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Abstract

Trawling is known as one of less selective fishing gears and presents high index of 
accidental captures. The objective of this paper is to characterize the population 
structure, fecundity and relative growth of Leurocyclus tuberculosus often caught 
as bycatch in pink shrimp trawl. Sampling occurred between October 2008 and 
September 2009 in the coast of Rio de Janeiro State, using commercial shrimp 
trawl. The sample totalized 269 crabs, 168 males and 101 females (42 ovigerous). 
The sex ratio was 1:1.66 (M:F) and differed statistically from the expected 
(X2=16.68; p > 0.05). The carapace width (CW) ranged from 12.81 to 71.67 
mm (mean ± SD: 48.77 ± 13.75 mm) and from 15.33 to 55.44 mm (36.19 ± 
8.66 mm) in males and females, respectively. The size at onset of sexual maturity 
was estimated at 30 mm (females) and 55 mm (males). The individual fecundity 
ranged from 3,450 to 23,680 eggs/brood (10,327.3 ± 4,827.7). The analysis of 
relative growth did not differ from the Brachyura predictions. The histogram 
analysis showed that shrimp trawl affects the L. tuberculosus population equally, 
capturing from very young individuals to adults.
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species in   the coast of Rio de Janeiro State 
(Silva and Vianna, 2009).

The commercial fishing of these 
decapods, especially in trawls, has very poor 
selectivity, thus capturing a considerable 
amount of species known as incidental bycatch 
(Alverson et al., 1994). In Brazil, trawl fishery is 
under Ministry of Environment management, 
which regulates this fishing technique by laws 
that take into account the minimum allowed 
size and the reproduction period of each 
shrimp species (SUDEPE, 1983; 1984; MMA, 
2001). However, there is still no law dealing 
specifically with the capture of bycatch and the 

Introduction
 
Due to its high economic value, shrimps 

are one of the most targeted fishery resources in 
Brazil and have been suffering with overfishing 
(Pauly et al., 2002). The seabob shrimp 
Xiphopenaeus kroyeri (Heller, 1862), the 
argentine stiletto shrimp Artemesia longinaris 
Bate 1888, the white shrimp Litopenaeus 
schmitti (Burkenroad, 1936) and the redspotted 
shrimps Farfantepenaeus paulensis (Pérez-
Farfante, 1967) and F. brasiliensis (Latreille, 
1817) are the most commercially exploited 
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few ones referring to the target species are not 
enforced (Castello, 2008).

The crab Leurocyclus tuberculosus (H. 
Milne Edwards & Lucas, 1843), an endemic 
American species is often caught as bycatch by 
shrimp trawl fishing (Roux and Piñero, 2006; 
Keunecke et al., 2007). It occurs in coastal 
Southern and Southeastern Brazil, from 
Rio de Janeiro to Rio Grande do Sul State, 
Uruguay and Argentina, including Patagonia. 
It inhabits the continental shelf, from 10 to 
170 meters depth, where it generally lives in 
mud, sand and shell bottom (Melo, 1996). The 
knowledge of this species is almost restricted to 
its biogeography (Boschi, 2000; Braga et al., 
2005) and studies concerning its ecology and 
population biology are scarce in the literature. 

In this study, our purposes is to detail 
some population features of L. tuberculosus 
sampled as bycatch during the pink shrimp 
fishery, as their population structure, fecundity 
and relative growth in the coast of the Rio de 
Janeiro State, Southeast Brazil.

Material and Methods

Study area
The coast of Rio de Janeiro State is part 

of Southeast Continental Shelf. The ocean 
in this area is characterized by a mix of the 
Tropical Water of the Brazil Current or South 
Atlantic Central Water and costal water with 
continental influence. The dynamics of this 
mass of water has consequences to the climate, 
resulting in a great difference between summer 
and winter (Figueiredo Jr. and Madureira, 
2004). Specifically for the coast of Rio de 
Janeiro, there is a predominance of warm 
(temperature higher than 18°C), saline (36 
psu), and oligotrophic tropical water that is 
transported by the Brazil Current in the South 
and Southwest way (Bizerril and Costa 2001). 
In areas close to the sample site, the substrate 
is mainly composed by sand and gravelly sand 
(Figueiredo Jr and Madureira, 2004).

