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Abstract

A study on the relative growth of the crab Acantholobulus schmitti (Rathbun, 1930) (Decapoda, Brachyura,
Panopeidae) was performed with allometric techniques. The species is associated with lanterns used for oyster farming
at Guaratuba Bay, southern Brazil. Crabs were obtained from five lanterns from March through December 2009. The
following morphological characteristics were measured: the carapace width (CW), the height and length of the major
cheliped propodus (LPH and LPL), the width of the female abdomen at the base of the 4™ somite (AW) and the length
of the male gonopod (GL). A total of 1,004 individuals of 4. schmitti were measured, of which 451 were males, 323
non-ovigerous females and 230 ovigerous females. The CW of the males varied from 1.87 to 11.86 mm, that of
non-ovigerous females from 1.44 to 8.77 mm and that of ovigerous females from 4.09 to 11.12 mm. The plot of LPH
against CW showed a mean inflection point at 3.67 mm CW for the males. This result indicated that male crabs are ju-
venile below this value and adult above it. For the females, the corresponding inflection point occurred at 3.36 mm CW
in the plot of AW against CW. These results, CW x LPH and CW x AW, highlight the importance of chelae enlarge-
ment at the onset of maturation in males. Similarly, the widening of the abdomen in females is required to accommo-
date egg clutches during the reproductive period. Heterochely was recorded in both sexes. Right-handed crabs were
more frequent than left-handed ones, with percentages of 75.8% in males and 82.7% in females. The population of A4.
schmitti from Guaratuba Bay becomes sexually mature at an earlier age than A. schmitti from the coast of Sdo Paulo
state. The lanterns used in oyster farming furnish a safe habitat in which these crabs can spend their entire benthic life.
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Crescimento relativo de Acantholobulus schmitti (Rathbun, 1930)
(Crustacea, Brachyura, Panopeidae) na Baia de Guaratuba, sul do Brasil

Resumo

Um estudo sobre o crescimento relativo do caranguejo Acantholobulus schmitti (Rathbun, 1930) (Decapoda Brachyura
Panopeidae) foi realizado utilizando o método alométrico. A espécie esta associada as lanternas de ostras na Baia de
Guaratuba, no sul do Brasil. Os caranguejos foram obtidos de cinco lanternas de margo a dezembro/2009. Foram obtidas
as seguintes dimensdes somaticas dos caranguejos: largura da carapaga (CW), altura e comprimento do propodo do maior
quelipodo (LPH e LPL), largura do abdémen da fémea na base do quarto somito (AW) e o comprimento de gondépodo dos
machos (GL). Um total de 1.004 individuos de A. schmitti foi medido, destes 451 foram machos, 323 fémeas e 230 fémeas
ovigeras. O CW dos machos variou de 1,87 a 11,86 mm, enquanto para fémeas ndo-ovigeras de 1,44 a 8,77 mm e fémeas
ovigeras de 4,09 a 11,12 mm. O grafico de dispersao dos pontos empiricos entre CW ¢ LPH mostrou um ponto de inflexao
em 3,67 mm CW dentre os machos, indicando que abaixo deste valor, os caranguejos machos ainda sdo juvenis e acima
dele, adultos. Para fémeas, este ponto foi estabelecido em 3,36 mm CW no grafico de dispersdo entre CW ¢ AW. Esses
resultados das relagdes CW x LPH e CW x AW, destacam a importancia do alargamento da quela no inicio da maturagéo
dos machos, enquanto o alargamento do abdémen ¢ uma demanda natural para as fémeas, a fim de acomodar ovos no
periodo reprodutivo. A heteroquelia ocorreu em ambos os sexos, sendo caranguejos destros mais frequentes do que os
canhotos: 75,8% dentre os machos e 82,7% dentre as fémeas. A populagdo de 4. schmitti da Baia de Guaratuba torna-se
sexualmente madura mais cedo do que no litoral de Sdo Paulo, e as lanternas de ostreicultura constituem um habitat
seguro para estes caranguejos viverem plenamente a sua vida bentdnica.

