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ABSTRACT. Freshwater crabs are important elements in the aquatic biota of brooks, rivers, lakes and ponds, from both
ecological and the socio-economic aspects. Trichodactylidae comprises 51 endemic species from the Neotropical re-
gion. Among all the species of this family, Trichodactylus fluviatilis Latreille, 1828 has the widest geographic distribution
throughout Brazil. Despite that, there are few published contributions on the biology of this species. The present study
investigated the following aspects of T. fluviatilis: relative growth, mean size at onset of morphometric maturity, sexual
dimorphism, laterality and heterochely. Specimens were collected monthly from September 2010 through August
2011, from the Velha Eugénia Brook, municipality of Santa Teresinha, State of Bahia. Carapace width (CW), carapace
length (CL), major cheliped length (MaCL) and minor cheliped length (MiCL), major cheliped height (MaCH) and
minor cheliped height (MiCH), and width of the fifth abdominal segment (5AB) were measured to evaluate the pres-
ence of sexual dimorphism; the major difference between the sexes was in the CW vs. 5AB ratio. Heterochely was
observed in males and females,with the right cheliped larger than the left in 89% of males and 81% of females. Crab
size at the onset of morphometric maturity (= puberty molt) was estimated based on the ratio between CL, cheliped
dimensions, 5AB and CW (independent variable). Females were larger than males when they reached morphometric
maturity in all studied relations. We recommend the use of chelipeds and abdominal width relationships to estimate the

size at the morphometric maturity in males and females, respectively.
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Trichodactylidae comprises 51 endemic species from the
Neotropical region. All members of the family are considered
“true freshwater” crabs (sensu Yeo et al. 2008), because they
have direct development and complete their entire life cycle
independently of the marine environment (MULLER, 1892, YEO
etal. 2008). Trichodactylus Latreille, 1828 includes 11 valid spe-
cies, nine of which have been reported from Brazil (MAGALHAES
2003). Most trichodactylid crabs that occur in Brazil inhabit
coastal-plain rivers at altitudes up to 300 m (MacaLHAes 2003),
with some specimens collected at altitudes up to 960 m (GomIDEs
et al. 2009, MossoLIN & MaNTELATTO 2008, RocHA & Bueno 2004,
2011).

Trichodactylus fluviatilis Latreille, 1828 has a wide geo-
graphic distribution along the Brazilian coast, from the state
of Pernambuco to the state of Rio Grande do Sul (MAGALHAES
2003). Despite this wide range, little is known about the biol-
ogy of the species (Mansur et al. 2005). ArarcoN et al. (2002)
investigated the structure of a population from Ubatuba, Sao

Paulo, in which sex ratio was 1:1, and females were larger than
males. According to these authors, ovigerous females of T.
fluviatilis have cryptic behavior, and were therefore absent from
their sample. Later, Costa-Nero (2007) studied some etnocarci-
nological aspects of the species in the state of Bahia. In addi-
tion, studies have examined the association of T. fluviatilis with
Temnocephala Blanchard, 1849 flatworms (Amaro et al. 2005,
2006) and also the use of this species as a bioindicator of some
metals, including aluminum, manganese, cadmium and lead
(CHAGas et al. 2009, FrancHi et al. 2011).

Recently, Lima et al. (2012) reported on the allometric
growth and average size of T. fluviatilis crabs from southeast-
ern Brazil at the onset of morphometric maturity. Published
studies on relative growth in brachyuran crabs often find a
relationship between allometric growth and morphometric
maturity, since the puberty molt is usually marked by a signifi-
cant change in the allometric growth rate of some body struc-
tures such as the carapace, chela and abdomen (HarrnoLL 1978).
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Considering the ecological importance of freshwater
crabs and the continuous degradation of their habitats, it is
important to study the biological aspects of these crustaceans,
aiming the conservation and sustainable use of this natural
resource. This study investigated the relative growth and aver-
age size of T. fluviatilis crabs at the onset of morphometric
maturity, in order to provide information that could contrib-
ute to efforts to protect this species in the state of Bahia, Bra-
zil.

