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Freshwater crabs of the family Trichodactylidae are widely distributed in major river basins of the South American conti-
nent. The population structure of one species, Dilocarcinus pagei, was analyzed in an artificial reservoir in Southeastern
Brazil, recording data on the sex ratio, recruitment, and mortality. A total of 1339 crabs were collected and included 804
males and 535 females (3 ovigerous and 4 with hatchlings); the sex ratio was 1:0.61 (males: females). Two modes of
male and female carapace width (CW) were recorded, with means of 14.4 mm (n =407) and 38.9 mm (n =394) for
males and 17.9 mm CW (n = 269) and 39.2 mm (n = 267) for females. The mean size of males (CW = 26.6 + 13.8 mm)
was significantly larger than that of females (CW = 28.5 £+ 12.8 mm). The data indicated that recruitment occurs in sum-
mer (January—March), with the reproductive period in spring (October—December), periods with the highest rainfall and
temperature values in the region. Reproduction leads to the death of the parents, influencing the sex ratio, which oscil-

lates mainly during the reproductive period.
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Introduction

For crustaceans, knowledge of population characteristics
is important to develop conservation methods, mainly in
species of economic interest such as D. pagei. Freshwater
crabs show several morphological, physiological, behav-
ioral, and reproductive modifications, related to the inva-
sion of this environment (Cumberlidge & NG 2009)
including low fertility rates with oversized eggs; epimor-
phic development; limited geographic distributions with a
high rate of endemism; and seasonal recruitment
(Sternberg & Cumberlidge 2003). These features make
species more vulnerable to extinction. The rapid degrada-
tion of water bodies and intense overexploitation have
alerted researchers and government agencies to the need
of monitoring brachyuran species inhabiting these envi-
ronments (Teoddsio & Masunari 2009). In Brazil, 45 spe-
cies of freshwater crabs are listed in the [UCN Red List of
Threatened Species (IUCN 2001), but there are relatively
few studies on this group of crustaceans, and this number
may be underestimated (Amaral & Leite 2008).

Several biological and ecological aspects of freshwa-
ter decapod crustaceans are still scarce in the literature,
such as trophic ecology, behavioral ecology, functional

diversity, population dynamics studies, sex ratio, repro-
ductive period, size at maturity, population delimitation,
and the relation of the species with different environ-
ments (Davanso et al. 2013; Herrera et al. 2013; Sharma
& Gupta 2013; Williner et al. 2014). Approximately,
20% of brachyurans inhabit fresh waters (Yeo et al.
2008), and they can be found on every continent
(Cumberlidge et al. 2009). In the Neotropical region, they
are represented by two families: Pseudothelphusidae, with
about 250 species distributed in South American moun-
tain systems up to 3000 m altitude (Rodriguez &
Magalhaes 2005), and Trichodactylidae, with fewer than
50 species distributed in Central and South America,
inhabiting coastal plains (Rodriguez 1992) and the
Amazon, Orinoco, and Parana-Paraguay river basins
(Magalhées 2003). The family Trichodactylidae is divided
into 10 genera, of which Dilocarcinus H. Milne-Edwards,
1853, is represented by two species: D. septemdentatus
(Herbst, 1783), found in northern South American drai-
nages, and D. pagei, with a wide distribution in South
America and found in the major river basins in Brazil,
mainly in the Amazon and Parana-Paraguay (Magalhdes
2003).
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D. pagei has a cryptic, nocturnal life (Williner &
Collins 2002), and may even leave the water at night.
During the day, these crabs are usually associated with
macrophytes (Taddei & Herrera 2010). They are impor-
tant components of the trophic web, acting as organic
matter processors (Melo GAS 2003) and mainly as
saprophages. They are omnivorous, feeding on macro-
phyte debris, algae (filamentous algae, diatoms, and other
unicellular groups), fungi, amoebae, ciliates, rotifers,
earthworms, and microcrustaceans (Williner & Collins
2002). These crabs are usually predated by bony fishes
such as Piaractus mesopotamicus (Homberg, 1818)
(Peixer & Petreli 2007), cartilaginous fishes of the family
Potamotrygonidae (Almeida et al. 2010), terrestrial verte-
brates, including birds of the families Accipitridae and
Falconidae (Magalhdes 1990; Olmos et al. 2006), didel-
phid marsupials (Aragona & Martins-Filho 2009), and
artiodactyls such as the wild boar Sus scrofa (see Herrera
et al. 1994). The species is an important element in the
transfer of resources between aquatic and terrestrial envi-
ronments (Collins et al. 2007).

