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ABSTRACT. The relative growth of the fiddler crab Uca burgersi Holthuis, 1967 was analyzed in two populations
from different mangroves (Ubatumirim and Cavalo rivers) in the southeastern Brazilian coast, monthly sampled from
May, 2001 to April, 2002. The population from a high productivity level mangrove reaches the sexual maturity in
larger sizes than the population from a less productive site. This results can be attributed to the greater amount of
nutrients found in the Cavalo than in Ubatumirim mangrove.

KEYWORDS. Relative growth, Uca, size maturity, mangrove.

INTRODUCTION

The existence of ahard exoskeleton in Crustaceans
limits their growth, thus the body dimensions in such
organismsremain constant in theintermoult period. Some
structures grow in distinct proportions to each other,
which allow to observe differences in the growth rate
when two body dimensions are compared (HARTNOLL,
1974). The extensive literature on the relative growth of
brachyuran crabs presents the theorical basis on
allometry (HArTNOLL, 1982; HuxLEY & RicHARDS, 1931;
TeissiEr, 1933, 1960; WevymoutH & Mackay, 1936),
beyond some aspectsrel ated to the determination of size
at onset of sexual maturity (WeymoutH & MAackay, 1934;
Gore & ScotTto, 1983). The great number of papers
developed about brachyurans relative growth are
probably due to the possibility of estimating the sexual
maturity in crabs, that is very useful, particularly, in the
species of economic interest (Lewis, 1977; PINHEIRO &
Fransozo, 1993; M ANTELATTO & FRANSOZO, 1994; SaNTOS
et al., 1995). The relative growth patterns are also
indicative of sexual dimorphism, and it can be used for
developmental phasis prediction in crabs. The secondary
sexual characters (shape and size of chelipeds, abdomen
and pleopods) present differential growth rates before
and after thematuration life phasis (HarmnoLL, 1974, 1978,
1982, 1985; VVANNINI & GHERARDI, 1988). For brachyurans,
the knowledge on therel ative growth during the juvenile
phasisisscarce, because of the difficult identification of
the specimens in the natural environment and the low
survival rate of the larvae until the juvenile phases in
laboratory (NeGrREIROS-FRANSOZO & FRrRANSOZO, 1991).

The fiddler crab Uca burgersi Holthuis, 1967 is
distributed along the Western Atlantic from Florida,
Mexico Gulf, Antilles and Venezuela to Brazil (from
Maranh&o to S&o Paulo States). This species burrowsin
the sediments of beaches, lagoons and estuaries, usually
near mangrovetrees (MeLo, 1996). Giees & Brvan (1972)
performed the study of strontium, magnesium and
calcium in the environment in which U. burgersi lives,

and they also studied the association of these elements
with the exoskel eton. Ecological studieswere performed
by Giees (1974) from Barbuda, Leeward Island and also
by THurmAN I1 (1987), from east of Mexico.

The aim is to describe the relative growth of U.
burgersi and itssize at onset of sexual maturity based in
populations from two mangrovesin the S&o Paulo State
northern coast.

MATERIAL AND METHODS

Crabs were monthly sampled from May, 2001 to
April, 2002 in the mangroves of Ubatumirim river
(23°20'17.8'S, 44°532.2'"W) and Cavaloriver (23°2443'S,
45°0073'W) in the Ubatubamunicipdity, Sdo Paul o, Brazil
(fig. 1). The mangrove of Cavalo river is monospecific
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Fig. 1. Localization of the study sites (® ) in the mangroves of
Ubatumirim river and Cavalo river, Ubatuba, Sao Paulo, Brazil.
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concerning its arboreal composition. Laguncularia
racemosa (L.) isthe only onetypical mangletreein such
place. The median density of trees registered by CoLpro
& NEeGREIROS-FRANSOZO (2003) was 1,250 ind./haand the
median height was4.8 m. Inthe Ubatumirim river it was
recorded L. racemosa and Avicennia shaueriana Stapf.
& Leech. by Necreiros-Fransozo (2002). In this later
site, the median value of density was 6,250 ind./ha and
the median height was 10.6 m.

Sediment samples from both study sites, in each
year season, were collected in order to analyzethe organic
matter. The samples were dried at 60°C until to attain
constant weight. After that, they were submitted for a
period of 3 hours at 500°C, and the samples were then
weighed again. The organic matter content of sediment
samples was determined by ash-free dry weighing.