MATERIAL AND METHODS

Specimens were sampled monthly, from September 2010
through August 2011, in a 100-m long section of Velha Eugénia
Brook (12°50742.9"S, 39°29'46.4"W), Pedra Branca Village, Santa
Terezinha Municipality, Bahia, Brazil (Fig. 1). The sampling site
had a sandy substrate, with slow water flow, and the water
depth rarely exceeded 50 cm. In backwaters in some areas of
the brook, large amounts of organic matter (mainly leaf litter)
accumulated. Some partially submerged vegetation was present
along the stream banks, and impacts caused by humans and
farm animals were evident.

Santa Terezinha

Atlantic Ocean

Figure 1. Map of southeast Bahia. Black area, Serra da Jibéia; gray
spot, sampling site at Pedra Branca Village.

Trichodactylids were collected during daytime, with the
aid of sieves (diameter 50 cm, mesh 0.5 mm). Crabs were sexed
according to the location of the genital pores, external mor-
phology of the abdomen, and the presence of developed pleo-
pods (females) or two pairs of gonopods (males).

Body dimensions measured were: carapace width (CW),
carapace length (CL), major claw propodus length (MaCL),
major claw height (MaCH), minor claw propodus length
(MiCL), minor claw height (MiCH), and fifth abdomen seg-
ment width (5AB). All measurements were taken to the near-
est 0.01 mm with the aid of a digital caliper, and were used in

the relative growth analysis and to estimate the average size at
the onset of morphometric maturity.

Except for a few animals fixed as voucher material (INPA
1398), all other specimens caught were returned alive to the
sampling site after their measurements were taken.

Data from all measurements taken were converted to the
linear form by means of natural logarithm transformation. Log-
transformed values of carapace width (InCW) were used as the
independent variable, and all other body dimensions [Ln (claw
dimension); In(CL); and In(5AB)] were considered as dependent
variables. Data were subjected to successive linear regression
analysis, and data with corresponding absolute values of the
standardized residuals higher than 2.57 (p < 0.01) were consid-
ered outliers and excluded from the analysis. Then, each data
group from the regression analysis was subjected to non-hierar-
chical k-means clustering, to separate the data set into juveniles
and adults. Discriminant analysis was used to re-allocate any
misclassified data. All statistical analyses were performed with
the PAST - Paleontological Statistics Software (version 2.14) com-
puter program (Hammer et al. 2001). Finally, the equations ob-
tained from each linear regression (Iny = Ina + bx) were tested
statistically using covariance analysis (ANOVA), and all of them
showed high significance levels (Zar 1996).

The state of allometry of each body dimension was de-
termined by testing the slope and elevation of each linear equa-
tion obtained from regression analysis, using Student’s t test
(Zar 1996). Whenever the “b” value was statistically equal to 1
(H,) growth was considered isometric; when “b” was different
from 1 (H’) growth was considered positively (b > 1) or nega-
tively allometric (b < 1) (HarrnorL 1978, 1982, MARTINEZ-MAYEN
et al. 2000, Bueno & Suimizu 2009). Student’s t test was also ap-
plied to compare the parameters of allometric equations of
juveniles and adults, in both sexes.

Mean size at the onset of morphometric maturity in each
sex was calculated only for dimensions in which significant
differences were detected by Student’s t test when comparing
the allometric equations from data groups for juveniles and
adults. As performed by Buino & SHimizu (2009), the size of
morphometric maturity (L50) was calculated from the func-
tion y = 1/1+e*™ (y = proportion of adults; x = carapace width
size class), with the software CurveExpert, version 1.3 (Hyawms
2001).

Handedness was verified in adult males and females sepa-
rately with the Yates corrected goodness-of-fit chi-square test.
The heterochely of the claws was tested with the non-para-
metric Wilcoxon test for paired samples (Zar 1996).

Sexual dimorphism was determined based on body (CW
and 5AB) and claw dimensions of adult specimens (MossoLIN &
Bueno 2003, Bueno & Sumvizu 2009). Carapace width of males
and females was compared with the non-parametric Mann-
Whitney test because data for both males (W =0.88, p <0.001)
and females (W = 0.89, p < 0.01) showed a non-normal distri-
bution (Zar 1996). Fifth abdominal segment and claw dimen-
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sions were compared with Student’s t test (Zar 1996), used to
compare regression parameters between adult specimens.

