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ABSTRACT - This study evaluated the population structure, relative growth and
morphological maturity size in Utcides cordatus in the Joanes River, Bahia State (Brazil).
Crabs were sampled in a fragmented and human-altered mangrove ecosystem in a Brazilian
Environmental Protected Area (EPA). A total of 431 crabs were sampled (265 males and
166 females) between September 2011 and August 2012. The following measurements
were taken using precision callipers: carapace width (CW) and length (CL), the length
of the propodus of the major cheliped (PL, males only), and the width of the 5* somite
of the abdomen (AW, females only). Specimens were also weighed to a precision of 0.5 g
on a scale to obtain the total wet weight (WW). The relative growth of this species was
studied by using biometric relationships to estimate the morphological maturity size in
both sexes (PLxCW in males and AWxCW in females). The overall sex ratio was 1.6:1, with
a predominance of males (p < 0.05). The population structure of ‘u¢d-crabs was composed
of two normal curves (juveniles and adults) in both sexes. A relative growth analysis using
the CLxCW relationship revealed a negative allometric growth in adult males whereas
adult females exhibited an isometric growth, with an inverse pattern occurring in juveniles.
In males, the PLxCW relationship indicated a change in allometric growth at 39.4 mm
CW (isometric growth in juveniles changing to positive allometry growth in adults). In
females, the AWxCW relationship indicates that morphological maturity occurs at a delay
(44.5 mm CW) and that growth changes between phases (positive allometry to isometry).
Isometric growth was found using the WWxCW relationship, also regardless of sex. A
literature review combined with results previously published about this species in northeast
Brazilian region suggests that U. cordatus had a seasonal reproduction during six months
(from December to May), with a fattening season in the following six months (June to
November). Joanes River is an environmental protected area, but had a high anthropic
pressure by closed condos and marinas. Despite the high anthropic pressure on this EPA,
the population structure and reproduction of U. cordatus did not appear to be affected.
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INTRODUCTION

Mangroves are important natural ecosystems that
promote shoreline stability (Moura and Querino,
2010), retain contaminants in sediments and
vegetation (Bernini ez al., 2006; Pinheiro ez 4l.,
2012), serve as a nursery for several animal species
(Adams er al., 2006; Tse et al, 2008), and are
indicators of regional/global climatic change (Lima
and Oliveira, 2011), in addition to other functions.
Nevertheless, Brazilian mangrove ecosystems have
been negatively influenced by many anthropic
changes, primarily urban expansion (Sobrinho and
Andrade, 2009), vegetal suppression and loss of
endemic animals (Moreau et 4/., 2010).

Crustaceans are important faunal components in
the mangrove ecosystem (Nicolau and Oshiro, 2007).
Among crustaceans, the ‘u¢d-crab - Ucides cordatus
(Linnaeus, 1763) - is part of the family Ucididae
according Stev¢i¢ (2005) and Ng et 4l (2008). This
species occupies a particularly important position
because of its continuous geographic distribution
(Amapd to Santa Catarina in Brazil, according to
Castro et al., 2008). This ucidid crab lives exclusively
in tropical and subtropical mangrove ecosystems,
where it builds burrows in the sediment (Hattori and
Pinheiro, 2003) and uses the leaves and propagules
of mangrove trees as its source of food (Christofoletti
et al., 2013). This crustacean is a central component
of the benthic mangrove macrofauna (Alves and
Nishida, 2004) and a vital fishery resource to
artisanal fishermen (Rodrigues e al., 2000). Ucides
cordatus was previously classified as overexploited
or threatened by exploitation (Ibama, 2004), but
its conservation category was recently reviewed and
changed to a lower threatened status (NT - near
threatened, according MMA, 2014).

