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ABSTRACT. As commonly observed in turtles, sexual size dimorphism (SSD) is pronounced in the Neotropical freshwater turtle Mesoclemmys 
vanderhaegei (Bour, 1973), a species in which females are usually larger than males. We studied SSD in two populations of M. vanderhaegei from the 
Brazilian Cerrado savannah, based on 245 specimens captured between November 2010 and August 2013. The carapace length of the largest male was 
201 mm (9.15% shorter than that of the largest female, 220 mm). The mean sizes of males and females did not differ in the two populations. However, a 
comparison of eight selected morphological variables revealed that the size distribution pattern differed between the populations. Using model selection, 
seven out of 34 morphometric variables – from the head, plastron, bridge, and tail – were selected as the most suitable ones to distinguish between males 
and females. The pattern of SSD found in M. vanderhaegei is similar to that found in other chelonian species and may be the result of natural selection 
rather than ecological factors, since individuals of both sexes use the same habitats.

KEYWORDS. Sexual size dimorphism, Cerrado, body size, model selection.

RESUMO. Dimorfismo sexual e morfometria em duas populações do quelônio aquático Neotropical Mesoclemmys vanderhaegei (Testudines, 
Chelidae). Como comumente observado em quelônios, dimorfismo sexual em tamanho (SSD) é pronunciado em Mesoclemmys vanderhaegei (Bour, 1973), 
uma espécie de quelônio Neotropical de água doce onde as fêmeas são geralmente maiores que os machos. Nós estudamos SSD em duas populações de 
M. vanderhaegei no Cerrado brasileiro, com base em 245 espécimes capturados entre novembro de 2010 e agosto de 2013. O comprimento da carapaça 
do maior macho foi de 201 mm (9,15% menor que o comprimento da maior fêmea, 220 mm). Os tamanhos médios de fêmeas e machos não diferiram nas 
duas populações. No entanto, uma comparação de oito variáveis morfológicas revelou que o padrão de distribuição de tamanhos diferiu entre as populações. 
Usando a seleção de modelos, sete das 34 variáveis morfométricas – incluindo medidas da cabeça, plastrão, ponte e cauda – foram selecionadas como 
as mais adequadas para distinguir fêmeas e machos. O padrão de SSD encontrado em M. vanderhaegei é similar ao encontrado em outras espécies de 
quelônios e pode ser o resultado de seleção natural ao invés de fatores ecológicos, uma vez que indivíduos de ambos os sexos usam os mesmos habitats.

PALAVRAS-CHAVE. Dimorfismo sexual em tamanho, Cerrado, tamanho do corpo, seleção de modelos.

Many theories have been proposed to explain sexual 
dimorphism, such as the theory of reproductive effort, which 
assumes that females are larger than males because of 
reproductive issues (Ralls, 1976; Schoener et al., 1982); 
the niche partitioning theory, which assumes that dimorphism 
is greater in populations where competition for food is more 
intense (Schoener, 1967, 1968); the competition theory, 
which presumes that dimorphism is greater in populations 
with fewer competitors (Schoener, 1977); the theory of 
island size, which suggests a correlation between the mass/
size of males and females and their home ranges (Iverson, 

1984), and finally, the geographical distribution theory, 
which suggests that sexual dimorphism may vary throughout 
the geographical distribution, in widely distributed species 
(Fitch, 1981; Iverson, 1984; see also Lovich et al., 1998). 
Thus, sexual dimorphism may be related both to ecological 
differences (e.g., behavioural traits, feeding habits, and 
differentiated use of habitat between sexes) and to differences 
in the body size of males and females (Berry & Shine, 1980; 
Shine, 1989) – sexual size dimorphism (SSD). Chelonians 
often exhibit sexual size differences (Berry & Shine, 1980). 
These differences can be explained by the theory of sexual 
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selection, based on aspects related to fighting between males, 
and especially, selection of males by females, which is quite 
marked among chelonians (Berry & Shine, 1980). Males 
are larger in species of chelonians that present fighting or 
forcible insemination and are smaller in species where these 
traits are absent (Berry & Shine, 1980).