RESULTS

Of the total of 623 specimens of T. fluviatilis sampled, 212
were juveniles, 220 males and 191 females. Carapace width
ranged from 5.39 to 30.42 mm (Mean + S.D.=11.46 + 4.09 mm)
in males and from 5.50 to 28.97 mm (Mean +S.D.=13.10+ 5.04
mm) in females. Although males attained the largest carapace
width recorded, the mean size of females exceeded males by
1.64 mm and the Student’s t test detected a significant differ-
ence in the mean size of the sexes (t = 3.55; p < 0.001).

Relative Growth

All linear regression parameters obtained for each data
set are shown in Table I. Juveniles of both sexes showed the
same state of allometry in the linear regression equations for
carapace and claw dimensions. However, the growth of the
fifth abdominal segment width was negatively allometric in
juvenile males and positively allometric in juvenile females.

Adult males showed positive allometry for all body dimensions,
except for the fifth abdominal segment, which showed iso-
metric growth. Adult females showed positive allometry in most
of the claw dimensions, except for the minor cheliped height,
which showed isometric growth. Unlike males, females showed
positive allometry for the fifth abdominal segment and nega-
tive allometry for the carapace length.

Comparison between juveniles and adults indicated sig-
nificant differences in all linear equations obtained from re-
gression analyses, except for the MiCH (juvenile males vs. adult
males) and MiCL (juvenile females vs. adult females) growth
relationships (Table II). Therefore, different growth patterns
were found between the two life phases that mark the transi-
tion from immature to adult.

Sexual dimorphism

Females were larger than males (Mann-Whitney test: U =
16820, p =0.0005). Except for the MiCH relationship, all other
dimensions were strongly sexually dimorphic (Table III). The
most pronounced sexual dimorphism was detected in the fifth
abdominal segment (Fig. 2 and Table I).

Table I. Trichodactylus fluviatilis. Linear regression parameters and equations, and the state of allometry corresponding to each regression.

Linear regression equation and

Student’s t test for

Category Relationship! n coeficient of determinance (r?) allometry (H: b =1) State of allometry?
Young Males CLvs. CW 203 y =0.9694x + 0.0162; r> = 0.96 t=2.31;p<0.05 -)
MacCL vs. CW 119 y =0.9812x - 0.6415; r> = 0.81 t=0.43; p>0.50 0)
MaCH vs. CW 17 y=1.1529x — 1.6983; r2 = 0.94 t=5.55;p <0.001 +)
MICL vs. CW 120 y=0.9777x - 0.7432; r>=0.78 t=0.46; p > 0.50 0)
MIiCH vs. CW 114 y =1.0407x — 1.6321; r2 = 0.88 t=1.10; p>0.20 0)
5AB vs. CW 121 y = 0.865x — 0.9985; r? = 0.66 t=109.67; p < 0.001 -)
Adult Males CL vs. CW 179 y =1.0482x - 0.0225; r= 0.99 t=7.47; p <0.001 (+)
MacCL vs. CW 162 y=1.2889x — 1.2718; r> = 0.90 t=8.54; p <0.001 (+)
MaCH vs. CW 145 y =1.4655x — 2.3886; r> = 0.97 t=21.57; p<0.001 +)
MICL vs. CW 163 y =1.0747x — 0.8824; r> = 0.91 t=2.86; p<0.005 (+)
MIiCH vs. CW 159 y = 1.0484x - 1.6369; r> = 0.95 t=2.63;p<0.01 +)
5AB vs. CW 69 y =1.0335x — 1.2606; r?> = 0.90 t=0.79; 0.20 < p < 0.50 0)
Young Females CLvs. CW 199 y =0.9403x + 0.0537; r2 = 0.99 t=7.42; p <0.001 -)
MacCL vs. CW 139 y =1.0068x — 0.6821; r2 = 0.89 t=0.22; p>0.50 0)
MaCH vs. CW 129 y=1.1103x - 1.6292; r> = 0.95 t=4.85; p <0.001 +)
MICL vs. CW 127 y =1.0051x — 0.7822; r?=0.82 t=0.12; p>0.50 0)
MiCH vs. CW 118 y =0.9941x - 1.5538; r2=0.90 t=0.19; p>0.50 0)
5AB vs. CW 117 y =1.3485x — 1.9851; r2 = 0.89 t=7.91; p<0.001 (+)
Adult Females CL vs. CW 172 y =0.9722x - 0.0261; r2 = 0.99 t=5.82; p<0.001 =)
MacCL vs. CW 116 y=1.2184x - 1.1534; r2 = 0.94 t=7.35;p <0.001 +)
MaCH vs. CW 109 y=1.2704x - 1.9811; r2=0.97 t=11.66; p < 0.001 +)
MICL vs. CW 124 y =1.0497x — 0.8521; r2 = 0.94 t=2.03; p<0.05 (+)
MiCH vs. CW 117 y=1.0121x - 1.54; r2 = 0.9764 t=0.83; p<0.50 0)
5AB vs. CW 57 y=1.8019x — 3.1106; r2 = 0.94 t=12.76; p < 0.001 (+)

