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Abstract: The crab Neohelice granulata (Dana, 1851) was studied at the northern limit of its
distribution to evaluate the effects of latitude on population dynamics. Fieldwork took place on
the Caceribu River (22°43’S) from January to December 2010. The sex ratio was female-biased
over the year. Males were significantly larger (t-test = 3.53, p < 0.05) than females (CW mean =
29.14 mm and 27.32 mm, respectively), which were predominant in the intermediary-size
classes. The breading season took place from February to November, peaking in May. The
recruitment was observed throughout the year, mostly from October to December. The size at
maturity was estimated at 19.0 mm for females and 23.9 mm for males. Average fecundity was
20,419 eggs and decreased from the first to the last stage of embryonic development. The
asymptotic size was similar between males (CWo = 24.86 mm) and females (CWo = 24.50
mm). Longevity was estimated at 1.33 and 1.23 years in males and females, respectively.
Mortality rates were slightly higher in males (Z = 3.71) than in females (Z = 3.41). Analysing
the results of this study and the literature we conclude that the population dynamics of N.
granulata do not follow a latitudinal trend. This strengthens the hypothesis that brachyurans’
life histories are mainly driven by mesoscale factors rather than latitudinal variation.
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Dinamica populacional da espécie-chave de zonas umidas costeiras Neohelice granulata
(Decapoda, Varunidae) no limite norte de sua distribuicdo. Resumo: O caranguejo
Neohelice granulata (Dana, 1851) foi estudado no limite norte de sua distribuicao para avaliar
os efeitos da latitude na dindmica populacional. O trabalho de campo foi realizado no rio
Caceribu (22°43'S) de janeiro a dezembro de 2010. A proporcdo entre os sexos foi tendenciosa
para as fémeas ao longo do ano. Os machos foram significativamente maiores (teste t = 3,53, p
< 0,05) do que as fémeas (média CW = 29,14 mm e 27,32 mm, respetivamente), que foram
predominantes nas classes de tamanho intermedidrio. A época de reproducdo decorreu de
fevereiro a novembro, com um pico em maio. O recrutamento foi observado ao longo do ano,
principalmente de outubro a dezembro. O tamanho na maturidade foi estimado em 19,0 mm
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para as fémeas e 23,9 mm para os machos. A fecundidade média foi de 20.419 ovos e diminuiu
do primeiro para o ultimo estaddio de desenvolvimento embrionario. O tamanho assintético foi
semelhante entre machos (CWeo = 24,86 mm) e fémeas (CWe = 24,50 mm). A longevidade foi
estimada em 1,33 e 1,23 anos em machos e fémeas, respetivamente. As taxas de mortalidade
foram ligeiramente mais elevadas nos machos (Z = 3,71) do que nas fémeas (Z = 3,41).
Analisando os resultados do presente estudo e a literatura, concluimos que a dinamica
populacional de N. granulata ndo segue uma tendéncia latitudinal. Este facto reforca a hipotese
de que as histérias de vida dos caranguejos braquitiros sdo principalmente determinadas por
factores de mesoescala e ndo por variagoes latitudinais.

Palavras-chave: crescimento; reproducdo; manguezais; Decapoda

Introduction
Mangrove ecosystems have characteristics
that make them functionally and structurally unique.

These areas are responsible for long-term
geomorphological processes and continuous
interactions with adjacent ecosystems (Alongi,

2002). The dynamic of these ecosystems is affected
by abiotic and biotic factors, such as tidal flow,
salinity, and nutrient cycling (Lugo and Snedaker,
1974). Nutrient cycling is intrinsically related to the
benthic fauna (e.g. mollusks and crabs), especially
the herbivorous and detritivores species (Kristensen
and Alongi, 2006). When it comes to the crabs, the
burrowing habitat is essential for sediment
topography and biogeochemistry by modifying
particle size distribution, drainage, redox conditions,
organic matter, and nutrient availability (Botto and
Iribarne, 2000).

Neohelice granulata (Dana, 1851), previously
known as Chasmagnathus granulatus (Sakai et al.,
2006), is a semiterrestrial species, occurring in salt
marshes and mangroves between Patagonia (40°)
and Rio de Janeiro (23°) (Melo, 1996). It is
considered a key species in the mangrove ecosystem
due to its influence on substrate quality (Botto and
Iribarne, 2000). During the low tide periods, their
opened burrows remain full of water and act as
passive traps of sediment and detritus that increase
substrate penetrability and stability (Botto et al.,
2006; Mendez-Casariego et al., 2011). Regarding
their high abundance and ecological role in the
mangrove forests, N. granulata has been recognized
as a model for biochemical, physiological, and
ecological research (Spivak, 2010).