Relative growth studies provide the opportunity
to estimate the size at morphological maturity
for brachyuran crustaceans, making it possible to
better understand their adaptive strategies, such as
the differential growth of chelipeds and abdomens
between the sexes (Masunari and Swiech-Ayoub,
2003; Lima and Oshiro, 2006; Castiglioni and
Coelho, 2011). Biometric evaluations can also
be extremely valuable tools with which to detect
possible anthropic impacts in the environment
(Aratjo ez al., 2012). Other population parameters
(e.g., structural composition, longevity, growth/
mortality rates, sex ratio, etc.) can also be quantified
and used to explain possible deviations (Wunderlich

and Pinheiro, 2013). The size at sexual maturity,
for example, is an important population parameter
in fishery management and is commonly used by
Brazilian lawmakers to promote the sustainable use
of ‘u¢d-crabs (i.e., by mandating a minimum capture
size) (Ibama, 2003a; 2003b) and its sustainable
management (Ibama, 2011). The size at sexual
maturity for U. cordatus has been defined by fishery
regulations as 60 mm CW, with litte variation
among Brazilian regions (Dalabona and Silva, 2005)
despite the known effect of latitude on size at sexual
maturity (Leite ez a/., 2009; Castiglioni ez al., 2011;
Castiglioni and Coelho, 2011). Nevertheless, there
are not studies about anthropic changes and their
effects on maturity size of U. cordatus.

The reproductive season of pleocyemate
crustaceans is determined by the months during
which females are ovigerous and/or possess mature
gonads (Alves, 1975; Sastry, 1983). According to this
definition, Pinheiro and Fransozo (2002) report that
‘u¢d-crabs have a seasonal reproductive pattern, as
reproduction only occurs during a few months of the
year. The non-reproductive months are considered
to be the ‘fattening’ season (Souto, 2008).

Population  structure, biometry and size
at morphologic maturity of U. cordatus were
examined for the first time in the mangroves of
the Joanes River estuary, in South Bahia (Brazil),
constituting a pioneer study in this Brazilian
Environmental Protected Area (EPA).

MATERIAL AND METHODS

Study area

The Joanes River is an important estuary in the
state of Bahia (Fig. 1) and provides water to many
municipalities in the north littoral of the state.
This area is an important tourist destination,
but it suffers from the urban expansion of the
metropolitan region of Salvador, the capital of this
Brazilian state (Reis-Filho ez 4/, 2010). This area
is part of the Environmental Protected Area (EPA)
of Joanes-Ipitanga (12°53°32”S 38°24’09”W) and
consists of mangrove fragments surrounded by
marinas and closed condominiums. According
to Koéppen’s climate classification (Alvares ez
al., 2013), this Brazilian region is a tropical
zone without a dry season (Af). April and May
are the wettest months, and there is an average
annual precipitation > 1,600 mm and an average
temperature of 25.4 °C (Barboza ez al., 2000).
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Figure 1. Estuary of the Joanes River, Lauro de Freitas municipality (Bahia State, Brazil), indicating the five mangrove areas where ‘ucéd’-
crabs (Ucides cordatus) was captured monthly from September 2011 to August 2012. This satellite photo was modified based on Image ©
2013 Digital Globe and Image © 2013 Terra Metrics, available at Google Earth™ 2013.

Five mangrove areas were demarcated in Joanes and marinas), occurring inside of the Joanes-
River (Fig. 1). These areas were fragmented and ~ Ipitanga EPA and randomly selected to better
altered by human action (e.g., closed condos representation of the population analysis. The size
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and arboreal composition was determined for each
area by polygon delimitation of a satellite photo
obtained from Google Earth™. The size and
arboreal composition for each area is as follows:
Area 1 (52,656 m?) and Area 2 (31,342 m?) both
contained a fringe of Rhizophora mangle around an
interior of Laguncularia racemosa, Area 3 (30,435
m?) contained only R. mangle, Area 4 (56,886
m?) contained a fringe of L. racemosa surrounding
an interior of Avicennia schaueriana, and Area
5 (21,994 m?) predominately contained A.
schaueriana. These five mangrove areas contained
a total area of 193,313 m” and had a mangrove
canopy height between 4 and 5 m.