The crabs were captured during low tide by two
collectorsexcavating the substratum during 30 min, using
the capture effort per unit technique. The sampled area
comprised approximately 0.1 ha. Crabswereput in plastic
labeled bags, and frozen. In the laboratory, crabs were
unfrozen and the sex wasidentified. Some specimensare
depositedinthe NEBECC collection (UNESP), Botucatu.

The following measurements were performed for
both sexes(fig. 2): carapace width (CW) and length (CL);
abdomen width (AW) obtained from the 5" to 6™
abdomina somite. For males, the length (PL) and the
height (PH) of the major cheliped propodus and the
gonopod length (GL) were also measured. For females,
the length (GL) and the height (PH) of theright cheliped
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were measured. The dimensions were taken with a
precision caliper (0.01 mm). Only crabs in intermoult
stages and compl ete, without any defective appendages,
were used in this analysis.

The datawere plotted and the point dispersion for
each regression was analyzed. The datawere adjusted to
apower function Y = axX® (HuxLey, 1950), being CL =
independent variable (x) and other dimensions the
dependent variable (y); b isthe allometric constant, that
expresses the allometry degree of the body part in study.
When b>1 the growth was allometric positive, when b<1,
the growth was allometric negative and when b=1, the
growth was isometric. The b value was tested by a t-
Student test at 5% of significance level. In order to
determine the size at onset of sexual maturity for each sex,
the software Mature Il (Somerron, 1980) was used asthere
was no overlapping of the curvesin both sexes and sites.

The dispersion point for juvenile and adult crabs
were sorted according to the obtained results of Mature
Il and the datal ogarithmized. Thelinear equation obtained
isrepresented by logy = loga + blogx, where b indicated
the slope of the straight line and a, the intercept inthe Y
axis. The straight lines obtained were compared by
covarianceanalysis (Zar, 1996). The crabswere grouped
in demographic categories for each locality as follows:
juvenile males (JM), juvenile females (JF), adult males
(AM), adult females (AF). The comparisons of the median
size for each category were accomplished by means the
Mann-Whitney test at 5% of significancelevel (SokaL &
RoHLF, 1979).

Fig. 2. Uca burgersi Holthuis, 1967, body parts measured (AW, abdomen width; CL, carapace length; CW, carapace width; GL,

gonopod length; PH, propodus height; PL, propodus length).
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RESULTS

Considering each year-season, the organic matter
content in the sediment of the Cavalo river mangrove
(5.11+0.5%) was higher than that obtained i n the sediment
of Ubatumirim river mangrove (1.71+0.25%) (ANOVA,
p<0.05).

A total of 630 fiddler crabs were used in the
performed regressions for the Ubatumirim population,
being 314 males and 316 females, while a total of 582
fiddler crabs, for the Cavalo population, being 315 males
and 267 females. The median size of adult crabs from
Cavalo population (11.8 mm CW) was statistically larger
than that from Ubatumirim (11.0 mm CW) (p<0.05), while
the median size of the juvenile specimens did not differ
between the two populations.

The morphometric relationships that best
evidenced the beginning of the sexual maturity for U.
burgersi were CW vs. PL, for malesand CW vs. AW, for
females (figs. 3, 4). In the Ubatumirim river, only the
regressions CW vs. AW, for males and CW vs. PL and
CW vs. PH, for females, did not present significant
differences between demographic categories and in the
Cavalo river only the regressions CW vs. CL for males
and CW vs. PL and CW vs. PH for females (tabs. I, I1).

A positive allometric growth was observed in males
tothedimensionsPL, PH and GL in the Ubatumirim river
population, while only PL showed a positive allometric
growth for Cavalo river population. In females, the
positive allometric growth was only observed for the
abdominal width in both sites (tabs. I, 11).

Males of U. burgersi from Ubatumirim mangrove
reach their sexual maturity at 7.5 mm of CW and females
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at 6.2 mm (tab. ). In the Cavalo mangrove, malesreach
their sexual maturity at 8.8 mmof CW andfemalesat 6.5
mm (tab. 11).

DISCUSSION

Data on organic matter content in the sediment
revealed a higher rate in the bottom of the Cavalo river
mangrove than in Ubatumirim river mangrove, what can
influencethefiddler crab growth. Thefact of adult fiddler
crabsto belarger in the population from Cavalo sitethan
that from Ubatumirim site is probably related to their
differential growth rate as in the former site the food
resources are available (organic matter) in a higher
quantity.