Despite N. granulata being a dominant
species at higher latitudes, it was included in the
checklist of threatened fauna in Rio Grande do Sul
state (South Brazil) (Marques et al.,, 2002).
Regarding this, the study of N. granulata biology
can be useful for establishing management plans to
preserve their natural populations (Hutchinson,

1981). With this knowledge, it is possible to infer the
birth and mortality rates and, consequently, the
ecological stability of the populations (Kennelly and
Watkins, 1994). Some features of N. granulata
biology are known in Brazil (D’Incao et al., 1993;
Ruffino et al.,, 1994; Greagati and Negreiros-
Fransozo, 2007, 2009; Barutot et al., 2009) and in
Argentina (Spivak et al., 1996; Stella et al., 1996;
Ituarte et al., 2004; Bas et al., 2005; César et al.,
2005; Barcelos et al., 2007; Angeletti & Cervellini,
2015). According to Barutot et al. (2009), as N.
granulata shows a wide geographic range, is
important to compare the biology of distinct
populations to better understand the life history of
this species.

In general, crabs’ life histories can show a
great intraspecific variation. For example, aspects
such as growth, life expectancy, size of maturity, and
fecundity are closely related to a latitudinal gradient,
since temperature variation affects animal metabolic
rates (Hines, 1989). However, population differences
are also observed between geographically close
populations as a response to habitat conditions and
ecological interactions (Vogt, 2011).

This study detailed the biology of N.
granulata, located at the northern limit of their
distribution. Considering the geographical range of
this species distribution, data from the present study
are compared with the literature in order to discuss
the effect of the latitudinal variation on their
population dynamics. Finally, the present study aims
to contribute useful information regarding the future
management concerning N. granulata conservation.

Material and Methods

Study area: The Marine Protected Area of
Guapimirim (APA de Guapimirim) is located in
Guanabara Bay, in the metropolitan area of Rio de
Janeiro, Southeast Brazil. Almost 50% of its area
(61.8 km?) corresponds to the last continuous strip of
mangroves in Guanabara Bay, in different
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conservation and regeneration status (Pires, 1986).
Due to its localization, this mangrove area is
especially  vulnerable to anthropic action,
particularly to urban expansion, deforestation, and
domestic and industrial pollution. The existence of
an environmental protection area ensures the
maintenance of natural conditions, enabling the
mangrove recuperation and allowing the permanence
and survival of the local population that lives off its
natural resources (IBAMA, 2001).

The APA de Guapimirim drainage basin bay is
the second major draining area in Guanabara Bay,
corresponding to 20.7% of this hydrographic zone. It
is about 60 km long and flows into APA de Guapi-
mirim, on the FEast side of Guanabara Bay
(Negreiros et al., 2002). The samples were taken in
the fringe and neighborhoods of the Caceribu River,
one of the most important rivers in APA de
Guapimirim.

Fieldwork: Samples were taken monthly, between
January and December (2010), in the intertidal zone
of the Caceribu River’s mangrove (Fig 1). One
collector captured manually the crabs on the surface
or in the interior of the substratum, for 25 minutes in
the low tide (capture per unit of effort — CPUE). The
specimens were placed in plastic bags and kept in a
cooler for transportation.