Sampling procedures

In each of five study areas, Ucides cordatus were
captured monthly by local crab-catchers for one
year (September 2011 to August 2012), except
for two months (December and January) during
which artisanal fisherman were unavailable
because of a regional holiday. Crabs were captured
by hand (a capture method called ‘braceamento’
by Pinheiro and Fiscarelli, 2001 and Vasques ez al.,
2011), with an effort of one fisherman per hour.
Each crab was sexed according to Pinheiro and
Fiscarelli (2001), those with ovigerous condition
were registered, and specimens were submitted to
biometry during field collection using a vernier
caliper (0.01 mm) and a portable precision scale
(0.5 g). The following morphometric variables
were registered: carapace width (CW) and length
(CL); propodus length of the greater cheliped (PL,
males only); abdominal width of the 5 somite
(AW, females only); and wet weight (WW). After
these data have been obtained, crabs were released
in the same mangrove area from which they were
captured, avoiding some effect on population or
the environment (Cetrel, 2011).

Data categorization and statistical analysis
Crabs were categorized into three groups (males,
females without eggs, and ovigerous females).
The absolute abundance (number of individuals)
in each category was established for each month,
except for December and January due to sampling
difficulties. Registries were obtained monthly
during the study and clustered according two
biological periods (reproductive: January to May;
and non-reproductive: June to December). These
biological periods were following results previously

reported by Aratjo and Calado (2008) to Alagoas
state, but valid to all northeast Brazilian region
(see review by Ibama, 2011). The sex ratio was
also calculated for each biological period, and the
sexual proportion was compared using the chi-
square test (Sokal and Rohlf, 2003).

A Shapiro-Wilk (SW) normality testwasapplied
to each biometric variable by sex. If normality
was confirmed, the means were compared using
Student’s t-test; otherwise, a Kruskal-Wallis test
was used (Sokal and Rohlf, 2003). Next, the
population structure was determined for each sex
using the frequency distribution of size classes
(CW) to build histograms. Data were subjected
to the Bhattacharya method using the NormSep
routine in FiSAT software (Gayanilo ez al., 1996)
to determine the normality of the data components
(mean * standard deviation) that were compared
between sexes.

Relative growth in U. cordatus was evaluated
based on four biometric relationships, CLxCW,
PLxCW, AWxCW, and WWxCW, where CW was
the independent variable. Biometric relationships
were fitted using power functions (y = ax’), where 2
corresponded to the y-axis intercept, and & was the
relative growth constant (isometry, & = 1; negative
allometry, 6 < 1; and positive allometry, & > 1;
according to Huxley, 1950 and Hartnoll, 1982).
The same equation was used in the WWxCW
relationship, but in this case WW was a cubic
variable and & was a function of 3 (e.g., isometry, & =
3; negative allometry, & < 3; and positive allometry,
b > 3). Male (PLxCW) and female (AWxCW)
relationships were analyzed using the “segmented”
package in R, V. 2.5.0 (Ihaka and Gentleman,
1996). This mathematical method is similar to
that applied by Legendre and Legendre (1998)
and estimates the body size (CW) when a growth
change has occurred during ontogeny. According to
these authors, body size is related to the timing of
the onset of morphological maturity in each sex.
This relationship was statistically confirmed by
using b-values between phase lines (juvenile and
adult) with the same biometric relationship. The
equations obtained for these relationships were
classified by #tests and compared with the relative
growth equations previously obtained by Pinheiro
and Hattori (2006) and with the WWxCW
relationship previously obtained by Pinheiro and
Fiscarelli (2009). All statistical procedures were
evaluated with a significance level of 5%.
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RESULTS
A total of 431 Ucides cordatus crabs (265 males,

141 not-ovigerous females, and 25 ovigerous
females) were collected (Tab. 1). The overall sex
ratio (male:female) was 1.6:1 (X? = 22.74; P <
0.01). Males were predominant upon females in
both biological periods - reproductive (2.1:1; X* =
16.7; P < 0.01) and non-reproductive (1.4:1; X* =
8.88; P < 0.01) - despite the greater abundance of
males during non-reproductive period.

Except for PL (measured only in males) and
AW (only in female crabs), the sizes of the other
biometric variables were higher in males than
in females (P < 0.05) (Tab. 2). This finding
was verified for both measures of U. cordatus
(CW and CL) and total wet weight (WW)
(Tab. 3). A comparison among the size (i.e.,
CW) distribution histograms reveals similar
amplitude of variation (25 mm) between sexes,
but a greater maximum size in males (70 mm)
than in females (55 mm). Males and females
have average sizes from 55 to 60 mm and 45
to 50 mm CW, respectively (Fig. 2). Ovigerous
females were found during only three months
(March to May), and the greatest frequency of
ovigerous females was found in May (Tab. 1;

Fig. 3).

