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Resumo

Análise temporal da relação peso/largura de carapaça e fator de condição em Uca mordax (Smith, 

1870) (Crustacea, Decapoda, Ocypodidae) no Rio Igaraçu, Parnaíba, PI, Brasil. Os caranguejos do gênero 
Uca Leach, 1814 são amplamente distribuídos na costa brasileira e desempenham importante papel ecológico 
no ecossistema estuarino na bioturbação do solo, ciclagem de nutrientes e servindo como fonte de alimento para 
outros organismos. Este estudo objetiva analisar a relação peso úmido/largura da carapaça e a dinâmica temporal 
do fator de condição do caranguejo Uca mordax (Smith, 1870). Os caranguejos foram coletados manualmente 
na margem do Rio Igaraçu (02°53’58”S; 41°46’49”W), de setembro de 2009 a junho de 2011, no período seco 
e chuvoso da região. Foram analisados 602 caranguejos (449 machos e 153 fêmeas). Determinou-se a largura da 
carapaça (LC) e o peso úmido (PU) de cada indivíduo. Os dados biométricos obtidos foram submetidos a uma 
regressão, por meio do software REGRANS, utilizando-se a equação do tipo potência (y = axb). A relação PU/
LC para os machos foi expressa pela equação PU = 0,00011LC3,441, e para as fêmeas por PU = 0,00018LC3,211.  
O fator de condição foi determinado para cada mês de coleta, e comparado entre os sexos. As fêmeas apresentaram 
o grau de engorda cerca de 1,6 vezes maior que o dos machos. No período chuvoso as fêmeas apresentam um 
crescimento em peso do tipo isométrico, enquanto as demais relações (machos no período seco e chuvoso, e 
fêmeas no período seco) apresentaram crescimento alométrico positivo. Não houve diferença signiicativa entre 
o grau de engorda de machos e fêmeas.

Palavras-chave: Alometria; Chama-maré; Grau de engorda



Revista Biotemas, 29 (1),  março de 2016

48 L. G. A. Santos Filho et al.

Abstract

Crabs of the genus Uca Leach, 1814 are widely distributed along the Brazilian coast and play an important 
ecological role in the estuarine ecosystem in soil bioturbation, nutrient cycling and by serving as a food source 
for other organisms. This study analyzed the relationship of wet weight/carapace width and the temporal 
dynamics of the condition factor of the crab Uca mordax (Smith, 1870). The crabs were sampled manually on 
the bank of the Igaraçu River (02°53’58’’S; 41°46’49’’W) from September 2009 to June 2011, in the dry and 
rainy seasons. A total of 602 crabs (449 males and 153 females) were analyzed. The carapace width (CW) and 
the wet weight (WW) were determined for each individual. The biometric data obtained were submitted to a 
regression analysis using the power equation (y=axb). The CW/WW relationship for males was expressed by the 
equation WW=0.00011CW3,441, and for females by WW=0.00018CW3.211. The condition factor was determined 
for each month and compared between the sexes. The females showed a 1.6 higher degree of fattening than the 
males. In the rainy season the females showed an isometric increase in weight, while the other relationships 
(males during the dry and rainy seasons and females in the dry season) showed a positive allometric increase. 
There was no signiicant difference in the degree of fattening between males and females.

Key words: Allometry; Degree of fattening; Fiddler crab

Introduction

Fiddler crabs of the genus Uca Leach, 1814 
are the most characteristic group of invertebrates 
in tropical and subtropical estuaries (BENETTI et 
al., 2007; MOKHLESI et al., 2010). These crabs 
burrow in the sediment and build complex galleries 
(BENETTI et al., 2007) are important consumers of 
detritus, bacteria, fungi, and benthic microalgae in 
mangroves (WEIS; WEIS, 2004), and are an important 
food for many predators in this ecosystem (LITULO, 
2005a). Burrowing and foraging activities of iddler 
crabs promote bioturbation of estuarine intertidal lats 
(COLPO; NEGREIROS-FRANSOZO, 2004), helping 
to cycle nutrients and energy (MOKHTARI et al., 2008).