Laboratory procedures: In the laboratory, crabs were
sexed and the following biometric measures were
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taken using a vernier caliper (0.01 mm): carapace
width (CW), right and left cheliped propodus length
(RQL, LQL), abdomen width (AW) for females, and
gonopod length (GL) for males. Ovigerous females
had their individual fecundity estimated through the
volumetric method (Diaz et al., 1983). These
females had their egg mass (with the pleopods)
removed and immersed for a few seconds in a
sodium hypochlorite (70%) solution for egg
dissociation and then quickly washed in tap water.
After that, the eggs were taken into a becker,
supplementing the volume to 40 mL. After
homogenization, five sub-samples of 1 mL each
were taken (with reposition) and the eggs were
counted using a stereoscopic microscope, a
mechanical counter with four digits, and a petri dish
with a grid. The average fecundity of the five sub-
samples was performed to estimate individual
fecundity. The embryonic stage of the eggs in each
ovigerous female was determined according to the
following features: Stage I — freshly extruded egg
mass sponge, a large quantity of yolk filing all egg
volume; Stage II — a large quantity of yolk, marginal
areas of the eggs without yolk fill; Stage III —
compound eyes of the larvae are differentiated, the
embryo occupies 1/3 of the volume of the egg and
the segmentation is not visible; Stage IV — the larvae
is totally formed, the segmentation is well visible.
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Figure 1. Sample site: Caceribu River, Guanabara Bay, Rio de Janeiro State, Brazil. Modified from Costa et al. (2014).
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Data analysis: Individuals were distributed in
twenty-eight CW classes of 1 mm amplitude each,
ranging from 11 to 39 mm. The sex ratio
significance was tested monthly using the Chi-
Square test (a = 0.05) as a function of size (CW).
The size at maturity was estimated through the
discontinuity (breakpoint - BP) of the relationships
CWxAW for females and CWxGL for males using
the software REGRANS (Pezzuto, 1993). These
biometrics measures (AW and GL) were chosen
because they represent sexual characters that present
allometric growth when crabs attain maturity
(Hartnoll, 1974). The linear regression [egg number
(EN) = a + b (CW)] and Pearson’s correlation index
(r) were employed to verify the correlation between
fecundity and CW. Analyses of relative growth were
performed to describe the growth ratio of the
reference measure (CW) and the dependent variables
(AW, RQL, LQL, and GL) through the logarithmic
form (log y = log a + b log CW) of the power
function y = ab®" (Hartnoll, 1978). The Student’s T-
test (a = 0.05) was used to test the significant
deviation of the allometric constant (b) from 1,
determining the isometric or allometric condition
between CW and the dependent variables.

The breeding season and recruitment were
estimated by the monthly frequency of ovigerous
females and juveniles, respectively. Monthly
precipitation (mm?) and mean temperature (°C) were
obtained from the nearest meteorologic station
monitored by INMET (Instituto Nacional de
Metereologia do Brasil) in order to detect a possible
influence of these parameters on the N. granulata
reproduction and recruitment.

The von Bertalanffy growth function (Ricker,
1975) was adjusted through the CW frequency
distribution to describe the growth of crabs: Lt = Loo
(1-e-(k (t - t0)), where Lt is the length at time t, t0 is
the age at zero length, Loo is the maximum size
when the individual attains the maximum age
estimated and K is the curving parameter that
represents the growth rate. The parameters were
calculated using Munro’s plot (Munro, 1982): K = (ti
+ 1 -1ti) - In (Loo - Li) - In (Loo - Li + 1), where Li
and Li + 1 are the lengths at times ti and ti + 1,
respectively. Munro’s phi prima (¢) (Pauly and
Munro, 1984) was calculated to compare the growth
performance between males and females: ¢ = In K +
2*In Loo, Length-converted catch curves (Sparre and
Venema, 1997) were used to calculate total mortality
rate (Z) based on monthly CW sampling data. The
annual finite mortality rate (A) was estimated
through the equation A = 1 - e*. Maximum longevity
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(T(max)) was calculated by the 95% asymptotic size
estimate (Taylor, 1958): T(max) = 2.996/K.

Results

Population Structure: Sampling resulted in 551
crabs, 164 males, and 387 females (169 ovigerous)
during a year of fieldwork. The overall sex ratio (M:
F) was female-biased in all months (p < 0.05). The
sex ratio as a function of size (CW) was female-
biased (p < 0.05) in the intermediary size classes
(Fig. 2). The CW of males ranged from 11.11 to
38.03 mm (mean + SD = 29.14 £ 5.66), with higher
frequency in the 30-31 and 32-33 mm CW classes.
In females, CW ranged from 12.21 to 33.87 mm
(27.32 £ 4.03), with higher frequency in the 29-30
mm CW class. CW was significantly higher in
males. Figure 3 presents the monthly frequency of
crabs into CW size classes.

Relative Growth: The relative growth analyses
showed that the relationships between CWxAW and
CWxGL changed from the juvenile to the adult
phase. For females, the relationship CWxAW
showed positive allometry in juveniles and negative
allometry in adult specimens. For males, the
relationship CWxGL showed positive allometry in
juveniles and isometry in adults. The remaining
relationships did not change from the juvenile to the
adult phase (Table 1).