Palavras-chave: morfometria, alometria, heteroquelia, caranguejo, lanterna de ostras.
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1. Introduction

Natural oyster reefs can support a wide diversity of
organisms, including algae, sessile and vagile inverte-
brates, fish and birds, which may occur at lower densities
in unconsolidated sediment habitats (Ruesink et al.,
2005). Likewise, oyster farming can provide an addi-
tional or alternative habitat for native epifauna (Maren-
ghi et al., 2010).

Certain xanthid crabs can be important predators of
shellfish, but there is very little information about this re-
lationship. Members of this family have been recorded
regularly in farm cultures of the oyster Crassostrea
virginica (Gmelin, 1791) on the east coast of North
America (Wells, 1961). The occurrence of oyster and
mussel shells in the digestive tract of the crab Panopeus
herbstii H. Milne Edwards, 1834 has been described
(Milke and Kennedy, 2001). These observations indicate
that decapods can play an important role in controlling
the population growth of gastropods, bivalves and barna-
cles on oyster banks (Silliman et al., 2004).

The panopeid crab Acantholobulus schmitti (Rath-
bun, 1930) occurs widely along the western Atlantic
coast from Suriname to Argentina, including the Brazil-
ian coast from Ceara to Santa Catarina State (Swennen et
al., 1982; Williams and Boschi, 1990; Melo, 1996). Most
studies on A. schmitti are taxonomic (Sankarankutty and
Manning, 1997; Felder and Martin, 2003), despite its
wide geographical distribution. The species is abundant
in the lanterns used for oyster farming in the Guaratuba
Bay estuary, Parana state, southern Brazil, where the spe-
cies occurs at an average density of up to 130 crabs per
lantern (Frigotto, 2011).

Different body parts can grow at different rates. As a
result, adults and juveniles can differ morphologically.
This phenomenon is known as relative growth or allo-
metric growth (Hartnoll, 1978) and it can be used to dis-
tinguish immature from mature crabs in a population, as
well as to demonstrate differences in the growth patterns
of the body parts of males and females (Fernandez-
Vergaz et al., 2000; McLay and Brink, 2009).

Studies on relative growth are facilitated in crusta-
ceans because the rigid exoskeleton of these organisms
allows precise measurements. Additionally, certain body
parts associated with sex and puberty show strong con-
trasts in shape. These contrasts make crustaceans very at-
tractive for studies of relative growth (Hartnoll, 1978,
1982; Castiglioni and Negreiros-Fransozo, 2004; Alves
et al., 2005; Masunari and Dissenha, 2005; Masunari et
al., 2005; Pinheiro and Taddei, 2005; Biagi and Mante-
lato, 2006; Gerhart and Bert, 2008; Aragjo et al., 2012;
Castiglioni and Coelho, 2011).

Heterochely (differences in size, shape and function
between the right and left chelipeds) varies considerably
among crustaceans. Although it occurs in both sexes, it is
more common or more accentuated in males because
they usually use the chelipeds for agonistic purposes
(Hartnoll, 1982; Finney and Abel, 1981; Muino et al.,
1999; Garvey and Stein, 1993; Pinheiro and Fransozo,
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1993; Grandjean et al., 1997; Mariappan et al., 2000;
Trevisan and Santos, 2012).

The purpose of this study is to determine the carapace
size at which males and females of the crab A. schmitti at-
tain their sexual maturity. The analysis was based on an
investigation of relative growth. Heterochely in this spe-
cies was also analyzed.

2. Material and Methods

Crabs were obtained from the Sitio Sambaqui marine
farm, located in the estuary of Pinheiros River, Guara-
tuba Bay (25°52° S - 48°43” W and 25°51° S - 48°33” W),
municipality of Guaratuba, Parana state, Brazil. Sam-
pling was conducted from March through December
2009.

Collections of the vagile macrofauna associated with
oyster cultivation were made from five lantern nets main-
tained without management (i.e., without cleaning proce-
dures) for one to nine months. Each lantern was wrapped
in a nylon net bag (70 cm long, 80 cm diameter and
0.60 mm mesh size) before it was released from the long
line. The set was then transported by boat to the marine
farm facility. The crabs were manually captured. In the
laboratory, the animals were sorted, fixed in 4% formal-
dehyde, and preserved in 70% alcohol. The crabs were
identified based on Melo (1996). Individuals of Acantho-
lobulus schmitti were sexed, and the following measure-
ments were obtained: the carapace width (CW), the
height and length of the major cheliped propodus (LPH
and LPL, respectively), the abdominal width of the fe-
males at the base of the 4™ somite (AW) and the gonopod
length (GL) of the males (see Figure 1). Small individu-
als (under 3.00 mm CW) were measured with the aid of a
digital microscope Dino-Lite Pro AM413 (AnMo Elec-
tronics Corporation, Hsinchu, Taiwan; www.dino-
lite.com) with 1.3 mega pixels resolution. Individuals
above 3.00 mm CW were measured with a digital caliper
(accuracy 0.01 mm).

