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Article history: Cardisoma guanhumi is a land decapod crustacean distributed along the eastern Atlantic. Currently,
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blue land crab Cardisoma guanhumi in Acai-Goiana Extractive Reserve, a coastal marine protected area
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in northeast Brazil. From January 2019 to December 2020, biometric data were evaluated from 539

Keywords: captured individuals by an artisanal trap. In addition, male gonads and hepatopancreas were removed

Crab harvesters and fixed in formalin solution to analyse morphological reproductive indicators by gonadal (GSI) and

Condition factor hepatosomatic (HSI) index calculation. In summary, the population of blue land crab showed 322 males

Growth and 217 females. We observed a difference in variation of mean seasonal carapace width (54.73-

EGPFOQUFEOH 56.67 mm). The condition factor ranged from 0.97 to 1.07, showing significant differences between
ecarcinidae

the years and the seasons with high values observed in the dry season in 2019 and 2020. The weight-
length relationships showed negative allometric growth for males (b = 2.586, a = 0.010) and females
(b =2.229, a = 0.291). The monthly distribution of the hepatosomatic (HSI) index did not show a clear
annual pattern, but GSI differed between the months, indicating two seasonal groupings of Jan-Feb
and May-August-Nov. The reproductive indicators of C. guanhumi evaluated here may indicate that the
environmental influence and fishing pressure are the main factors that drive its reproductive seasons.
Thus, it is noteworthy to indicate conservation efforts from January to April, when should be considered
the breeding season for the species. In addition, long-term monitoring in the Extractive Reserve Acai-
Goiana must be considered for studies of population structure and gene flow of Cardisoma guanhumi,
prioritizing the preservation of their habitats.

© 2021 Elsevier B.V. All rights reserved.

1. Introduction density. The blue land crab is a significant fishing resource appre-
ciated for its size and considerable better taste when compared

Cardisoma guanhumi (Latreille, 1828) is a land decapod crus-  to other land crabs of regional commercial value (e.g., Ucides
tacean distributed along the eastern Atlantic, occurring from the  cordatus and Goniopsis cruentata). Because of this, it has a socio-
southern coast of the United States to southern Brazil (Gifford, =~ economic and high market value for the local economy of tra-

1962; Hostetler et al,, 2003). It has nocturnal habits and living ~ ditional communities in the Brazilian coastal zone (Joyeux et al,
in deep burrows near the water. The population of this species ~ 2010; Firmo et al,, 2012; Pereira-Jtnior et al,, 2019).

stands out in mangrove areas for its remarkable biomass and high Considering its socio-economic significance along the eastern
Atlantic, populations of this species are declining and threatened

in several regions, including the Brazilian coast. Cardisoma guan-
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overexploitation. This national list of species includes aquatic
invertebrates and fish that are overexploited or threatened with
overexploitation, mostly because of anthropogenic pressures by
habitat degradation, water pollution and strong predatory fishing
(Firmo et al., 2012; Brasil, 2014). Currently, researchers have
highlighted the need for monitoring this species by indicators
of population size variation, the minimum size for capture and
establish prohibition periods for reproduction (Dias-Neto, 2011;
Pereira-Janior et al.,, 2019).

Along the eastern Atlantic, the decline in populational abun-
dance and in the average size of individuals for this species has
been mostly associated with predatory catching and the destruc-
tion of its habitats (Amaral and Jablonski, 2005; Govender et al.,
2008). Therefore, considering this scenario in many countries, to
maintain reproductive dynamics, the regulations for capture C.
guanhumi have been established daily limits for the catch amount
and a minimum carapace size to reduce the pressure on the
populations. Then, for the Brazilian coast, to avoid the catch of
individuals that have not achieved the minimum size of sexual
maturity, current legislation established a minimum carapace
size of 7 cm wide for the capture of male representatives and
provided full protection for female individuals, and its capture
still is prohibited (Dias-Neto, 2011; Brasil, 2018).

Populations of C. guanhumi in the western Atlantic have been
exposed to remarkable habitat degradation and sparse effort for
conservation, which highlight the need to consider monitoring
local and regional contexts prior estimates minimum legal cap-
ture size for crabs (Carmona-Suarez, 2011; Govender et al., 2008).
Because the variation in carapace width may be the result for
a local adaptive strategy to the habitats, environments, and lo-
cal fishing pressure, which are not homogeneous along regions
where the species occurs (Govender and Thomlinson, 2010). In
general, outside the Brazilian coast, many records for blue land
crab size from other localities often have been associated with
the reduction in their distribution and habitat loss (Forsee and Al-
brecht, 2012; Hernandez-Maldonado and Campos, 2015; Cardona
et al., 2019; Govender, 2019). These regions are characterized by
having different efforts to control selective catch pressures and
environmental problems, but still absent in studies like those
performed in populations from the Brazilian coast. However, to
do associations in growth and size with environmental impacts
on populations of C. guanhumi, it is necessary to implement long-
term monitoring like those recent observed in Central America
(Govender, 2019).

In general, the populations of C. guanhumi have been described
by slow growth, longevity and achieve sexual maturity in ap-
proximately four years, mostly with carapace size above 5 cm
wide (Hostetler et al., 2003; Silva and Oshiro, 2002; Silva et al,,
2014). In this prolonged period, anthropic pressures can affect
mating dynamics in populations by selective pressure to capture
larger individuals, even if it is juveniles and those that did not
achieve sexual maturity, which become unavailable for seasonal
reproduction (Shinozaki-Mendes et al., 2013). These problems can
influence the reproductive biology of the species when only the
smaller individuals become suitable for the reproductive periods,
which can lead to a decrease in the average population size
of individuals. Furthermore, seasonal reduction in the number
of males available for copulation may influence population size,
where females may not find males with the amount of sperm
suitable for fecundation (Hines et al., 2003).

The indicators of reproductive dynamics of economically im-
portant crustacean species, such as the variation in morpho-
logical characteristics associated with reproduction, have been
widely evaluated in coastal ecosystems (Castilho et al., 2008;
Govender et al., 2008; Shinozaki-Mendes et al., 2013). Prior stud-
ies considered that the relationship of morphometric aspects
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at the macroscopic level (biometric and biomass) is essential
analyses for the assessment of sexual maturity of many organ-
isms. These approaches can be used for monitoring fisheries and
proper species management. In addition, they are essential for
the progress of short- and long-term management strategies.
Although there was an increasing knowledge on morphology
and reproduction dynamics of Cardisoma guanhumi from South
America, some Brazilian regions still lack empirical approaches
to study populational parameters of this species within protected
areas. Thus, this study aimed to evaluate growth patterns and
biometric indicators of reproductive dynamics in a population of
Cardisoma guanhumi in a protected area on the Brazilian northeast
coast.

2. Material and methods
2.1. Study area

The study was conducted in the AcaG-Goiana Marine Extrac-
tive Reserve (RESEX Acaii-Goiana) from January 2019 to Decem-
ber 2020. The RESEX Acai-Goiana is a protected area located
between Pernambuco and Paraiba State, northeast Brazil. The
Acat-Goiana Extractive Reserve aims to protect livelihoods and
ensure the use and conservation of renewable natural resources
traditionally used by the local artisanal fishing communities. The
main economic activities of the RESEX Acati-Goiana are related to
fishing and collecting estuarine and marine resources.

