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Ontogenetic variation of the Goyazana
castelnaui H. Milne-Edwards, 1853
(Brachyura, Trichodactylidae), crab

in the semiarid region of Brazil

DIOGENES S. ALMEIDA, ANASTACIA N.C. MENEZES & RENATA A. SHINOZAKI-
MENDES

Abstract: In order to know the morphological variations of Goyazana castelnaui, we
conducted an ontogenetic study from the first crab stage to the adult stage using
geometric morphometry. We studied 36 females, 43 males and 162 juveniles collected
in the Pajel River, Brazil. We photographed crabs’ carapace, pleon and right cheliped
with they arranged parallel to the plane, afterwards landmarks and semi-landmarks
were strategically distributed in the images. Through principal components analysis,
we observed that the variation occurred mainly in the frontal and posterior region of
the carapace. The pleon presented marked variations in the posterior and anterolateral
region, while chelipeds presented greater variations at the base of the fixed finger.
The canonical variation between sexes and between juveniles and adults (p<0.05)
varied significantly. Correct allocations obtained by discriminant analysis (p<0.05)
varied between 89.3% and 100.0%. The carapace shows a constant dimorphism along
the ontogenetic trajectory, and both sexes reach similar centroid sizes (p>0.05). While
the pleon and the cheliped, both sexes are similar when juvenile, diverging along the
trajectory and reaching different centroid sizes (p<0.05). Females have a larger pleon and
males a larger cheliped, corroborating the monophyletic theory of Brachyura.

Key words: Freshwater crab, ontogenetic polymorphism, semiarid, sexual dimorphism.

INTRODUCTION

The growth of Brachyura occurs through
consecutive molts (ecdysis). They are
characterized by physiological, morphological,
chemical, and behavioral changes. The period
between molts can be influenced by biotic
and abiotic factors, as well as individual size
and ability to obtain and store resources for
the next molt (Aiken & Waddy 1992, Lima &
Oshiro 2006, Schram & Castro 2015). Successive
molts lead to the appearance of patterns of
body growth that allow these organisms to
develop specific functional behaviors typical
for each sex, such as male cheliped and female

pleon positive allometry, mainly at the pre-
pubertal phase (Hartnoll 1974), thus generating
dimorphic characteristics (Marochi et al. 2016)
in a same species.

The study of morphological patterns has
been improving over the years. Such studies
have replaced techniques related to classical
morphometry through geometric morphometry
in order to understand an organism as a whole.
They provide knowledge of how an individual's
shape can be formed by complex interactions
between genetic factors and the environment
(Klingenberg 2010). Due to the rigid exoskeleton
and an easy identification of anatomical
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landmarks, crustaceans are ideal organisms for
geometric morphometry analyses (Rufino et al.
2004). Their growth can be identified through an
ontogenetic trajectory.

Some studies carried out using geometric
morphometry in crabs have aimed to ascertain
variationsin the shape of specimens considering
the differentiation between populations from
different locations (Trevisan & Masunari 2010,
Scalici et al 2013, Deli et al. 2015, Pramithasari
et al. 2017) in order to differentiate individuals
with regard to sexual dimorphism (Alencar
et al. 2014, Marochi et al. 2016), as well as
variations in ontogenetic trajectory (Shinozaki-
Mendes & Lessa 2017), which consists of
variations associated with growth processes.
For the species Goyazana castelnaui, only the
study by Silva et al. (2018) has used geometric
morphometry to identify the existence of sexual
and age dimorphism for sexed young and adult
individuals. However, this work did not include
juveniles in the first crab stage or cheliped
analyses; only individuals recruited to fishing
were included.

The present study aims to analyze
the morphological variations of the dorsal
(carapace), ventral (pleon) and right chelipeds
of G. castelnaui along the ontogenetic trajectory.
The purpose is to ascertain age and sexual
polymorphism of this species during growth
using geometric morphometry techniques.

MATERIALS AND METHODS

Study area and laboratory procedures

Crabs of the species Goyazana castelnaui were
collected (SISBIO license 63227-4) along the
Pajed River in the semiarid region of Brazil
from February 2011 to September 2016. The
approximate coordinates are 08°38 S and
038°35 W (Figure 1). The collections were carried
out in the twilight and in the night using shrimp
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nets. In laboratory, the specimens were cryo-
anesthetized, identified, and sexed according
to Magalhdes (2003). Females had a wide
semicircular pleon with four pairs of pleopods,
and males had a triangular and narrow pleon.
79 free-living individuals (36 females - F, and 43
males - M) and 162 non-sexed juveniles (J) were
collected in the incubation chambers of females
at the first crab stage, since there were no traces
of ecdysis.

