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ABSTRACT
We investigated the relative growth and sexual maturity (gonadal and morphometric) of Libinia 
spinosa. Crabs were sampled at Ubatuba from January to December 2000, using trawls. Based on 
allometric growth, males were grouped into juveniles (MJ), adolescents (MAd) and adults (MA) 
based on the relationship CPL (major cheliped propod length) vs. CW (cephalothorax width), all 
with positive allometric growth. For females, the relationship AW (abdomen width) vs. CW allowed 
segregating juveniles (FJ) from adults (FA), with positive allometric growth for FJ but isometric 
growth for FA. The morphometric maturity evidenced for MAd varies from 33.7 mm to 34.5 mm 
and for MA and FA. The size in which 50% of individuals reach the morphometric sexual maturity 
was L₅₀ = 50.1 mm for males and L₅₀ = 37.3 mm for females. Gonad maturity was L₅₀ = 33.7 mm for 
males and L₅₀ = 36.9 mm for females. Through relative growth analyses, we identified an adoles-
cent male group (prepuberal phase). These individuals presented mature gonads, enabling them 
to copulate with females. These adolescent males may reproduce while avoiding competition with 
adult males, as it happens in other species of Majoidea that present more than two morphotypes in 
the population.
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Introduction

The growth of crustaceans is characterized by 
a discontinuous process, in which distinct body parts of 
an individual show different growth rates. This process is 
named relative or allometric growth (Hartnoll 1985). 
Relative growth analysis allows us to determine the dis-
tinct growth rates of structures (dependent variables) in 
relation to the animal’s body dimension (independent 
variable) (Hartnoll 1985). In Brachyura, the secondary 
sexual characters (abdomen and cheliped) show differ-
ential growth rates before and after the maturation since 
abdomen and cheliped have a role in reproduction 
behaviours, such as cohort movements, agonistic beha-
viour (males) and egg incubation (females) (Hartnoll 
1985). For this reason, relative growth analysis is essen-
tial to determine morphometric sexual maturity and/or 
sexual dimorphism in Brachyurans (Sampedro et al. 
1999; Castiglioni and Negreiros-Fransozo 2004).

Sexual maturity is an important feature in the life 
cycle of animals; in brachyurans, it is one of the main 
factors determining reproductive capacity of species 
(Hines 1989). Sexual maturity can be accessed by three 

criteria of evidence or point of view (Hartnoll 1985; 
López-Greco and Rodríguez 1999; Viau et al. 2006): a) 
morphometric maturity that is associated to changes in 
relative growth of the secondary sexual characters, such 
as size of chelipeds and/or abdomen; b) gonadal matur-
ity, characterized by the presence of mature gametes in 
the gonads; and, c) functional maturity, characterized by 
the ability to copulate and produce embryos or viable 
offspring.

For crabs in general, the morphological changes in 
the chelipeds (males) and abdomen (females) character-
ize the transition from morphologically immature to 
mature, marked by the puberal moult (Hartnoll 1974). 
Brachyurans from the superfamily Majoidea undergo 
two types of moults – the pre-pubertal and the pubertal 
(or terminal moult) moult – as they present determined 
growth after the pubertal moult; when they reach adult-
hood, maturity and growth stops (Hartnoll 1985; 
Sampedro et al. 1999). Three possible growth phases of 
the Majoidea male have been suggested when studying 
the species Maja squinado (Herbst, 1788) (Sampedro 
et al. 1999), Maja crispata Risso, 1827 (Carmona-Suárez 
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2003); and Libinia ferreirae (Brito Capello, 1871) 
(Gonçalves et al. 2017): immature, adolescent (just after 
the pre-pubertal moult) and adult phases (after the 
terminal moult).

Distinct criteria are used to establish the size in which 
individuals of a majoid species are sexually mature and 
ready to reproduce. Nevertheless, the morphometric 
and the gonadal maturity can occur as follows according 
to Corgos and Freire (2006): a) synchronic gonadal and 
morphometric maturities; b) gonadal maturity preced-
ing the morphometric maturity; and c) morphometric 
maturity preceding the gonadal maturity.