The biometric relationships of PLxCW (males),
AWXCW (females) and CLxCW (both sexes)
could be represented by two separate equations
(juvenile and adults, P < 0.05); the same was not
true for the WWxCW relationship (P > 0.05)
(see Tab. 3). The CLxCW relationship of juvenile
males indicated isometric growth (6 = 0.94; P >
0.05), which changed to a negative allometry in
adults (4 = 0.86; P < 0.05) (Tab. 3). The intercept
between these equations occurred at 53.7 mm CW.
An inverse growth pattern occurred in females,
where the & value changed from 0.91 (2 < 0.05)
to 1.09 (2 > 0.05), with an intercept at 58.0 mm
CW (Tab. III). The PLxCW relationship revealed
an isometric growth in juvenile males (6 = 1.12; P
> 0.05) and allometric positive growth in adults (4
= 1.39; P < 0.05), with an intercept at 39.4 mm
CW (i.e., the size at the onset of morphological
maturity in males) (Tab. 3; Fig. 4). In females, a
statistically significant morphological change was
revealed by the AWxCW relationship (positive
allometry in juveniles and isometry in adults), and
both equations had intercepts at 44.5 mm CW
(i.e., the size at onset of morphological maturity
in females) (Tab. 3; Fig. 5). The WWxCW
relationship suggests isometric growth in both
sexes, represented by only one equation for each

sex (Tab. 3).

Table 1. Ucides cordatus (Linnaeus, 1763). The absolute abundance (number of individuals) by sex and population groups in the mangrove
areas of the Joanes River, Lauro de Freitas municipality (Bahia State, Brazil), captured monthly between September 2011 and August 2012,
with respect to the biological period (reproductive: December to May; non-reproductive: June to November). NO indicates females without
eggs, OV indicates ovigerous females, TF indicates total number of females, TG indicates total number of crabs (males + females), and OF%

indicates the percentage of ovigerous females of all total females.

Month/Year Males Females e OF%
NO ov TF
September/2011 16 9 0 9 25 0
October 29 7 0 7 36 0
November * 19 2 0 2 21 0
December * - - - - - -
January/2012 - - - - - -
February 14 3 0 3 17 0
March 55 12 7 19 74 36.8
April 21 3 2 5 26 40.0
May 3 2 16 18 21 88.9
June 26 19 0 19 45 0
July 69 75 0 75 144 0
August 13 9 0 9 2 0
Total 265 141 25 166 431 15.1
Reproductive period 93 20 25 45 138 55.6
Non-reproductive period 172 121 0 121 293 0

* In these months, crab-catchers were not available to assist in field expeditions.
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Table 2. Ucides cordatus (Linnaeus, 1763). Biometric variables, including the cephalothorax (CW, width; CC, length), the length of the
propodus of the major cheliped (PL, for males only), the width of the 5* somite of the abdomen (AW, for females only) and the wet weight
(WW), based on the individuals captured monthly in mangroves of the Joanes River, Lauro de Freitas Municipality (Bahia State, Brazil)
between September 2011 and August 2012. An n indicates the number of specimens measured and weighed, Min is the minimum value,
Max is the maximum value, x is the mean, and s is the standard deviation.

Biometric Males Females

Variables n Min Max Xts n Min Max Xts

CL (mm) 257 20.2 50.0 39.1 + 8.1 b* 162 18.5 49.0 342+6.6b
CW (mm) 261 25.0 75.0 524+11.5b 165 21.1 65.0 445+9.1a
AW (mm) - - - - 157 8.1 39.0 26.3+6.3
PL (mm) 145 18.4 77.0 44.3+15.0 - - - -
WW (g) 257 7.1 217.8 78.4+46.2b 165 3.9 132.3 46.6 +26.8a

* Means of the same biometric variable followed by a distinct letter differed statistically (2 < 0.05)

Table 3. Ucides cordatus (Linnaeus, 1763). Results of a regression of each biometric variable, including carapace (CW, width; CC, length),
the length of the propodus of the major cheliped (PL, for males), the width of the 5* somite of the abdomen (AW, for females) and the wet
weight (WW), with sex and developmental phase (juvenile and adult) and its growth allometric level (AL), represented by: 0 (isometry), +
(allometric positive), and - (allometric negative). AF represents adult females, AM represents adult males, JF represents juvenile females, J]M
represents juvenile males, n is the number of individuals, TF is the total number of females, TM is the total number of males, and R* is the
coefficient of determination.