D. pagei is exotic in several locations in Southeastern
Brazil (Magalhdes et al. 2005), where it has been intro-
duced for use as bait for sport fishing (Taddei & Herrera
2010). The species is present in the majority of Brazilian
southeastern hydroelectric reservoirs and, owing to its
recent introduction, it is under intense selective pressure
(Taddei & Herrera 2010).

Studies on freshwater crabs are still relatively sparse
compared to marine species. Studies of D. pagei have
mainly examined population characteristics, such as
growth (Mansur et al. 2005; Pinheiro & Taddei 2005b;
Taddei & Herrera 2010; Davanso et al. 2013), sexual
maturity (Herrera et al. 2013), fecundity (Mansur &
Hebling 2002), locomotor activity (Renzulli & Collins
2001), the circadian cycle and feeding habits (Williner &
Collins 2002), and the relationship between weight and
size (Pinheiro & Taddei 2005a) and juvenile develop-
ment (Vieira et al. 2013). Physiological studies have
examined gill physiology (Furriel et al. 2010; Granado
et al. 2010; Firmino et al. 2011) and biochemical charac-
teristics (Zanotto & Baptista 2011).

Studies concerning the population biology of
freshwater species are urgent in view of the rapid envi-
ronmental degradation due to pollution of water bodies
and also the introduction of exotic species, which can
cause major changes in the biodiversity of inland waters
(Strayer 2010; Affonso & Signorelli 2011) and environ-
mental impact (Silva & Taddei 2014). In this study, we
characterized the population structure of D. pagei by
investigating the reproductive period, recruitment, mor-
tality, and sex ratio, in total, by month and by size
classes, in the Barra Mansa Reservoir, Municipality of
Mendonga, Sdo Paulo State, Southeastern Brazil. We
aimed to set parameters that could be used in

management projects, studies on delimitation and pop-
ulation growth, individual growth, and reproductive
aspects, providing essential information for a better
understanding of the relationships of this introduced
species with the environment.

Methods

Specimens of D. pagei were identified by observing the
carapace which is strongly convex in the antero—poste-
rior region, with six spines in the antero—lateral mar-
gins, and by the presence of a transverse carina along
the anterior margin of the third abdominal somite, both
for males and females (Magalhdes et al. 2005). Indi-
viduals were collected monthly from July 2005 to June
2007, during the day, in Barra Mansa Reservoir (21°14’
27"S and 49°56'28"W) (Figure 1), located in the Parana
Basin. Four collectors sampled for 3 h, covering an area
of 2 km?. Specimens were collected with sieves (3-mm
internodes) and were found associated with the
underwater vegetation, mainly FEichhornia azurea (Sw.)
Kunth, E. crassipes (Mart.), Salvinia molesta Mitchell,
and Cabomba sp. and Egeria densa Planch. The crabs
were placed in plastic bags; females with eggs or
hatchlings in the incubation chamber were stored in
separate bags. The crabs were transported to the labora-
tory, which is approximately in a two-hour distance
from the sampling site, and crabs were kept frozen
until analysis. Individuals were thawed at room tem-
perature and sexed according to abdominal morphology
and number of pleopods (Mansur et al. 2005). The
carapace width (CW) was measured at the widest point,
between the bases of the last marginal spines, with a
precision caliper (0.01 mm).

Specimens were separated into demographic groups
to characterize the population structure: males (M),
females without eggs or hatchlings (F), ovigerous
females (FO), and females with hatchlings in the
incubation chamber (FH). The population structure was
described by dividing individuals into size classes. The
demographic groups were distributed in 4-mm classes
(CW), which were plotted in histograms for each
month. The overall data for each sex were used to con-
struct a total histogram, and decomposition of the
modes was performed following Bhattacharya (1967),
confirmed by the NORMSEP routine (separation of the
normally distributed components) (Pauly & Caddy
1985) and subroutines in the FISAT II program (FAO-
ICLARM; Stock Assessment Tools). Modes were
accepted when the separation index (SI) was equal to
or greater than 2.