Geometric morphometry and statistics

Initially, we took photographs of the crabs’
carapace (28 F, 43 M, and 162 J), pleon (28 F,
43 M, and 162 J) and the dorsal (external) view
of the right propodi (36 F, 33 M, and 40 ). The
images of individuals with malformation or
injuries were discarded from analyses. For linear
morphometry, the specimens were measured
using the software UTHSCSA ImageTool 3.0
(Wilcox et al. 1996). Carapace width (CW), pleon
length (PL), and the right chelate propodus
length (CL) were measured.

Males and females were photographed
using a digital camera attached to a tripod with
50-mm focal length lens (Canon Inc 2012). The
subjects were arranged parallel to the plane.
The juveniles were photographed with a camera
attached to a stereoscopic microscope (Bel
Photonics 2014).

The photos showed four landmarks and
seven semi-landmarks in the carapace, three
landmarks and ten semi-landmarks in the
pleon, and three landmarks and seven semi-
landmarks in chelipeds (Figure 2). They were
strategically distributed for better obtaining
the animal’'s shape using the software TPSDig
version 210 (Rohlf 2006).

To align the coordinates of landmarks
and semi-landmarks with the centroid, the
generalized Procrustes analysis (GPA) was
performed using the software MorphoJ,
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Figure 1. Geographic location of the collection area of Goyazana castelnaui in Pajel River, Pernambuco, Brazil.

version 1.06 (Klingenberg 2008). Differences
in orientation, position, and scales were
removed (Rohlf & Marcus 1993, Bookstein
1996, Adams et al. 2004). From the matrix of
residues generated in the GPA, a principal
components analysis (PCA) was performed to
determine the main characteristics of shapes.
Later, a canonical variance analysis (CVA) was
performed with 10,000 permutations to find the
shape characteristics that best distinguish and
separate groups using the Procrustes distance
(Dist. Proc.).

Before the main analysis, landmark and
semi-landmark measurements were taken twice
for carapace, pleon and right cheliped by the
same researcher with the images in random
orders. Then, the two groups (original and
repetition) were compared using the Hotelling
test (T?) (p<0.05) for discriminant analysis.
In case of difference between groups, a third

measurement was taken until no significant
difference has been identified.

A multivariate analysis of variance was
performed (MANOVA) with probability fitting
for Bonferroni multiple comparisons (Fornel
& Cordeiro-Estrela 2012) in order to identify
possible differences in shape (Carapace, Pleon
and Cheliped) and the centroid size. For these
analyses, the software Past, version 3.07, was
used (Hammer et al. 2001).

To test the existing differences between
the shapes of each group and calculate the
percentages of its characteristics, a discriminant
function analysis was performed (DA) together
with permutation test with 10,000 permutations
to validate the crossing between groups
(Viscosi & Cardini 2011). The Hotelling test (T°),
with Bonferroni fitting (p<0.05), was used to
determine correct allocations in each DA group.
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In order to statistically evaluate possible
differences in carapace, pleon, and cheliped
sizes along the ontogenetic trajectory of
specimens of G. castelnaui, regression graphs
were plotted using the distribution of CVA scores
(dependent variable) according to centroid size
(independent variable).

RESULTS

Juveniles presented CW ranging between 2.2
and 2.6 mm, females between 35.2 and 52.2 mm,
and males between 361 and 50.8 mm. The PL
varied between 0.8 and 1.20 mm (juveniles), 22.9
and 37.6 mm (females), and 184 and 28.0 mm
(males). The CL of juveniles varied between 1.
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Figure 2. Schematic drawing and
images of specimens of juvenile,
males, and females of Goyazana
castelnaui showing the location of
anatomical landmarks and semi-
landmarks on the carapace, pleon,
and right cheliped. Carapace: 1and 4,
exorbital tooth ends; 2 and 3 - lobes
on the frontal margin of the carapace;
5 and 11, second exorbital tooth ends.
Start and end point of the allocation
of semi-landmarks (6 to 10) which
surround the carapace with equal
distance. Pleon: 1 and 10, posterior
end of the Il abdominal somite. Start

Female

carpus-propodus. Starting point for
the allocation of semi-landmarks (2
to 6) which border the propodus with

¥ equal distance to semi-landmark 7;

| 7 - Distal end of the fixed finger; 8,

tip of the upper tooth close to the
carpal-propodus joint; 9, distal end of
% the crest of the propodus; 10, proximal
base of the first tooth of the fixed
finger. Scales: juvenile 0.5 mm; male
and female 10.0 mm.