Libinia spinosa has great ecological importance due to 
its association with jellyfish during the crab juvenile phase 
(Gonçalves et al. 2020). Its diversified diet makes the 
species an important link in a trophic chain of the marine 
environment (Barros et al. 2008). Unfortunately, this spe-
cies is often captured as bycatch in the Ubatuba region 
(Mantelatto et al. 2016). The Ubatuba region is remarkable 
due to the peneidean’s shrimp exploratory fishery and 
species are captured by boats equipped with, usually, 
double-rig nets. This fishing device shows a low selectiv-
ity, causing the capture of a huge quantity of bycatch 
organisms, without any commercial value (Scelzo et al. 
2002; Mantelatto et al. 2016). As a consequence, alteration 
in the population structure can occur (Miakazi et al. 2019; 
Jaconis et al. 2022).

Biological information on L. spinosa is referent to 
about 20 years ago, when the fishing activity was less 
intense in the Ubatuba region (Sousa et al. 2019). 
Therefore, researching relative growth and sexual matur-
ity of L. spinosa may contribute to measures for species 
conservation. Our results may subsidize future studies 
aimed at monitoring this population.

According to Bergmann/James’s rules, species 
from high latitudes and colder environments reach 
sexual maturity at larger sizes than conspecifics from 
low latitudes and warmer environments (Hines 
1989). In Argentina, there are broad studies that 
have investigated the morphological maturity size 
and gonadal maturity of L. spinosa (Sal Moyano 
et al. 2010, 2011a, 2011b; González-Pisani et al. 
2012). Based on their results, we intend to discuss 
the hypothesis that population of L. spinosa from 
Brazil reaches sexual maturity (morphometric and 
gonadal) with smaller size when compared with 
L. spinosa population from Argentine, following 
Bergmann/Jame’s rules. Thus, this study analysed 
the relative growth and estimated the size at sexual 
maturity (morphometric and gonadal) of the spider 
crab L. spinosa in the Ubatuba region, Northern 
coast of the State of São Paulo, Brazil.

Material and Methods

Biological sampling

Spider crabs were sampled monthly, from January to 
December of 2000 in the Ubatuba region (23° 26’ 45° 
02’ W), Northern coast of the State of São Paulo, Brazil. 
We used a shrimp fishery boat equipped with a trawl net 
like a ‘double-rig’. Each trawl occurred during day and 
night and took, approximately, 30 minutes. Samplings 
were conducted at different depths, varying from 3 to 40 
metres. The collected biological material was carefully 
labelled and kept in thermic boxes containing crushed 
ice, until reaching the laboratory.

In the laboratory, taxonomic identification (Melo 
1996) of spider crabs followed. We classified individuals 
with respect to sex by observing the abdominal mor-
phology (rounded in females and narrow in males) and 
the number of pleopods (four pairs in females and two 
pairs in males). The presence of embryos attached to the 
female pleopods was also verified (Almeida et al. 2013). 
Moult stage was also observed and registered. For ana-
lysis of relative growth and morphometric sexual matur-
ity, we used only individuals in the intermolt stage.

Relative growth and morphometric sexual maturity

The following body parts of specimens were measured 
using a digital caliper (precision 0.01 mm): cepha-
lothorax width (CW), abdomen width (AW), major che-
liped propod length (CPL) and major cheliped propod 
width (CPW) (Figure 1). Spider crabs with defective car-
apace or with incomplete regeneration of cheliped were 
not used in all the analyses.

We tested whether males could be separated from 
females based on the relationships of the CW vs. some 
secondary morphological characters, i.e., males = CPL 
and females = AW. For this, Principal Components 
Analysis (PCA) was employed with two log transformed 
allometric variables (X = independent variable and 
Y = dependent variable), resulting in three individual 
categories for males (MJ = males juvenile; MAd = male 
adolescents; and MA = male adults) and two individual 
categories for females (FJ = female juveniles; and 
FA = female adults). For both sexes, individuals were 
separated based on a hierarchical cluster with agglom-
eration method: ‘Ward.D’ and the distance measure 
‘euclidean’, adapted by Corgos and Freire (2006).