Biometric Sex 0 Power Function Linearized Function R2 £ test AL
Relationship y =axb Iny=1Ina+blnx
™M 125 CL = 0.958CW%* In CL = - 0.043 + 0.938 In CW 0.92 0.73 ™ 0
AM 132 CL = 1.307CWr 80 In CL = 0.268 + 0.8601 In CW 0.72 3.62* -
Ol CW ™ 257 CL = 1.041CW16 In CL = 0.0402 + 0.916 In CW 0.95 6.55* -
JF 155 CL = 1.097CW-¢ In CL = 0.0926 + 0.9062 In CW 0.93 4.36* -
AF 7 CL =0.521CW"® In CL = - 0.652 + 1.089 In CW 0.50 0.28 ™ 0
TF 162 CL = 1.083CW90% In CL = 0.0796 + 0.9096 In CW 0.94 479 * -
JF 75 AW = 0.157CW"3 In AW = - 1.85 + 1.36 In CW 0.87 5.71* +
AW x CW AF 82 AW = 0.749CWo% In AW = - 0.288 + 0.945 In CW 0.74 0.89 ™ 0
TF 157 AW = 0.264CW'?! In AW = - 1.33 + 1.21 In CW 0.93 7.85* +
™M 31 PL = 0.5102CW"*2 InPL =-0.673 + 1.12 In CW 0.79 1.12 = 0
PL x CW AM 109 PL = 0.189CW*"¥ InPL = - 1.67+ 1.39 In CW 0.96 13.20* +
™ 140 PL = 0.261CW"*3! InPL = - 1.34+ 1.31 In CW 0.98 17.64 * +
W« O ™ 253 WW =0.00050014C\W>* In WW = -7.601 +2.99 In CW 0.97 0.28 ™ 0
TF 162 WW = 0.000469CW?> In WW = - 7.66 + 3.00 In CW 0.96 0.0031 ™ 0

s P> 0.05;* P<0.05

because only U. cordatus males are fishing targets
in northern and northeast Brazilian regions
(Capistrano and Lopes, 2012). Indeed, a review

DiscussioN

The sex ratio indicates that there is an overall

predominance of male Ucides cordatus, with an
increase in the proportion of this gender during
the reproductive period and a decrease during the
fattening (non-reproductive period). Castro et al.
(2008) reports a dramatically different U. cordarus
sex ratio (4.9:1) and suggests that sex ratio may
vary with the severity of overfishing, the biological
season (e.g., molting or reproduction) and/or
food availability and abundance. Therefore, sex
ratio data must always be carefully evaluated;
the number of U. cordatus males (i.e., four times
higher than that of females) certainly cannot
be explained by differential fishery activity

of the overall sex ratio of ‘u¢d-crabs reveals
discordant patterns, including: 1) a predominance
of males reported by Wunderlich and Pinheiro
(2013) in Iguape (Sao Paulo), 2) a predominance
of females reported by Gées er al. (2010) at
Vitéria Bay (Espirito Santo), and 3) a gender
balance reported by Aradjo and Calado (2008)
in the Estuarine Lagoon Complex of Mundau-
Manguaba at Maceié (Alagoas). Wunderlich and
Pinheiro (2013) conduct studies in a pristine
and underexplored mangrove area finding a sex
ratio dependence of the arboreal composition
and tidal flooding level. Therefore, it is strongly
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Figure 2. Ucides cordatus (Linnaeus, 1763). The absolute
abundance of each sex by size class (CW) captured in the
mangroves of the Joanes River, Lauro de Freitas Municipality
(Bahia State, Brazil) between September 2011 and August 2012.
Normal curves are shown by dashed lines (i and ii) and represent
the normal components in each sex (mean + standard deviation),
and the continuous curve represents their average. N is the number
of individuals and CW is carapace width.
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Figure 3. Ucides cordatus (Linnaeus, 1763). The relative frequencies
of females (ovigerous and non-ovigerous) captured monthly in
the mangroves of the Joanes River, Lauro de Freitas Municipality
(Bahia State, Brazil) between September 2011 and August 2012.
In December and January, the crab-catchers were not available.