The U. burgersi populationinthe Cavaloriver aso
achievesits sexual maturity inlarger sizesthan that from
Ubatumirim river. The availability of food resourcesis
one of the main factorsthat can regulate the size at sexual
maturity (HiNEs, 1989). If one populationlivesinaricher
environment concerning to food resources, their
individual s probably grow without alimentary restriction
compared with those from a severe environment with a
low quantity or quality of food. Such growth can produce
different sizes at onset of sexual maturity in decapods
(WenNer et al.., 1974). According to CoLro & NEGREIROS-
Fransozo (2003), the mangrove of Cavaloriver hasahigh
amount of organic matter and nitrogen in the sediment,
which constitute a good resource of available food for
fiddler crabs.

During the development, brachyurans pass by
several morphological changes, being the puberty molt,
presenting remarkable changesrelated to sexual maturity
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Figs. 3, 4. Uca burgersi Holthuis, 1967, juveniles and adult. Points dispersion fitted to a power function and equation obtained for the
morphometric relationships: 3, males, PL vs. CW; 4, females, AW vs. CW.
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Table |. Result of the regressions analysis for the Uca burgersi population from Ubatumirim river (A, adult; a and b, constants; AW, abdomen
width; allometry = t test for slope (b); CL, carapace length; CW, carapace width; F, female; GL, gonopod length; J, juvenile; M, male; N,
number of crabs; PH, propodus height; PL, propodus length; r2, determination coefficient; t and F, statistic values; x, independent variable;
y, dependent variable; 0, isometry; -, negative allometry; +, positive allometry; *, significant for the t-Student test, 0= 0.05).

Relationships Sex N Linearized equation r2 t(lb=1)  Allometry Results of the Mature 11
Logy = loga + blogx Velue F Cut point
IM 65 LogCL = -0.159 + 1.023logCW 0935 059 0 - -
AM 237 LogCL = -0.089 + 0.959lo0gCW 0987  5.70* - - -
CW vs. CL
JF 24 LogCL = -0.132 + 1.021logCW 0903  0.29 0 - -
AF 292 LogCL = -0.113 + 0.994logCW 0968 041 0 - -
JAM 294 LogAW = -0.421 + 0.884logCW 0971  12.89* - - -
CW vs. AW JF 21 LogAW = -0.706 + 1.407logCW 0932  4.68* + 3.03* 6.2 mm
AF 276 LOgAW = -0.857 + 1.591logCW 0.965  32.24* + - -
JM 63 LogPL = -0.648 + 1.629l0gCW 0.885 837 + 23.45* 7.5 mm
CWvsPL AM 251 LogPL = -1.013 + 2.043logCW 0970  46.03* + - -
JAF 309 LogPL = -0.300 + 0.912logCW 0914 055 0 - -
IM 64 LogPH = -1.215 + 1.930logCW 0.900  11.38* + - -
CWvsPH AM 226 LogPH = -0.898 + 1.577logCW 0971 3184 + - -
JAF 309 LogPH = -0.815 + 0.954logCW 0936 032 0 - -
IM 65 LogGL = -0.862 + 1.554logCW 0820  6.03* + - -
CW vs. GL
AM 236 LogGL = -0.432 + 1.044logCW 0934  2.42* + - -

Table Il. Result of the regressions analysis for the Uca burgersi population from Cavalo river (A, adult; a and b, constants; AW, abdomen
width; allometry = t test for slope (b); CL, carapace length; CW, carapace width; F, female; GL, gonopod length; J, juvenile; M, male; N,
number of crabs; PH, propodus height; PL, propodus length; r?, determination coefficient; t and F, statistic values; x, independent variable; y,
dependent variable; 0, isometry; -, negative allometry; +, positive allometry; *, significant for the t-Student test, 0= 0.05).