Morphometric peculiarities in chelonian females 
(Bonnet et al., 2001) include, for example, a larger 
circumference of the abdominal region to produce larger 
or more numerous eggs (Gibbons et al., 1982). These larger 
females may be selected by males because of their ability to 
produce more offspring (Forsman & Shine, 1995). On the 
other hand, morphological and morphometric specificities 
of males may be related to mobility, since they travel over 
long distances in their search for females to mate with. In this 
case, they are expected to be smaller in size and to have more 
developed musculature than females (Bonnet et al., 2001).

Mesoclemmys vanderhaegei (Bour, 1973) is a spec 
ies of freshwater turtle widely distributed in South America, 
which has been reported in the Amazon, São Francisco, 
Tocantins, and La Plata river basins (see Vinke et al., 2013; 
Marques et al., 2014). Data on the species’ population 
ecology were so far obtained from four populations, in 
Southeast (Marques et al., 2013) and Central Brazil (Brito 
et al., 2009, 2018). Females are larger than males in all 
these populations. However, no one has discussed which 
morphological traits in particular can be responsible for 
such differences. This information is necessary because 
carapace length alone does not reliably indicate the sex of the 
individuals, as some size ranges include both genders (Readel 
et al., 2008). Currently, distinguishing the sex in individuals of 
the species is usually performed by measuring the precloacal 
tail length, which is longer in males than in females (Brito 
et al., 2016, 2018), as alternative methods such as penile 
eversion do not work for sexing M. vanderhaegei (Rodrigues 
et al., 2014; McKnight et al., 2017).

In this study, multivariate statistics and the model 
selection approach were used to ascertain: 1) whether 
there are morphological differences between males and 
females – besides carapace length – in two Brazilian 
populations of Mesoclemmys vanderhaegei; 2) whether the 
eight morphometric variables commonly used in studies 
of chelonians are effective for sexing individuals, and 3) 
whether the best model that describes sexual dimorphism in 
the species, based on 34 morphometric variables, includes 
the eight variables normally used for this purpose.

MATERIALS AND METHODS

Study area. The data were collected in two protected 
areas situated in the state of Mato Grosso, midwestern 
Brazil: Estação Ecológica Serra das Araras (EESA), in the 
municipalities of Porto Estrela and Cáceres (15°46’09”S; 
57°13’10”W; datum: WGS84; between 537m and 774m 
a.s.l.), and Parque Nacional da Chapada dos Guimarães 
(PNCG), in the municipality of Chapada dos Guimarães 
(15°24’59”S; 55°50’29”W; datum: WGS84; 604m a.s.l.). 

The two conservation units are about 180 km apart. Three 
small streams in EESA and five in PNCG were selected 
for the study. The sampled streams are perennial, small, 
shallow, nutrient poor, slightly acidic, with low electrical 
conductivity, and are shaded and protected by dense gallery 
forest (Ribeiro & Walter, 2001; Fonseca, 2005), except 
nearby springs located amidst sparse grassland. For additional 
details on the habitats usually occupied by Mesoclemmys 
vanderhaegei, see descriptions and images in Vinke et al. 
(2013) and Marques et al. (2014).

Experimental design. We collected data between 
November 2010 and August 2013, during nine sampling 
sessions at each site (EESA: November 2010; June, 
September, and November 2012; April, June, August, and 
November 2012; May 2013; PNCG: December 2010; April 
and September 2011; May, September, and November 2012; 
April, June, and August 2013). Mesoclemmys vanderhaegei 
were caught in baited funnel traps 1.2 m in length (Brito et 
al., 2009), baited with a mixture of beef and fish-flavored cat 
food. For each sampling, we installed traps on the margins 
or in the center of each stream. In all streams, we operated 
the traps continuously for six 24-h periods and checked them 
once a day, early in the morning. We sampled each site for 
a total of 54 d (6 d × nine samples). Our sampling effort 
totalled 21,600 trap-hours.