The study area is in the municipalities of Pitimbi and Caapors3,
in the state of Paraiba, and Goiana, in the state of Pernambuco.
The RESEX Acati-Goiana is inserted in the estuary areas of the
rivers Goiana and Megad, except for an area of a private company
in its interior destined to carciniculture (shrimp farming), and
bordering the coast, composing the “restingas”, salt marsh, and
the mangrove of these rivers until the proximity of the city
of Goiana. These municipalities in the region surrounding the
RESEX are inserted in a region characterized by the expansion
of urbanization, monoculture of sugar cane, expansion of indus-
tries such as automobile and cement production. Therefore, the
regional context was also characterized by a gradual reduction
of vegetation cover in the region in the last three decades (Silva
et al.,, 2020).

The sampling sites were common areas used for collecting
the blue land crab and other commercial important decapod
crustacean such as Ucides cordatus and Goniopsis cruetanta. These
sites have a mangrove area close to a thick and dense forest
and were installed towards the upstream of the Goiana River:
(P1)7°56'17”'S, 34°92'81"W, (P2) 7°55’13"S, 34°89'84"W and (P3)
7°56'72"S, 34°85"77 W (Fig. 1).

The study area has different precipitation seasonality regimes,
a rainy season from March to August and dry season from
September to February (Fig. 2). This seasonality affects the conti-
nuity of the blue land crab harvest by decreasing harvest pressure
in rainy season and increasing during the dry season.

2.2. Specimen collection

The survey was authorized and followed Brazilian guidelines
for the collection of specimens (ICMBio - SISBIO process 63618-
3). The collections were carried out in some months from January
2019 to December 2020. Specimens were caught by artisanal
traps, manually made by local fishermen. The fishermen installed
the traps at the entrance to the galleries that showed recent
traces of blue land crab activity. Then, at each site, once a month,
the sampling effort applied was performed by installing 50 traps
per day. The traps were installed at dawn and removed after the
individuals were caught (7 until 10 am).
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Fig. 1. The study area and the three sampling points (yellow dots) in which Cardisoma guanhumi was collected in the Acati-Goiana Marine Extractive Reserve (RESEX

Acat-Goiana) in the northern coast of the state of Pernambuco, Brazil.
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Fig. 2. Seasonal rainfall regime in the AcatG-Goiana Marine Extractive Reserve (RESEX Acai-Goiana) in the northern coast of the state of Pernambuco, Brazil.

Due to current normative restrictions for species conserva-
tion, female specimens were only analysed to record biometric
data and released in situ. Male specimens were stored in ice for
euthanasia. In the laboratory, gonads and hepatopancreas were
removed and fixed for 24 h in mixed formalin and alcohol solu-
tion (Davidson’s Fixative Protocol). Then, they were transferred
and kept in a 70% alcohol solution.

2.3. Biometric measurements

The biometric measurements of each crab were taken as fol-
lows: carapace width (CW in mm) and length (CL) measured
by using a Vernier calliper. Weight (W) was measured using a
digital balance with an accuracy of 0.1g. To determine relative
growth and calculate condition factor (K) of C. guanhumi, the
length-weight equation W = aL” was adapted to estimate the
relationship between the weight (g) of the crab and carapace
width (cm) (Hartnoll, 1978).

A linear model W = aCW?’ was applied on biometric data
transformed into logarithms log (W) = a + b log (CW) and a

calculation for obtaining coefficients a and b of the growth model
was adapted (Froese, 2006). The coefficient a is the intercept
on the y-axis. The regression coefficient b is an exponent that
indicates isometric growth (b = 3), negatively allometric growth
(b < 3) or positively allometric growth (b > 3).

The relative condition factor (K,) was established to assess
annually the variation in condition of C. guanhumi in the study
area. This parameter is frequently applied in studies to evaluate
variation in crab growth in response to the environment and
breeding seasons (Le Cren, 1951). The K, was applied to compare
the observed weight of an individual with the average weight for
the observed carapace width, through the following relationship:
Ky, = Wo/Wc. Where W, is derived from the observed wet
weight (g) and W¢ is the calculated weight by growth model W¢
= aCW? (Le Cren, 1951).

2.4. Morphological analyses
The morphological analyses were considered only for speci-

mens collected in 2019 due to the restrictions imposed by COVID-
19 pandemic, and all specimens collected in 2020 were released
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Fig. 3. Carapace size frequency for males (A) and females (B) the blue land crab

(Cardisoma guanhumi) from the years 2019-2020 in the Acad-Goiana Marine

Extractive Reserve (RESEX Acad-Goiana) in the northern coast of the state of Pernambuco, Brazil.

into the field. Then, the analyses were applied to evaluate the
variation in hepatopancreas development as a parameter asso-
ciated to crab growth in response to environment and breeding
seasons. To detect monthly hepatopancreas development, it was
dissected out using fine forceps from each male specimen a
fragment (minimum organ size 2 cm) of this organ was re-
moved for weighing with an analytical balance (0.0001 g). Then,
a correlation between hepatopancreas and individual weight was
calculated by hepatosomatic index (HSI) constructed by the fol-
lowing equation: HSI = (Hw/W) x 100. Where Hy = weight of
the hepatopancreas; W = wet weight of the specimen.

The differences in gonadal development were determined to
indicate sexual maturity by performing a macroscopic verification
of colour, shape, and volume of male gonad. To detect seasonal
differences in gonadal development, the gonadosomatic index
(GSI) was calculated for males with visible gonads. Then, a corre-
lation between gonad and individual weight was calculated by
the following equation: GSI = (Gw/W) x 1000. Where Gy
weight of the gonad; W = wet weight of the specimen.

2.5. Male histomorphology

To detect the presence of gametes (packed in spermatophores)
in the smallest male individuals with visible developed gonads

Table 1

Summary of annual variation in carapace width (CW), weight (w) and relative
condition factor (K,) for females (F) and males (M) for the blue land crab
(Cardisoma guanhumi) in the Acad-Goiana Marine Extractive Reserve (RESEX
Acat-Goiana) in the northern coast of the state of Pernambuco, Brazil.

Year Parameter Sex Mean SE Mean StDev Min  Median Max
2019 CW F 550 0.06 034 490 550 6.30
M 547 0.04 050 3.86 5.0 7.26

w F 97.65 2.87 15.97 74.00 97.00 146.00

M 8318 1.65 22.05 31.00 81.00 172.00

Ky F 218 0.04 019 181 219 2.60

M 1.01 0.01 0.15 059 097 1.60

2020 CW F 569 0.03 042 480 5.60 7.00
M 5.67 0.04 0.44 470 5.70 6.90

w F 93.74 141 19.28 60.00 90.50 156.00

M 9498 1.75 20.99 59.00 93.00 149.00

Kn F 1.93 0.01 0.16 1.47 191 2.36

M 1.06 0.01 0.10 0.69 1.06 1.43

* Total 2019: 31 females and 178 males. Total 2020: 186 females and 144 males.

(mature stage), some specimens were dissected to allow the
removal of the reproductive tract. For this, fragments of the vas
deferens duct (MVD) were fixed in Davidson’s solution for 24 h
and then kept in a 70% alcohol solution. They dehydrated in
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Fig. 4. Monthly and seasonal variation in carapace width (CW) for the blue
land crab (Cardisoma guanhumi) in the Acad-Goiana Marine Extractive Reserve
(RESEX Acati-Goiana) in the northern coast of the state of Pernambuco, Brazil.
(A) Males; (B) Females; (C) Males.

increasing alcohol series, diaphanized in xylene and impregnated
and included in paraffin at 60 °C. Then, histological preparations
were stained by Haematoxylin and Eosin (H&E).