This technique is based on previously established 
groups (juveniles, adolescents and adults) so that indivi-
duals are distributed in respective categories, according 
to PCA axes value. This iterative process minimizes var-
iance within groups and maximizes variance among the 
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groups. Using the results of the PCA and Cluster ana-
lyses, we employed linear discriminant analysis to get 
a discriminant function that would allow individuals to 
be classified as juvenile or adult based on X and 
Y variables. In males, the statistical methods were per-
formed in two situations. The first had the objective of 
separating the entire data set into two groups: MJ and 
MA. The second aimed at further sorting the MJ group 
into MJ and MAd.

Changes in the growth of distinct body structures in 
relation to the independent variable (CW) were checked 
by a relative growth analysis. Log transformed data were 
then plotted in a dispersion graph. We checked the 
points adjustment to the following equation: 

Log Yð Þ ¼ logaþ b� log Xð Þ;

where Y is the size of a certain body structure (depen-
dent variable); X, independent variable; a, the value of 
log (Y) in which is where the regression line cross the 
Y-axis; and b, allometric coefficient (angular), that is the 
reflex of the curve angulation (Hartnoll 1985).

We estimated the size in which 50% of individuals of 
each sex reach the morphometrical sexual (L₅₀) using 
a logistic regression y ¼ 1

1þexp� aþb�Xð Þ , with CW and matur-
ity classification (immature vs. mature), following Doi 
et al. (2019). The ‘size Mat’ package was used for this 
procedure, as well as for the Cluster analysis of, PCA and 
linear discriminant was the (Torrejon-Magallanes 2018).

All relative growth analyses were performed with the 
application of a ‘type II regression’, using the function 
MA (Major Axis Regression) of the ‘smart’ package 
Warton et al. 2012). The MA reduces the level of error 
among morphometric variables in comparison to 
Ordinary Least Squares (type I regression) (Warton et al. 

2006). The elevation (a) and slope (b) were tested for 
difference between groups through a Likelihood Tatio 
Test and Wald Statistic, respectively. To verify if the 
relationship was isometric, the null hypothesis H₀: b = 1 
was tested against the alternative Ha: b ≠1, being posi-
tive allometry with b >1 and negative allometric with 
b <1 (Warton et al. 2012).

Prior to statistical analysis, data were tested for nor-
mality (Shapiro-Wilk) and homoscedasticity (Levene) 
(Zar 2010). To verify the statistical equality of the size 
(CW) between males and females, we used the Mann– 
Whitney U-test (5% of significance level).

Gonad development and gonadal maturity

The obtained spider crabs were dissected and gonadal 
development was classified based in macroscopic char-
acteristics, taking into consideration the following: size 
of the hepatopancreas and gonads in relation to the 
thoracic cavity, gonad colouration (Sal Moyano et al. 
2011b; GRL et al. 2017) and abdomen attachment to 
the thoracic sternite in which immature individuals pre-
sented a sealed abdomen and mature individuals pre-
sented an unsealed abdomen (GRL et al. 2017).

For females, the gonads were classified in four stages: 
Immature (IM) = non differentiated gonad and asso-
ciated with sealed abdomen; Rudimentary (RU) = non- 
developed gonad, ovary like a fine and whitish-coloured 
filament and unsealed abdomen; In Development 
(ED) = initial maturation of the gonad, ovary slightly 
orange, with granular aspect, smaller than the hepato-
pancreas and unsealed abdomen and Developed 
(DE) = the ovary is bright orange, it occupies the major 
part of the thoracic cavity and unsealed abdomen. In 

Figure 1. Morphometric measurements of body structures of Libinia spinosa Guérin, 1832 used for the relative growth analyzes. (A) 
dorsal view of a female specimen (scale = 1 cm) and (B) ventral view of a female specimen (scale = 1 cm). CW, carapace width; AW, 
abdomen width; CPL, major cheliped propod length and CPW, major cheliped propod width. Photo: Moraes, IRR.
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males, four gonad development stages were character-
ized: Immature (IM) = unrecognizable vas deferens and 
sealed abdomen; Rudimentary (RU) = with a translucent 
and thin vas deferens and unsealed abdomen; In 
Development (ED) = slightly bulky gonads, smaller than 
the hepatopancreas with a thicker vas deferens and 
unsealed abdomen and Developed (DE) = bulky gonads, 
bigger than the hepatopancreas with a thicker and 
white-coloured vas deferens and unsealed abdomen 
(Abelló 1989; GRL et al. 2017).