Each captured individual was marked using the 
marking method adapted from Cagle (1939), which consists 
of a combination of notches and removal of rectangular 
pieces from the marginal scutes of the carapace. The sex 
of the individuals was determined a priori by means of 
secondary sexual characteristics – males have longer tails 
than females, represented by the morphometric variables 
PCL and TL (see Fig. 1). Individuals with a carapace length 
(CL) of less than 115 mm – which could not be sexed –were 
classified as juveniles. The categories of “male” and “female” 
may comprise both adult and sub-adult individuals, since 
we do not know the age and/or size of M. vanderhaegei at 
sexual maturation.

Eight morphometric variables (in mm) were measured 
in all individuals (N = 245) (see Tab. I). In addition to 
these widely used measurements (see below, in “Statistical 
analyses”), 26 other variables were obtained from a random 
subsample of 64 individuals of known sex, positively 
identified as either males or females (Fig. 1; Tab. I). Most 
of these morphometric variables originate from a combination 
of head, carapace, plastron, and tail measurements, and are 
based on standard measurements used in previous studies 
with freshwater turtles, while others are being used here for 
the first time (see Tab. I).

All the morphometric measurements were linear, 
taken to the nearest 0.05 mm using a 300 mm stainless 
steel manual calliper. Body mass was weighed using spring 
scales with the following capacities: 100 g (0.1g precision), 
1,000 g (1.0 g precision), and 5,000 g (50 g precision). After 
being measured and marked, the turtles were released at 
their capture sites.
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Fig. 1. Measured morphometric variables of the individuals of Mesoclemmys vanderhaegei (Bour, 1973). Head: Head width (HW); Head length (HL); 
Interorbital width (IOW); Tympanum-snout length (TSL); Tympanum length (TYL); Tympanum width (TW). Carapace: Nuchal scute length (NL); 
Carapace length (CL); Maximum carapace width (MCW); Central carapace width (CCW); Length of third central scute (LC3); Width of third central 
scute (WC3). Shell: Maximum carapace height (MHS). Plastron: Maximum plastron length (MPL); Mid-ventral suture length plastron (MVSL); 
Maximum plastron width (MPW); Anterior lobe width (ALW); Posterior lobe width (PLW); Width of left and right gular scutes (WGS); Length of left 
gular scute (LGS); Left gular scute length (GSL); Intergular scute width (IG); Left pectoral scute width (PSW); Left pectoral scute length (PEL); Left 
abdominal scute length (ASL); Left abdominal scute width (ASW); Maximum bridge length (MBL); Minimum bridge length (MBL2); Left anal scute 
width (ANSW); Left anal scute length (ANSL); Internal diagonal of anal scute (IDS); Carapace anal plastron terminal distance (CPD). Tail: Precloacal 
length (PCL); Tail length (TL).
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Statistical analyses. We used the non-parametric 
multivariate analysis of variance (NP-MANOVA; Anderson, 
2001) to determine whether the eight variables commonly 
measured in chelonians (CL, HW, MCW, MHS, MPL, MPW, 
PCL, and TL; Tab. I) differ between males and females from 
the two populations of M. vanderhaegei. It was implemented 
using the adonis function of the Vegan package (Oksanen 
et al., 2012).

To determine which of the 34 measured morphometric 
variables best explain the SSD in Mesoclemmys vanderhaegei 
we only used the data obtained from 64 individuals of 
known sex, with CL between 115 and 196 mm (Tab. I). We 

transformed sex into a binary variable and standardized all 
measurements according to the CL. We then used multi-
models to find the combination of variables that best explains 
the morphological differences between the sexes, eliminating 
correlated variables, based on the glmulti package (Calcagno 
& Mazancourt, 2010). The models were classified by 
the Akaike Information Criterion (AIC), which clarifies 
uncertainties about the set of candidate models (Burnham 
& Anderson, 2002), and by the ∆AIC values, where the 
lowest values indicate the best models. We considered that 
all the models with ∆AIC<2 were equally good, but here 
we considered only the best model (lowest ∆AIC). The 

Tab. I. Morphometric variables obtained from 245 individuals of Mesoclemmys vanderhaegei (Bour, 1973) (eight variables; indicated by *) and, among 
these, from 64 individuals identified as either males and females (26 additional variables; indicated by **).