2.6. Data analysis

To test statistically significant differences between seasonal
differences in biometric data (p < 0.05), when appropriated a
parametric (t-test) and non-parametric test (Kruskal-Wallis test)
was applied to test differences in mean carapace width (CW) and
relative condition factor (K, ) by sex and season. The data analysis

Regional Studies in Marine Science 45 (2021) 101804

Table 2

Summary of t-test for test differences between carapace width (CW) for females
(F) and males (M) for the blue land crab (Cardisoma guanhumi) in the Acad-
Goiana Marine Extractive Reserve (RESEX Acaii-Goiana) in the northern coast of
the state of Pernambuco, Brazil.

Sex N Mean StDev SE Mean t-value df p-value
F 217 5.7 0.417 0.028 2.56 537 0.005
M 322 5.6 0.480 0.027

Table 3

Summary of t-test for test seasonal differences between carapace width (CW)
and relative condition factor (K, ) for males (M) for the blue land crab (Cardisoma
guanhumi) in the Acal-Goiana Marine Extractive Reserve (RESEX Acad-Goiana)
in the northern coast of the state of Pernambuco, Brazil.

Parameter Season N Mean StDev SE Mean t-value df  p-value

cw Dry 185 5.649 0.452 0.033 3.97 320 0.000
Rainy 137 5.439 0493 0.042

Kn Dry 185 1.072 0.142 0.010 6.85 320 0.000
Rainy 137 0.975 0.097 0.008

was performed using R Statistical Software (R version 4.0.5 ; R
Foundation for Statistical Computing, Vienna, Austria).

3. Results
3.1. Biometric parameters

A total of 539 Cardisoma guanhumi specimens were examined.
It was recorded collected 31 females and 178 males in 2019
and 186 females and 144 males in 2020 (Table 1; Table A1 - in
Supplementary Material). Although applying the same sampling
effort for all sites, ovigerous females were not observed during
the study. The mean carapace width for the population ranged
monthly from 3.9 cm to 7.3 cm, mean = 5.6 cm, StDev = 0.46
(Fig. 3). There was a significant difference in carapace width
between sex and females were larger than males (Tables 1, 2).
The annual patterns of biometric parameters showed monthly
variations and there was a significant difference for carapace
width by sex (Table 2). Besides, male carapace width and the
relative condition factor (K,) showed significant differences by
season (Figs. 4, 5; Table 3). In summary, the annual mean cara-
pace width observed were close to those values recorded in other
regions in the Brazilian northeast coast but remarkable above to
those observed in regional studies when comparing to recent e
oldest records for the species in the region (Tables A2 and A3 in
Supplementary Material).

The K, showed significant differences between the seasons
with high values observed in the dry season in 2019 and 2020
(Fig. 5; Table 3). The growth model calculated by weight-width
relationship showed negative allometric growth for males (b =
2.586) and females (b = 2.229), indicating that the specimens
grew more in width than in weight, which means that the cara-
pace width may increase at a higher rate than the other body
parts (Fig. 6).

3.2. Morphological analyses

Although we have made monthly catches, there were many
specimens with undeveloped reproductive tract. For the males
captured, those with developed hepatopancreas and gonads, the
relationship between the weight of these organs and crab size
did not show a clear pattern in 2019 (Fig. 7). The hepatoso-
matic index showed the highest values in May and November.
This can indicate an investment in these organs in the middle
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Fig. 5. Monthly and seasonal variation relative condition factor (Kn) for the blue
land crab (Cardisoma guanhumi) in the Acad-Goiana Marine Extractive Reserve
(RESEX Acati-Goiana) in the northern coast of the state of Pernambuco, Brazil.
(A) Males; (B) Females; (C) Males.

of the rainy season and dry season, respectively. Likewise, the
highest value of gonadosomatic index (GSI) was observed in
May and November. The monthly distribution of the GSI can
highlight two seasonal male investment for reproduction (Fig. 7).
In addition, the male histomorphology showed the presence of
gametes (packed in spermatophores) in the smallest male indi-
viduals (Carapace width 4.8 cm; Weight = 52 g), indicating the
occurrence of individuals at this size in the mature stage in the
population (Fig. 8).

Regional Studies in Marine Science 45 (2021) 101804

4. Discussion
4.1. Population and crab size

Considering our finds and the records for Cardisoma guan-
humi along the Brazilian coast, the patterns of seasonal varia-
tions in morphological indicators and reproductive parameters
observed here reinforces that there are local and regional patterns
in populational structure and dynamics along the Brazilian coast.
Therefore, proposes for seasonal assessment should consider the
regional differences in the size of the blue land crab for conser-
vation effort, since the species is currently exposed to different
fishing pressures and environmental impacts, which can affect
the patterns in the growth development of many crab species
(Diele and Koch, 2010).

Although the population of C. guanhumi evaluated here is
found in a protected area, the species still faces the same prob-
lems of habitat degradation in the surrounding area in the region.
Then, we found some population patterns with remarkable vari-
ability in the number of individuals caught between years and
sexes. Therefore, it was excepted variability in abundance by sex
due to the legal restriction for catching females for consumption
since 2018 on Brazilian coast. Moreover, in regions with low
catch pressure, the populational structure of C. guanhumi has
been biased by sex. Thus, these patterns have been reported
mostly for populations restrict on islands, where male abundance
tends to markedly higher than females (Hernandez-Maldonado
and Campos, 2015).

However, considering selective capture pressure by size in
protected and unprotected areas along the Brazilian coast, the
annual mean carapace width observed here were close to those
values recorded in other regions in studies for populational biol-
ogy of this species, mostly in the northeast region. For instance,
although studies are sparse on this species in the southernmost
geographic distribution, such as Rio de Janeiro and Santa Catarina,
few records of C. guanhumi in these regions showed mean values
for carapace width longer than 6 cm (Oliveira-Neto et al., 2014;
Silva and Oshiro, 2002). Moreover, in the Brazilian northeast
region where the most recent and oldest studies were performed,
the pattern in size-frequency for mean carapace width is like
those found in prior studies in the Rio Grande do Norte (5.5 cm),
Bahia (6.0 cm) and Ceara (5.5 cm) (Botelho et al., 2009; Shinozaki-
Mendes et al., 2013; Silva et al., 2014; Mendes and Cruz, 2017).
Therefore, considering the local population evaluated here in
the regional context where species occur along the Pernambuco
State coast, the values for mean carapace width is remarkable
high when compared to the most recent record (4,3 cm) from
the north coast (Costa and Schwamborn, 2016) and the oldest
record (4,1 cm) for south coast (Botelho et al., 2001), which may
highlight the need for further research to test the role of the
protected areas like the Acat-Goiana Marine Extractive Reserve
for the C. guanhumi populations.

4.2. Weight-width relationship and the condition factor (k)

Assessments of growth parameters of Cardisoma guanhumi
along the Brazilian coast still is sparse. In this study, the weight-
width relationship showed a pattern growth of negative allomet-
ric type. It indicates that the growth pattern of the population
prioritizes increasing the size of the carapace width that may not
correlate with the growth of the total weight (Amaro Pinheiro
and Fiscarelli, 2009). In addition, this type of growth is translated
when throughout crab development, the length variable increases
in greater proportion concerning body weight, which results in
slimmer specimens as they get longer (Froese, 2006). These pat-
terns of growth are also observed in other land crab Cardisoma
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Fig. 6. The growth model calculated by weight-width relationship for the blue land crab (Cardisoma guanhumi) in the Acat-Goiana Marine Extractive Reserve (RESEX
Acaid-Goiana) in the northern coast of the state of Pernambuco, Brazil. (A) Males; (B) Females.

crassum (Vazquez-Lopez and Ramirez-Pérez, 2015), in the man-
grove crab Ucides cordatus (Pinheiro and Hattori, 2006); in the
estuarine crab Callinectes danae (Branco and Thives, 1991); in the
freshwater crab Dilocarcinus pagei (Pinheiro and Taddei, 2005);
and the semi-terrestrial crab Armases angustipes (Kowalczuk and
Masunari, 2000).

