width

Instar duration was significantly affected by rearing
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angulatus, the IP was four times shorter at 21°C than at
12°C. During the time of the experiment, juveniles

reached the C4 instar at 21°C, but at 12°C only the C2

was reached. On the other hand, C1 reared at 12°C were

significantly larger than those reared at 21°C (T=210,

P<0.05, Table 2) and aso larger than those collected in

the field (T=4,713, P<0.0001, Fig. 6a). Ch. granulata ju-
veniles generally grew more slowly than Cy. angulatus
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Chasmagnathus granulata
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in the laboratory; at 21°C, they reached the C3 instar
after 30 days, whereas no molts occurred at 12°C.
Growthin thefield

Size frequency distributions

Only juvenile Cy. angulatus with CW <7 mm were
found in F. enigmaticus “reefs’. Their size frequency
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Fig. 4 Cyrtograpsus angulatus
(A-D), Chasmagnathus granu-
lata (E—H): changesin relative
growth indices RGI (quotients
of various body dimensions
and carapace width CW, mean
values = SD) during juvenile
growth through successive in-
starsin laboratory cultures;

*** P<0.01, ** P<0.05 (com-
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L e ure Temperature (°C) Instar Duration of C1 (days) Size (mm) of C1
of Cyrtograpsus angulatus and
Chasmagnathus granulata Cyrtograpsus angulatus
reared in the laboratory at 21°C 21 4 7.1+0.9 1.64+0.05
and 12°C (mean + SD) 12 2 28+4.4 1.71+0.08
Chasmagnathus granulata
21 3 10.9+2 1.51+0.05
12 1 - -

distributions (SFDs) indicated a continuous recruitment
throughout the summer and most of autumn, generally
with the highest intensity in early summer and several
smaller peaks thereafter (Fig. 6a). No conspicuous
changes occurred during winter. In the spring, the SDFs
were generally displaced towards larger size classes, in-
dicating resumed growth, while a decreasing number of
individuals indicated emigration or mortality. No single
cohorts could safely be identified in this species and,
consequently, the growth of Cy. angulatus in the field
could not be estimated from SFDs.

In Ch. granulata, the analysis of SFDs permitted the
identification of several summer recruitment periods
throughout a 39 month sampling period: two in 1993,
four in 1994 and three in 1995 (Fig. 6b). In January
1995, two successive recruitment periods were observed.
Five cohorts could be identified, from which growth was
estimated according to the displacement of modal size
classes (Fig. 7). Daily growth rates varied between 0.043
and 0.067 mm/day (recruitment detected on 29 Decem-
ber 1992 and 15 January 1995, respectively), yielding
an average value of 0.056 mm/day for the pooled data



Fig. 5 Cyrtograpsus angulatus
(A-D), Chasmagnathus granu-

Cyrtograpsus angulatus
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from all cohorts (Fig. 7). Crabs reared at 24°C in the lab-
oratory grew 0.063 mm/day, which did not differ signifi-
cantly from data estimated in the field (ANCOVA,
F=3.83, P>0.05).

Field experiments

C1 instar Cy. angulatus collected from the field mea-
sured 1.63+0.06 mm CW (mean + SD). The average air
temperature during the field experiments was 18.8°C.
After 30 days, the number of survivors varied from 7 to
18 individuals among the replicates, and their size varied
from 5.6 to 8.2 mm CW (Table 3), differing significantly
among replicates (ANOVA, F=10.5, P<0.01). Largest
size and highest survival were observed in the same rep-
licate experiment; smallest size and lowest survival coin-
cided with the accidental presence of an adult Cyrtog-

o

-

Size class (mm)

w

-—

o
3 &

N
~

rapsus altimanus. In this experiment, the growth rate of
Cy. angulatus varied from 0.13 to 0.22 mm/day; the size
reached in the field was significantly larger than that ob-
served during an equally long period in the laboratory
(T=57, 55, 98, 55, 55, respectively, for different repli-
cates, P<0.001).