Immature individuals were those showing gonad 
development stage IM. Individuals presenting gonads 
in the stages RU, ED and DE were classified as mature 
(Sal Moyano et al. 2011b; GRL et al. 2017). Size frequency 
distributions per stage were analysed for males and 
females. To calculate the size in which 50% of males 
and females reach the gonad sexual maturity (L₅₀), we 
used the same procedure applied to determine morpho-
metric maturity. All statistical analyses were performed 
with the software R (version 3.0.2) (R Core Team 2019).

Results

We sampled a total of 662 individuals: 324 males, 174 
non-ovigerous females (F) and 164 ovigerous females 
(FO). Carapace width (CW) of males varied from 5.6 to 
86.6 mm (with a mean of �X = 42.1 mm and standard 
deviation of ± 15.3 mm). Non-ovigerous females varied 
in size from 10 to 60 mm of CW (�X = 30.8 ± 11.1 mm), 
while ovigerous females varied from 33.7 to 62.4 mm of 
CW (�X = 48.1 ± 5.9 mm). The mean size of males was 
bigger than the size of females (F + FO; �X = 40.7 mm). 
There was no statistical difference between males and 

females (Mann–Whitney rank sum test; p = 0.83). Eight 
individuals were not used in the analysis since they 
presented a defective carapace.

Relative growth and morphometric sexual maturity

PCA, Cluster and discriminant analyses allowed us to 
separate and group males as MJ, MAd and MA (morpho-
types) based on the morphometric relationship CPL vs. 
CW (Figure 2A). Females were separated as FJ and FA by 
the morphometric relationship AW vs. CW (Figure 3A).

Within male categories, MJ showed an isometric 
growth while MAd and MA a positive allometric growth, 
with respect to CPL vs. CW (Table 1, Figure 2A). However, 
there was an allometric differentiation between MAd 
and MA, based on b (slope), being this value lower in 
MAd (b = 1.46) than MA (b = 1.91) (Table 1). In other 
relationships, i.e. CPW vs. CW, the individuals in MJ pre-
sented negative growth, while MAd and MA presented 
a positive allometric growth (Table 1).

The smallest male individual in MJ measured 5.6 mm 
CW and the largest 24.0 mm (�X = 17.3 ± 4.9 mm). In MAd, 
the smallest individual was 24.7 and the largest 60.2 mm 
CW (�X = 38.6 ± 7.8 mm). Considering that there was no 
overlap among the MJ and MAd, the morphometric matur-
ity obtained for MAd was a CW of 24.7 mm. In MA, the 
smallest and largest were 43.2 and 86.6 mm of CW, respec-
tively. The size in which 50% of them reach morphometric 
sexual maturity was L₅₀ = 50.1 mm (a = −15.7; b = 0.31), 
with a confidence interval from 48.4 mm to 51.8 mm 
(Figure 2B).

In females, AW vs. CW evidenced a positive allometric 
growth for FJ and isometric growth for FA (Table 1), 
indicating that the abdomen of FJ grows at a higher 

Figure 2. (A) Dispersion graph showing the CPL vs. CW (logarithm basis) of males of Libinia spinosa Guérin, 1832. MJ, MAd and MA are 
represented as blue rhombus, grey circle and Orange square, respectively. The linear regressions are shown with the respective R2 

values (coefficient of determination). (B) Logistic curve showing the morphometric sexual maturity of males of L. spinosa. The black 
circle indicates the size estimation of CW in which 50% of the individuals reach the morphometric sexual maturity (L₅₀) and the 
‘pseudo’ R2 value.
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rate than the carapace width (CW). There was an overlap 
in sizes of FJ and FA (Figure 3A). Thus, sexual maturity 
estimated for females was estimated as L₅₀ = 37.3 mm 
(a = −21.6; b = 0.58), with confidence interval 36.2 mm to 
38.4 mm of CW (Figure 3B).