This growth strategy can highlight unfavourable conditions for
growth and may indicate environmental changes and seasonal
conditions where these species are exposed. As expected for C.
guanhumi and its status along the Brazilian coast, the negative al-
lometric growth observed in its population from our study can be
considered in the local environmental context of extensive man-
grove degradation in the last decades (Silva et al., 2020). Besides,
the environmental degradation associated with the high capture
pressure in the Brazilian northeast is not continuous along the
coast but is affected by spatial and seasonal variation by in-
creasing in the dry season (September-February) and decreasing
during the rainy season (March-August). This capture pressure
concurs with the beginning of the breeding season, in which large
males and females are exposed for capture causing a decrease in
crab populational size. Moreover, the negative allometric growth
for longevous and slow-growing species highlights the need for
conservation attention because efficient management effort to re-
cover stocks is necessary for overexploited slow-growing species
(Cardona et al., 2019; Silva et al., 2014).

Despite the significant morphological variation between pop-
ulations along the Brazilian coastal zone, there is still a high
pattern of gene flow between populations of C. guanhumi along
its distribution in north-eastern regions (Gama-Maia and Torres,
2016). Thus, it is possible to characterize that the growth pat-
tern observed here reinforces the local effect of environmental
conditions on morphological characteristics of populations. This
relationship occurs because the negative allometric growth is
sometimes related to the favouring of migration facilitated mainly
by the reduction in body weight. Such conditions can promote re-
productive events, a feature enhanced in lighter animals (Ferkau
and Fischer, 2006; Vazquez-Lépez and Ramirez-Pérez, 2015).

The seasonal variation of the condition factor (K,) in crus-
taceans can be influenced by environmental characteristics,
weight variation in reproductive cycles, food availability, nutri-
tional rate, and the growth pattern of the populations (Froese,
2006; Amaro Pinheiro and Fiscarelli, 2009). Moreover, this factor
may be related to the periods of ecdysis or preparation for spawn-
ing. For instance, higher values of the condition factor in land
crabs throughout the year can be observed in the rainy season
months for males and in the low rainfall period for females (Lira
et al., 2012). In this study, the highest K, values were observed
in September and November, corresponding to the period of low
rainfall. Thus, suggesting an increased investment in the weight
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Fig. 7. Monthly variation in the hepatosomatic (A) and gonadosomatic index (B) for the blue land crab males (Cardisoma guanhumi) in the AcatG-Goiana Marine
Extractive Reserve (RESEX Acad-Goiana) in the northern coast of the state of Pernambuco, Brazil.

of individuals for the reproductive periods in subsequent months
(Pinheiro and Taddei, 2005; Aratjo et al., 2012).

4.3. Morphology and reproductive dynamics

Besides the characteristics of the external morphology, in crus-
taceans, several factors can also influence the internal morphol-
ogy that can be evaluated through the hepatosomatic index (HIS)
that can indicate developmental stages affected by seasonality,
changes in environmental conditions and long periods of fasting
(Augusto et al., 2018; Kennish, 1997; Strefezza et al., 2019).
Despite the importance of this index with a view to decapod
physiology, its overview in C. guanhumi is poorly explored. De-
spite not showing a conclusive pattern along the months, we
observed here that the males of C. guanhumi presented their
highest HSI values in the months of March, April, and May, which
are the months related to the period of the reproductive seasons,
when ovigerous females have already been recorded in previous
studies in north-east Brazil from November to February and from
March to May (Silva and Oshiro, 2002; Shinozaki-Mendes et al.,
2013). Thus, an increase in HSI is indicative of growth in the hep-
atopancreas of male or female individuals and is closely related to
the accumulation of energy and metabolic reduction that precede

migration and copulation events (Augusto et al., 2018) Thus, the
values observed here indicate that a reproductive investment of
males of C. guanhumi in months preceding the rainy season in the
region (March-August).

The gonadosomatic index is another indicator generally used
in determining the sexual maturity and reproductive period of
crustaceans (Waiho et al.,, 2017), since it has a consequent re-
lationship with the size and weight of individuals (Magalhdes
et al,, 2012). In the observed specimens, the GSI indicates that
the highest frequency of males with well-developed gonads in
the months of May, August, and November. In general, these
variations in gonadal development in Brachyura are related to
body size growth and weight, affected by environmental and
habitat conditions (Leite et al., 2014). Therefore, correlations of
morphology with external with gonadal development are nec-
essary, since the gonadal and the morphometric maturity occur
in parallel or consecutively (Castiglioni and Negreiros-Fransozo,
2006).

It was observed here that the main GSI peaks in May, August,
and November, suggesting that these months characterize high
strain and reproductive activity of C. guanhumi. Similarly, in other
locations along the Brazilian coast, the pattern observed here for
the species can be found. In the Brazilian northeast coast, prior
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Fig. 8. Photomicrographs of Cardisoma guanhumi gonad sections in transverse section, showing the anterior vas deferens region (A) and regions of the middle vas

deferens (B, C, D) filled with spermatophores (SPH). Bar = 50 wm HE stains.

studies showed that the highest GSI values were observed in
the months of November-December-January-February, indicat-
ing periods of early reproductive and spawning seasons (Silva,
2013). For the southern coast of Pernambuco, previous studies
indicate a reproductive period for C. guanhumi between Decem-
ber and February (Botelho et al., 2001). In Ceara State, there is an
indication for reproductive period between November and Febru-
ary (Shinozaki-Mendes et al., 2008). Likewise, for Bahia State, the
breeding season was indicated from December to April (Botelho
et al.,, 2009). Then, in the southernmost geographic distribution
of C. guanhumi, such as in Rio de Janeiro State, the reproductive
period was indicated between October and March (Silva and
Oshiro, 2002). Thus, considering the continental extension of
the Brazilian coast it is appropriated to consider the spatial and
seasonal variations in reproductive indicators, such as GSI, which
may also indicate local and regional environmental conditions for
breeding seasons.

5. Conclusions

The reproductive indicators of C. guanhumi among indicate
that the environmental influence and fishing pressure are the
main factors that drive its reproductive seasons. The absence of
ovigerous females is similar to prior observations, mostly associ-
ated with the behaviour to prevent predator capture and energy
saving. Moreover, the negative allometric growth observed for
males and females highlight the response growth pattern to envi-
ronmental conditions in the surrounding region, which is charac-
terized by intense mangrove degradation and habitat reduction
for this species. Besides, the similarity in carapace width by
population assessed with other studies conducted in the Brazil-
ian north-eastern coast, indicate a selective pressure for larger
individuals, which were frequent in many studies. Thus, as C.
guanhumi is a longevous and slow-growing species, the negative

allometric growth highlights the need for conservation attention
and management effort for long-term monitoring to recover the
blue land crab stocks. Then, as observed here and in prior studies,
the monthly frequency of sizes was lower than the minimum size
of seven centimetres for catching, which should be reconsidered
for local and regional contexts where the species occurs. There-
fore, to protect and increase blue land crab size, future habitat
restoration and environmental management must be considered
to conserve the species, rather than only the establishment of
minimum size for capture disregarding the local and regional
contexts. Thus, it is noteworthy to indicate conservation efforts
from January to April, when should be considered the breeding
season for the species. In addition, long-term monitoring in the
Extractive Reserve Acal-Goiana must be considered for stud-
ies population structure and gene flow of Cardisoma guanhumi,
prioritizing the preservation of their habitats.