Breeding season and recruitment: A total of 169
ovigerous females were observed between February
and November, with the highest relative frequency
in May. The CW of ovigerous females ranged from
19.01 to 33.87 mm (mean + SD = 28.97 £ 2.5), with
higher frequency observed in the 29-30 CW class.
The juvenile individuals were observed all over the
year but with a higher frequency between October
and December. Juveniles were found in all months

100

Males (%)
= =) o]
(=] [=] [=]

3%
(=]

1

CW classes (mm)
Figure 2. Neohelice granulata. Relative frequency of
males by size classes. The intervals marked in grey mean
significant deviations from the sex ratio 1:1, towards to
females (p < 0.05). CW: Carapace Width.
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(with the exception of May) with a higher frequency
from October to December, probably due to the high
reproductive activity observed in the previous
months (Table 2). Linear regression pointed out a
negative relation between ovigerous females’ (OF)
frequency and temperature (T) (OF = 229.3 — 7.86T;
r = - 0.80; p < 0.05). Precipitation was not related to
ovigerous females and juvenile frequencies.

63

Size of sexual maturity: The size of sexual maturity
was lower in females (Fig. 4). The breakpoint in the
relationship between CW and AW [(SSR): F (3.03) =
67.3] resulted in the size of maturity of 19.0 mm
(CW) for females. The breakpoint between CWxGL
[(SSR): F (3.01) = 44.5] was estimated at 23.9 mm
(CW) for males.

Table 1. Neohelice granulata. Relative growth of carapace width (CW) and the dependent variables (CW: carapace
width; AW: abdomen width; RCL: right cheliped length; LCL: left cheliped length; GL: gonopod length; n: sample size;
r: correlation coefficient; R%: determination coefficient; a: intercept axis; b: allometric constant; I.C.: confidence
interval; t: Student’s T-test result; AL: allometry; *: significant difference (p < 0.05); +: positive allometry; -: negative

allometry; and 0: isometry).

t(a=0.05

Regression n r R? a b (C.I. 95%) ) AL
Juvenil vy A 26 0.903 0811  -0.781 1.426(1.19-1.65)  3.80* +
wn
c
=
o
Adult CW/AW 530 0336 011 0554 0.889(0.86-0.91) -9.50% ;
CW/GL 26 0956 0914  -0.715 1.868(1.73-2.00) 14.46* +
J il
uveem CW/RCL 26 0963 0927  -0.307 1.11(1.10-131)  12.06* +
2 CW/LCL 26 0974 0865  -0.238 121(1.17-132) 113 +
c
= CW/GL 396 0916 0839  -0.473 0.876(0.82-0.94)  1.96 0
Adult  CW/RCL 132 0969 0939  -039  1.09(0.95-121) -1.83* +
CW/LCL 138 0875 0833  -0.362 1.12(1.01-1.26) -1.64* +

Table 2. Neohelice granulata. Relative frequency of ovigerous females and juveniles, mean temperature, and total
precipitation over the sampling period (2010). Data on temperature and precipitation were provided by INMET

(Instituto Nacional de Metereologia do Brasil).

Month Jan Feb Mar Apr May Jun Jul Ago Sep Oct Nov Dec

Total

o 3 287 87 325 280 45 42 79 20 36 118 67 291
Precipitation (mm-)
Mean . 30 30 27 26 24 21 23 22 23 24 25 27
Temperature (°C)
Ovigerous
Females (%) 0 23 125 187 85 73 34 51 54 24 18 0
Juveniles (%) 47 23 625 416 0 204 212 73 68 309 15 25
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Figure 3. Neohelice granulata. Monthly frequency of crabs into carapace width size classes.
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Fecundity: Individual fecundity ranged from 336 to
82,592 eggs/brood (20,419.36 + 12,627.12). Table 3
shows the fecundity found in each stage of egg
development, which had a decrease from stage I to
IV. Females with eggs in the last stage of
development were found throughout the breeding
season, with higher frequency (> 80%) in April,
May, and November. The linear regression between
CW and fecundity was significant (egg number =
37.07CW - 586.0; r = 0.5; p < 0.01).