Gonadal development and gonadal sexual maturity

In males, individuals were grouped in 10 size classes (CW), 
with 9 mm amplitude (Figure 4A). We observed four 
gonads developmental stages, from which immature indi-
viduals were more frequent in the first three size classes 
(the smallest male CW = 5.60 mm, and the largest CW = 
40.40 mm). As classes increased in size, the percentage of 
IM gonads’ individuals decreased. Individuals with gonad 
in the stage RU varied from 27.90 mm to 78.30 mm of CW; 
individuals with gonad stage ED varied from 30.9 mm to 
75.50 mm of CW; and individuals with gonad stage DE 
from 34.60 mm to 86.60 mm of CW. All males from the size 

class 50–59 mm CW were mature spider crabs. In the 
largest size class, we only recorded individuals with devel-
oped gonad (DE) (Figure 4A). Considering the logistic 
equation, the size in which 50% of males reach gonad 
size of sexual maturity was L₅₀ = 33.7 mm (a = −11.6; b = 
0.34), with a confidence interval of from 32.3 mm to 
35.1 mm of CW (Figure 4B). Our results indicate that 
MAd are mature from a gonadal standpoint.

Females were grouped into nine size classes with 
amplitude of 10 mm (Figure 5A). Similarly, to males, 
we observed four gonad developmental stages for 
females (IM, RU, ED e DE). Females with IM gonads 
were most frequently found in the first size classes, 
which varied from 10.0 mm to 43.60 mm of CW. In 
the RU gonadal stage, they varied from 30.7 mm to 
55.4 mm of CW; in the gonadal stage ED, from 34.1 to 
60.7 mm of CW; and in the gonadal stage DE, from 
33.7 mm to 62.4 mm of CW. From the size class 46– 
52 mm CW, only mature females were found 

Figure 3. (A) Dispersion graph showing the AW vs. CW (logarithm basis) of females of Libinia spinosa Guérin, 1832. FJ and FA are 
represented as blue rhombus and Orange square, respectively. The linear regressions are shown with the respective R2 values 
(coefficient of determination). (B) Logistic curve showing the morphometric sexual maturity of females of L. spinosa. The black circle 
indicates the size estimation of CW in which 50% of the individuals reach the morphometric sexual maturity (L₅₀) and the ‘pseudo’ R2 

value.

Table 1. Allometric growth analysis results, for each individual category of Libinia spinosa Guérin, 1832. MA, adult males; MAd, 
adolescents males; MJ, juvenile males; FA, adult females; FJ, juvenile females; CW, carapace width; AW, abdomen width; CPL, 
cheliped propod length; CPW, cheliped propod width; N, number of individuals; R2, coefficient of determination; H₀, null hypothesis; 
+, positive allometry; -, negative allometry; = , isometry; LRT, Likelihood Ratio Test; df, degrees of freedom. Bold letters (*) mean 
statistical difference (α = 5%).

Morphometric Individual
N R2 a

Slope (b)
Allometry LRT/ dfrelationships categories H₀: b = 1

AW vs. CW FA 196 0.85 −0.31 1.05 = 19.27 */ 2
FJ 89 0.98 −0.74 1.21* +

CPL vs. CW MA 67 0.92 −1.62 1.91* + 82.27 */2
MAd 121 0.97 −1.46 1.46* +
MJ 30 0.97 −0.39 1.04 =

CPW vs. CW MA 71 0.9 −2.12 1.84* + 79.95 */1
MAd 137 0.95 −1.51 1.4* +
MJ 33 0.95 −0.85 0.94* -
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(Figure 5A). The estimated size in which 50% of 
females reach sexual gonadal maturity was L₅₀ = 
36.9 mm (a = −19.5; b = 0.53), with a confidence 
interval from 35.7 mm to 37.9 mm of CW 
(Figure 5B), which is close to the size of the smallest 
functionally mature female (smallest ovigerous 
female: 33.7 mm of CW).

Discussion

Males of L. spinosa were separated into three morpho-
types – MJ, MAd and MA – based on the allometric 
growth changes regarding the morphometric relation-
ship CPL vs. CW. This separation is shown for the first 
time for this species although the existence of morpho-
types has been reported to other species of Majoidea 

Figure 5. (A) Bar graph indicating the percentage of females of Libinia spinosa Guérin, 1832 distributed in size classes (CW, mm), 
according to the gonad developmental stage. The number above the bars indicates the total number of individuals in each size class. 
IM, immature; RU, rudimentary; ED, developing; DE, developed. (B) Logistic curve showing the gonad sexual maturity of females of 
L. spinosa. The black circle indicates the size estimation of CW in which 50% of the individuals reach the gonad sexual maturity (L₅₀) 
and the ‘pseudo’ R2 (coefficient of determination) value.