The data of Taddei and Herrera (2010) were used to
analyze recruitment patterns and to estimate mortality.
These authors worked with the same population and
found for males a maximum size of 52.6 mm CW and a
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Figure 1. Sampling locations of specimens of D. pagei collected in Southeastern Brazil during the study period (July 2005 to June

2007).

growth rate (K) of 0.68 and for females, a maximum size
of 63.65 mm CW and a growth rate (K) of 0.73. Males
measuring 21.5 mm CW or larger, and females 19.7 mm
CW or larger were considered adults; individuals smaller
than these measurements were considered juveniles
(Herrera et al. 2013).

The number of individuals in each size class was
entered in the FISAT II program, which estimated the
recruitment pattern for the percentage of males and
females. The empirical natural mortality (M) (Pauly
1984) and total mortality (Z) were calculated by the
Beverton and Holt method in the FISAT II program
(Beverton & Holt 1959). Mortality owing to fishing (F)
was calculated as the difference between Z and M
(M =Z — M), and overexploitation (£) was calculated by
the ratio between F and Z (E = F/Z) (Dutta et al. 2012).
The mean air temperature of the region in the period of
the study was used for the recruitment analysis by
FISAT II program and was 28.7 °C.

The reproductive period was defined by the presence
of ovigerous females (FO) and females with hatchlings
in the incubation chamber (FH) (Davanso et al. 2013),
contrasting with the recruitment period. The sex ratio
was calculated using the chi-square test (X*) with a sig-
nificance level of 5% (Sokal & Rohlf 1995), which
evaluated the deviation from a 1:1 ratio between sexes in
the size classes, in the sampling months, and for the total
of individuals.

Temperature and rainfall data were obtained from the
Agrometeorology Information Center (CIIAGRO). The
relationships among these abiotic factors, recruitment,
and the reproductive period were tested by the Spearman
correlation.

Results

The mean rainfall in the region during the sampling per-
iod was 87.7 + 82.9 mm, with the highest mean recorded
during spring (October—December) (157.1 £ 79.7 mm)
and the lowest in autumn (April-June) (51.03
+49.0 mm). The highest mean monthly temperatures
were observed in October 2005 (36.7 °C), September
2006 (36.5 °C), and April 2007 (36.1 °C). The lowest
mean temperatures were recorded in July 2005 (31.4 °C)
and June 2006 (29.8 °C) (Table 1).

A total of 1339 crabs were collected, including 804
males and 535 females (3 were FO and 4 were FH).
The size of males ranged from 3.3 to 53.2 mm CW
(26.6 £ 13.8 mm) and females from 4.1 to 58.3 mm
CW (28.5 £2.8 mm). The sexes differed significantly in
size, where females were significantly larger than
males (Mann Whitney, p <0.05). The FO ranged from
43.6 to 46.7mm CW and FH ranged from 39.5 to
45.9 mm CW.

The distribution of individuals in 4-mm (CW) size
classes in monthly histograms in both years is shown in
Figures 2 and 3. Monthly abundance showed no relation-
ship to temperature and rainfall (p < 0.05). Smaller indi-
viduals, size classes 0 —| 4; 4 —I 8, were collected from
November 2005 to January 2006, May to June 2006,
December 2006 to March 2007, and May to June 2007.
The FO or FH were collected in November 2005 and
2006 and in April 2007. The size distributions were
bimodal for males, except those in January, February,
and December 2006 and January and May 2007 were
unimodal. For females, only size distributions obtained
for January and February 2006 were unimodal. No adult
males or females were found in January, in both years.
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Table 1. Maximum and minimum mean temperatures and rainfall in the sampling period.