Growth and mortality: The growth rate was slightly
higher in females (K = 2.43) than in males (K = 2.24)
and very similar growth performances were found (¢
= 3.14 for males and 3.16 for females). However,
different seasonal oscillations of growth were
detected. The winter-point was estimated in May (C <
0.9) for males and in March (C < 0.5) for females.
The asymptotic size (CWoo) was estimated at 24.86
mm for males and 24.50 mm for females (Fig. 5).

The estimations of life span and mortality
were similar between males and females. The
maximum longevity was estimated at 1.33 years (16
months) in males and 1.23 (15 months) in females.
The total mortality (Z) was estimated at 3.71 and
3.41 for males and females, respectively. The annual
finite mortality rate (A) was estimated at 0.96 and
0.97 for males and females, respectively.

Discussion

In this study, the sex ratio was female-biased,
as already noticed by other populations from
Argentina at Salado River (36° S) (Botto and
Irigoyen, 1979), Mar Chiquita Lagoon (37.6 ° S)
(Spivak et al., 1996) and Samborombén Bay (36° S)
(Cesar et al., 2007). In contrast, Bas et al. (2005) and
Angeletti and Cervellini (2015) found a male-biased
sex ratio throughout the year in Santo Antonio Bay
(40° S) and Bahia Blanca Estuary (38° S) (South
Argentina), respectively. The sex ratio as a function
of the size was female-biased in the intermediary
size classes. The dominance of males in the largest
size classes is a common pattern for N. granulata as
other studies have demonstrated (Gregati and

Table 3. Neohelice granulata. Fecundity parameters in
each stage of egg development. I-IV: stages of egg

development. n: number of sampled females. SD:

standard deviation

Stage n Mean Min Max SD
I 21 28,694.1 8936 82,592 16,158.26
I 43  24,996.5 7,760 46,336 9,540.27
I 8 16,028.0 7,808 28,024 7,440.15
v 38 11,6669 336 42944 7,967.34

65

Negreiros-Fransozo, 2007 (23°); Angeletti and
Cervellini, 2015). One reasonable explanation for
this could be the difference in energy investment
after reaching maturity as usually mature females
apply more energy for reproduction, presenting a
decrease in growth rates (Hartnoll, 1982). However,
growth rates in this study were similar between
males and females. Furthermore, since mortality
rates were also similar between males and females, a
hypothesis of differential mortality in large-sized
females seems unreasonable. According to Botto and
Irigoyen (1979) and Spivak et al. (1996), N.
granulata presents a variation in the spatial distribution
related to sex and age. Therefore, the bias on sex ratio
might be associated with the sampling effort being
necessary for a more accurate sample design to include
crabs of all ages of males and females.

In general, the relative growth of N. granulata
presented in this study followed the predictions for
Brachyuran’s growth (Hartnoll, 1978). Also, the
relative growth analyses here described were
comparable to those presented by Gregati and
Negreiros-Fransozo (2007) who studied another N.
granulata tropical population (Paraty, RJ, Brazil).
The only exception was the relationship between
CWxAW in adult females, which showed negative
allometry in this study while the previous authors
found isometry. These differences can be related to
the reproduction of both populations. Gregati
Negreiros-Fransozo  (2007) found a longer
reproductive season and, mainly, a higher fecundity
in comparison with this study (tab. 4). Since the
abdomen is an organ responsible for incubating
eggs, populations with higher fecundity may have a
reflection in their morphology. However, in the
present study, the changing of growth in the
transition phase from juveniles to adults was
observed in organs that are related to sexual
maturity, namely the abdomen (females) and
gonopods (males). Therefore, we conclude that
morphometric analysis in this study was robust to
estimate the size of maturity of males and females.

The estimated size of sexual maturity in this
study was higher for males than for females. This
result seems to follow a general pattern for this
species when we analyze the literature data, with the
exception of the study of Lépez et al. (1997) and
Luppi et al. (2004), where males presented a higher
size of maturity than females (Tab. 4). In the last
study, which was implemented in the laboratory, the
estimations of size at maturity were very similar
between males and females. The size at sexual
maturity in the present study was higher than the
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Figure 4. Neohelice granulata. Size of sexual maturity estimation in females and males. CW: Carapace width; AW:

Abdomen width; GL: Gonopodus length.

values found by other studies in southern locations,
contradicting the latitudinal pattern proposed by
Sastry (1983). This author claims that populations
inhabiting tropical habitats show smaller size at
maturity than populations in higher latitudes but our
data showed the opposite. Indeed, Barutot et al.
(2009) studied two N. granulata populations at the
mesoscale in Patos Lagoon (31°), southeast Brazil,
and found different estimations of size at maturity
between them. These results suggest that mesoscale
factors can be more deterministic to the size of
maturity of N. granulata than its latitudinal
variation. The breeding season of N. granulata
presented in this study and the literature also

Pan-American Journal of Aquatic Sciences (2025), 20(1):

reinforces the hypothesis that mesoscale factors
exert a main role to shape the reproduction traits of
this specie.