Relationships Sex N Linearized equation r2 t(b=1) Allometry Results of the Mature Il
Logy = loga + blogx Vaue F  Cut point
JA M 257 LogCL = -0.097 + 0.962logCW 0.991 6.33% - - -
CW vs. CL JF 33 LogCL = -0.024 + 0.860logCW 0.680 1.32 0 - -
AF 200 LogCL = -0.127 + 1.002logCW 0.978 0.19 0 - -
JM 65 LogAW = -0.262 + 0.700logCW 0.679 4.95* - - -
AM 181 LogAW = -0.380 + 0.847logCW 0.818 0.51 0 - -
CW vs. AW
JF 36 LogAW = -0.625 + 1.284logCW 0.643 1.73 0 5.94* 6.50 mm
AF 231 LogAW = -0.910 + 1.641logCW 0.966 31.75* + - -
IM 78 LogPL = -0.690 + 1.689logCW 0.920 1.21 0 15.44* 8.8 mm
CW vs. PL AM 237 LogPL = -0.986 + 2.002logCW 0.947 3.26* + - -
JAF 221 LogPL = -0.316 + 0.924logCW 0.936 4.81* - - -
JM 66 LogPH = -1.106 + 1.803logCW 0.945 1.48 0 - -
CW vs. PH AM 188 LogPH= -0.880 + 1.544logCW 0.932 1.78 0 - -
JAF 224 LogPH = -0.738 + 0.848logCW 0.886 0.74 0 - -
IM 66 LogGL = -0.682 + 1.320logCW 0.838 0.44* 0 - -
CW vs. GL
AM 183 LogGL = -0.417 + 1.011logCW 0.816 0.03* 0 - -
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(PErez, 1929). Such changes are typically associated to
transformations of the endocrine system, which are al'so
related to reproductive maturation process distinguishing
juvenile from adult phasis (TeissiEr, 1960; HARTNOLL,
1982). Thedifferencesin therelative growth proceeding
from the puberty molt are evidenced in the carapace
dimensions, as a consequence of the gonads
development. Such fact was previously observed to other
brachyurans (HaLey, 1972; Huser, 1985; NEGREIROS-
Fransozo et al., 2002, 2003). The overall mean size of
adult crabs in a certain population can be result from
environmental alterations as photoperiod, temperature,
pluviosity, food availability, and others (CampBeLL &
EacLEs, 1983).

Variations in the molt increment or in the molt
number which occur before the puberty molt affect the
crabs growth and, consequently, they can influence the
size at onset of the sexual maturity. The larger body size
at the sexual maturity presented by U. burgersi males
when compared to females, despite of the analyzed site,
was also observed for other Ocypodid crabs (FrRITH &
BRUNENMEISTER, 1983; ALBERTO & FonTOURA, 1999; CoLPo
& N.-FraNnsozo, 2003; Costa & N.-Fransozo, 2003). The
differenceinthesize of the sexual maturity between sexes
has been considered as caused by the changes in the
growth rate in males. Frequently the lower growth rate
observed infemal esisattributed to thefact of their energy
is spent in the reproductive process (WARNER, 1967;
CHRISTY & SaLMON, 1984: ConaN, 1985:; Diaz & ConNDE,
1939).
Males of fiddler crabs present one of the chelipeds
very large, whilefemal es have both chelipeds symmetrical
and very small. The growth of thefiddler crabsbody part
isremarkablealometric, i. e., theratio between body parts
have great differences (FrRiTH & BRUNENMEISTER, 1983).
Uca burgersi presented a positive allometry for both
studied sites concerning to the relationship pointed by
CranE (1975), i. e, size of major cheliped and carapace
width. Observations in the natural ecosystem have
revealed that the major cheliped of the males can take a
role, in the cohort and mating displays, beyond in the
territory defense. The differencesverified inthe allometry
of U. burgersi can be associated to such behavior
(CHristy, 1978, 1983; CHRISTY & SALMON, 1984; ZUCKER,
1986; Mural et al., 1987; SaLmon, 1987; GosHima et al.,
1996; Latrurre et al., 1999; BackweLL et. al., 2000; Porg,
2000). The positive allometry for therelationship CW vs.
AW aobserved in adult females of U. burgersi was also
verified in other brachyuran species (PINHEIRO &
FraNsozo, 1993; MANTELATTO & FRANSOZO, 1994, 1999;
SanTos et al., 1995; FLores & N.-Fransozo, 1999; N.-
Fransozo et al., 2002, 2003). After reaching the sexual
morphological maturity, the abdomen becomes wider,
protecting gonopores and the egg masses during
incubation (HarTnoLL, 1982). The positive allometry
registered for the female abdomen can be an advantage
asitsincreasing promotes a better incubation condition
for the new generation (Lewis, 1977; HAEFNER, 1990;
PiNHEIRO& FRANSOZO, 1993; MANTELATTO & FRANSOZO, 1994).
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