Temperature (average) + SD

Month Maximum (°C) Minimum (°C) Rainfall (mm) + SD
July/2005 314 +3.1 16.3+4.6 487+ 134
August/2005 32.7+4.1 184 +3.5 107.5 + 64.5
September/2005 342 +43 18.0+3.3 222.1+79.8
October/2005 36.7+3.4 173 +4.1 167.5+101.4
November/2005 343+£58 17.6 £4.7 239.9 + 174
December/2005 32.1+6.4 15.7+5.4 180.2 + 87.5
January/2006 342 +£6.7 243 +4.4 7.6+1.2
February/2006 33.1+6.3 20.5+5.3 13.6 £9.6
March/2006 32.7+£5.6 22.6 +4.8 2.6+0.8
April/2006 332+34 19.5+3.9 29.8 + 13.1
May/2006 353+3.8 143 +4.1 63.4+455
June/2006 29.8+4.2 125+6.3 145.2 £90.8
July/2006 32.1+£35 16.8 £4.3 0+0
August/2006 329+3.6 17.5+3.8 9.7+6.8
September/2006 36.5+2.8 18.6 £3.9 224.5+125,6
October/2006 35925 17.6 £3.1 119 + 87.7
November/2006 31.3+43 18.8 £2.8 216.7 +193.4
December/2006 347+25 20.8 +4.1 114.5+79.8
January/2007 346 £3.7 213+£25 31.2+£17.6
February/2007 349 +4.1 22.8+3.8 88.4 £ 66.9
March/2007 353+32 20.7+2.6 16.8 £9.8
April/2007 36.1£2.8 19.2£35 11.6+7.4
May/2007 333+46 19.8 £ 6.8 8.7+3.6
June/2007 30.2+43 16.3+3.6 359+23.7

The highest estimated recruitment levels were
recorded in November—December 2005 and December
2006, with a modal pattern from November to February
in the first year of sampling, and from November to
January in the second year. The normality tendency was
not homogeneous, owing to the values obtained in April
2006 and 2007, and did not confirm a separate mode
(SI1<2) (Figure 4).

The sex ratio favored males (males: females = 1:0.61;
p <0.05). Males were more abundant than females in
August 2005 and January, July, and December 2006
(p <0.05). Females were present in a higher proportion
only in November 2006 (p < 0.05) (Figure 5(A)). Only
size classes 4 —I 8; 8 —I 12 showed statistically significant
differences for the higher proportion of males in the pop-
ulation (p < 0.05) (Figure 5(B)).

The size-class distributions of each sex were
polymodal. One mode for males was identified, with a
mean of 144 mm CW (SD=6.360/SI>2; N=407)
and another mode had a mean of 389 mm CW
(SD =6.470/SI > 2; N=397) (Figure 6(A)). Females
also had two modes: the smaller one with 17.95 mm
CW (SD=7.210/SI>2; N=269) and the larger
one with 392 mm CW (SD =7.350/SI>2; N=267)
(Figure 6(B)).

Empirical natural mortality (M) was estimated as
1242 for males and 1233 for females. Total mortality (Z)

was 0.734/yr for males and 0.968/yr for females. Mortal-
ity owing to fishing (F) was calculated as 0.508 for
males and 0.265 for females. The overexploitation rate
(E) was estimated as 0.408 for males and 0.214 for
females.

Discussion

Our results of monthly distribution of individuals by
demographic and size classes, as well as the recruitment
analysis, indicated that D. pagei in Southeastern Brazil
has a single annual reproductive period in the spring
(October—December), with recruitment occurring in
spring and summer (January—March). These observations
corroborate other studies on this species in Brazil:
Mansur and Hebling (2002) in the mid-west, Pinheiro
and Taddei (2005a) and Davanso et al. (2013) in the
southeast. In these regions of the country, abiotic factors,
such as rainfall and temperature, determine the reproduc-
tive period of freshwater brachyurans (Hartnoll & Gould
1988), where the values are highest in spring and
summer. Higher temperatures stimulate development and
maturation of gonadal tissues of decapods (Wear 1974).
The higher luminosity in summer also increases the
amount of plant protein, and consequently the supply of
plant-derived food, which optimizes individual growth
and survival of juveniles (Hartnoll & Gould 1988).
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Figure 2. D. pagei: Histograms of male monthly size-class distribution (carapace width).