Populations of iddler crabs have attracted the 
interest of the scientiic community. In Brazil, their 
population biology has been studied in the states 
of Ceará (BEZERRA; MATTHEWS-CASCON, 
2006; 2007), São Paulo (RIEGER, 1998; COLPO; 
NEGREIROS-FRANSOZO, 2004; BENETTI et al., 
2007; 2008; FRANSOZO et al., 2009), Rio de Janeiro 
(CASTIGLIONI et al., 2006), Paraná (DI BENEDETTO; 
MASUNARI, 2009) and Pará (SIMITH et al., 2014), 
their relative growth has been studied in Santa Catarina 
(MASUNARI; SWIECH-AYOUB, 2003), Paraná 
(MASUNARI; DISSENHA, 2005; MASUNARI et 
al., 2005), São Paulo (BENETTI; NEGREIROS-
FRANSOZO, 2004; CARDOSO; NEGREIROS-

FRANSOZO, 2004) and Rio de Janeiro (PRALON; 
NEGREIROS-FRANSOZO, 2008), and their diversity 
and distribution has also been studied (ARAÚJO et al., 
2014). 

In brachyurans, studies on relative growth have 
used several morphometric relationships to evaluate 
patterns of allometry (GÓES; FRANSOZO, 1997). The 
different patterns of growth appear in length as well as 
in weight, which are determined by their anatomical 
functions, and reflect physiological requirements 
stemming from the nature of trophic relationships and 
genetic factors (FONTELES-FILHO, 2011). The growth 
in weight is determined ontogenetically, but it can 
differ depending on sex, maturation phase, or locality 
(HARTNOLL, 1982).

The analysis of the relationship between weight 
and carapace width may provide important information 
about the biomass of a population (SANTOS, 1978). 
Such studies commonly use a power equation (y = axb), 
where the value of “a” indicates the increase in weight 
(conditional factor), showing variations in different 
phases of growth, between sexes, and in populations 
from different localities (SANTOS, 1978). The value of 
“b” shows the kind of growth, which may be isometric 
(b = 3, weight and carapace width grow in equal 
proportions), negative allometric (b < 3, weight increases 
less in proportion to carapace width) and positive 
allometric (b > 3, weight increases more in proportion 
to carapace width).



Revista Biotemas, 29 (1), março de 2016

49Temporal analysis of the condition factor in Uca mordax

The few studies in Brazil relating weight to carapace 
width in crustaceans were carried out on Callinectes 

danae (BRANCO; THIVES, 1991; BRANCO et al., 
1992), Portunus spinimanus (SANTOS et al., 1995), 
Arenaeus cribrarius (AVILA; BRANCO, 1996) and 
Dilocarcinus pagei (PINHEIRO; TADDEI, 2005).

This study evaluated the relationships of wet weight 
vs. carapace width (WW/CW) in the iddler crab Uca 

mordax, and the temporal dynamics of its condition 
factor.

Material and Methods

The crabs were sampled on the bank of the Igaraçu 
River (02°53’58”S; 41°46’49”W), in the municipality 
of Parnaíba, Piauí State, Brazil. The samples were taken 
from September 2009 to June 2011, in the dry season 
(September, October and November) and rainy season 
(April, May and June). The collections were made 
manually by two people for 1 h, in a random fashion, 
at low tide, by capturing the crabs inside and outside of 
their burrows. In the laboratory, the crabs were sexed 
and their carapace width (CW) was measured, to the 
nearest 0.05 mm, using a vernier caliper. The individual 
wet weight (WW) was also obtained, after defrost and 
drying on paper towels. Only intermolt crabs were used 
in the analyses.

In relation to climatic parameters, the Piauí coast 
is directly inluenced by the Intertropical Convergence 
Zone (ITCZ). This provides intense and relatively 
regular rainfall, especially in the first six months 
of the year when the most rainfall occurs, and a 
period of drought during the second half of the year 
(MARCELINO et al., 2002). In the municipality of 
Parnaíba the average temperature ranges from 22 °C 
to 32 °C and the average annual rainfall is greater than 
1,300 mm (CEPRO, 2013).