Financial support

This study was financed in part by the Coordenacdo de Aper-
feicoamento de Pessoal de Nivel Superior - Brasil (CAPES) - Fi-
nance Code 88881.163464/2018-01. This work was also sup-
ported by Coordenacdo de Aperfeicoamento de Pessoal de Nivel
Superior - Brasil (CAPES) - Finance Code 88882.379296/2019-01;
through a scholarship to the first author. We also acknowledge
support from Fundacdo de Amparo a Ciéncia e Tecnologia de
Pernambuco (FACEPE), Brazil - Finance Code BCT-0117-2.06/18.

CRediT authorship contribution statement

M.C. Lima: Investigation, Methodology, Formal analysis, Visu-
alization, Writing - original draft. C.A.M. Pereira: Methodology,
Visualization, Writing - review & editing. M.S.L.C. Araiijo: Su-
pervision, Writing - review & editing. G.G. Rodrigues: Writing -



M.C. Lima, CA.M. Pereira, M.S.L.C. Araiijo et al.

review & editing, Supervision, Project administration, Funding ac-
quisition. G. Nicacio: Methodology, Formal analysis, Supervision,
Writing - review & editing.

Declaration of competing interest

The authors declare that they have no known competing finan-
cial interests or personal relationships that could have appeared
to influence the work reported in this paper.

Acknowledgements

We thank the staff of Reserva Extrativista Acai-Goiana and
the Instituto Chico Mendes de Conservacdo da Biodiversidade
(ICMBio) for research permit to study in the area. We are also
grateful to the people of Associagdo de Marisqueiras de Acaid. We
acknowledge the fishermen and fisherwomen from fishing com-
munities in the Reserva Extrativista Acai-Goiana for sharing your
local ecological knowledge and for assistance in field sampling.
We are also grateful to Elenilton for the knowledge exchange,
support, and dedication during the field collections.

Appendix A. Supplementary data

Supplementary material related to this article can be found
online at https://doi.org/10.1016/j.rsma.2021.101804.

References

Amaral, A.CZ., Jablonski, S., 2005. Conservagdo da biodiversidade marinha
e costeira no Brasil. Megadiversidade http://dx.doi.org/10.4257/oec0.2008.
1202.06.

Amaro Pinheiro, M.A., Fiscarelli, A.G., 2009. Length-weight relationship and
condition factor of the mangrove crab Ucides cordatus (Linnaeus, 1763)
(Crustacea, Brachyura, Ucididae). Braz. Arch. Biol. Technol. http://dx.doi.org/
10.1590/S1516-89132009000200017.

Aratijo, M.S.L.C., Castiglioni, D.S., Coelho, P.A., 2012. Width-weight relationship
and condition factor of Ucides cordatus (Crustacea, Decapoda, Ucididae) at
tropical mangroves of Northeast Brazil. [heringia, Sér. Zool. http://dx.doi.org/
10.1590/s0073-47212012000300005.

Augusto, A., Ramaglia, A.C., Mantoan, P.V., 2018. Effect of carbon dioxide-induced
water acidification and seasonality on the physiology of the sea-bob shrimp
Xiphopenaeus kroyeri (Decapoda, Penaeidae). Crustaceana 91, 947-960. http:
//dx.doi.org/10.1163/15685403-00003807.

Botelho, E.R.O., Santos, M.C.F., Almeida, L., Silva, C.G.M. da, 2009. Caracterizacdo
biolégica do guaiamum, Cardisoma guanhumi, latreille, 1825 (decapoda:
gecarcinidae) do estudrio do rio caravelas (caravelas - bahia). Bol. Téc.-Cie.
CEPENE 17, 65-75.

Botelho, E.R.O., Santos, M.C.F.,, Souza, J.R.B., 2001. Aspectos populacionais do
goiamum, Cardisoma guanhum Latreille, 1825, do estudrio do rio Una
Pernambuco - Brasil. Bol. Téc.-Cie. CEPENE 9, 123-146.

Branco, ].0., Thives, A., 1991. Relacdo peso/largura, fator de condi¢do e tamanho
de primeira maturacdo de Callinectes danae Smith, 1869 (Crustacea, Por-
tunidae) no manguezal do Itacorubi, SC, Brasil. Arq. Biol. Tecnol. 34,
415-424.

Brasil, MMA, 2014. Portaria MMA N° 445, de 17 de dezembro de 2014. Lista
Nacional de Espécies da Fauna Brasileira Ameagadas de Extin¢do. Ministério
do Meio Ambiente, in: Didrio Oficial Da Unido.

Brasil, 2018. Portaria Interministerial no 38, de 26 de julho de 2018.
Define regras para o uso sustentivel e para a recuperacdo dos esto-
ques da espécie Cardisoma guanhumi (guaiamum, goiamd, caranguejo-azul,
caranguejo-do-mato). Diario Of. da Unido.

Cardona, L., Campos, N.H., Rolong, E.H., 2019. Growth parameters of cardisoma
guanhumi in the department of Magdalena, Colombia | Pardmetros de
crecimiento de Cardisoma guanhumi en el departamento del Magdalena,
Colombia. Bol. Investig. Mar. Costeras 48, 27-41. http://dx.doi.org/10.25268/
bimc.invemar.2019.48.1.755.

Carmona-Sudrez, C., 2011. Present status of cardisoma guanhumi latreille, 1828
(Crustacea: Brachyura: Gecarcinidae) populations in Venezuela. Interciencia
36, 908-913.

Castiglioni, D.D.S., Negreiros-Fransozo, M.L, 2006. Ciclo reprodutivo do
caranguejo violinista Uca rapax (Smith) (Crustacea, Brachyura, Ocypodidae)
habitante de um estuédrio degradado em Paraty, Rio de Janeiro, Brasil. Rev.
Bras. Zool. http://dx.doi.org/10.1590/s0101-81752006000200004.

10

Regional Studies in Marine Science 45 (2021) 101804

Castilho, G.G., Ostrensky, A., Pie, M.R,, Boeger, W.A., 2008. Morphology and
histology of the male reproductive system of the mangrove land crab Ucides
cordatus (L.) (Crustacea, Brachyura, Ocypodidae). Acta Zool. 89, 157-161.
http://dx.doi.org/10.1111/].1463-6395.2007.00304.X.

Costa, D.F.D.M., Schwamborn, R., 2016. Biologia populacional e ecologia tréfica
de Cardisoma guanhumi Latreille, 1825 em um manguezal de acesso restrito
em Itamaracd, Pernambuco, Brasil. Trop. Oceanogr. http://dx.doi.org/10.5914/
tropocean.v44i2.8037.

Dias-Neto, J., 2011. Proposta de plano nacional de gestdo para o uso sustentavel
de camardes marinhos no Brasil. Ibama, http://dx.doi.org/10.13140/2.1.4848.
6089.

Diele, K., Koch, V., 2010. Growth and mortality of the exploited mangrove crab
Ucides cordatus (Ucididae) in N-Brazil. ]. Exp. Mar. Biol. Ecol. 395, 171-180.
http://dx.doi.org/10.1016/j.jembe.2010.08.029.