The bimodality obtained for male and female size
combined supports the hypothesis of seasonal reproduc-
tion, which is common in tropical species (Mansur &
Hebling 2002; Pinheiro & Taddei 2005b; Taddei &
Herrera 2010; Venancio & Leme 2010; Davanso et al.
2013). The monthly distribution of individuals (males
and females) in size classes consisted mostly of two
modes, one of juveniles and one of adults, stages defined
by Herrera et al. (2013). This pattern is probably related
to the seasonality of reproduction and recruitment
(Tsuchida & Watanabe 1997). Bimodality has been
previously recorded for this species: Mansur and Hebling
(2002); in the mid-west of Brazil; Pinheiro and Taddei
(2005b) and Davanso et al. (2013), in Southeastern
Brazil; and also for other freshwater decapods, such as
Cherax quinquecarinatus Gray, 1845 (see Beatty et al.
2005), Parastacus defossus Faxon, 1898 (see Noro &
Buckup 2009), and Macrobrachium potiuna (Miiller,
1880) (see Mattos & Oshiro 2009). This is probably
related to the period of more abundant allochthonous
material carried in by the rains (Fidalgo et al. 2001;
Davanso et al. 2013). Dissolved particles of organic
matter are filtered and accumulate in macrophyte roots,
creating deposits that provide shelter and food for
juveniles (Mansur & Hebling 2002).

The absence of adults in January of both years is
probably related to egg and juvenile incubation. During
this period, females stop feeding and spend most of their
time out of water on aquatic plants (Senkman et al.
2015), mainly to increase the supply of oxygen for the
hatchlings (Taddei & Herrera 2010). This behavior seems
to favor predation of females and may account for the
difference in the sex ratio. Field observations of the
authors of the present study showed that hatchlings were
released during rainy spring nights, when many females
were located along the shore of the reservoir, moving
their abdomens to release the hatchlings; copulating pairs
were also observed. Even when not predated, females do
not feed during the incubation period (Taddei & Herrera
2010), and probably die within a few days after releasing
the hatchlings, which was evidenced by the presence of
a large number of females found dead at the sampling
area during the reproductive period. The absence of
adults during the recruitment period supports this
hypothesis. This behavior is not common in brachyurans,
in which ovigerous females burrow during egg incuba-
tion (Macia et al. 2001; Sharma & Gupta 2013) and sur-
vive thereafter.

These considerations may explain the asynchronous
reproduction of some females outside the reproductive
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Figure 3. D. pagei: Histograms of female monthly size-class distribution (carapace width).
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period. The recruitment modes observed in April in both
years are possibly related to the late reproduction of
these females since individuals that failed in the repro-
ductive period show a reproductive delay in relation to
the others (Taddei & Herrera 2010). The distribution of
males suggests that they also perish shortly after the
reproductive period, which is corroborated by the greater
longevity of males observed by Taddei and Herrera
(2010).

Female decapods are often larger than males, and a
larger abdomen allows a female to carry more eggs and
hatchlings (Hines 1988; Taddei & Herrera 2010). In
freshwater species, this specialization helps to optimize
the reproductive potential (Herrera et al. 2013) since spe-
cies with epimorphic development produce larger eggs
than those with abbreviated development (Vogt 2013).
The amount of available calf fosters the survival of
hatchlings (Beck & Cowell 1976) during the period in
the incubation chamber (Sternberg & Cumberlidge 2003;
Senkman et al. 2015).

244 28
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28432
32436
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4044 _
4448 -
48452
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56460 ¢

mm)

Sex ratio of D. pagei during the two-year sampling period (July 2005 to June 2007). (A) monthly; (B) size classes.

Females larger than males are unusual for brachyu-
rans (Hartnoll 1982). However, in freshwater crabs, this
size difference has been observed in D. pagei (Davanso
et al. 2013), Trichodactylus petropolitanus (Goeldi,
1886) (see Venancio & Leme 2010), and T. fluviatilis
(Latreille, 1828) (see Pescinelli et al. 2014; Silva et al.
2014). Usually, females use most of their energy for
gonad production and maturation and for egg incubation
(Castiglioni & Negreiros-Fransozo 2006; Hirose &
Negreiros-Fransozo 2008). However, in freshwater crabs,
both sexes copulate for several hours during the inter-
molt period (Gherardi & Micheli 1989; Taddei & Herrera
2010; Davanso et al. 2013; Senkman et al. 2015), which
eliminates the need for male protection before, during, and
after copulation (Pinheiro & Fransozo 1993). Another
hypothesis for the large size of females in this species is
the male energy input in the somatic growth of chelipeds,
which are used in agonistic interactions and reduce growth
rate (Costa & Soares-Gomes 2008). Males of D. pagei
exhibit a marked heterochely (Davanso et al. 2013).
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Figure 6. Size-class distribution of the total individuals of
D. pagei captured during the sampling period (July 2005—June
2007). (A) males; (B) females.