' CW, carapace width; CL, carapace length; 5AB, width of the fifth abdominal segment; MaCL, major cheliped propodus lenght; MaCH, major cheliped
height; MiCL, minor cheliped propodus length; MiCH, minor cheliped height.
2 State of allometry: (-) negatively allometric; (+) positively allometric; (0) isometric.
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Figure 2. Trichodactylus fluviatilis. Sexual dimorphism in biometric relationships (non-linearized data). Solid quadrat, adult males; empty

circle, adult female.

Laterality and Heterochely

Laterality analysis showed that 89% of males (x*=110.45,
p < 0.001) and 81% of females (x> = 60.31, p < 0.001) showed
right-handedness. Males and females of T. fluviatilis are
heterochelous, since comparisons of all chela dimensions gave
significant results (Wilcoxon test, p < 0.001).

Morphometric maturity

The mean sizes of carapace width at the onset of mor-

phometric maturity estimated for each variable are shown in
Table IV. For males and females, the maturation size (= puberty
molt) could not be estimated from the minor cheliped height
and the minor cheliped length relationships, respectively, be-
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Table Il. Trichodactylus fluviatilis. Student’s t comparisons of linear regression parameters between juvenile and adult life stages. v, degrees

of freedom.

Life stages Relationship’

Comparison of slopes

Comparison of elevations

CLvs. CW
MaCL vs. CW

Young males vs. Adult males

MaCH vs. CW
MiCL vs. CW

MiCH vs. CW
5AB vs. CW

t=5.24;,v=1378; p<0.001
t=5.56;v=277;,p<0.001
t=28.80; v=258; p<0.001
t=1.88;v=279; p>0.05
t=0.20; v=269; p>0.50
t=2.29;v=186; p<0.05

t=2.79; v=280; p<0.01
t=0.72; v=270; p>0.20

CL vs. CW
MaCL vs. CW
MaCH vs. CW

Young females vs. Adult females

MiCL vs. CW
MiCH vs. CW
5AB vs. CW

t=3.42;v=367;, p<0.001
t=4.92;v=251; p<0.001
t=4.93; v=234; p <0.001
t=0.94;v=247,p>0.20
t=0.55v=231;p>0.20
t=5.90;v=170; p < 0.001

t=1.23;v=248;,p>0.10
t=3.53; v=232; p<0.001

'Legend as in Table I.

Table lll. Trichodactylus fluviatilis. Student’s t comparisons of linear regression parameters between males and females, to test for sexual

dimorphism. v, degrees of freedom.

Relationship’ n (males) n (females) Comparison of slopes Comparison of elevations Sexual dimorphism
CL vs. CW 179 172 t=9.53; v=347; p <0.001 Yes
MacCL vs. CW 162 116 t=1.56;v=274;,p>0.10 t=5.05;v=275;p<0.001 Yes
MacCH vs. CW 145 109 t=6.18; v=250; p < 0.001 Yes
MIiCL vs. CW 163 124 t=0.69; v=283;p>0.20 t=3.30; v=284; p<0.02 Yes
MIiCH vs. CW 159 117 t=1.51;v=272;p>0.10 t=0.71;v=273;, p>0.20 No
5AB vs. CW 69 57 t=10.41; v=122; p<0.001 Yes

'Legend as in Table I.

cause no significant differences in regression slope and eleva-
tion were detected for these data when comparing juveniles
and adults (Table II).