Variables – abbreviation References

Head width – HW* McCord et al. (2001), Bour & Zaher (2005)

Head length – HL** McCord et al. (2001)

Interorbital width – IOW** McCord et al. (2001)

Tympanum-snout length – TSL** This study

Tympanum length – TYL** This study

Tympanum width – TW** This study

Nuchal scute length – NL** Bager et al. (2010, 2016)

Carapace length – CL* McCord et al. (2001), Bour & Zaher (2005), Bager et al. (2010, 2016)

Maximum carapace width – MCW* McCord et al. (2001), Bour & Zaher (2005), Bager et al. (2010, 2016)

Central carapace width – CCW** Bager et al. (2010, 2016)

Length of third central scute – LC3** Bager et al. (2010, 2016)

Width of third central scute – WC3** Bager et al. (2010, 2016)

Maximum carapace height – MHS* McCord et al. (2001), Bour & Zaher (2005), Bager et al. (2010, 2016)

Maximum plastron length – MPL* McCord et al. (2001), Bour & Zaher (2005), Bager et al. (2010, 2016)

Mid-ventral suture length plastron – MVSL** McCord et al. (2001), Bager et al. (2010, 2016)

Maximum plastron width – MPW* McCord et al. (2001), Bour & Zaher (2005), Bager et al. (2010, 2016)

Anterior lobe width – ALW** McCord et al. (2001), Bour & Zaher (2005), Bager et al. (2010)

Posterior lobe width – PLW** McCord et al. (2001), Bour & Zaher (2005), Bager et al. (2010, 2016)

Width of left and right gular scutes – WGS** Bager et al. (2010, 2016)

Length of left gular scute – LGS** Bager et al. (2016)

Left gular scute length – GSL** Bager et al. (2010, 2016)

Intergular scute width – IG** McCord et al. (2001), Molina et al. (2012)

Left pectoral scute width – PSW** Bager et al. (2010)

Left pectoral scute length – PEL** Bager et al. (2010, 2016)

Left abdominal scute length – ASL** Bager et al. (2010)

Left abdominal scute width – ASW** Bager et al. (2010, 2016)

Maximum bridge length – MBL** McCord et al. (2001), Bager et al. (2010, 2016)

Minimum bridge length – MBL2** Bour & Zaher (2005)

Left anal scute width – ANSW** Bager et al. (2016)

Left anal scute length – ANSL** Bager et al. (2010, 2016)

Internal diagonal of anal scute – IDS** This study

Carapace anal plastron terminal distance – CPD** Bager et al. (2010, 2016)

Precloacal length – PCL* Dustman (2013)

Tail length - TL* Ernst (1971)
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variables of the best model selected based on the AIC were 
used in a non-parametric multivariate analysis of variance  
(NP-MANOVA, Anderson, 2001) to determine whether 
males and females really differ according to the morphological 
variables selected by the best model. We then performed a 
Principal Component Analysis (PCA) and extracted the first 
and second axes, using a broken-stick selection criterion 
(Jackson, 1993) to obtain a visual representation that 
would enable males and females to be distinguished with 
respect to the variables tested by NP-MANOVA. We used 
a Pearson’s correlation to determine which morphological 
variables were related to axes generated by the PCA. All the 
statistical analyses were performed using the R program (R 
Development Core Team, 2016), at a significance level 
of 0.05.

