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ABSTRACT

Background: Trachemys scripta elegans is an aquatic turtle native to North America and distributed geographically from 
the eastern United States to northeastern Mexico. In Brazil, it is an exotic and invasive species and the most illegally traded 
pet animal. When these turtles grow and they cease to be attractive as pets, they are released clandestinely in lakes, ponds, 
rivers, and other bodies of water, where they threaten biodiversity and native populations. The present study aimed to 
characterize specimens of T. s. elegans from the Centro de Triagem de Animais Silvestres do Parque Ecológico do Tiete 
by analyzing body biometrics, sexual dimorphism, and structure of specimens for sex ratio and size classes.
Materials, Methods & Results: Trachemys scripta elegans turtles (39 females and 30 males) were anesthetized, euthanized 
and frozen. After being thawed, the turtles were sexed according to measurements on secondary sex characters such as 
claw length (CWL) of the third finger of the right forearm and length of the tail from the tip to the beginning of the cloacal 
opening (postcloacal tail length, PTL); subsequently, sex was confirmed through dissection. Subsequently, body mass (BM, 
g) and maximum carapace length (MCL, cm), maximum carapace width (MCW, cm), maximum plastron length (MPL, 
cm), maximum plastron width (MPW) and shell height (HGT, cm, measured laterally until obtaining the greatest value) 
were evaluated and the sexual dimorphism index (SDI) was also calculated. All analyses were performed using SAS v. 9.4 
software. The results indicate a sex ratio of 1.3 females per male. The identification of males by secondary sex characteris-
tics was performed using only claw length (CWL), which was related to sex and not to maximum carapace length (MCL). 
The most discriminatory variables were CWL in males and body mass (BM) in females. With the exception of CWL, the 
sexual dimorphism index (SDI) values all favored females and varied from 1.21 to 2.49, with the greatest value for BM and 
the lowest value for postcloacal tail length (PTL). Males exhibited a unimodal tendency at a classification interval of 15.0 
cm MCL, and females exhibited a bimodal tendency at 21.0- and 22.0 cm MCL. Sexual maturity was identified at 12.0 cm 
MCL in males and at 12.5 cm MCL in females. The rate of CWL growth in males was higher at the beginning of sexual 
maturity and subsequently decreased, whereas in females, the rate of CWL escalated after 19.0 cm MCL. In both sexes, 
principal component 1 (PC1) was composed of the variables related to size and BM, and principal component 2 (PC2) 
and principal component 3 (PC3) were composed of variables related to secondary sex characteristics (CWL and PTL). 
Discussion: In members of the genus Trachemys, several secondary sex characteristics can be used to differentiate between 
the sexes, however, in the present study, recognition of males was performed only by claw length, as it was confirmed 
by the discriminate analysis and the principal components analysis (PCA) which showed that CWL was the variable that 
was most discriminatory in males (approximately 76.0%), followed by BM (approximately 50%) in females. The results 
reinforcing the claim that the degree of development of secondary sex characteristics varies between species as well as 
between distinct populations of the same species and establish that even under unnatural habitat, sexual dimorphism of 
size in favor of females is maintained for variables related to mass and size.
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INTRODUCTION

Trachemys scripta elegans (T. s. elegans) or 
Red-Eared slider is an aquatic turtle belonging to the 
suborder Cryptodira and to the family Emydidae na-
tive to North America and is distributed geographically 
from the eastern United States to northeastern Mexico 
[36]. In Brazil, it is an exotic and invasive species and 
the most illegally traded pet animal [11,36]. When 
these turtles grow, they cease to be attractive as pets 
and are released clandestinely in lakes, ponds, rivers, 
and other bodies of water where threaten biodiversity 
[17,26] because they possess a high ecological toler-
ance and diversified diet, strongly impacting native 
populations [28].

Report on reproductive biology of turtles shows 
the presence of sexual size dimorphism, suggesting 
that smaller males demonstrate earlier maturation 
[27]. However, characteristics such as greater tail 
length (precloacal and total), lower body mass, smaller 
plastron and carapace length, elongate forelimb claws, 
elongated head, and the occurrence of melanism from 
the beginning of sexual maturation are not expressed 
simultaneously in the majority of males in the in the 26 
known Trachemys taxa [7,30]. Knowledge of age struc-
ture, sex ratio, and morphological variation between the 
sexes is necessary for the interpretation of ecological 
processes that act on a population [2,18] and for the 
development of conservation strategies for a species.