' and end point of the allocation of
semi-landmarks (2 to 9) which border
the pleon with equal distance; 11, apex
of the telson; 12 and 13, posterior
end of the telson. Right cheliped: 1,
tip of the lower tooth close to the

and 1.2 mm, of females between 14.3 and 34.4
mm, and of males between 9.6 and 59.6 mm.
Initially, the repeatability of the measurements
was attested, with no significant difference
between the original measurement and the
repetition for all analyzes (p-value ranging from
0,9743 t0 0,9999), with no need for third analyzes.
In principal components analyses of
the variation of carapace landmarks, the PC1
represented 94.3% of the variance and the PC2
only 1.9% (Figure 3). In PC1, the negative values
of the x-axis comprised only juveniles, with
a marked a distancing of this group from the
others (F and M), especially regarding the frontal
(landmarks 1, 2, 3 and 4) and posterior region
(semi-landmarks 7, 8 and 9). The PC2 separated
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the group F from group M. The scores of females
were distributed mainly on the negative y-axis
and that of the males on the positive axis, while
juveniles showed dispersion along the axis. The
main variations occurred in the posterior (8)
and lateral (6 and 10) semi-landmarks.

The PC1 of the pleon explained 72.5% of
variation, with noticeable changes in all points,
mainly in the posterior and anterolateral regions.
The scores of the female group were dispersed at
the end of the negative x-axis, in contrast to the
juveniles, whose scores were dispersed along
the positive axis; males remained in the central
region of the axis closest to the origin. The PC2
accounted for 16.8% of the variation mainly at
the base of the pleon (in the posterior semi-
landmarks 1, 2 and their counterparts); at the
apex of telson (landmark 11) and on the sides of
telson (in the previous semi-landmarks 4, 5 and
their counterparts). In the y-axis, the extreme
negative values were represented by the group
of females, the juveniles were dispersed in the
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Figure 3. Carapace, pleon and
cheliped Thin Plate Splines
associated with variations

in the analysis of the first

(PC1) and second (PC2)
principal components of G.
castelnaui. The thin gray plates
correspond to the overlap of
Procrustes (mean values) and
the black plates represent
deformities. Scores of females
are represented by gray circles,
juveniles by black circles, and
males by squares.

PC 1 (72.5%)

central region of the axis, and the males were
distributed along the positive axis (Figure 3).
The PC1 of the cheliped showed 62.6% of
variation. Distortions were mainly in the lower
region of the fixed finger, corresponding to semi-
landmarks 3, 4, 6 and 7, in the distal end of the
crest of the cheliped and in the proximal base of
the first tooth of the fixed finger in anatomical
landmarks 9 and 10, respectively. The scores of
the female group were dispersed at the end of
the negative x-axis, in contrast to the juveniles,
whose scores dispersed mainly along the
positive x-axis; males remained in the central
region of the axis, mostly in the negative axis.

In PC2, there was a 131% variation mainly
at the tip of the lower tooth close to the carpus-
propodus (semi-landmark 1), at the end of the
fixed finger (semi-landmark 7), at the tip of
the upper tooth close to the carpus-propodus
(landmark 8), and at the distal end of the
cheliped crest (landmark 9). Along the y-axis,
the values were dispersed for the three groups.
Males presented most values on the negative
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axis, and females presented most values on the
positive axis, thus not evidencing a noticeable
separation between juveniles and the others
(Figure 3).

In the comparison of shapes, as well as in
CVA, there was a significant difference between
all groups, with p-values lower than 0.01. The
results obtained by the DA through the T
test with Bonferroni correction also showed
a significant difference in shape between the
groups (p<0.01) as for carapace and pleon. In
chelipeds, there was a significant difference
between the groups F and J and M and J (p<0.01).
Between the groups F and M there was no
significant difference (p=0.68), with greater
distances in pleon analyses for all groups.

By analyzing the correct allocation in groups,
the pleon of juveniles, males and females
obtained a 100% correct classification, whereas
for carapace there was a variation between
89.30% (of females allocated in the group of
females, in comparison with males) and 100%,
and for chelipeds between 90.91% (of males
allocated correctly compared to females) and
100% (Table 1).

Based on the regression scores of CVAT with
CVA2 in function of centroid size (CS), we noted
that juveniles were separated from the other
groups by centroid size, varying between positive
and negative regression scores for carapace and
pleon and remaining only on the positive axis in
the cheliped analysis (Figure 4).