Figure 4. (A) Bar graph indicating the percentage of males of Libinia spinosa Guérin, 1832 distributed in size classes (CW, mm), 
according to the gonad developmental stage. The number above the bars indicates the total number of individuals in each size class. 
IM, immature; RU, rudimentary; ED, developing; DE, developed. (B) Logistic curve showing the gonad sexual maturity of males of 
L. spinosa. The black circle indicates the size estimation of CW in which 50% of the individuals reach the gonad sexual maturity (L₅₀) 
and the ‘pseudo’ R2 (coefficient of determination) value.
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(Comeau and Conan 1992; Sainte-Marie et al. 1995; 
Sampedro et al. 1999; Carmona-Suárez 2003; GRL et al. 
2017). In laboratory behaviour experiments with 
L. spinosa, Sal Moyano and Gavio (2012) showed that 
morphometrically immature males with mature sperma-
tophore (MI) were able to copulate with females. Hence, 
we decided to separate males in the three morphotypes 
mentioned. Our morphometric and gonadal sexual 
maturity results showed that MAd are gonadally mature, 
but not morphometrically mature, corroborating with 
Sal Moyano and Gavio (2012).

The presence of morphotypes in populations can 
induce different copulatory behaviour mechanisms 
(Laufer and Ahl 1995) as morphotypes are a part of the 
ontogenetic process to attain sexual maturity and war-
rant reproductive success (Hartnoll 1985; Comeau and 
Conan 1992). Sal Moyano and Gavio (2012) suggested 
the male morphotypes of L. spinosa have distinct repro-
ductive strategies, e.g. in a scenario with competition 
between MI and males morphometrically matures 
(MM), MI avoid competition against MM and displays 
submission, behaviour described by the authors as 
‘mate and run’. In the same study, authors observed 
differences in the post copulatory behaviour, with MI 
not presenting post copulatory guarding behaviour, 
unlike MM that always displayed it (Sal Moyano and 
Gavio 2012).

Libinia emarginata Leach, 1815 MI morphotype is 
opportunist and imitates female behaviour in the pre-
sence of MM, according to Laufer and Ahl (1995). This 
strategy prevents confrontation between MI and MM, 
since adult males are larger and therefore better compe-
titors, increasing mating chances and reproductive suc-
cess (Laufer and Ahl 1995; Sal Moyano and Gavio 2012; 
González-Pisani and López-Greco 2020). It is possible 
that MAd can perform behaviour similar to MI, so further 
behavioural studies with MAd from Ubatuba region 
could elucidate this question.

Differences in size between male morphotypes might 
lead to distinct fighting styles, and pre and post copula-
tory guard behaviours (Rondeau and Sainte-Marie 2001; 
González-Pisani and López-Greco 2020). In L. spinosa, the 
absence of post copulatory behaviour of MI can be 
explained by its small chelae that hinders the retention 
of females (Sal Moyano and Gavio 2012).

The relative growth analysis of L. spinosa showed 
positive allometry of MAd and MA (CPL vs. CW). 
Nevertheless, the allometric level in MA was higher 
when compared to MJ and MAd (evidenced by the 
coefficient of allometry, the ‘b’ value). Such a distinct 
rate could indicate a higher energetic allocation to the 

growth of one body structure before the spider crab 
undergoes the terminal moult. Chelipeds are important 
structures during copulation and therefore play an 
important function in male selection by females, as 
they are used in agonistic behaviour against other 
males to get a receptive female and protect them during 
mating (Sampedro et al. 1999; Sal Moyano et al. 2011b).