Sampling design and laboratory procedures

The samples were taken as bycatch 
from pink-shrimps trawling along the coast 
of the Rio de Janeiro State (23°01’075’’S - 
23°06.314’S to 42°23’117’’W - 43°32.950’W) 
performed by a typical commercial shrimp 
boat in October (2008), February (2009), 
June (2009) and September (2009). Trawling 
lasted about four hours and occurred between 
depths of 43 and 61m. After the trawling, 
the L. tuberculosus specimens were screened 
on the boat deck and taken to the laboratory 
where they were frozen. In the laboratory, the 
crabs were sexed and the following biometric 
measures were taken using a vernier calliper 
(0.01 mm): carapace width (CW), carapace 
length (CL), right and left cheliped propodus 
length (RCL, LCL), right and left cheliped 
propodus height (RCH, LCH); abdomen 
width (AW) for females and gonopod length 
(GL) for males. Ovigerous female had their 
individual fecundity estimated through the 
volumetric method (Díaz et al., 1983). These 
females had their egg mass with the pleopods 
removed and immersed for some seconds in 
a solution of sodium hypochlorite (70%) for 
eggs dissociation and quickly washed in tap 
water. After that, the eggs were taken into a 
Becker, supplementing the volume to 50 ml. 
After homogenization, five sub-samples of 1 
ml each were taken (with reposition) and the 
eggs counted using a stereoscopic microscopic. 
The average of the five sub-samples was 
performed to estimate the individual fecundity. 
The egg’s embryonic stage of development 
was delimited: Stage I – freshly extruded egg 
mass sponge, large quantity of yolk filing all 
egg volume; Stage II – 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.

 
Data analysis
The individuals were distributed in 

twenty nine CW classes of 2 mm amplitude 
each, ranging from 12 to 72 mm, for the 
recognition of different age classes through 
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the modal frequency distribution. The sex 
ratio significance was tested using the Chi-
Square test (α = 0.05) into each CW size class. 
The size at maturity was determined as an 
allometric discontinuity in the growth of CW 
relative to AW for females and to GL, RCL 
and LCL for males, detected by breakpoint 
(BP) regression analysis using the software 
REGRANS (Pezzuto, 1993). Additionally, 
ANCOVA (α = 0.05) was employed in order 
to confirm the significance in the allometry 
changes in both regressions originated from 
the breakpoint analysis. The linear regression 
[egg number (EN) = a + b (CW, AW)] and the 
Pearson´s correlation index (r) were employed 
to verify the correlation between fecundity and 
CW or AW. Analysis of relative growth were 
performed to describe the growth ratio of the 
reference measure (CW) and the dependent 
variables (y) through the logarithmic form (log 
y = log a + b log CW) of the power function 
y = abCW (Hartnoll, 1978). The Student´s T 
test (α = 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.

Results

A total of 269 crabs, 168 males and 101 
females (42 ovigerous) were sampled during 
the trawling. Male crabs attained the largest 
CW classes (Fig. 1). They were most frequent 
in the class of 58-60 mm while females were 
most frequent in the 38-40 mm CW class. The 
CW of males ranged from 12.81 to 71.67 mm 
(mean ± SD: 48.77 ± 13.75 mm). In females, 
CW ranged from 15.33 to 55.44 mm (36.19 
± 8.66 mm). The overall sex ratio was 1:1.66 
(M:F) and differed statistically (X2 = 16.68; 
p > 0.05) from the expected (1:1). In the size 
classes (CW) from 50-52 mm, males were 
predominant (Fig. 2).  

In females, the morphometric 
relationship CW x AW was reliable and 
displayed two distinct phases of allometric 
growth corresponding to juveniles and adults 
(Fig. 3). The breakpoint (size at maturity) was 
estimated in 30.0 mm (F = 0.756, p < 0.05) 
and the ANCOVA confirmed the change in 
the allometry from the resultant equations. 
In males, the morphometric relationships 
displayed different breakpoints (BP): a) CW x 
LCL: BP = 61.18 (F = 7.182; p > 0.05); b) CW 