ONTOGENETIC TRAJECTORY OF Goyazana castelnaui

The carapace shows a constant dimorphism
along the trajectory. Juveniles dispersed along
they-axis, males onthe positive axis,and females
on the negative axis. Both sexes reached similar
centroid sizes (p=0.53), differing from juveniles
(p<0.01). As for the pleon and the cheliped, both
sexes are similar when juvenile, diverging along
the trajectory and reaching different centroid
sizes. Females have a larger pleon (p<0.01) and
males a larger cheliped (p=0.02).

DISCUSSION

Sexual dimorphism is a notoriously and
historically recorded aspect of Brachyura as
secondary sexual characters, mainly in the
regions of the pleon and chelipeds. However,
variations in carapace shape have rarely
been associated with dimorphism. In the
present study, non-sexed juveniles showed an
ontogenetic trajectory of the carapace and a
tendency to sexual dimorphism due to varying
positive (male) and negative (female) regression
scores. This dimorphism at the early juvenile
stages was also recorded for Dilocarcinus pagei
(Stimpson, 1861), whose variation is evident
from the second juvenile stage; at the third
stage, the carapace becomes wider than longer,
similar to what occurs in adults (Vieira et al.
2013), corroborating the variation observed in
the present study.

Table I. Results of discriminant function analysis of carapace, pleon, and cheliped, and the correct allocation of
groups in pair interactions with males (M) females (F) and juveniles ()) of Goyazana castelnaui.

Correct allocation of groups (%)

F-) F-M M-) p-value (T%)
Carapace 100 - 100 89.30 - 95.30 100 - 100 <0.01
Pleon 100 - 100 100 - 100 100 - 100 < 0.01
Cheliped 100 - 100 9444 - 90.91 100 - 100 < 0.01
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Allometry is the morphometric variation
related to one or more characteristics of
organisms that change with growth due to
different biological phenomena. There are
static, ontogenetic, and evolutionary allometries
(Klingenberg 1996). Sexual dimorphism can
cause allometric variations in the body structure
of organisms because of pressures of natural
or sexual selection (Adam et al. 2018). The
ontogenetic variation of G. castelnaui (shown
in PC1) is more evident than sexual dimorphism
(shown in PC2) related to the shape of carapace,
pleon, and cheliped. This corroborates the
statement that changes in morphological
characteristics among individuals of a same
species can occur throughout development
or only in adulthood, and that growth and

3.0
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allometric level can influence dimorphism and
ontogenetic trajectories (Marochi et al. 2018).

In linear morphometry, juveniles of G.
castelnaui presented the narrowest frontal
region. This may be related to the shape and size
of eyes because, compared to adult individuals,
the eyes are proportionally larger following the
relation between carapace and eye. Marochi et
al. (2018) stated that ecological factors demand
such ocular adaptations, which gradually
become more proportional to body size and its
functions in the environment.

We observed in the analysis of variation
in the ontogenetic trajectory and in the linear
morphometry that, for the species G. castelnaui,
both sexes reached similar centroid sizes for
the carapace. This characteristic may be directly
related to copulation, since in some Brachyura,

Carapace E - Figure 4. Ontogenetic
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0.0 S " D o . to regression scores of
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the male holds the young female until the
moment of pubertal molt (such as Callinectes
danae, (Shinozaki-Mendes & Lessa 2018), while
G. castelnaui presents a gonopore open and
copulation can occur without relation to the
period of ecdysis (personal observation).

Alencar et al. (2014) reported for the
species Ucides cordatus (Linnaeus, 1763) that
the carapace shape of females shows a slight
reduction of lateral points, and in males the
posterolateral region of the carapace is more
rounded, as could be observed for G. castelnaui
inthe present study. In agreement with Rufino et
al. (2004), who commented on this shape being
also present in males of Liocarcinus depurator
(Linnaeus, 1758), the situation coincides with
the area of fitting of pereopods and chelipeds.
They can thus be related to a stronger muscle
in this region, which can be used for agonistic
behaviors.

The study on sexual and age dimorphism
carried out by Silva et al. (2018) also
demonstrated for G. castelnaui an increase in
the posterior region of the carapace in adult
females, suggesting that this characteristic
may be associated with the accommodation of
gonads within the cephalothorax, as proposed
by Alencar et al. (2014) for U. cordatus females.
According to Marochi et al. (2018), another factor
that can cause allometric growth of the posterior
margin of the carapace is pleon growth because,
as it is a part of a surrounding structure of the
carapace, it can thus be affected in females.