The size of the C1 instar of Ch. granulata was
1.5+0.04 mm CW in the field. The mean air temperature
during the experiments with this species was 18.2°C.
The number of survivors after 30 days varied among rep-
licates from eight to 26 individuas, and their size varied
from 2.5 to 2.7 mm CW (Table 3). In this species, size
did not differ significantly among replicates (H=2.98,
P>0.1). In a few replicates, the number of crabs was
higher at the end of the experiment, due to the immigra-
tion of megalopae; the lowest number of crabs was ob-
served in one replicate that had been invaded by larger
juveniles. The average growth rate was 0.051 mm/day;
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Fig. 6 Cyrtograpsus angulatus
(A), Chasmagnathus granulata
(B): size-frequency distribution
in Mar Chiquita lagoon; sam-
pling date and number of indi-
viduals measured (in brackets)

Number of crabs
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the end of the field experiment (after 30 days in Cyrtograpsus

licate experiment with invasion of adults or juveniles)

Species Size (mm) and number of survivorsin replicate field experiments Size (mm) in the
laboratory
1 2 3 4 5
Cyrtograpsus angulatus 6.7+1 6.7+1.2 5.6+1.1 7.8+1 8.2+1 4.4+0.2
12 (18) UM (15) (18)
a a b c c
Chasmagnathus granulata 2.5+0.3 25+0.1 2.610.3 2.7+0.3 25+0.1
(26) 17 (26) (C)d -
a a a a -
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the size reached in the field did not differ significantly
from that in the laboratory (T=1,469, P>0.1).

Discussion

During the juvenile development of Cy. angulatus and
Ch. granulata, the intermolt period (IP) increased, espe-
cidly after instar 4, while the percentage size increment
(PSl) tended to decrease. These patterns have commonly
been observed in various crustaceans (e.g. Kurata 1962;
Mauchline 1977, Hartnoll 1982; Mohamedeen and
Hartnoll 1989; Tweedale et al. 1993). Compared with a
previous study by Spivak (1988) on a marine population
of Cy. angulatus, the PSI measured in this study, in the

same species, was generally higher, while the IP was
shorter. In individuals with 5 mm CW, for instance, the
PSI observed in this study was 27% and the IP was
8 days, whereas Spivak estimated 22.4% and 17 days,
respectively. The rearing conditions differed in these
studies mainly in the type of food, while the temperatures
were similar. Longer IP and lower PSI values were also
reported for juvenile Ch. granulata from Lagoa dos Patos
(Brazil) reared at 20°C (Rieger and Nakagawa 1995). In
this case, the lower temperature explains differences in
the IP. However, strong differences were observed also in
size: the first crab instar was 28% larger in Mar Chiquita
(CW=1.61 mmin Mar Chiquitavs 1.26 mm in Lagoa dos
Patos); this difference increased in later instars, in spite of
similar rearing conditions, reaching 57% in the C8 instar.
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Fig. 7 Chasmagnathus gran- 8 1
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The carapace shape changes in both species during
the development through the first juvenile instars; in the
megalopae, it is notably longer than wide, especially in
Cy. angulatus, while the opposite relation is typical of
the adults. Rieger and Nakagawa (1995) and Gebauer
et al. (1999) reported similar relationships between LC
and CW for Ch. granulata.

The morphological traits of the chelae and of the
pleon are considered as secondary sexual characters in
the Brachyura (Hartnoll 1982; Yatsuzuka and Meruane
1987; Abell6 et a. 1990; Minagawa 1993). Variationsin
the relative growth of these body parts are associated
with different functions in reproduction. The larger male
chelipeds are used in courtship, combat and carrying the
female during copula; they show a higher proportional
growth in relation to total body size (Hartnoll 1982;
Minagawa 1993). The reverse was found in the pleon,
which shows a faster relative growth in females, where
it forms the incubatory chamber for developing eggs,
while the male pleon protects and supports the intromit-
tent organs (Hartnoll 1982; Minagawa 1993).

In both species, the chelae begin to show differences
between the sexes early in development. This process of
sexual differentiation starts earlier and is more intense
in Ch. granulata than in Cy. angulatus. Chela dimor-
phism in Decapoda is frequently associated with sexual
selection and mating systems (Orensanz and Gallucci
1988). It was suggested that the mating system is char-
acterized by resource (burrow) defense in Ch. granulata
and by female defense or male dominance in Cy. angu-
latus (Gavio and Spivak 1994). An early acquisition
of chelar dimorphism in Ch. granulata could thus be as-
sociated with the building and defense of burrows,
where mating usually takes place (T.A. Luppi, personal
observation). The suggested mating system of Cy. angu-
latus is characterized by a less well developed sexual
dimorphism of the chelae (Orensanz and Gallucci
1994).

The pleon differentiates early in Cy. angulatus fe-
males; in Ch. granulata, in contrast, it is impossible to
recognize the sex before the C9 instar. The growth incre-
ment per molt is lower in Ch. granulata than in
Cy. angulatus (Figs. 2 and 5). Since the females of both
species mature at similar sizes (T.A. Luppi, unpublished
data), there should be differences in the number of molts
needed to reach maturity.