Regression
MALES

n r R2 a     b (I.C. 95%) t(α=0.05) AL

CW x CL 168 0.990 0.981 0.029 0.944 (0.99-0.96) -5.59* -

CW x RCL 145 0.975 0.950 -0.688 0.975 (1.15-1.24) -1.58* +

CW x RCH 145 0.919 0.845 -1.687 1.557 (1.44-1.66) 17.40* +

CW x LCL 157 0.910 0.828 -0.719 1.223 (1.13-1.31) 6.75* +

CW x LCH 157 0.957 0.916 -1.784 0.957 (1.50-1.65) -1.86* +

CW x GL 167 0.967 0.935 -0.404 0.967 (0.89-0.97) -1.73* -

FEMALES

CW x CL 100 0.980 0.961 -0.029 0.991 (0.95-1.03) -0.47* -

CW x RCL 90 0.976 0.952 -0.292 0.915 (0.87-0.95) -3.69* -

CW x RCH 90 0.953 0.908 -0.825 0.921 (0.85-0.98) -2.46* -

CW x LCL 93 0.976 0.954 -0.315 0.927 (0.88-0.96) -3.31* -

CW x LCH 93 0.939 0.832 -0.809 0.912 (0.84-0.98) -2.51* -

CW x AW 99 0.939 0.881 -1.171 1.594 (1.47-1.71) 17.47* +

Table I. Leurocyclus tuberculosus. Relative growth between CW and the dependent variables (n = sample size; r = correlation coefficient; R2 = 
determination coefficient; a = intercept axis; b = allometric constant; AL = allometry; (*) = significant difference (p < 0.05); CW = carapace width; CL 
= carapace length; RCL = right cheliped length; RCH = right cheliped height; LCL = left cheliped length; LCH = left cheliped height; GL = gonopod 
length; AW = abdomen width).
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x RCL: BP = 37.0 mm (F = 12.997, p > 0.05); 
c) CW x GL: BP = 55.0 mm (F = 2.015, p < 
0.05). According to ANCOVA, only CW x GL 
confirmed changes in allometry between the 
two regressions resultant from the breakpoint. 
This way, this morphometric relationship was 
used to state the size at maturity in males (55.0 
mm) (Fig. 3).

The relative growth analysis (Tab. 
I) showed differences in the growth of the 
chelipeds between males and females. Male 
crabs showed positive allometry in RCL, LCL, 
RCH and LCH while female showed negative 
allometry in these measures. The relationship 
between CW and GL showed negative 
allometry (males) while the relationship 
between CW and AW showed positive 
allometry (females). Males and females showed 
very close values of allometry (negative) in the 
relation between CW and CL.

The individual fecundity ranged from 
3,450 to 23,680 eggs/brood (10,327.3 ± 
4,827.7) (Tab. II). The equations obtained 
through the linear regression between 
fecundity and CW and AW were, respectively, 
EN = 7.91CW - 124.99 (r = 0.691; p > 0.05) 
and EN = 13.56AW – 146.49 (r = 0.393; p 
> 0.05). Table IV shows the fecundity in the 
embryonic stages.  

Discussion

In brachyuran crustaceans, the 
differential growth between sexes is due to 
the differential energy allocation (Hartnoll, 
1982). While males use their energy mainly 
for growth in size, becoming more attractive 
for mating, females expend more energy in 
gonadal maturation and egg production besides 
not moulting during the egg incubation. The 
Figure 2 illustrates a predominance of males in 
the largest CW classes (from 50 to 52 mm until 
70 to 72 mm). The size of the crabs when it 

Stages n
Fecundity

Mean Min. Max. SD

I 8 175.8 72.2 280.6 46.8

II 14 225.6 160 473.6 51.2

III 4 257.5 158.4 431.2 64.0

IV 2 89.2 69 109.4 13.9

Table II. Leurocyclus tuberculosus. Fecundity by embryonic stages in 
the coast of the Rio de Janeiro State (n = sample size; SD = Standard 
deviation).

Figure 1. Leurocyclus tuberculosus. Relative frequency of males, females 
and ovigerous females of in the coast of the Rio de Janeiro State.

Figure 2. Leurocyclus tuberculosus. Sex ratio as a function of size in the 
Rio de Janeiro coast. The asterisk means significant deviations from 
the expected (1:1) sex ratio (α = 0,05).

Figure 3. Leurocyclus tuberculosus. Regression lines fitted to data 
from morphologically immature and mature females (A) and males 
(B). (CW = carapace width; AW = abdomen width; GL = gonopodus 
lenght; (BP) = breakpoint; Open circles = immature individuals; Dark 
circles = mature individuals).  
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attains the sexual maturity also varied between 
sexes. Females attain the sexual maturity (CW 
= 30.0 mm) faster than males (55.0 mm) (Fig. 
3). Probably, the differential size at maturity 
between sexes is a result of the strategies above 
described. Controversially, Barón et al. (2009) 
in the Patagonian gulfs, found more similar 
results of size at maturity for females (CW = 
47.9 mm) and males (CW = 48.9 mm) of L. 
tuberculosus. 