The analyses carried out in this study
highlighted the pleon shape and size mainly of
G. castelnaui females compared to that of males
and juveniles. Females present a semicircular
pleon that in adulthood becomes larger and
covers the entire thoracic sternite. Silva et
al. (2018) observed this when describing the
development of these structures compared
to young females. This is possibly because

ONTOGENETIC TRAJECTORY OF Goyazana castelnaui

females have more space to accommodate
eggs and juveniles. Although this characteristic
is common to all Brachyura, on the one
hand, freshwater crabs have larger eggs than
marine crabs and have a direct (epimorphic)
development (Pinheiro & Taddei 2005); on the
other hand, in marine crabs, eggs hatch in a
more primitive phase (zoea) and females have a
high fertility rate. Thus, freshwater species have
evolved towards a more prolonged development
and a greater parental care for their offspring
(Mansur & Hebling 2002, MClay & Becker 2015).
The expansion of the pleon is essential for
reproductive success.

The male and juvenile pleon are triangular
and their apex comprise the telson that extends
through the thoracic sternites, partially covering
them. Apparently, the shape of the male pleon
corresponds only to the protection of gonopods
in the first abdominal somite (Hartnoll 1974).
However, it was not possible to determine
visually the sex of juveniles at the first crab stage
by observing the pleon. According to Vieira et al.
(2013), the sex of D. pagei is identified by the
pleon from the second juvenile stage. Santos &
Vieira (2017) suggested that this also happens
with another freshwater species: Dilocarcinus
septemdentatus (Herbst, 1783).

Males of G. castelnaui stand out for the
more robust shape of the right chelipeds and
for their size, corroborating what was found
for the species Hepatus pudibundus (Herbst,
1785). This species shows that the chelipeds of
males reach greater lengths and the centroid
sizes are larger than those of females along the
ontogenetic trajectory, as well as presenting the
fixed finger and the widest propodus (Marochi et
al. 2016). Still according to Marochi et al. (2016),
the females of H. pudibundus not only presented
larger dimensions in the posterior region of
the carapace, but also a greater increase in the
posterior part of the fixed finger of chelipeds,
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which may be associated with parental care. The
females of G. castelnaui showed elongation in
the distal portion of the fixed finger, which can
facilitate the handling of the offspring.

The juveniles of G. castelnaui differed
from male and female chelipeds along the
ontogenetic trajectory, not so much for their
structural components, but for the more
elongated shape, whereas in sexed individuals,
the chelipeds tended to become more robust
along the trajectory and equal as for shape.
However, the males of G. castelnaui invest more
in cheliped growth along the ontogeny compared
to females, which invest more in the pleon. The
growth of the carapace is similar, thus reflecting
this intersexual difference, as Gherardi & Micheli
(1985) also observed for the freshwater crab
Potamon potamios palestinians (Bott, 1967).
One can also relate the growth of organs with
the extent to which they will interact for optimal
functioning, in addition to minimizing the waste
of resources. For example, the decrease in the
growth of the female’s pleon after the pubertal
molt is also limited by sternum size (Hartnoll
1974). Male chelipeds are different. They continue
to grow (Hartnoll 1974) as they can continue to
be useful for defense, reproduction, search for
food, and demarcation of territory, according
to reports for Uca leptodactyla (Rathbun, 1898)
(Masunari & Swiech-Ayoub 2003).

Although there are important works on
dimorphism, already mentioned in the previous
paragraphs, as well as works that compare
juveniles and adults (e.g., Silva et al. 2018),
the absence of ontogenetic comparisons that
include first crab stages limit the perception
of real amplitudes of growth variations, which
notoriously also occur in the first ecdysis and
not only in the pubertal molt, as has been
reported for several Brachyura (e.g., Hartnoll
1978, Tsuchida & Fujikura 2000, Masunari &
Dissenha 2005, Corgos et al. 2007).

ONTOGENETIC TRAJECTORY OF Goyazana castelnaui

Finally, we highlight that the present work

w_n

has a low “n” sample due to the low abundance
of the species in several rivers, accentuated
by the degradation of the natural environment
(personal observation). However, there was no
impairment to the analyses since statistical
differences are marked. With this publication, it
is now possible to advance knowledge about the
biology of this species, whose data corroborate
the monophyletic theory of Brachyura (Scrham
1986).