Ferkau, C., Fischer, K., 2006. Costs of reproduction in male Bicyclus anynana and
Pieris napi butterflies: Effects of mating history and food limitation. Ethology
http://dx.doi.org/10.1111/j.1439-0310.2006.01266.x.

Firmo, A.M., Tognella, M.M,, Silva, S.R,, Barboza, RR, Alves, RR., 2012. Capture
and commercialization of blue land crabs (guaiamum) Cardisoma guanhumi
(Lattreille, 1825) along the coast of Bahia State, Brazil: an ethnoecological
approach. J. Ethnobiol. Ethnomed. 8, 12. http://dx.doi.org/10.1186/1746-
4269-8-12.

Forsee, R.A., Albrecht, M., 2012. Population estimation and site fidelity of the land
crab cardisoma guanhumi (Decapoda: Brachyura: Gecarcinidae) on vieques
Island, Puerto Rico. J. Crustac. Biol. 32, 435-442. http://dx.doi.org/10.1163/
193724012X626467.

Froese, R., 2006. Cube law, condition factor and weight-length relationships:
history, meta-analysis and recommendations. J. Appl. Ichthyol. 22, 241-253.
http://dx.doi.org/10.1111/j.1439-0426.2006.00805 X.

Gama-Maia, DJ.,, Torres, R.A., 2016. Fine-scale genetic structuring, divergent
selection, and conservation prospects for the overexploited crab (Cardisoma
guanhumi) in tropical mangroves from North-eastern Brazil. ]. Mar. Biol.
Assoc. UK 96, 1677-1686. http://dx.doi.org/10.1017/S0025315415002052.

Gifford, C.A., 1962. Some observations on the general biology of the land crab,
Cardisoma guanhumi (latreille), in south Florida. Biol. Bull. 123 (1), 207-223.
http://dx.doi.org/10.2307/1539516.

Govender, Y., 2019. Long-term monitoring of crab cardisoma guanhumi (De-
capoda: Gecarcinidae) captures in jobos bay estuary, Puerto Rico | Monitoreo
a largo plazo de las capturas del can-crejo cardisoma guanhumi (Decapoda:
gecarcinidae) en el estuario de la bahia de jobos. Pu. Rev. Biol. Trop. 67,
879-887. http://dx.doi.org/10.15517/rbt.v67i4.35124.

Govender, Y., Sabat, A.M., Cuevas, E., 2008. Effects of land-use/land-cover changes
on land crab, Cardisoma guanhumi, abundance in puerto rico. J. Trop. Ecol. 24,
417-423. http://dx.doi.org/10.1017/S0266467408005130.

Govender, Y., Thomlinson, J.R., 2010. Changes in landuse/landcover affect dis-
tribution and habitat of the land crab, Cardisoma guanhumi (gecarcinidae,
decapoda) in two estuaries in puerto rico. Caribb. J. Sci. 46, 258-266. http:
//dx.doi.org/10.18475/cjos.v46i2.a14.

Hartnoll, R.G., 1978. The determination of relative growth in crustacea.
Crustaceana http://dx.doi.org/10.1163/156854078X00844.

Hernandez-Maldonado, A., Campos, N.H.C., 2015. Estado actual de la poblacién
adulta del cangrejo semiterrestre Cardisoma guanhumi (latreille) en la isla de
san andrés, caribe colombiano. Bol. Investig. Mar. Costeras 44.

Hines, A.H., Jivoff, P.R., Bushmann, P.J., Van Montfrans, ]., Reed, S.A., Wolcott, D.L.,
Wolcott, T.G., 2003. Evidence for sperm limitation in the blue crab, Callinectes
sapidus. Bull. Mar. Sci..

Hostetler, M.E., Mazzotti, F.J., Taylor, A.K, 2003. Blue land crab (Cardisoma
guanhumi).

Joyeux, J.-C., Nalesso, R.C., Sforza, R., 2010. Distribution and population structure
of Callinectes danae (Decapoda: Portunidae) in a tropical Brazilian estuary. J.
Crustac. Biol. 30, 597-606. http://dx.doi.org/10.1651/09-3223.1.

Kennish, R., 1997. Seasonal patterns of food availability: Influences on the
reproductive output and body condition of the herbivorous crab Grapsus
albolineatus. Oecologia http://dx.doi.org/10.1007/s004420050075.

Kowalczuk, V.G.L, Masunari, S., 2000. Crescimento relativo e determinacdo
da idade na fase juvenil de Armases angustipes (Dana) (Decapoda,
Brachyura, Grapsidae). Rev. Bras. Zool. http://dx.doi.org/10.1590/s0101-
81752000000100002.

Le Cren, E.D., 1951. The length-weight relationship and seasonal cycle in gonad
weight and condition in the Perch (Perca fluviatilis). J. Anim. Ecol. 20, 201.
http://dx.doi.org/10.2307/1540.

Leite, M.M.L., Ogawa, C.Y., Rezende, C.F., Silva, J.R.F., 2014. Temporal variation
in the weight-size relationship of the mangrove crab Ucides cordatus L.
(Decapoda: Ucididae) in relation to its life cycle phases. Anim. Biol. 64,
333-342. http://dx.doi.org/10.1163/15707563-00002451.

Lira, JJ.P.R, Calado, T.C.S., Aratjo, M.S.L.C., 2012. Condition factor of Goniopsis
cruentata (Crustacea, Brachyura, Grapsidae) from Mundati/Manguaba estu-
arine complex, Alagoas, Brazil. Iheringia, Sér. Zool. 102, 285-291. http:
//dx.doi.org/10.1590/50073-47212012005000001.