The relative growth of A. schmitti was described with
the power equation Y = aX". The equation was log-trans-
formed to linear form (Log y =Loga +b Log X). The CW
was used as an independent variable and other body di-
mensions as dependent variables (Huxley, 1950). After an
initial analysis of the measurement data, REGRANS soft-
ware (Pezzuto, 1993) was used to determine the mean
value of the inflection point joining the relative growth
curve of the juveniles with that of the adults. The presence
of such inflection point theoretically indicates the size of
the onset of sexual maturity in Decapoda (based on mea-
surements of the major cheliped and the abdomen and for
males and females, respectively) (Hartnoll, 1974, 1978).

The values of “a” and “b” are the intercept of the
straight-line growth curve and the constant of allometry,
respectively. The value b = 1 indicates isometric growth,
b > 1 positive allometric growth and b < 1 negative
allometric growth. To analyze the patterns of growth in
terms of allometry or isometry, a Student t-test with a sig-
nificance level of 5% was used (Huber, 1985).
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Figure 1 - Acantholobulus schmitti. Schematic drawings showing the morphometric measures used in this study (adapted
from Marochi and Masunari, 2011). CW = carapace width; AW = abdomen width; GL = gonopod length; LPH = propodus
height of the major cheliped; LPL = propodus length of the major cheliped.

To evaluate the possible statistical differences be-
tween the growth lines of juveniles and adults for males
and females, the intercepts and slopes of the lines were
analysed with an analysis of covariance (ANCOVA)
based on a 95% confidence interval (Sokal and Rohlf,
1979).

Differences in the average carapace width were as-
sessed with a Mann-Whitney test. The mean length and
height of the right and left propodus of males and females
and the difference in propodus measurements between
sexes were evaluated with an ANOVA. The relationship
between the length and height of the propodus among
same-sexed animals and between males and females was
tested with an ANCOVA.

The number of individuals measured was not equal
for all morphometric correlations because lost or dam-
aged appendages or segments occurred in several
crabs.

3. Results

A total of 1,004 specimens of Acantholobulus
schmitti were measured, of which 451 were males, 323
non-ovigerous females and 230 ovigerous females. The
CW of the males ranged from 1.87 to 11.86 mm, that of
the non-ovigerous females from 1.44 to 8.77 mm and that
of the ovigerous females from 4.09 to 11.12 mm. The av-
erage CW of the adult males (7.06 + 1.96 mm) was sig-
nificantly greater than that of the adult females (5.95 £
1.13 mm) (Mann-Whitney U = 7.1971; p < 0.05).
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The equations, inflection points and coefficients of
determination indicating changes during the ontogeny of
males and females are shown in Table 1.

The morphometric dimensions associated with rela-
tive growth and reproductive maturity were the LPH for
males and the AW for females. The other measurements
exhibited inflection points that were not associated with
the onset of puberty, primarily because the values of
these inflection points differed substantially from the size
of the smallest ovigerous female found in the samples.

The relationship between CW and LPH had an in-
flection point at 3.67 mm CW. This result implies that
crabs with a CW less than this value are still sexually im-
mature (i.e., juveniles), whereas those with a CW greater
than this value are sexually mature (i.e., adults). For fe-
males, the value of the inflection point for the relation-
ship between CW and AW was 3.36 mm CW (Table 1
and Figure 2).

The straight-line relationships indicating morpho-
logical sexual maturity for juveniles and adults showed
statistically similar intercepts (f = 2.8587, p = 0.0876)
and different slopes (f=4.4774, p=0.0327). The corre-
sponding straight-line relationships for juvenile and
adult females showed statistically different intercepts
(f=12.76, p = 0.0007) and similar slopes (f = 0.1082,
p=0.7416).