Acknowledgments

We would like to thank Girlene Fabia Segundo Viana,
Herick Nunes and Lucas Nunes da Silva for the relevant
contribution to the development of this research, the
Fundo Nacional de Desenvolvimento da Educacao
(FNDE), Brazil, for promoting the scholarship through
the Programa de Educacao Tutorial (PET), granted to
the first author, the Fundacao de Amparo a Ciéncia e
Tecnologia do Estado de Pernambuco - FACEPE (IBPG
1776-2.04/15), Brazil, for granting a Master’s scholarship
to the second author, the Conselho Nacional de
Desenvolvimento Cientifico e Tecnologico — CNPq
(Universal Project 471219/2013-4), Brazil, for the financial
support for the execution of this project and the Dean’s
Office of Research and Graduation of the Universidade
Federal Rural de Pernambuco (09/2014 PRPPG/UFRPE)
for helping in formatting.

REFERENCES

ADAM CL, MAROCHI MZ & MASUNARI S. 2018. Ontogenetic
shape changes and sexual dimorphism in Aegla
marginata Bond-Buckup and Buckup, 1994. An Acad Bras
Cienc 90: 1521-1532.

ADAMS DC, ROHLF FJ & SLICE DE. 2004. Geometric
morphometrics: ten years of progress following the
‘revolution’. Ital J Zool 28: 5-16.

AIKEN DE & WADDY SL. 1992. The growth process in crayfish.
Rev Aquat Sci 6(3-4): 335-381.

ALENCAR CERD, LIMA-FILHO PA, MOLINA WF & FREIRE FAM.
2014. Sexual shape dimorphism of the mangrove crab
Ucides cordatus (Linnaeus, 1763) (Decapoda, Ucididae)
accessed through geometric morphometric. Sci World J
2014(1): 1-8.

An Acad Bras Cienc (2023) 95(3) 20200929 9| 11



DIOGENES S. ALMEIDA, ANASTACIA N.C. MENEZES & RENATA A. SHINOZAKI-MENDES

BEL PHOTONICS. 2014. Eurekam 3.0 Plus. 1 Camera for
microscope 3.0 megapixels, tipe color CMOS 2", 1
Eyepiece adapter, 1 micrometric slide.

BOOKSTEIN FL. 1996. Standard formula for the uniform
shape componente in landmark data. In: MARCUS LF,
CORTI M, LOY A, NAYLOR GJP & SLICE DE (Eds), Advances
in morphometrics. New York: Plenum Press, p. 153-168.

CANON INC. 2012. Canon PowerShot SX50 HS. 1 Black
camera 121 megapixels PowerShot, super-zoom Sporting
a 50x zoom lens with focal length of 24-1200mm.

CORGOS A, SAMPEDRO MP, GONZALEZ-GURRIARAN E & FREIRE J.
2007. Growth at moult, intermoult period, and moulting
seasonality of the spider crab Maja brachydactyla:
combining information from mark-recapture and
experimental studies. J Crustacean Biol 27(2): 255-262.

DELI T, BAHLES H, SAID K & CHATTI N. 2015. Patterns of
genetic and morphometric diversity in the marbled
crab (Pachygrapsus marmoratus, Brachyura, Grapsidae)
populations across the Tunisian coast. Acta Oceanol Sin
34(6): 49-58.

FORNEL R & CORDEIRO-ESTRELA P. 2012. Morfometria
Geometrica e a Quantificacao da Forma dos Organismos.
In: MARINHO JR, HEPP LU & FORNEL R (Orgs), Temas em
Biologia: Edicao comemorativa aos 20 anos do Curso de
Ciéncias Biologicas e aos 5 anos do PPG-Ecologia da URI
Campus de Erechim. 1ed. Erechim: EDIFAPES, p. 101-120.

GHERARDI F & MICHELI F. 1985. Relative growth and
population structure of the freshwater crab, Potamon
potamios palestinians, in the dead sea area (Israel).
Israel ] Zool 36: 133-145.

HAMMER @, HARPER DAT & RAYAN PD. 2001. PAST:
Paleontological Statistics software package for education
and data analysis. Palaeontol Electron 4(1): 1-9.

HARTNOLL RG. 1974. Variation in Growth Pattern between
Some Secondary Sexual Characters in Crabs (Decapoda
Brachyura). Crustaceana 27: 131-136.

HARTNOLL RG. 1978. The determination of relative growth
in Crustacea. Crustaceana 34(3): 281-289.

KLINGENBERG CP. 2010. Evolution and development of
shape: integrating quantitative approaches. Nat Rev
Genet 11: 623-635.