The biometric data were submitted to a regression 
analysis, based on REGRANS (PEZZUTO, 1993), 
using the function y = axb, where “x” is the independent 
variable (CW) and the wet weight (WW) “y” is the 
dependent variable. The statistical signiicance of “b” 
was tested using Student’s t-test (α = 5%) (ZAR, 2010).

The power equations obtained were log-transformed 
(log y = log a + b log x), which is considered the 
simplest method to show the data for relative growth 
(HARTNOLL, 1982) in a linear fashion, and allowed 
the parameters “a” and “b” to be estimated using the 
least-squares regression method (PEZZUTO, 1993).

The condition factor, represented by “a” was 
determined for each month and sex. The values obtained 
were analyzed for normality using the Shapiro-Wilk 
test, and were compared using the Mann-Whitney test  
(α = 5%) (ZAR, 2010).

Results

A total of 602 specimens of Uca mordax were 
analyzed (449 males and 153 females). The CW ranged 
from 6.35 to 21.10 mm for the males and from 6.85 to 
22.00 mm for the females. The males showed a mean 
carapace width (17.18 mm ± 3.66) and weight (2.37 g ± 
1.48) that was signiicantly larger and heavier than the 
females (15.05 mm ± 3.19 and 1.27g ± 0.71) (p < 0.05).

The WW/CW relationship for the males was 
expressed by the equation WW = 0.00011 CW3.441  
(R2 = 0.978), and for females by WW = 0.00018 CW3.211 
(R² = 0.969) (Figure 1), and showed a positive allometric 
growth in weight (b > 3) for both sexes (p < 0.05). The 
constant “b” is compatible with the value determined 
for other aquatic organisms, which is between 2 and 4 
(HARTNOLL, 1982). A high and positive coeficient of 
determination was found in all analyses (R2 > 0.960).

In the rainy seasons, the females showed isometric 
growth (Student’s t: p > 0.05). The other relationships 
(males in dry and rainy seasons and females in the dry 
season) showed positive allometric growth (Student’s t: 
p < 0.05) (Table 1). 

The values of the condition factor showed a not 
normal distribution (p < 0.05). The females showed 
a degree of fattening about 1.6 times higher than the 
males, with a similar monthly pattern in both sexes  
(Figure 2). The mean condition factor in females (4.17 
± 3.42) showed no signiicant difference from that of 
males (1.86 ± 0.98) during the study period. 
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TABLE 1:  Uca mordax (Smith, 1870). Result of the regressions obtained for the i ddler crab population in the Igaraçu River. 
Carapace width (CW) was used as the independent variable and wet weight (WW) as the dependent variable. 
Codes: F, females; M, males; DP, dry period; RP, rainy period; T, total; R2, coefi cient of determination, t, value 
for Student’s t-test; allometry, test for slope of b; 0, isometry; + positive allometry;*, signii cance (p < 0.05).

Sex n
Power equation

Y = axb

Linearized equation

ln y = ln a + b ln x
R² t (H

0
: b=3) Allom.

M DP 234 WW = 0.00009 LC3.505 lnWW = -9.316 + 3.505 lnCW 0.980 15.375* +

M RP 215 WW = 0.00013 LC3.397 lnWW = -8.948 + 3.397 lnCW 0.979 11.887* +

M T 449 WW = 0.00011 LC3.441 lnWW = -9.115 + 3.441 lnCW 0.978 18.132* +

F DP 60 WW = 0.00014 LC3.276 lnWW = -8.874 + 3.276 lnCW 0.984 5.097* +

F RP 93 WW = 0.00024 LC3.119 lnWW = -8.335 + 3.119 lnCW 0.960 1.816 0

F T 153 WW = 0.00018 LC3.211 lnWW = -8.623 + 3.221 lnCW 0.969 4.572* +

FIGURE 1:  Uca mordax (Smith, 1870). Scatter plot of points of wet weight (WW) and carapace width (CW) for males (A) and females 
(B) sampled in the Igaraçu River, Parnaíba, PI, Brazil.

 

The mean condition factor did not differ signii cantly 
(p > 0.05) between sexes in the dry or rainy season (Figure 2). 