RESULTS

We measured 245 individuals of Mesoclemmys 
vanderhaegei during the study. Fifty-eight of these individuals 
were captured at the Parque Nacional da Chapada dos 
Guimarães (PNCG; 31 males, 27 females) and 187 were 
captured at Estação Ecológica Serra das Araras (EESA; 74 
males; 113 females). The females presented a significantly 
longer CL than males in the two sampled areas (PNCG 
t = 2.41; p = 0.01 – EESA t = 4.25; p < 0.01). Females 
reached a maximum CL of 220 mm, with a mean length 
of 157.80±32.30 mm in PNCG and 155.60±20.37 mm in 
EESA; the difference in CL between the females of the two 
sites was negligible (F1,59 = 0,09; p = 0,76). The largest male 
captured in PNCG had a CL of 177 mm, while the largest 
male captured in EESA had a CL of 201.30 mm, 9.15% 
smaller than the largest female captured. The mean CL of 

males was 139.45±7.50 mm in PNCG and 142.50±11.07 mm 
in EESA; the difference in CL between the males of the two 
sites was negligible (F1,52 = 0.35; p = 0.56).

The set of eight variables normally evaluated in studies 
of morphometric aspects of chelonians enables males to be 
distinguished from females in the two populations under 
study (PNCG – NP-MANOVA: F1,58 = 8.24, R²=0.12, p < 
0.002; EESA – NP-MANOVA: F1,187 = 15.99, R²=0.07, p < 
0.001). The differences in the size of males and females are 
more noticeable in PNCG (Fig. 2) and less marked in EESA 
(Fig. 3). The first and second axes of the PCA captured a 
large part of the variation in the morphometric data, with 
90.9% corresponding to PNCG and 81.7% to EESA.

Using the 34 morphometric variables measured in 
64 sexed and randomly chosen individuals from the two 
populations, we generated 610 models that describe the 
sexual dimorphism in Mesoclemmys vanderhaegei. Forty-
six of these models were within two units of ∆AIC and 72 
reached 95% of the total weight of the models. The best model 
selected seven morphometric variables to differ between 
males and females, namely, maximum plastron length (MPL) 
+ mid-ventral suture length (MVSL) + maximum bridge 
length (MBL) + posterior lobe width (PLW) + precloacal 
length (PCL) + tympanum-snout length (TSL) + tympanum 
length (TYL). The best model presented AIC of 45.50 and 
Wi-AIC of 0.003. The variables selected by the best model 
indicate that the morphometric traits of males and females 
differ significantly (NP-MANOVA: F1,63 = 20.4, R²=0.24, 
p =0.006). The first and second axis of the PCA captured 
much of the data variance, accounting for 75.09% of the total 
variation. Based on the variables selected by the best model, 
we observed evident sexual dimorphism (Fig. 4; Tab. II).

Fig. 2. Multidimensional distribution of females (F) and males (M) of Mesoclemmys vanderhaegei (Bour, 1973), using eight morphometric variables 
commonly measured in chelonians in Parque Nacional da Chapada dos Guimarães (PNCG), Brazil.
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Fig. 3. Multidimensional distribution of females (F) and males (M) of Mesoclemmys vanderhaegei (Bour, 1973), using eight morphometric variables 
commonly measured in chelonians in Estação Ecológica Serra das Araras (EESA), Brazil.

Fig. 4. Multidimensional distribution of females (F) and males (M) of Mesoclemmys vanderhaegei (Bour, 1973), using the seven variables selected by 
the best model. In this ranking we present information about 64 sexed individuals captured in Parque Nacional da Chapada dos Guimarães (PNCG) and 
in Estação Ecológica Serra das Araras (EESA), Brazil.