KLINGENBERG CP. 1996. Multivariate Allometry. In: MARCUS
LF, CORTI M, LOY A, NAYLOR GJP & SLICE DE (Eds), Advances
in morphometrics. New York: Springer Press, p. 23-49.

KLINGENBERG CP. 2008. Software Morpho). Faculty of Life
Sciences, University of Manchester, UK.

ONTOGENETIC TRAJECTORY OF Goyazana castelnaui

LIMA GV & OSHIRO MY. 2006. Crescimento somatico do
caranguejo-uca Ucides cordatus (Crustacea, Brachyura,
Ocypodidae) em laboratorio. Iheringia Sér Zool 96:
467-472.

MAGALHAES C. 2003. Brachyura: Pseudothelphusidae
e Trichodactylidae. In: Melo GAS (Ed), Manual de
Identificacao dos Crustaceos Decapodos de Agua Doce
Brasileiros. Sao Paulo: Edigoes Loyola, Brasil, p. 143-297.

MANSUR CB & HEBLING NJ. 2002. Analise comparativa
entre a fecundidade de Dilocarcinus pagei Stimpson e
Sylviocarcinus australis Magalhaes & Turkay (Crustacea,
Decapoda, Trichodactylidae) no Pantanal do Rio
Paraguai, Porto Murtinho, Mato Grosso do Sul. Rev Bras
Zool 19(3): 797-805.

MAROCHI MZ, COSTA M, LEITE RD, CRUZ IDC & MASUNARI
S. 2018. To grow or to reproduce? Sexual dimorphism
and ontogenetic allometry in two Sesarmidae species
(Crustacea: Brachyura). ) Mar Biol Assoc UK 1: 1-14.

MAROCHI MZ, TREVISAN A, GOMES FB & MASUNARI S. 2016.
Dimorfismo sexual em Hepatus pudibundus (Crustacea,
Decapoda, Brachyura). Iheringia Sér Zool 106: 1-6.

MASUNARI S & DISSENHA N. 2005. Alometria no crescimento
de Uca mordax (Smith, 1870) (Crustacea, Decapoda,
Ocypodidae) na Baia de Guaratuba, Parana. Rev Bras
Zool 22(4): 984-990.

MASUNARI'S & SWIECH-AYOUB BP. 2003. Crescimento relativo
em Uca leptodactyla Rathbun (Crustacea, Decapoda,
Ocypodidae). Rev Bras Zool 20: 487-491.

MCLAY CL & BECKER C. 2015. Reproduction in Brachyura.
In: Treatise on Zoology - Anatomy, Taxonomy, Biology.
Decapoda: Brachyura, Treatsie on zoology - anatomy,
taxonomy, biology. In: CASTRO P, DAVIE PJF, GUINOT D,
SCHRAM FR & VON VAUPEL KLEIN JC (Eds). Brill: Leiden &
Boston, Volume 9 Part C, p. 185-243.

PINHEIRO MAA & TADDEI FG. 2005. Crescimento do
caranguejo de agua doce, Dilocarcinus pagei Stimpson
(Crustacea, Brachyura, Trychodactylidae). Rev Bras Zool
22(3): 522-528.

PRAMITHASARI FA, BUTET NA & WARDIATNO Y. 2017. Variation
in Morphometric Characters in Four Sand Crab (Albunea
symmysta) Populations Collected from Sumatra and Java
Island, Indonesia. Trop Life Sci Res 28(1): 103-115.

ROHLF F). 2006. Program tpsDig, digitize landmarks
and outlines, version 210. Department of Ecology and
Evolution, State University of New York at Stony Brook.

ROHLF FJ & MARCUS LF.1993. A revolution in morphometrics.
Trends Ecol Evol 8: 129-132.

An Acad Bras Cienc (2023) 95(3) 20200929 10 | 11



DIOGENES S. ALMEIDA, ANASTACIA N.C. MENEZES & RENATA A. SHINOZAKI-MENDES

RUFINO M, ABELLO P & YULE AB. 2004. Male and female
carapace shape differences in Liocarcinus depurator
(Decapoda, Brachyura): an application of geometric
morphometric analysis to crustaceans. Ital J Zool 71:
79-83.

SANTOS CRM & VIEIRA RRR. 2017. Description of the first
juvenile stage of Dilocarcinus septemdentatus (Herbst,
1783) (Crustacea, Decapoda, Trichodactylidae). Nauplius
25: €2017031.