The length of the major propodus ranged from 1.92 to
10.67 mm in males and from 1.69 to 6.37 mm in females;
the height of the major propodus ranged from 0.90 to
6.28 mm in males and from 0.71 to 4.54 mm in females.
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Figure 2 - Acantholobulus schmitti. Comparisons between
straight-lines growth curves for juveniles and adults in males
and females in the growth charts. A: LPH x CW (males). B:
AW x CW (female). The inflection points are indicated in
both graphs. The data points at the left (lozenges) correspond
to the juveniles (males, N = 18; females, N = 24), and those
at the right (squares) to the adults (males, N = 433; females,
N = 496). CW: carapace width; LHP: height of the major
cheliped propodus; AW: abdomen width.

Heterochely occurred in both sexes. The right
cheliped was larger than the left in 75.8% of the
males and 82.7% of the females. Furthermore, the
males had a larger propodus than the females at the
same CW (p <0.0001) in both the length and height
dimensions.

The relationship between the length and height of the
major chelipeds of the males showed different intercepts
(f=66.30, p < 0.0001) and different slopes (f = 24.39,
p <0.0001) for juveniles and adults. For the females, this
relationship showed a similar slope (f=1.87,p=0.1681)
but different intercepts (f=31.31, p <0.0001). These re-
sults imply that the changes in cheliped size between de-
velopmental phases are more abrupt in the males than in
the females.

4. Discussion

The range of carapace width found in the present
study (1.87-11.86 mm for males and 1.44-11.12 mm for
females) was greater than that previously reported by
Fumis et al. (2007), who obtained values of 2.5-9.8 mm
for males and 2.8-9.4 mm for females for a population of
Acantholobulus schmitti inhabiting the Ubatuba region,
Sao Paulo State. Our data suggest that artificial biotopes
such as oyster lanterns can harbor entire populations (ex-
cept planktonic larvae), including adults, ovigerous fe-
males and juveniles, providing a suitable biotope for the
full development of these crabs.

Furthermore, the inflection points found in the pres-
ent study (3.67 mm CW for males and 3.36 mm CW for
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females) are slightly lower than those recorded by Fumis
et al. (2007): 4.5 mm CW for males and 3.5 mm for fe-
males. Although these authors, using a different method-
ology from that of the present study, calculated the in-
flection point of the male growth curve based on the
gonopod length, it appears that the population from
Guaratuba Bay reaches sexual maturity earlier than the
population from the S&o Paulo coast, most likely due to
differences in the local environmental conditions. In the
current study, the length of the gonopod was not chosen
as an indicator of morphological sexual maturity because
this structure showed a negative allometry in adult males.
In addition, the finding of a CW 0f'4.09 mm for the small-
est ovigerous female from Guaratuba Bay provides
strong evidence that the values of the inflection points
calculated with the REGRANS technique are valid indi-
cators of the size of females at the onset of sexual matu-
rity.

The two morphometric dimensions that indicated the
beginning of morphological sexual maturity (LPH for
males and AW for females) in the present study are com-
mon developmental landmarks in panopeid crabs (Ta-
ble 2). The LPH has positive allometric growth in all
species in juveniles, in adults or in both of these stages.
However, isometry and negative allometry are also re-
corded for this character. These findings indicate that rela-
tive growth is influenced by local climatic conditions
(Masunari and Dissenha, 2005; Masunari, 2006). Simi-
larly, the AW shows positive allometric growth in both ju-
venile and adult stages for all species, with the exception
of A. schmitti in the present study. This exception could be
a result of the substantial difference in sample size be-
tween adult females (N = 496) and juveniles (N = 24).

Although the relative growth of the LPL did not
yield an inflection point value that indicated the onset of
sexual maturity in males in the present study, this di-
mension followed the same positive allometry as the
LPH. This tendency is also evident in other panopeid
species (Table 2).

An enlarged female abdomen is associated with a
larger volume of the incubatory space and the potential
capacity to hold a large egg mass (Leme, 2006). In con-
trast, the abrupt growth of the major cheliped in males in-
dicates a possible need to fight with other males to ensure
reproductive success (Hartnoll, 1974). This assumption
has been generally accepted for many other brachyuran
species (Guerrero-Ocampo et. al., 1998; Masunari and
Swiech-Ayoub, 2003; Masunari et al., 2005; Castiglioni
et al., 2006; Aragjo et al., 2012).