Among the eight morphometric variables commonly 
used in chelonians (CL, HW, MCW, MHS, MPL, MPW, PCL, 
and TL; body mass excluded), only two – MPL and PCL – 
were selected by the best model and three – MCW, MHS, and 
TL – were selected by the 46 models with ∆AIC<2. Three 
other variables – CL HW, and MPW – do not allow one to 
distinguish between Mesoclemmys vanderhaegei males and 

females. Another 22 morphometric variables, among the 34 
analyzed, were selected by the 46 models with ∆AIC< 2: IG, 
TL, LGS, PSW, WC3, ANSL, PEL, HL, ALW, ANSW, NL, 
LC3, ASW, MBL2, ASL, MHS, IDS, TW, WGS, CPD, MCW, 
and GSL. Of the 34 morphometric variables measured, only 
five (CL, CCW, HW, IOW, and MPW) were not selected by 
the best model or by the 46 models with ∆AIC < 2.
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DISCUSSION

The Mesoclemmys vanderhaegei populations studied 
show marked sexual dimorphism (SSD), with females being 
larger than males, as has already been observed in other 
populations from this species (Brito et al., 2009, 2018; 
Marques et al., 2013; 2014). This is an attribute common, 
also, among other species of Chelidae (Rhodin et al., 
1984; Molina, 1998; Bager et al., 2016; Garbin et al., 
2016) and other families of aquatic turtles (Berry & Shine, 
1980). Although females have been consistently larger than 
males in both populations, size distribution patterns differed 
in the two populations. Variations in the size of turtles 
between conspecific populations can reflect adaptations 
to environments, indicate variation in biotic (e.g., food 
availability and stream quality) and/or abiotic factors (e.g., 
water temperature, seasonality and hydrodynamics) associated 
with habitat (Lindeman, 1996; Rowe, 1997; Tucker et al., 
1998; Aresco & Dobie, 2000; Lubcke & Wilson, 2007). 
In a population of Mesoclemmys vanderhaegei studied in 
ponds near a silvicultural system in southeastern Brazil, 
average CL was 30% longer in females and 20% longer in 
males, in comparison to the values obtained in the present 
study (Marques et al., 2013). The streams evaluated in 
the two sampled areas are visually similar, but biotic and 
abiotic aspects of these water bodies that we did not measure 
may be responsible for the observed differences. Lubcke 
& Wilson (2007) observed that food availability is higher 
in environments with muddy bottom substrates, which may 
be the reason for the size differences of three conspecific 
populations of Actinemys marmorata (Baird & Girard, 1852) 
in northern California, as well as higher temperatures in 
some streams. Visually, the streams sampled in the EESA 
have muddy bottom substrates and therefore appear to be 

more productive, while those in PNCG are sandy, which may 
explain the differences observed in the size distribution of 
the two populations.

Upon jointly analyzing body mass and eight 
morphometric variables frequently used in studies of 
chelonians (CL, HW, MCW, MPL, MPW, MHS, PCL, and 
TL; Tab. I), we found that males and females of Mesoclemmys 
vanderhaegei can be distinguished from each other without 
using more variables, even though the size distribution pattern 
differs in the two populations under study. However, when 
more variables were added to the models, only two of the 
eight above mentioned variables – MPL and PCL – were 
selected by the best model. In addition to carapace and tail 
length, represented by CMP and PCL, respectively, our 
best model predicted that other morphometric variables 
related to the head (TSL and TYL), plastron (MPL and 
PLW), and bridge (MBL and MVSL) can also be used to 
evidence differences between male and female individuals 
of M. vanderhaegei. Other variables considered important 
to distinguish between males and females (e.g., CPD and 
MHS) were not selected by the best model. However, these 
variables were present in models with ∆AIC<2, indicating 
that they are also important for distinguishing the sexes in 
this species. For the emydid Trachemys dorbigni (Duméril 
& Bibron, 1835) CPD was considered an important variable 
of secondary sexual dimorphism to distinguish between the 
sexes, because it involves reproductive aspects (Bager et 
al., 2010).

Reproductive aspects are among the factors that 
offer a more compelling explanation for different use of the 
environment, and hence, for sexual dimorphism. Females 
travel in search of nesting areas, while males do so in search 
of females for mating (Gibbons, 1990; Wariss et al., 2012). 