recommended the use of sex ratio compared with
phytosociological data of the studied mangrove
area to avoid a misinterpretation.

The population structure reveals that both
amplitude and normal components (modes) are
similar between the sexes. These findings can
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Figure 4. Ucides cordatus (Linnaeus, 1763). Scatter plot of the
CLxCW relationship, based on male crabs captured monthly in
the mangroves of the Joanes River, Lauro de Freitas Municipality
(BA, Brazil) between September 2011 and August 2012. The arrow
indicates the size at morphological maturity, PL is the propodus of
the major cheliped, CW is the carapace width, N is the number of
individuals, and R? is the coefficient of determination.
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Figure 5. Ucides cordatus (Linnaeus, 1763). Scatter plot of the
AWxCW relationship, based on female crabs captured monthly in
the mangroves of the Joanes River, Lauro de Freitas Municipality
(Bahia State, Brazil) between September 2011 and August 2012.
The arrow indicates the size at morphological maturity, AW
is the width of the 5" abdominal somite, CW is the carapace
width, N is the number of individuals, and R? is the coefficient of
determination.

be explained by the slower U. cordatus growth
constant of the Von Bertalanffy model (£),
which ranges from 0.26 (in females) to 0.28
(in males) in Southeast Brazil (Pinheiro ez al.,
2005) and 0.25 (in females) to 0.17 (in males)
in Northeast Brazil (Diele and Koch, 2010).
The mean sizes (CW) of this species in Iguape
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(Sao Paulo) were 51.8 mm (males) and 47.0 mm
(females), which were very close to the values
obtained in this study (i.e., 55.4 and 44.5 mm,
respectively). However, a comparison of the
biometric data of this species does not show
a national or regional morphometric pattern
(Moura and Coelho, 2004; Lima and Oshiro,
20006). It is possible to speculate that U. cordatus
can be a resilient mangrove species, because
there was not an evident effect in his population
structure, despite the human impacts confirmed
in Joanes River estuary (e.g., real state pressure,
sewage spills and waste) (Sousa, 2014).

Studies on the relative growth of crustaceans
(Hartnoll, 1974; 1978; 1982) indicate some patterns
using biometric relationships, with ontogenetic
changes and relevant reproductive information based
on secondary sexual characters. In brachyurans,
the CLxCW relationship generally indicates an
isometric growth without an expressive growth rate
difference over ontogeny (Pinheiro and Fransozo,
1993). However, Pinheiro and Hattori (2006)
reported a reduction of the CW growth rate in U.
cordatus males during puberal molt (juvenile to adult
phase); an opposite pattern was reported for females.
Therefore, these authors verified that CLxCW
relationship could be successfully used to indicate
the CW morphologic maturity for this species
that were similar between sexes (males: 59.1 mm;
and females: 58.2 mm). These values were nearest
to those obtained in this study (53.7 and 58.0
mm, respectively). It is possible that these puberty
size greatly influences the life cycle of U. cordatus
and possibly coincides with an increase of the gill
chamber volume, an adaptation for air storage in the
semi-terrestrial crabs (Greenaway, 1984a; 1984b).
This size difference can also be used to promote
sex recognition, a fact previously suggested for this
species by Pinheiro and Fiscarelli (2001).