SCALICI M, GORETTI E, DORR AJM & D'ALLESTRO V. 2013.
Morphometric homogeneity and allometric growth of
potamon eluviatile in italy. Crustaceana 86(10): 1291-1296.

SHINOZAKI-MENDES RA & LESSA R. 2017. Ontogenetic
trajectories in Callinectes danae (Crustacea: Brachyura):
sex and age polymorphism. J Mar Biol Assoc UK 99(1):
111-18.

SHINOZAKI-MENDES RA & LESSA R. 2018. Morphology
and development of the male reproductive tract in
Callinectes danae (Crustacea: Brachyura). Acta Zoologica
99(3): 231-243.

SCRHAM FR. 1986. Crustacea. Oxford University press. New
York, 620 p.

SCHRAM FR & CASTRO P. 2015. Introduction to Brachyura.
In: Treatise on Zoology - Anatomy, Taxonomy, Biology.
Decapoda: Brachyura, Treatsie on zoology — anatomy,
taxonomy, biology In: CASTRO P, DAVIE PJF, GUINOT D,
SCHRAM FR & VON VAUPEL KLEIN JC (Eds). Brill: Leiden &
Boston. Volume 9 Part C, p. 3-10.

SILVA LN, ALMEIDA PRS & SHINOZAKI-MENDES RA. 2018.
Dimorfismo sexual e alometria ontogenética em
Goyazana castelnaui (CRUSTACEA: BRACHYURA). Iheringia
Sér Zool 108: €2018008.

TREVISAN A & MASUNARI S. 2010. Geographical distribution
of Aegla schmitti Hobbs IIl, 1979 (Decapoda Anomura
Aeglidae) and morphometric variations in male
populations from Parana State, Brazil. Nauplius 18: 45-55.

TSUCHIDA S & FUJIKURA K. 2000. Heterochely, relative
growth and gonopod morphology in the bythograeid
crab, Austinograea williamsi (Decapoda, Brachyura). J
Crustacean Biol 20(2): 407-414.

VIEIRA RRR, RIEGER PJ, CICHOWSKI V & PINHEIRO MAA.
2013. Juvenile development of Dilocarcinus pagei
Stimpson, 1861 (Brachyura, Trichodactylidae) reared in
the laboratory, with emphasis on setae morphology.
Crustaceana 86: 1644-1663.

VISCOSI V & CARDINI A. 2011. Leaf morphology, taxonomy
and geometric morphometrics: a simplified protocol for
beginners. PLoS ONE 6: 1-20.

ONTOGENETIC TRAJECTORY OF Goyazana castelnaui

WILCOX CD, DOVE SB, MCDAVID WD & GREER DB. 1996. UTHSCSA
ImageTool 3.0. Texas, United States, University of Texas,
Health Science Center, San Antonio.

How to cite

ALMEIDA DS, MENEZES ANC & SHINOZAKI-MENDES RA. 2023. Ontogenetic
variation of the Goyazana castelnaui H. Milne-Edwards, 1853 (Brachyura,
Trichodactylidae), crab in the semiarid region of Brazil. An Acad Bras
Cienc 95: €20220929. DOI: 10.1590/0001-3765202320200929.

Manuscript received on June 15, 2020;
accepted for publication on April 26, 2021

DIOGENES S. ALMEIDA
https://orcid.org/0000-0002-3467-4420

ANASTACIA N.C. MENEZES
https://orcid.org/0000-0002-2454-6396

RENATA A. SHINOZAKI-MENDES
https://orcid.org/0000-0002-1850-4763

Universidade Federal Rural de Pernambuco, Unidade
Académica de Serra Talhada, Laboratorio de Biologia
Pesqueira, Avenida Gregorio Ferraz Nogueira, s/n, José Tomé
de Souza Ramos, 56909-535 Serra Talhada, PB, Brazil

Author contributions

The authors Didgenes Santos de Almeida (DSA), Anastacia
Novaes de Carvalho Menezes (ANCM) & Renata Akemi Shinozaki-
Mendes (RASM) declare to be responsible for the execution
and elaboration this article. DSA developed the map, ANCM
elaborated the schematic drawing of the crabs. DSA and ANCM
contributed to the planning of the research, data collection,
digitization of the landmarks, statistical analysis, interpretation
of the results and the writing of the article. RASM guided all
stages of the work from initial planning, statistical analysis,
interpretation of results, obtaining graphics, to the textual
review of the article.

[@)ey |

An Acad Bras Cienc (2023) 95(3) €20200929 11|11