Tab. II. Results of Pearson’s correlation between the axes of the PCA generated by the seven variables selected by the best model for the two populations 
of Mesoclemmys vanderhaegei (Bour, 1973) treated herein, from Parque Nacional da Chapada dos Guimarães (PNCG) and Estação Ecológica Serra 
das Araras (EESA), Brazil.

Variables

PNCG EESA Best Model

PCA1 PCA2 PCA1 PCA2 PCA1 PCA2

r p r p r p r p r p r p

LC -0.98 <0.001 0.10 0.41 -0.97 <0.001 0.03 0.61 - - - -

MCW -0.96 <0.001 0.17 0.19 -0.95 <0.001 0.09 0.17 - - - -

MPL -0.96 <0.001 0.21 0.10 -0.97 <0.001 0.04 0.51 -0.18 0.14 0.15 0.21

MPW -0.96 <0.001 0.17 0.17 -0.95 <0.001 0.12 0.09 - - - -

MHS -0.04 <0.001 0.09 0.47 -0.93 <0.001 -0.05 0.42 - - - -

PCL -0.53 <0.001 -0.76 <0.001 -0.21 0.002 -0.87 <0.001 0.96 <0.001 -0.80 <0.001

TL -0.77 <0.001 -0.06 0.62 -0.61 <0.001 -0.50 <0.001 - - - -

HW -0.96 <0.001 0.14 0.27 -0.94 <0.001 0.16 0.02 - - - -

MVSL - - - - - - - - -0.33 0.006 0.01 0.91

MBL - - - - - - - - -0.33 0.006 0.33 0.007

PLW - - - - - - - - -0.33 0.007 0.29 0.01

TSL - - - - - - - - -0.10 0.42 0.16 0.19

TYL - - - - - - - - 0.12 0.33 0.11 0.37
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The morphological particularities of males are related to 
territorial or sexual disputes, courtship, and mating. In 
females, these activities deplete nutrient reserves that are 
needed for reproduction, for example, to produce larger 
or more numerous eggs, as proposed by the theory of 
reproductive effort (Ralls, 1976; Schoener et al., 1982) or 
the theory of reproductive advantage (Berry & Shine 1980; 
Gibbons et al., 1982; Congdon & Gibbons, 1983; Gibbons 
& Greene, 1990; Gibbons & Lovich, 1990; Bonnet et al., 
2001; Lagarde et al., 2003; Stevenson et al., 2007). Thus, 
selection for increased productivity may produce larger 
females (Berry & Shine, 1980; Gibbons & Lovich, 1990). 
In addition, females with larger shells are more protected 
from predators (Barros et al., 2012). These aspects would 
help to explain the relatively longer and higher shell of the 
females of Mesoclemmys vanderhaegei (here represented by 
the variables CCW, CL, MHS, MPL, and MPW).

The CL – a usual indicator of size in chelonians – was 
previously used for standardization of all other variables and 
therefore could not be used in the multi-models. However, 
the MPL is also a size indicator in these organisms and was 
selected by the best model. Similarly, it was observed in 
the aquatic geoemydid Malayemys macrocephala (Gray, 
1859), from Asia, that the CL was important to distinguish 
the sexes, along with morphometric variables related to the 
plastron, such as the anal scute length (ANSL), maximum 
plastral lobe length (PLL), and femoral (FemL) and pectoral 
scute lengths (Pecl) (Brophy, 2006).

Our best model and the other 46 models with ∆AIC<2 
selected 29 out of 34 morphometric variables, indicating that 
the morphometric difference between males and females 
of Mesoclemmys vanderhaegei is so conspicuous that it 
is reflected by almost all the variables considered here. 
However, for the sake of practicality males in this species 
can be distinguished from females using a set of only 
seven variables, two of them frequently used in studies of 
chelonians, and five others not commonly used. On the other 
hand, we have shown that variables related to the carapace 
frequently used to describe the size of chelonians – such as 
MCW and MHS – did not prove to be useful for differing 
between the sexes in M. vanderhaegei. Overall, our results 
contribute to the improvement of the morphometric protocols 
for this species.
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