Chela size in males can be used to reveal the
maturity size. As in other crabs the chela size in
adult males of U. cordatus is a secondary sexual
character associated with the agonistic interaction
(competition) among male individuals, and other
reproductive behaviour related to courtship,
handling of females, and other functions
(Pinheiro and Fransozo, 1999; Nordhaus ez al.,
2009; Castiglioni and Coelho, 2011; Sampaio ez
al., 2011). The PLxCW relationship indicates that
the chela size of males grows more quickly than its

body (CW) after the puberal molt, verified from

39.4 CW mm in this study. The puberty size that
was reported in this study was very similar to the
size range (37.3 and 38.0 mm CW) registered
by Castiglioni and Coelho (2011) to this same
species in pristine mangroves of Tamandaré
(Pernambuco, Brazil). These sizes are smaller than
those indicated in a review by Ibama (2011), with
a size at maturity for U. cordatus males ranging
between 44 to 61 CW mm. These results confirm
maturity sizes generally larger at lower latitudes,
confirming the review presented by Ibama (2011).

It is necessary to note that mangroves at Joanes
River are located in an Environmental Protected
Area  (Joanes-Ipitanga EPA).  Nevertheless,
many anthropic pressures were detected in
this place, represented by diffuse pollution
sources (e.g., organic wastewater, chemical
residues from marinas, etc.) that can threaten
the mangrove ecosystem. Considering this
reduced environmental quality, these pollution
sources could affect the population biology and
reproduction of the mangrove biota in these areas
(Andrade ez al., 2007). Although an evident higher
degree of pollution in the mangrove ecosystem
of the Joanes River estuary than in the pristine
mangroves studied by Castiglioni and Coelho
(2011), a similar maturity size was registered
among these areas. This finding suggests that U.
cordatus is highly resilient in mangrove areas with
different degrees of environmental quality.

Abdominal morphometry in brachyuran
females changes over the life cycle, and most
changes are detected between developmental
phases (juvenile and adult) (Hartnoll, 1974; 1982;
Pinheiro and Fransozo, 1998). In portunid crabs,
a clear overlap between these phases is evident, but
this observation is not confirmed for all brachyuran
families. Utcides cordatus females follow this latter
biometric pattern, in which the abdominal width
(AW) grows in positive allometry with body size
(CW) in the juvenile phase and becomes isometric
in the adult phase to maximize egg protection and
incubation (Maciel and Alves, 2009; Mendonca
and Pereira, 2009; Oliveira et al., 2013). In the
Joanes-Ipitanga EPA, female morphological
puberty (44.5 mm CW) was within the range of
the U. cordatus female maturity sizes reported in
Brazil (46.7 + 5.7 mm CW) (Ibama, 2011).

In Tab. 4, the percent of each developmental
phase (juvenile or adult) is presented as a function
of sex and size at maturity size for each biometric
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Table 4. Ucides cordatus (Linnaeus, 1763). Number of individuals (percent within parentheses) in each developmental phase (juvenile and
adult) and maturity size estimated by the biometric relationships in comparison with minimum capture size by Brazilian laws. AW represents
the abdominal width of 5% somite, CW is the carapace width, and PL is the propodus length of major chela.

Sex N Biometric relationships or Brazilian Law CW (mm) Juveniles Adults
PLxCW 39.4 47 (17.7) 218 (82.3)
Male 265 CLxCW 53.7 132 (49.8) 133 (50.2)
Ibama (2003a; 2003b)* 60.0 184 (69.4) 81 (30.6)
AWXCW 44.5 78 (47.0) 88 (53.0)
Female 166 CLxCW 58.0 157 (94.6) 9 (5.4)
Ibama (2003a; 2003b) 60.0 160 (96.4) 6(3.6)
PLxCW and AWxCW 125 (29.0) 306 (71.0)
Total 431 CLxCW 289 (67.1) 142 (32.9)
Ibama (2003a; 2003b) 344 (79.8) 87 (20.2)

* Brazilian laws #52/2003 (North-Northeast Region) and # 53/2003 (South-Southeast Region).

relationship (i.e., carapace, chelae and abdomen)
and compared to the minimum capture size
defined by Brazilian law (Ibama, 2003a; 2003b).
A less conservative (but reliable) estimate of size
at maturity may be obtained by using the sizes
of the chelae (males) and the abdomen (females)
instead of the sizes specified by Brazilian laws or
by carapace relationships (CLxCW).