https://doi.org/10.1016/j.rsma.2021.101804
http://dx.doi.org/10.4257/oeco.2008.1202.06
http://dx.doi.org/10.4257/oeco.2008.1202.06
http://dx.doi.org/10.4257/oeco.2008.1202.06
http://dx.doi.org/10.1590/S1516-89132009000200017
http://dx.doi.org/10.1590/S1516-89132009000200017
http://dx.doi.org/10.1590/S1516-89132009000200017
http://dx.doi.org/10.1590/s0073-47212012000300005
http://dx.doi.org/10.1590/s0073-47212012000300005
http://dx.doi.org/10.1590/s0073-47212012000300005
http://dx.doi.org/10.1163/15685403-00003807
http://dx.doi.org/10.1163/15685403-00003807
http://dx.doi.org/10.1163/15685403-00003807
http://refhub.elsevier.com/S2352-4855(21)00196-1/sb5
http://refhub.elsevier.com/S2352-4855(21)00196-1/sb5
http://refhub.elsevier.com/S2352-4855(21)00196-1/sb5
http://refhub.elsevier.com/S2352-4855(21)00196-1/sb5
http://refhub.elsevier.com/S2352-4855(21)00196-1/sb5
http://refhub.elsevier.com/S2352-4855(21)00196-1/sb5
http://refhub.elsevier.com/S2352-4855(21)00196-1/sb5
http://refhub.elsevier.com/S2352-4855(21)00196-1/sb6
http://refhub.elsevier.com/S2352-4855(21)00196-1/sb6
http://refhub.elsevier.com/S2352-4855(21)00196-1/sb6
http://refhub.elsevier.com/S2352-4855(21)00196-1/sb6
http://refhub.elsevier.com/S2352-4855(21)00196-1/sb6
http://refhub.elsevier.com/S2352-4855(21)00196-1/sb7
http://refhub.elsevier.com/S2352-4855(21)00196-1/sb7
http://refhub.elsevier.com/S2352-4855(21)00196-1/sb7
http://refhub.elsevier.com/S2352-4855(21)00196-1/sb7
http://refhub.elsevier.com/S2352-4855(21)00196-1/sb7
http://refhub.elsevier.com/S2352-4855(21)00196-1/sb7
http://refhub.elsevier.com/S2352-4855(21)00196-1/sb7
http://refhub.elsevier.com/S2352-4855(21)00196-1/sb8
http://refhub.elsevier.com/S2352-4855(21)00196-1/sb8
http://refhub.elsevier.com/S2352-4855(21)00196-1/sb8
http://refhub.elsevier.com/S2352-4855(21)00196-1/sb8
http://refhub.elsevier.com/S2352-4855(21)00196-1/sb8
http://refhub.elsevier.com/S2352-4855(21)00196-1/sb9
http://refhub.elsevier.com/S2352-4855(21)00196-1/sb9
http://refhub.elsevier.com/S2352-4855(21)00196-1/sb9
http://refhub.elsevier.com/S2352-4855(21)00196-1/sb9
http://refhub.elsevier.com/S2352-4855(21)00196-1/sb9
http://refhub.elsevier.com/S2352-4855(21)00196-1/sb9
http://refhub.elsevier.com/S2352-4855(21)00196-1/sb9
http://dx.doi.org/10.25268/bimc.invemar.2019.48.1.755
http://dx.doi.org/10.25268/bimc.invemar.2019.48.1.755
http://dx.doi.org/10.25268/bimc.invemar.2019.48.1.755
http://refhub.elsevier.com/S2352-4855(21)00196-1/sb11
http://refhub.elsevier.com/S2352-4855(21)00196-1/sb11
http://refhub.elsevier.com/S2352-4855(21)00196-1/sb11
http://refhub.elsevier.com/S2352-4855(21)00196-1/sb11
http://refhub.elsevier.com/S2352-4855(21)00196-1/sb11
http://dx.doi.org/10.1590/s0101-81752006000200004
http://dx.doi.org/10.1111/j.1463-6395.2007.00304.x
http://dx.doi.org/10.5914/tropocean.v44i2.8037
http://dx.doi.org/10.5914/tropocean.v44i2.8037
http://dx.doi.org/10.5914/tropocean.v44i2.8037
http://dx.doi.org/10.13140/2.1.4848.6089
http://dx.doi.org/10.13140/2.1.4848.6089
http://dx.doi.org/10.13140/2.1.4848.6089
http://dx.doi.org/10.1016/j.jembe.2010.08.029
http://dx.doi.org/10.1111/j.1439-0310.2006.01266.x
http://dx.doi.org/10.1186/1746-4269-8-12
http://dx.doi.org/10.1186/1746-4269-8-12
http://dx.doi.org/10.1186/1746-4269-8-12
http://dx.doi.org/10.1163/193724012X626467
http://dx.doi.org/10.1163/193724012X626467
http://dx.doi.org/10.1163/193724012X626467
http://dx.doi.org/10.1111/j.1439-0426.2006.00805.x
http://dx.doi.org/10.1017/S0025315415002052
http://dx.doi.org/10.2307/1539516
http://dx.doi.org/10.15517/rbt.v67i4.35124
http://dx.doi.org/10.1017/S0266467408005130
http://dx.doi.org/10.18475/cjos.v46i2.a14
http://dx.doi.org/10.18475/cjos.v46i2.a14
http://dx.doi.org/10.18475/cjos.v46i2.a14
http://dx.doi.org/10.1163/156854078X00844
http://refhub.elsevier.com/S2352-4855(21)00196-1/sb27
http://refhub.elsevier.com/S2352-4855(21)00196-1/sb27
http://refhub.elsevier.com/S2352-4855(21)00196-1/sb27
http://refhub.elsevier.com/S2352-4855(21)00196-1/sb27
http://refhub.elsevier.com/S2352-4855(21)00196-1/sb27
http://refhub.elsevier.com/S2352-4855(21)00196-1/sb28
http://refhub.elsevier.com/S2352-4855(21)00196-1/sb28
http://refhub.elsevier.com/S2352-4855(21)00196-1/sb28
http://refhub.elsevier.com/S2352-4855(21)00196-1/sb28
http://refhub.elsevier.com/S2352-4855(21)00196-1/sb28
http://refhub.elsevier.com/S2352-4855(21)00196-1/sb29
http://refhub.elsevier.com/S2352-4855(21)00196-1/sb29
http://refhub.elsevier.com/S2352-4855(21)00196-1/sb29
http://dx.doi.org/10.1651/09-3223.1
http://dx.doi.org/10.1007/s004420050075
http://dx.doi.org/10.1590/s0101-81752000000100002
http://dx.doi.org/10.1590/s0101-81752000000100002
http://dx.doi.org/10.1590/s0101-81752000000100002
http://dx.doi.org/10.2307/1540
http://dx.doi.org/10.1163/15707563-00002451
http://dx.doi.org/10.1590/S0073-47212012005000001
http://dx.doi.org/10.1590/S0073-47212012005000001
http://dx.doi.org/10.1590/S0073-47212012005000001

M.C. Lima, CA.M. Pereira, M.S.L.C. Araiijo et al.

Magalhades, T., Mossolin, E.C., Mantelatto, F.L., 2012. Gonadosomatic and hepato-
somatic indexes of the freshwater shrimp Macrobrachium olfersii (Decapoda,
Palaemonidae) from Sdo Sebastido Island, Southeastern Brazil. Panam. ].
Aquat. Sci.

Mendes, LD.N. Cruz, R, 2017. Estimation of density and abundance of the
blue land crab, Cardisoma guanhumi Latreille, 1828, in the Imburana penin-
sula, northern Brazil. Crustaceana 90, 571-587. http://dx.doi.org/10.1163/
15685403-00003673.

Oliveira-Neto, J.F., Batista, E., Metri, R., Metri, C.B., 2014. Local distribution and
abundance of Cardisoma guanhumi Latreille, 1928 (Brachyura: Gecarcinidae)
in southern Brazil. Braz. ]. Biol. 74, 1-7. http://dx.doi.org/10.1590/1519-
6984.02912.

Pereira-Jnior, R.L, Santana, RF. de, Brito, RA. de, Rodrigues, G.G., 2019. Do
manguezal a panela: Aspectos bioecolégicos da cadeia produtiva do Gua-
iamum (Cardisoma guanhumi Latreille, 1825). J. Environ. Anal. Prog. http:
//dx.doi.org/10.24221/jeap.4.4.2019.2735.280-289.

Pinheiro, M.A.A., Hattori, G.Y., 2006. Relative growth of the mangrove crab Ucides
cordatus (Linnaeus, 1763) (Crustacea, Brachyura, Ocypodidae) at Iguape, Sao
Paulo, Brazil. Braz. Arch. Biol. Technol. 49, 813-823. http://dx.doi.org/10.
1590/S1516-89132006000600016.

Pinheiro, M.A.A., Taddei, F.G., 2005. Relagdo peso/largura da carapaga e fator
de condicdo em Dilocarcinus pagei Stimpson (Crustacea, Trichodactylidae),
em Sdo José do Rio Preto, Sdo Paulo, Brasil. Rev. Bras. Zool. 22, 825-829.
http://dx.doi.org/10.1590/50101-81752005000400002.