The GL shows positive allometric growth only in the
juvenile stage of most panopeid species (Table 2); the
adults show negative or isometric growth. The pattern
found in this paper for A. schmitti indicates that the
gonopod grows at a greater rate during the juvenile phase
than in the adult phase. This growth rate can be explained
by a reproductive strategy in which the species exhibits
further development of the gonopod in the juvenile phase
so that the structure will be fully functional after the tran-
sition to adulthood.
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Table 2 - Slope values of the straight lines (=b) in the scatter plots between the various morphometric dimensions and the car-
apace width (independent variable) of xanthid species (sensu MacLeay, 1838). The respective allometry is also listed. LPL:
Major propodus length; A: allometry; LPH: Major propodus height; GL: gonopod length; AW: female abdomen width; JM:
juvenile males; AM: adult males; JF: juvenile females; AF: adult females; +: positive allometry; -: negative allometry.

Species [Reference] Demographic category LPL. A LPH A GL A AW A
Eriphia gonagra (Fabricius, 1781) M .05 + 099 + 154 +
[Goes and Fransozo, 1997] AM 1.07 + 1.01 0.98

JF 1.01 0 098 1.47

AF 075 0 097 1.27 +
Panopeus austrobesus (Williams, 1983) M 1.04 0 1.09 + 214 +
[Negreiros-Franzoso and Franzoso, 2003] AM .18 + 1.25 1.08

JF 1.19

AF 1.08 + 1.14 1.36
Eurytium limosum (Say, 1818) M .11+ 116 + 117 +
[Guimaraes and Negreiros-Fransozo, 2002] AM - 093 -

JF 1.29

AF 1.13
Hexapanopeus schmitti (Rathbun, 1930) M 123 + 140 - 083 -
[Fumis et al., 2007] AM 097 0 085 + 122 +

JF 1.00 0 1.48

AF .17  + 1.29
Acantholobulus schmitti (Rathbun, 1930) M .11+ 169 + 132 +
[present study] AM 129 + 131 - 0.6l -

JF 021 0 027 044 -

AF 1.01 + 6.74 1.07 +

According to Hartnoll (1974), positive allometry in
the period prior to puberty serves to develop the structure
to a functional size. During ontogeny, the growth rate of
this structure could decrease relative to that of other
structures (negative allometry). Species showing such
negative allometry can benefit from the resulting in-
crease in reproductive and adaptive potential.

The heterochely recorded in both sexes of 4. schmitti
is remarkable. The most marked case of heterochely was
observed in the male crab, in which the major chela
(10.67 mm in length and 6.28 mm in height) was approxi-
mately 1.3 and 1.4 times larger, respectively, than the mi-
nor chela (8.51 mm in length and 4.46 mm in height). The
sexual dimorphism in the size of the chelae may be re-
lated to the more frequent occurrence of agonistic inter-
actions in males than in females and may consequently
increase the success of the males in intraspecific ago-
nistic interactions and mate competition (Hartnoll, 1978;
Lee and Seed, 1992; Claxton et al., 1994; Negreiros-
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Fransozo and Fransozo, 2003). However, heterochely
may also be important for feeding or may increase the
range of food items that can be obtained. This assumption
is based on the observation that the muscles can differ be-
cause of the differing form and size of the chelipeds.
These differences may function to capture different prey
types or food items, as in xanthids and portunids, poten-
tially facilitating predation on prey of different sizes
(Abby-Kalio and Warner, 1984).

The predominance of right-handedness in both sexes
in A. schmitti appears to be a species characteristic, as pre-
vious studies have also reported this tendency (Fumis et
al., 2007). Other studies of brachyuran species have shown
similar results (Vanini and Gherardi, 1988; Guimaraes and
Negreiros-Fransozo, 2002; Masunari and Swiech-Ayoub,
2003; Negreiros-Fransozo and Fransozo, 2003), but the
meaning of this tendency is still unknown.

The population of A. schmitti from the oyster farm
studied in Guaratuba Bay became sexually mature earlier
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than a population from the coast of Sdo Paulo state. The
lanterns used in oyster farming provide a safe habitat to
all the benthic stages of this crab species.
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