In females, we verified two morphometric phases: 
juvenile (immature) and adult (mature). These phases 
were separated by the pubertal moult and evidenced 
by allometric changes in the relationship AW vs. CW, 
similarly to what has been reported to species of 
Majoidea, including L. spinosa (Sampedro et al. 1999; 
Carmona-Suárez 2003; Schejter and Spivak 2005; Barón 
et al. 2009; Sal Moyano et al. 2011b; GRL et al. 2017). The 
pubertal moult brings important morphologic changes 
which affect the abdomen and other body parts 
(Hartnoll 1969). Our study showed positive allometric 
for FJ and isometric for FA to the relationship AW vs. 
CW. This pattern occurs since the abdomen is associated 
with pleopod development, to accommodate the egg 
clutch, which occurs at the moult to maturity (Hartnol 
1969; Alunno-Bruscia and Sainte-Marie 1998).

The size at which males reach gonadal sexual matur-
ity was lower than the morphometric maturity (L₅₀ = 
37.3 mm and L₅₀ = 50.1 mm, respectively). In females, 
both types of maturity occurred at similar size (gonadal 
maturity: L₅₀ = 33.7 mm and morphometric maturity: 
L₅₀ = 36.9 mm). These similar patterns of female sexual 
maturity was reported for L. spinosa in Mar del Plata, 
Argentina (Sal Moyano and Gavio 2012) and for the 
congener species L. ferreirae (GRL et al. 2017), although 
it is possible to observe other patterns of maturity in 
Majoidea, e.g. gonad maturity in females occurring after 
or before morphometric maturity (Alunno-Bruscia and 
Sainte-Marie 1988) or in males, when the gonad maturity 
occurs in line with morphometric maturity (Mollemberg 
et al. 2021).

Studies suggest the gonadal maturity preceding mor-
phometric sexual maturity in males is related to the 
presence of morphotypes in the population (Sampedro 
et al. 1999; Sal Moyano and Gavio 2012), favouring the 
reproductive success of MAd. Thus, the terminal moult is 
not necessarily a maturation moult, since the spermatic 
ducts of MAd contain spermatophores even before the 
terminal moult (Rotllant et al. 2000; Sal Moyano et al. 
2010; GRL et al. 2017).

In addition to the difference in gonadal and morpho-
metric sexual maturity, we also observed that the size of 
morphometric sexual maturity is smaller in our popula-
tion. Ectodermic species living in lower latitude, where 
temperatures are higher are expected to have early 
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sexual maturity, and therefore smallest body size com-
pared to species from higher latitude, according to 
Bergmann/James’s clines (Ray 1960; Blackburn et al. 
1999).

When comparing the size in which females and males 
of L. spinosa reach sexual morphometric maturity, we 
noticed that the size of morphometric maturity of the 
population from Argentina (Sal Moyano and Gavio 2012) 
was larger for both sexes (males: L₅₀ = 58.9 mm; females: 
L₅₀ = 40.6 mm) than our population in Brazil (low lati-
tude), corroborating Bergmann/James’s clines theory. 
The same pattern has been reported from some 
Crustacean decapods (Castilho et al. 2007; Hirose et al. 
2013; González et al. 2016).

The mechanisms to explain Bergmann/James’s clines 
are related to different thermal exposure, resulting in 
intraspecific variability in body size once temperature 
can influence cell size, resulting in larger cells in 
ectothermic animals living at higher latitudes (James 
et al. 1995; Stillman and Somero 2000). There is no 
consensus if this pattern is an adaptive response or 
consequence of physiological processes (Blanckenhorn 
and Demont 2004; Sainte-Marie et al. 2021).

The inverse of Bergmann/James’s clines was observed in 
C. opilio with mean carapace width and the size at onset of 
gonadal maturity positively correlated to temperature 
(Burmeister and Sainte-Marie 2010; Sainte-Marie et al. 
2021). Nevertheless, such inference should be better inves-
tigated, at least with respect to L. spinosa, as this species 
have some particularities that could influence its differen-
tial growth rates, such as the symbiotic relationship of 
juvenile individuals with medusae (Zamponi 2002; 
González-Pisani and López-Greco 2020). Another relevant 
aspect is related to the presence of epibionts, which may 
cause an extra energetic expenditure and influence 
growth, thus affecting the size in which they reach sexual 
maturity (Abelló et al. 1989; Negreiros-Fransozo et al. 1995). 
For future studies, we suggest sampling L. spinosa along its 
geographical distributions along with environmental vari-
ables to verify if size variation of individuals reaching sexual 
maturity sexual is related to latitudinal variation.
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