Shinozaki-Mendes, R., Santender-Neto, ]., Silva, J.R., Hazin, F., 2008. Sazonalidade
da propor¢do sexual do guaiamum, Cardisoma guanhumi latreille, 1828
(decapoda: gecarcinidae) no estuario do rio Jaguaribe, Cear4, Brasil. Rev. Bras.
Eng. Pesca http://dx.doi.org/10.18817 repesca.v3i3.84.

Shinozaki-Mendes, R.A., Silva, J.R.F., Santander-Neto, ], Hazin, FH.V, 2013.
Reproductive biology of the land crab Cardisoma guanhumi (Decapoda:
Gecarcinidae) in north-eastern Brazil. J. Mar. Biol. Assoc. UK 93, 761-768.
http://dx.doi.org/10.1017/S0025315412000951.

11

Regional Studies in Marine Science 45 (2021) 101804

Silva, C.C,, 2013. Dindmica populacional do guaiamum, Cardisoma guanhumi
Latreille, 1828 (Crustacea: Decapoda: Gecarcinidae) em duas dreas de
manguezal no Estado do Rio Grande do Norte com diferentes pressdes de
captura (Ph.D. thesis). Universidade Federal de Pernambuco, Pernambuco.

Silva, J.F., Gomes, M.B., Candeias, A.LB., Rodrigues, G.G., 2020. Andlise das
dindmicas vegetacionais e impactos na zona de borda da Reserva Extrativista
Marinha Acad-Goiana (Pernambuco/Paraiba-Brasil) e sua area de entorno.
Rev. GeoNordeste 188-207. http://dx.doi.org/10.33360/RGN.2318-2695.2020.
i1.p.188-207.

Silva, R. da, Oshiro, LM.Y., 2002. Aspectos da reproducdo do caranguejo gua-
iamum, Cardisoma guanhumi Latreille (Crusticea, Decapoda, Gecarcinidae)
da Baia de Sepetiba, Rio de Janeiro, Brasil. Brasil. Rev. Bras. Zool. http:
//dx.doi.org/10.1590/s0101-81752002000600007.

Silva, C., Schwamborn, R., Oliveira, J.L., 2014. Population biology and color pat-
terns of the blue land crab, Cardisoma guanhumi (Latreille 1828) (Crustacea:
Gecarcinidae) in the Northeastern Brazil. Braz. ]. Biol. http://dx.doi.org/10.
1590/1519-6984.01913.

Strefezza, T.F., De Andrade, .M., Augusto, A., 2019. Reduced pH and elevated
salinities affect the physiology of intertidal crab Minuca mordax (Crustacea,
Decapoda). Mar. Freshw. Behav. Physiol. 52, 241-254. http://dx.doi.org/10.
1080/10236244.2019.1681898.

Vazquez-Lépez, H., Ramirez-Pérez, T., 2015. Aspects of growth in the terrestrial
crab Cardisoma crassum Smith, 1870 (Crustacea: Brachyura: Gecarcinidae)
from El Salado Estuary, Puerto Vallarta, Jalisco, México. Mitt. Klosterneubg
65, 82-99.

Waiho, K., Fazhan, H., Jasmani, S., Ikhwanuddin, M., 2017. Gonadal develop-
ment in males of the orange mud crab, Scylla olivacea (Herbst, 1796)
(Decapoda, Brachyura, Portunidae). Crustaceana 90, 1-19. http://dx.doi.org/
10.1163/15685403-00003622.


http://refhub.elsevier.com/S2352-4855(21)00196-1/sb36
http://refhub.elsevier.com/S2352-4855(21)00196-1/sb36
http://refhub.elsevier.com/S2352-4855(21)00196-1/sb36
http://refhub.elsevier.com/S2352-4855(21)00196-1/sb36
http://refhub.elsevier.com/S2352-4855(21)00196-1/sb36
http://refhub.elsevier.com/S2352-4855(21)00196-1/sb36
http://refhub.elsevier.com/S2352-4855(21)00196-1/sb36
http://dx.doi.org/10.1163/15685403-00003673
http://dx.doi.org/10.1163/15685403-00003673
http://dx.doi.org/10.1163/15685403-00003673
http://dx.doi.org/10.1590/1519-6984.02912
http://dx.doi.org/10.1590/1519-6984.02912
http://dx.doi.org/10.1590/1519-6984.02912
http://dx.doi.org/10.24221/jeap.4.4.2019.2735.280-289
http://dx.doi.org/10.24221/jeap.4.4.2019.2735.280-289
http://dx.doi.org/10.24221/jeap.4.4.2019.2735.280-289
http://dx.doi.org/10.1590/S1516-89132006000600016
http://dx.doi.org/10.1590/S1516-89132006000600016
http://dx.doi.org/10.1590/S1516-89132006000600016
http://dx.doi.org/10.1590/S0101-81752005000400002
http://dx.doi.org/10.18817/repesca.v3i3.84
http://dx.doi.org/10.1017/S0025315412000951
http://refhub.elsevier.com/S2352-4855(21)00196-1/sb44
http://refhub.elsevier.com/S2352-4855(21)00196-1/sb44
http://refhub.elsevier.com/S2352-4855(21)00196-1/sb44
http://refhub.elsevier.com/S2352-4855(21)00196-1/sb44
http://refhub.elsevier.com/S2352-4855(21)00196-1/sb44
http://refhub.elsevier.com/S2352-4855(21)00196-1/sb44
http://refhub.elsevier.com/S2352-4855(21)00196-1/sb44
http://dx.doi.org/10.33360/RGN.2318-2695.2020.i1.p.188-207
http://dx.doi.org/10.33360/RGN.2318-2695.2020.i1.p.188-207
http://dx.doi.org/10.33360/RGN.2318-2695.2020.i1.p.188-207
http://dx.doi.org/10.1590/s0101-81752002000600007
http://dx.doi.org/10.1590/s0101-81752002000600007
http://dx.doi.org/10.1590/s0101-81752002000600007
http://dx.doi.org/10.1590/1519-6984.01913
http://dx.doi.org/10.1590/1519-6984.01913
http://dx.doi.org/10.1590/1519-6984.01913
http://dx.doi.org/10.1080/10236244.2019.1681898
http://dx.doi.org/10.1080/10236244.2019.1681898
http://dx.doi.org/10.1080/10236244.2019.1681898
http://refhub.elsevier.com/S2352-4855(21)00196-1/sb49
http://refhub.elsevier.com/S2352-4855(21)00196-1/sb49
http://refhub.elsevier.com/S2352-4855(21)00196-1/sb49
http://refhub.elsevier.com/S2352-4855(21)00196-1/sb49
http://refhub.elsevier.com/S2352-4855(21)00196-1/sb49
http://refhub.elsevier.com/S2352-4855(21)00196-1/sb49
http://refhub.elsevier.com/S2352-4855(21)00196-1/sb49
http://dx.doi.org/10.1163/15685403-00003622
http://dx.doi.org/10.1163/15685403-00003622
http://dx.doi.org/10.1163/15685403-00003622

	Seasonal variation in biometric parameters in a population of the endangered blue land crab (Cardisoma guanhumi): Indicators for assessment and management 
	Introduction
	Material and methods
	Study area
	Specimen collection
	Biometric measurements
	Morphological analyses
	Male histomorphology
	Data analysis

	Results
	Biometric parameters
	Morphological analyses

	Discussion
	Population and crab size
	Weight–width relationship and the condition factor (kn)
	Morphology and reproductive dynamics

	Conclusions
	CRediT authorship contribution statement
	Declaration of competing interest
	Acknowledgements
	Appendix A. Supplementary data
	References