The present study aimed to characterize speci-
mens of T. s. elegans from the Centro de Triagem de 
Animais Silvestres do Parque Ecológico do Tiete by 
analyzing body biometrics, sexual dimorphism, and 
structure of specimens for sex ratio and size classes.

MATERIALS AND METHODS

Animals

A total of 69 Trachemys scripta elegans turtles 
(39 females and 30 males), released into the wild and 
later captured for study by the Wild Animal Triage 
Center of the Tiete Ecological Park(23º29′23.15′′S, 
46º31′10.90′′W), São Paulo, Brazil, were studied. Af-
ter being anesthetized with a combination of xylazine 
(20.0 mg kg-1, Coopazine®)1 and ketamine (100.0 mg 
kg-1, Vetanarcol®)2, administered intraperitoneally 
with a 25x7 needle, and euthanized by an infusion 
of propofol (10-15 mg kg-1, Diprivan)3 in the spinal 
canal using the atlanto-occipital joint. The animals 

were frozen and sent to the Laboratory of Domestic 
and Wild Animal Anatomy (Laboratório de Anatomia 
dos Animais Domésticos e Selvagens - LAADS) of 
UNIVASF in Petrolina, Pernambuco (PE), Brazil, for 
research and analysis.

Morphometric evaluations

After being thawed, the turtles were sexed 
according to measurements made with calipers with 
millimeter accuracy on secondary sex characters such 
as claw length (CWL) of the third finger of the right 
forearm (length measured in a straight line from the 
base to the end) and length of the tail from the tip to 
the beginning of the cloacal opening (postcloacal tail 
length, PTL); subsequently, sex was confirmed through 
dissection. When the claw of the third right forefinger 
was worn or broken, the third left claw was measured. 
Subsequently, body mass (BM, g) was measured with 
a digital precision analytic scale (Bioprecisa®)4 and 
maximum carapace length (MCL, cm), maximum 
carapace width (MCW, cm), maximum plastron length 
(MPL, cm), maximum plastron width (MPW, cm) 
[22] and shell height (HGT, cm, measured laterally 
until obtaining the greatest value) were evaluated. 
Body biometrics was established with a caliper with 
millimeter accuracy and a millimeter measuring tape. 
The sexual dimorphism index (SDI) [19], consists of a 
ratio between the sums of averages of the morphologi-
cal variables of males and females, with the larger sex 
as the numerator (SDI = N/D), was also calculated.

Sexual Confirmation 

The bridge structure, which connects the 
carapace to the plastron, was removed with a hammer 
and chisel, allowing the removal of the internal organs 
and leaving only the urogenital system. Sex was then 
confirmed, as ovaries with or without follicles and 
oviducts could be observed in females and the pres-
ence of testicles, the epididymis, and the penis could 
be observed in males. After confirmation of sex, the sex 
ratio of individuals was obtained (number of females/
number of males).

Statistical Analysis

The variables were evaluated for normal-
ity using the Shapiro-Wilk (W) test. Variables with 
normal distribution (BM, MPL, MPW, CL, and PTL 
in females and MCL, MCW, MPL, HGT, and CL 
in males) were submitted to analysis of variance 
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(ANOVA) with a post hoct-test (P < 0.0001), and 
those with non-normal distribution (MCL, MCW, and 
HGT in females and BM, MPW, and PTL in males) 
were submitted to ANOVA with a post hocKruskal-
Wallis test (P < 0.01). The Pearson correlation test (P 
< 0.0001) was employed to observe the correlation 
between the variables analyzed, and the analysis of 
linear regression test was used for sex, using MCL as 
the independent variable and the remaining variables 
as dependent variables. Values of R2 > 0.70 and P < 
0.0059 were considered significant. Differences in 
morphometric measurements between sexes were 
analyzed with analysis of covariance (ANCOVA) 
and parallel tests to remove the effect of body size in 
relation to morphometric measurements of males and 
females. MCL was used as a covariable. The estimate 
of sexual maturity as a function of secondary sexual 
dimorphism was obtained through linear regression 
analysis. The evaluation of the explanation gain of the 
data presented in the relation between MCL and the 
other variables was also tested with nonlinear equa-
tions. Principal component analysis (PCA) was used 
to describe the morphological variation between the 
sexes. Two PCAs were performed, one for females 
and another for males. Principal factor analysis was 
also utilized, in which only common variance was 
used for the estimation of commonalities. Sexual 
dimorphisms were tested with discriminant analysis 
using the stepwise and backward methods to evalu-
ate which variables contributed to the differentiation 
between the sexes. For this, the measurements BM, 
MCL, MCW, MPL, MPW, HGT, CWL, and PTL were 
considered independent variables. All analyses were 
performed using SAS v. 9.4 software.