The lowest value of maturity size for both sexes (males =
8.35 mm CW; females = 9.03 mm CW) was obtained from the
data set for carapace length. While the largest sizes at the on-
set of maturity (males = 12.63 mm CW; females = 14.22 mm
CW) were obtained from the data set for the fifth abdominal
segment (Table IV).

All claw dimensions for which the puberty molt was de-
tected, provided very close estimates of maturation sizes in
both sexes. For males, these estimates ranged from 8.99 t0 9.12
mm CW, whereas for females they ranged from 9.69 to 10.15
mm CW (Table IV). As proposed by Bueno & SHimizu (2009), we
suggest the adoption of the mean of the estimated values ob-
tained from the claw dimensions vs. CW relationships, which
would represent the size at the onset of morphometric matu-
rity based on these data sets. Thereby, the puberty molt (ob-
tained with the claw dimensions) would occur when specimens
attain CW = 9.05 mm (males) and CW = 9.97 mm (females).

ZOOLOGIA 31 (1): 20-27, February, 2014

Table V. Trichodactylus fluviatilis. Average carapace width size
(mm) at onset of maturity, regarding the biometric relationships
for which significant differences were found between juveniles and
adults.

Relationship’ Male Female
MaCL vs. CW 8.99 10.15
MaCH vs. CW 9.12 10.08
MiCL vs. CW 9.06 -
MiCH vs. CW - 9.69
5AB vs. CW 12.63 14.22
CLvs. CW 8.35 9.03

Mean of the estimated values obtained

with the claws dimensions 9.05 (£ 0.06) 9.97 (+0.25)

'Legend as inTtable I.

DISCUSSION

AvrArcoN et al. (2002) found a population of T. fluviatilis
in Ubatuba, Sdo Paulo in which the mean carapace width was
greater in females than males. On the other hand, ZiMmMmERMANN
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et al. (2009) found that males of Trichodactylus panoplus von
Martens, 1869 were larger than females, whereas VENANCIO &
Leme (2010) and Lima et al. (2012) found similar sizes for males
and females in populations of Trichodactylus petropolitanus
(Goeldi, 1886) from Cacapava, Sao Paulo, and T. fluviatilis from
Ubatuba, respectively.

Within the Brachyura, males are usually larger than fe-
males. This pattern is frequently related to the investment in
reproduction over growth by females (Harrvor 1982, 1985,
Tapper & Herrera 2010). Therefore, most crab species are sexu-
ally dimorphic in size, with males larger and with larger struc-
tures than females (NG et al. 2008).

Males of T. fluviatilis crabs from Velha Eugénia brook
(present study) grew proportionally more in carapace length
than in carapace width (positive allometry), while females
showed an opposite growth pattern (negative allometry) (Fig.
2, Table I). With this growth pattern, females from the Velha
Eugénia Brook attain a larger CW than males because males
grow proportionally more in carapace length. Figure 2 shows
that males started investing more energy than females in grow-
ing the chelipeds (over CW) when they attained approximately
20 mm CW. This growth pattern could also affect the mean
value of CW calculated for males, since they would direct more
energy to chelae growth than to carapace width.

Chelipeds are often used by males in agonistic behaviors
and/or courtship and to protect females during copulation and
spawning (CraNe 1975, GHErARDI & MicHELI 1989, Branco 1993,
Masunart & Dissenaa 2005). Therefore, males with more robust
chelipeds are better equipped to win the inter-male competi-
tion, and are more likely to be selected by their female coun-
terparts (MariapraN et al. 2000, QuresHr & Saner 2011). On the
other hand, brachyuran females with direct development, for
instance T. fluviatilis, invest a significant amount of energy in
abdominal growth, since this body part is used as an incubat-
ing chamber for eggs and newly hatched young (see HArTNOLL
1974, Vocr 2013) (Fig. 2). In males, there is no need for the
abdomen to grow faster than the carapace, since it only has
the reproductive function of protecting the gonopods (DANIELs
2001, CastiGLIONI & NEGREIROS-FRANZOSO 2004).