Generally, brachyuran’s populations from
tropical areas have enlarged breeding seasons,

mainly during the warmest months, while
populations from higher latitudes show more
restricted reproductive periods (Sastry, 1983;
Adiyodi, 1988). The breeding season of N.

granulata follows this pattern of longer breeding
seasons in populations from subtropical regions,
including this study and Gregati & Negreiros-
Fransozo (2009), southeast Brazil. However, this
prediction is not totally clear when we analyze
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Table 4. Neohelice granulata. Comparative table of reproductive traits found in different latitudes. (*) estimation based

on the smallest ovigerous female sampled.

Size of Mean fecundit
Locality (latitude) gender  maturit Breeding season y Author (year)
y (mm) (egsgs)
Guapimirim Mangrove male 23.9 February to .
(22°43’S) female 19.0 November 20419 (+12627) this study
Gregati &
Jabaquara Beach male 19.7 continuous 30028 Negreiros-
(23°13°S) female 19.2 (£10861) Fransozo
(2007/2009)
Patos Lagoon male na na 19259 Ruffino et al.
(31°21°S) female (+6816) (1994)
Patos Lagoon/Ilha male 18.2 Ausust to Ma 29019 Barutot et al.
(31°58°S) female 16.8 g y (x1014) (2009)
Patos Lagoon/Prainha male 14.9 Ausust to Ma 19968 Barutot et al.
(32°09°S) female 14.0 & y (£1159) (2009)
Saborombén Bay male December to .
(36°16°S) female na February na César et al. (2005)
Saborombén Bay male 27790
(36°16°S) female na na (£9936) Stella et al. (1996)
Saborombén Bay (36° male 16.5 Lépez et al.,
18'S) female 277 October to February na (1997)
Chiquita Sea Lagoon male Ttuarte et al.
(37°32'S) female na September to March na (2006)
Santo Antonio Bay male " November to
(40°46°S) female 17.0 February na Bas et al. (2005)
Laboratory approach fznrréllﬁe 1;3 na na Luppi et al. (2004)
populations over a latitudinal range (Tab. 4), where
35 it can vary in extension and season showing no
Females compliance with latitudinal assumptions. In this
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Figure 5. Neohelice granulata. The growth curves
estimated for females and males. CW: Carapace width.

study, the breeding season of N. granulata was more
intense during the dry season when a higher
frequency of ovigerous females was observed.
Despite the frequency of ovigerous females and
precipitation not being related, the precipitation
seems to exert an influence on reproduction once
breeding decreases in the months of the rainy season
(September to March) (Tab. 1). Long-term studies
have observed that the breeding season changes
between two consecutive years, suggesting that the
temperature is correlated with the start and duration
of the breeding season (Ituarte et al., 2004; Ttuarte et
al., 2006). Bas et al. (2005) raised the possibility that
the reproductive period should be related to the
temperature range seen among seasons. The
difference between the extreme temperatures found
during winter and summer affects the reproductive
process in populations from higher latitudes. In this
study, temperature was negatively related to
ovigerous females’ frequency, which lead to the
hypothesis that higher temperatures affect negatively
N. granulata reproduction being a limiting factor to
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this species distribution to the north. However,
further studies are necessary to confirm this
statement. On the other hand, Spivak et al. (2016)
compared two populations in Southern Argentina,
distant 190 km and, therefore, submitted to a
resembling temperature range, which showed
consistent differences in reproductive aspects,
including breeding season.