Sexual maturity in crabs occurs after a “puberty”
molt, when morphological changes can be recognized by
changes in the slopes of regressions describing relative
growth. The immature phase of the crab life cycle in-
cludes an “undifferentiated period”, which is character-
ized by the lack of variation in allometric growth of
those organs that both sexes have in common, followed
by a*“juvenile period” with sexual differencesin relative
growth, and these periods may be separated by a particu-
lar molt (Hartnoll 1982). In the species studied here,
however, sexual differencesin various structures became
evident in different instars (Fig. 4).

Low temperature increases the IP in Cy. angulatus,
as has been reported for many species of crustaceans
(e.g. Tagatz 1968; Leffler 1972; Chittleborough 1975;
Hartnoll 1982; Cadman and Weinstein 1988; Tunberg
and Creswell 1991), and it appears to cause the attain-
ment of a larger body size, as also observed in other
crabs (Leffler 1972; Chittleborough 1975; Hartnoll
1982). Daily changes in water temperature (ranging in
summer between 15 and 34°C) may thus explain also the
larger range of variability in the size of the C1 instar in
the field (25% of the mean) as compared with that
observed under constant laboratory conditions (10%).
Effects of physical factors (temperature, salinity), inter-
acting with those of diet, were also suggested as an
explanation for size variability in C1 Cancer magister
(DeBrosse et a. 1990; Dinnel et al. 1993). On the other
hand, a 5th zoea appeared in Ch. granulata under ex-
treme environmental conditions (starvation, low salinity;



see Pestana and Ostrensky 1995), and C1 juveniles origi-
nating from this alternative developmental pattern tended
to be larger (Gimenez 2000).

The SFDs of both species were characterized by a pe-
riod of evident modal size displacement from October to
May and a period without changes in winter. The latter
should be a consequence of a reduced growth due to low
temperatures (Fig. 1). Moreover, a marked decrease in
juvenile activity occurs in the field during winter (T.A.
Luppi, personal observation). Likewise, growth de-
creased or ceased in Callinectes sapidus and Cancer
magister below critical temperatures in winter (Tagatz
1968; Leffler 1972; Orensanz and Gallucci 1988;
McMillan et al. 1995).

The growth rates of Ch. granulata in the field, as esti-
mated from the displacement of modal size classes, and
those in laboratory cultures were similar, in spite of
marked differences in the thermal regime. Among several
cohorts, however, the size reached after a similar time
span differed by up to 33%, which may be explained by
combined effects of temperature and salinity variations.
These environmental factors were aso shown to affect ju-
venile growth in Menippe mercenaria (Brown et a. 1992).

In our study, Cy. angulatus generally grew faster in
field enclosures than in laboratory cultures, as found
also in Ca. magister (Collier 1983). On the other hand,
the crabs in different parallel experiments (replicates)
exhibited different sizes (Table 3), probably as a conse-
guence of microscale differences in temperature which
may reach about 4°C in Mar Chiquita lagoon (see Anger
et a. 1994). Similarly, growth differs between early and
late cohorts, due to marked seasonal temperature differ-
ences. A megalopa settling in early summer (December)
should live for about 30 days within the polychete
“reef”, where it is prone to intra- and interspecific pre-
dation by larger crabs (Luppi 1999). After this initial
period, the juveniles leave this nursery habitat and mi-
grate to open sediment areas. The surviving recruits
may become sexually mature before the end of recruit-
ment period. However, ovigerous females were seldom
observed in late summer or autumn, suggesting that
Cy. angulatus normally produces its first offspring at
the beginning of the following spring season (Spivak
et al. 1996). Megalopae that settle only in late summer
(March), by contrast, should remain in the “reef” habi-
tat, until they resume their growth the next spring. Crabs
from the latest cohort may not reach maturity until the
end of the following summer.

In one of the field experiments, high mortality oc-
curred in Cy. angulatus (but not in Ch. granulata), pre-
sumably caused by cannibalism or predation by invading
juvenile or adult crabs, and coinciding with a particularly
small recruit size in this species. In recruits of Carcinus
maenas, reduced growth and feeding activity were also
observed when larger conspecific crabs were present
(Adelung 1971; Klein Breteler 1975). In Ch. granulata,
in contrast, recruits and adults were observed to coexist
in the natural habitat, showing apparently low pressure
of cannibalism (Luppi 1999).
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