In the present study, the biometric relationships in juve-
niles of both sexes were mostly isometric, whereas in adults
they were mostly positively allometric (Table I). Similar results
were found by Lima et al. (2012) for the same species studied at
Ubatuba, Sao Paulo. According to HarrnotrL (1982), brachyurans
are usually strongly allometric in adulthood. Among all vari-
ables investigated, the length and height of the major che-
liped in adult males and the fifth abdominal segment in adult
females showed the highest coefficient of allometric growth
(Table I). These results are consistent with the relative growth
pattern observed in brachyurans (HartnorL 1974), and reveal
the differences in allocation of resources (energy) between males
and females. Females divert energy to abdominal growth, while
males prioritize cheliped growth, as discussed above.

According to Scarict & GHerarDI (2008), in brachyurans,
right-handedness is usually the most common condition. This
condition was also recorded for males and females of T. fluviatilis
from Brazilian populations (Lima et al. 2012, present study).
Similar patterns have been recorded for freshwater crabs of the
families Potamidae and Potamonautidae (GHERARDI & MICHELI
1989, Daniirs 2001) and some marine taxa (see table II in
MariarpaN et al. 2000 for review).

In many decapod crustaceans, the right and left chelae
are differentiated morphologically into crusher and cutter,
making them heterochelous and sexually dimorphic (MariappaN
et al. 2000). Generally, the major cheliped is associated with
defense, reproduction and crushing of shells, whereas the mi-
nor cheliped is used for feeding and cleaning parts of the body
(LevinToN et al. 1995, Daniers 2001).

Like most freshwater crabs, trichodactylid species are
omnivorous (MaGaLHAEs 2003, Yro et al. 2008, CUMBERLIDGE et al.
2009, ZiMMERMANN et al. 2009). According to DanieLs (2001), in
freshwater crabs such as T. fluvialitis, the major claw may play
a less significant role during feeding, since they are either
detritivores, or feeding generalists. Therefore, sexual selection
is probably the reason why males of freshwater crabs develop
a major cheliped that can be used in courtship, agonistic be-
haviors, and defense of home territory (STeN 1976, MARIAPPAN
et al. 2000, DanieLs 2001). On the other hand, the major che-
liped of females may act as a signal of sexual vitality and re-
productive vigor to males, allowing females to be more
successful at mating and have a better chance of defending the
developing young (since they show direct development) against
predators (DanieLs 2001).

In crustaceans, some aspects such as gonadal develop-
ment, presence of ovigerous females, and morphometric data
are used to calculate the mean size at the onset of maturity. In
the present study, the mean size at the onset of morphometric
maturity calculated from the fifth abdominal segment data set
(male: 12.63 mm; female: 14.22 mm) were quite different from
those calculated from the cheliped data set (male: 9.05 mm;
female: 9.97 mm). Considering how important cheliped size is
for the reproductive success of males, and abdomen width for
females, as discussed above, we recommend the use of cheli-
peds and abdominal width relationships to estimate the size at
morphometric maturity in males and females, respectively. In
the case of T. fluviatilis, females were larger than males when
they attained morphometric maturity (Table IV).

The size at first maturity was also greater in females than
in males, in studies conducted by Coso (2006), CoBo & ALVES
(2009), and Harr~oLL (2009). Delayed maturity could allow fe-
males of T. fluviatilis to live longer, grow larger, and therefore
have higher fecundity (Ramirez-LLopra 2002). Furthermore, the
size at onset of maturity depends on exogenous factors, such
as temperature and/or food availability. Therefore, it is not a
fixed character and may vary in different populations of the
same species (HartNoLL 1978).
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Considering that specimens of T. fluviatilis are commonly
collected by the residents of Pedra Branca Village for medici-
nal purposes and food (Costa Nero 2007), the results presented
here are important to establish a minimum catch size that
would contribute to the sustainable use and conservation of
this species in the state of Bahia.
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