The relationship of WWxCW in U. cordatus
indicates that there is an isometric growth rate
for both sexes. This finding is in agreement with
male data obtained by Pinheiro and Fiscarelli
(2009) at Iguape (Sao Paulo, Brazil), but it
contrasts with the negative allometry detected
for females by these authors. It is possible that
this slight weight reduction in females could be
explained by differential degrees of repletion
and gonadal maturation, as suggested by Aradjo
and Calado (2008) for crabs from the Mundau-
Manguaba Estuarine Lagoon Complex (Alagoas,
Brazil). This regional difference illustrates the
intrinsic relationship between biological processes
in this species (e.g., growth and reproduction)
and environmental factors, sex, and gonadal
maturation (Pinheiro and Fiscarelli, 2009). The
life cycle of U. cordatus is dramatically influenced
by changes in temperature, rainfall and tidal
amplitude; these factors determine the initiation
(and time modulation) of some reproductive events
(e.g., nuptial molt, mating, gonadal maturation
and spawning) (Sant’Anna et al., 2014) and other
biological events, such as the U. cordatus fattening
period during the winter months.

The reproductive period in brachyuran crabs
can be defined as the months with highest number
of adult females (CW > maturity size), considering

those with mature gonads and/or eggs (Castiglioni
et al., 2011; Castilho-Westphal ez 4/., 2013). In
the present study, ovigerous females were only
found during three months (March to May), due
to absence of two sampling months (December
and January), which corresponds to the minimum
U. cordatus spawning period (ranging from 3 to
5 months) that was reported in a recent review
(Ibama, 2011). However, Pinheiro and Fransozo
(2002) suggest that the reproductive season in
decapod crustaceans needs to be evaluated more
extensively by categorizing reproduction as
continuous, seasonal or seasonal-continuous. A
more complete analysis of the reproductive biology
of U. cordatus in Brazil revealed this species’
seasonal reproduction, with a complete absence
of females with mature gonads and/or ovigerous
females during some months of year (Pinheiro
and Fiscarelli, 2001; Ibama, 2011). According
to Castiglioni ez al. (2013), this species showed a
higher breeding activity in the spring and summer
months in the state of Pernambuco (Brazil), where
a large number of mature individuals could be
found. Therefore, the reproductive period of U.
cordatus varies with geographic latitude (Pinheiro
and Fiscarelli, 2001; Sampaio ez al, 2011). A
review on this subject in Brazil (Ibama, 2011)
reveals that five months (December to April)
represent the maximum length of the reproductive
season, based on ovigerous females in the northern
region, and that a reproductive delay occurs in the
northeast region (generally from January to May).
Nevertheless, in some regions, there is a shorter
reproductive season of three months, as reported
by Oliveira ez al. (2013) for crabs from Ariquindd
and Mamucabas (Pernambuco, Brazil). In
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addition, Souto (2007, 2008) identified an eight-
month (March to October) fattening season (i.e.,
the period without ovigerous females) in Acupe
(Bahia, Brazil).

Despite the high habitat fragmentation and
anthropic pressures in the mangrove ecosystem of
the Joanes River, the population parameters and
reproduction of U. cordatus were similar to those
of more preserved mangrove ecosystems. This
finding suggests that U. cordatus is a mangrove
species with great resilience to poor environmental
quality, supported by the fact that in the Joanes
estuary there was a large number of ovigerous
females and juveniles.

CONCLUSIONS

The estimated size (i.e., carapace width, CW) at
morphological maturity for Ucides cordatus in
the Joanes River mangrove ecosystem was 39.4
mm (for males) and 44.5 mm (for females).
These sizes corresponded to 82.3% of all males
and 52.0% of all females. These estimates are less
conservative than the maturity sizes specified by
Brazilian law for this fishery resource (which re-
present 30.6% and 3.6% of all males and fema-
les, respectively).

The mangrove ecosystem of the Joanes estuary
is reduced, fragmented and subject to many
anthropic pressures. Nevertheless, this study does
not indicate a reduction in the population or
reproductive parameters of U. cordatus; instead,
these parameters are similar to those of more
preserved mangrove ecosystems. This finding
indicates that this crustacean is a resilient species
with respect to environmental quality.
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