The difference between the females in 
the size at maturity corroborated the tendency 
of crabs in higher latitudes to mature in larger 
sizes (Hines, 1989) that was also reported for 
other majoid species as Chionoecetes bairdi 
Rathbun, 1924 and C. opilio (Frabricius, 1788) 
(Somerton, 1981). Otherwise, the difference 
in male size at onset of sexual maturity is 
possibly due to the difference in the measures 
used. In Patagonian gulfs, the cheliped length 
has revealed the breakpoint that shows the size 
at maturity. In the present work, this measure 
was not statistically reliable and the gonopod 
length was used, what could cause the bigger 
result.

 Hartnoll (1974) describes a pattern 
for the relative growth in Brachyura that is 
corroborated by some of the results of the 
present work. The positive allometry for the 
male chelipeds and female abdomen width 
was common to his predictions and, probably, 
indicates adaptations for sexual behaviour 
and eggs incubation. Hartnoll’s prediction 
(1974) for the gonopod length growth was not 
corroborated in the present study. According 
to this author, the gonopods have changes 
in growth between immature and mature 
crabs, presenting positive allometry before the 
puberty moult and negative after it. However, 
in the present study, which did not distinguish 
the male as adult or immature, this relationship 
showed positive allometry.

  According to the Pearson’s index (p > 
0.05), the equations obtained from the linear 
regression between the individual fecundity 
and CW or AW were positive correlated. 
However, CW fit better with egg number 
(r = 0.691) than AW (r = 0.393). This way, 
it is in accordance with the prediction that 

body size in crustaceans is directly related 
with the eggs production (Hines, 1982). 
The low Pearson´s index found in the EN x 
AW relationship was probably due to the 
different stages of embryonic development 
of the ovigerous females analysed. The mix 
of eggs in all stages of development probably 
decreased the correlation index. The choice to 
use all females in the same analysis, in spite 
the different embryonic stages from its eggs, 
was taken into account the low number of 
females bearing eggs in the last stage (n = 2) 
and the predominance of females with eggs in 
intermediate stages.

The relative frequency of L. tuberculosus 
in the present study (Fig. 1) shows that the 
trawling activity is exercising a large influence 
in this population in the Rio de Janeiro coast, 
where since young (CW = 12 to 14 mm) from 
old crabs (CW = 70 to 72 mm) are accidently 
captured. This way, young crabs are removed 
from its habitat and discharged before attaining 
the sexual maturity (and, consequently, before 
reproducing) and the adults leave precociously 
the population increasing the mortalities 
rates. Taking into account the development 
and frequency of the pink shrimp fishery in 
the Rio de Janeiro coast, we conclude that 
the interference of the trawling in the L. 
tuberculosus populations is meaningful. The 
crabs condition (many chelipeds and legs 
broken) after the trawl is precarious and the 
majority arrives dead to the vessel.  In these 
conditions, the release of the still alive crabs 
to the sea do not guarantees the survival and 
return of the crabs to the natural population. 
In a general form, the survival of the crabs 
captured during the trawling is minimal.

The bycatch in shrimp trawl is composed 
by several zoological groups, especially fishes, 
molluscs and other crustaceans (Loebmann and 
Vieira, 2006; Graça-Lopes et al., 2002; Vianna 
and Almeida, 2005). According to Davies et 
al. (2009), the bycatch in Brazil has a ratio of 
8.9 kg of discard to 1 kg of target species and 
only 10% is commercial. The bycatch of L. 
tuberculosus in trawling activities is reported in 
Rio de Janeiro and São Paulo States, Southeast 
Brazil (Keunecke et al., 2007; Puciarelli, 2010), 
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and in San Jorge Gulf, coast of Chubut and 
Santa Cruz provinces, in Argentina (Roux and 
Piñero, 2006), both in shrimp fishery, and also 
in the North-Eastern zone of the Uruguayan 
continental shelf, in mollusk fishery (Riestra et 
al., 2006).

Leurocyclus tuberculosus was captured 
during the trawl in depth ranged from 31 to 51 
m in São Paulo State (Keunecke et al., 2007) 
and from 30 to 70 m in Uruguay (Riestra et 
al., 2006), covering a similar bathymetric 
profile. In both cases, L. tuberculosus was not 
an abundant species and Riestra et al. (2006) 
refer to it as a scarce species. Controversially, 
the research in Argentina and Rio de Janeiro, 
L. tuberculosus was one of the most captured 
species. According to Puciarelli (2010), 
L. tuberculosus is the third most captured 
species in the coast of the Rio de Janeiro 
State. Considering the high index of capture, 
Roux and Piñero (2006) conclude that L. 
tuberculosus is included in a group of species 
closely related to sectors with high fishing 
intensity and considered as a typical bycatch in 
shrimp fishery.          
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