FIGURE 2:  Uca mordax (Smith, 1870). Monthly values of the condition factor for each sex sampled in the Igaraçu River, Parnaíba, PI, Brazil.

 

Also it showed no signii cant difference between the dry 
season and rainy season for either sex (p > 0.05).
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Discussion

Other studies of species of Uca have also found 
that males grow larger than females (LITULO, 
2005a; 2005b; BEZERRA; MATTHEWS-CASCON, 
2006; CASTIGLIONI et al., 2006; MOKHTARI et 
al., 2008; DI BENEDETTO; MASUNARI, 2009). 
This dimorphism in the size of crabs may result 
from a greater investment in somatic growth by 
males, while females expend most of their energy 
for reproduction, allowing males to reach larger sizes 
(CHRISTY; SALMON, 1984; DÍAZ; CONDE, 1989; 
MANTELATTO; FRANSOZO, 1994; JOHNSON, 
2003; CASTIGLIONI; NEGREIROS-FRANSOZO, 
2004; COLPO; NEGREIROS-FRANSOZO, 2004; 
MASUNARI et al., 2005; CASTIGLIONI et al., 2006).

During the juvenile stages of these crabs, the 
demand for energy is directed toward the development 
of certain organs or structures, to reach an appropriate 
functional size, and in females, after the puberty molt, 
the energy costs for reproduction are included, and 
the growth per molt is reduced because of the smaller 
amount of available energy (COBO; FRANSOZO, 
1998). The males have a large cheliped that is about 
4 to 5 times bigger than the smaller one and is used in 
male-to-male combat and as a display for females during 
courtship (ROSENBERG, 2002), which increases their 
weight in relation to females. The bigger size of males 
may also result from the necessity to fertilize more than 
one female, because larger males have more chances to 
copulate (JOHNSON, 2003; LITULO, 2005a).

The isometry observed in the weight of females, 
in the rainy season, may be a sign of reproduction, 
because of the reduction in the proportion of their weight 
(MOKHTARI et al., 2008). The energy expenditure of 
females for reproduction retards their growth during the 
reproductive period (HARTNOLL, 1982). The weight of 
gonads in crustaceans changes signiicantly during the 
breeding season, which can cause a decreased growth 
rate in weight due to releasing gametes or recovery 
of the gonads (BRANCO et al., 1992). In addition, 
the ovigerous females can remain in their burrows 
throughout the incubation period and eat less food 
during this period, which contributes to weight reduction 
(BENETTI et al., 2007).

The equality in the means of the condition factor 
between the sexes may show that although the males 
reach a higher weight than females, the rate of fattening 
is similar in both sexes, indicating the condition factor is 
independent of the largest size reached by each sex. The 
males weigh more because they reach larger sizes than 
females and also due to the large cheliped, as discussed 
above.

The slight superiority in the degree of fattening 
of females, which in some months show values higher 
than males, may also occur due to differential feeding 
between the sexes. The females have an advantage 
because they can use both chelipeds for feeding, whereas 
males reserve their larger cheliped for display and 
combat (WEIS; WEIS, 2004; MOKHLESI et al., 2010). 
Branco et al. (1992) determined for Callinectes danae 
that the availability of food during the year inluences 
the condition factor less than gonadal development. 
Thus, the feeding advantage of females may not be 
conclusive in causing the small difference in the degree 
of fattening between the sexes, and should be further 
studied for this genus.

In brachyuran crabs, growth and reproduction are 
regulated by hormones, and only somatic growth or 
gonadal development may occur. After that, females 
reach sexual maturity and their energy is expended 
mostly for reproduction, in contrast to males (DÍAZ; 
CONDE, 1989); there is also a tendency toward more 
energy use by females, which can be observed in the 
slightly higher condition factor of females.

It can be observed that the condition factor in 
Uca mordax expressed the “welfare” of the species 
in the study area, indicating that environmental 
resources provide optimal nutritional conditions for its 
sustainability. The variations observed in the condition 
factor and the relationship between weight and carapace 
width, especially for females, may be related to gonadal 
development, economy and energy expenditure.
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