The literature review about the reproduction
of N. granulata is presented in Table 4, where data
from the size at sexual maturity, breeding season,
and fecundity is shown along a latitudinal gradient
from the southernmost (Bas et al., 2005) to the
northernmost (this study). There is no clear pattern
related to the latitude to clarify the analyzed
reproductive aspects of N. granulata. In general, all
of these studies were focused on the species’ features
while biotic and abiotic interactions can exert a
central role in N. granulata reproduction. In order to
contribute with a broader understanding of the
reproduction of this species, further approaches
should be addressed to explain the variations in the
size at maturity and breeding season of N. granulata.

The average fecundity in this study was
related to the female’s size as already reported by
Luppi et al. (1997) and César et al. (2007). This may
be due to the fact that the body cavity space restricts
the yolk accumulation, being a limiting factor in the
brood size (Hines, 1982). The decrease in the
number of eggs along the embryonic development
stages observed in this study may be a response to
abiotic variations, pollution, egg predation, and
infection by parasites or microbes (Balsundaran and
Pandian, 1982; Ruffino et al., 1994; Luppi et al.,,
1997). Fecundity can vary largely between
populations as a result of different life conditions
(Ruffino et al., 1994; Silva et al., 2008; Barutot et
al.,, 2009). Table 4 presents estimations of N.
granulata fecundity from different regions and
shows that the reproductive efforts of this species
can vary significantly. According to Hines (1982),
the reproductive effort exhibits significant
intraspecific variation concerning limited resources,
molting stage, tidal height, and latitude (especially in
large distribution species). However, despite N.
granulata presenting a large distribution range, the
fecundity varies independently to the latitude. The
higher fecundities of this species were reported in
Jabaquara Beach, a location near the northern limit
of the N. granulata distribution, and in Saborombdém
Bay, near the southern limit of its distribution.

The parameters of growth in the present study
were very similar between males and females, being

T. DE M. M. COSTA ET AL.

comparable with the results found by Barcelos et al.
(2007) concerning growth rates (K ~ 2) in Peixe
Lagoon, south Brazil. However, a study developed
in the laboratory by Luppi et al. (2004) found
contrasting results in which the authors estimated a
very low growth rate (K ~ 0.5). The differences in
growth rates from these studies resulted in different
life span estimations, where the formers noticed a
longevity of around one year (this study) and two
years (Barcelos et al. 2007) while Luppi et al. (2004)
estimated a maximum life span of three years. The
dissimilar estimations of growth parameters in the
same species can be a consequence of the applied
methodology. It is known that different
methodologies or misinterpretations of models can
produce contrasting results on the estimations of
growth in crabs and many studies present unreliable
growth estimations (Costa et al. 2014). Beyond the
difficulty to predict the growth of crabs,
environmental factors aren’t taken into account in
most studies, preventing a broader understanding of
the results. In the case of U. cordatus, another
conspicuous species in Atlantic coastal wetlands,
mesoscale habitat differences in the rainfall regime
and salinity fluctuations can influence the growth of
this species through the amount of energy expended
by the osmoregulatory mechanisms (Koch, 1999).
The growth of crabs can also be indirectly affected
by the productivity and composition of the wetlands
due to the influence on the availability and quality of
food (Diele and Koch 2010). The anthropogenic
impacts in coastal wetlands can also affect the
growth rates and life span (Costa & Soares-Gomes,
2015). Table 5 shows the maximum sizes available
in literature along the distribution area of N.
granulata. Despite this study in the northern limit of
this species distribution (lower latitude) reported the
smallest sizes in literature, data from Table 5 shows
that the crab’s sizes did not follow the latitudinal
gradient pattern of size relative to temperature,
where the smaller individuals are found on lower
latitudes (Atkinson 1994), and these differences may
be attributed to mesoscale factors such as wetland
productivity, salinity and habitat quality as discussed
above.

The population biology of N. granulata has
been extensively studied, especially in the Southern
portion of its distribution, namely in Southern Brazil
and Argentina. Data from this study indicate that
mesoscale factors are the main drivers to determine
some features of the biology of N. granulata, such as
size at maturity, breeding season, growth, and life
span. Considering the relevant ecological role of N.
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granulata in bioturbation and the increasing
degradation of their habitats along the southwest
Atlantic coast, further studies addressing the
conservation status and potential use of this crab as
an indicator of the environmental state of coastal
wetlands (mangroves and salt marshes) is
recommended.

Ethical statement

Collection of crabs were conducted following
all applicable ethical regulations and performed
under permit 21277 issued by Instituto Chico
Mendes de Conservacdo da Biodiversidade
(ICMBio).
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