Although females are often significantly larger than
males, the largest individuals of each sex obtained in this
study had sizes near 53.2 mm (CW) and 58.3 mm (CW)
for males and females, respectively. According to
Herrera et al. (2013), the species reaches maturity at
similar sizes, probably owing to copulatory behavior,
which in this species consists of forcing the partner to
copulate (Liu & Li 2000). Courting does not occur
(Senkman et al. 2015), as also observed in the freshwater
crab Candidiopotamon rathbunae (De Man, 1914) (see
Liu & Li 2000).

The male-biased sex ratio can be related to the higher
total mortality (Z) estimated for females, which has also
been observed for this species by Davanso et al. (2013).
Differences in sex ratio are related to ethological aspects
(Sharma & Gupta 2013), growth, food supply and
migration (Mantelatto & Fransozo 1997), and selection
processes (Mattos & Oshiro 2009). Comparing the
monthly sex ratio in some months (August 2005,
January, July, and December 2006), males occurred in a
significantly higher proportion than females, which is in
agreement with previous findings for the species
(Davanso et al. 2013). However, some studies revealed a

predominance of females in the reproductive period
(Pinheiro & Taddei 2005b; Davanso et al. 2013). Female
migration for breeding was reported for the freshwater
crab Paratelphusa masoniana (Henderson, 1893) by
Sharma and Gupta (2013). Mattos and Oshiro (2009)
related a predominance of females in the migration per-
iod to higher mortality of males, owing to their suscepti-
bility to predation during the search for females.

In this study, the sex ratio did not vary significantly
during the breeding period (Figure 5(A)). Females were
significantly more abundant only in November 2006.
Considering the size-class distribution, the predominance
of males is not related to the size at maturity, which
occurs close to 40 mm CW (Herrera et al. 2013), similar
to the size observed for the species by Davanso et al.
(2013) in another region of Southeastern Brazil. The pre-
dominance of males in classes 4 —I 8:08 —I 12 may be
related to the presence of “jumpers” in the population
(Taddei & Herrera 2010), i.e. individuals with a rapid
growth rate. This phenomenon is observed mainly in
female freshwater crabs in the first months of life, and
allows larger females to be available in the next breeding
season (Taddei & Herrera 2010).

The mortality data indicate that the sex ratio is clo-
sely related to biological factors. The mortality due to
fishing (F) of males and females, lower than the natural
mortality (M), indicates that the species is not being
overexploited in the region (F < 0:50). This is corrobo-
rated by the low value of exploitation (£) obtained for
both sexes. The higher natural mortality (M) obtained for
females reinforces the hypothesis of reproductive behav-
ior in which the females stop feeding (Taddei & Herrera
2010) and spend more time out of water (Senkman et al.
2015), favoring predation. In D. pagei, longevity is
higher for females (Taddei & Herrera 2010). In brachyu-
rans, variations in mortality rates are related to the
energy cost during reproduction (Flores & Negreiros-
Fransozo 1999), as well as predation and environmental
conditions (Souza & Fontoura 1995). Generally, brachyu-
ran females show higher mortality rates (Price & Payne
1984; Costa & Soares-Gomes 2008), but this was not
observed in this study, possibly owing to the death of
the parents after reproduction. This phenomenon is
characteristic of the selective mortality proposed by
Pauly (1980), which probably exerts greater influence on
the mortality rate of D. pagei.

In view of the use of this species in sport fishing
(Mansur & Hebling 2002; Mansur et al. 2005; Pinheiro &
Taddei 2005a; Davanso et al. 2013), studies defining its
reproductive period are important for the design of man-
agement measures and the development of specific con-
servation legislation. In Brazil, few states have regulations
for off-season management of the species, and according
to Davanso et al. (2013), the existing regulations do not
concord with the biological data. The design of specific



regulations, e.g. prohibition of fishing during the breeding
season and the taking of juveniles, is vital for the survival
of the species (Dutta et al. 2012) and to allow them to
replenish their stocks (Sharp & Csirke 1983). The indices
obtained for recruitment as well as the presence of oviger-
ous females are in agreement with those reported by
Davanso et al. (2013), which suggest that the closed sea-
son should extend from September to December.
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