RESULTS

Differences in secondary sex characteristics 
were observed among the 69 individuals studied. Males 
had greater CWL (1.52 + 0.04; P < 0.0001) and smaller 
PTL (2.25 + 0.08; P < 0.0001) than females (Table 1). 
All Females had tails that were narrower at the base 
and at the distal end, with the presence of a triangle 
design on the ventral side to the cloacal opening (Figure 
1A), and the cloacal opening ended at the edge of the 
carapace. In all males the tail was wider at the base 
and, at the distal end, did not have a triangle design on 
the ventral sideto the cloacal opening (Figure 1B), and 
the cloaca extended beyond the edge of the carapace 

in all males. Thus, taking CWL as a base, 39 females 
and 30 males were classified and afterwards confirmed 
by dissection, and the sex ratio was estimated at 1.3 
females per one male.

The discriminant function for the sexual differ-
entiation of individuals was estimated utilizing 8 vari-
ables, 69 specimens, and two classes, with 39 females 
and 30 males (Table 1) in a model that proved highly 
significant. The distribution of the canonical scores 
demonstrated the separation created by canonical 
coefficients identified for each variable. This function 
defined a classification matrix with 100% accuracy for 
both sexes, having shown a degree of explanation of 
98% and a significance of P < 0.001 (Wilk´s lambda = 
0.13164553: χ2= 93.218, g.1. = 7), with a high canoni-
cal correlation (r = 0.93). Both the multivariate analysis 
of variance and the discriminant analysis revealed that 
100% (39/39) of females had similar values for the 
analyzed variables, whereas 96.7% (29/30) of males 
had similar values, with 0.03% (1/30) of the male 
values (BM only) being similar to that of the females.

The multivariate analysis of variance for the 
discriminant analysis showed that there are significant 
biometric differences between males and females (P < 
0.0001; F = 49.47; Wilk’s lambda = 0.1316), with the 
females larger than the males for all variables, except 
for CWL, which was, on average, 90% longer in males 
than in females. The greatest differences were found 
for mass and MCL, which were on average 149% and 
26% greater in females than in males, respectively. 
The SDI values were in favor of females, with the 
exception of CWL, which favored males and varied 
from 1.21 to 2.49, with the greatest value for BM and 
the lowest value for PTL (Table 1). In the discriminant 
analysis (stepwise and backward), the variables that 
most contributed (P < 0.0001) in the differentiation 
between the sexes were CWL (R2 = 0.7864 and 0.6024, 
respectively) and BM (R2 = 0.3256 and 0.3256, respec-
tively (Table 2).

The frequency distribution by size classes, based 
on the MCL of males and females and constructed on 
the basis of predetermined intervals in the methodology, 
had a normal distribution for males and a non-normal 
distribution for females. Males had their mode MCL at 
the 15.0 cm class interval, whereas for the females, the 
mode occurred at 21.0 and 22.0 cm, thus indicating a 
unimodal tendency in males and a bimodal tendency in 
females (Figure 2) in this sampled population.
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Figure 1. Photograph showing the different morphologies observed for the tails of T. scripta elegans from the Tiete Ecological Park, São Paulo, 
Brazil. A- In females, the tail is narrower at the base (X) and, at the distal end (Y), has a triangular design (arrow) on its ventral side distal to the 
cloacal opening (*), which opening ended at the edge of the carapace and had longer postcloacal tail length (PTL). B- In males, the tail was wider 
at the base (X) and at the distal end (Y), did not have a design in the form of a triangle (arrow) caudal to the cloacal opening (*),which extended 
beyond the edge of the carapace and had a shorter PTL.

Figure 2. Frequency distribution of the maximum carapace length (cm) in males and females 
of Trachemys scripta elegans from the Tiete Ecological Park, São Paulo, Brazil.
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Table 1. Descriptive statistics of measured morphological variables and the sexual dimorphism index in Trachemys scripta elegans captured in the Tiete 
Ecological Park, São Paulo, Brazil.

Males Females

Average ± SEM Min./Max No. Average ± SEM Min./Max No. SDI

BM 477.74 + 20.53a 382.0/992.0 30 1193.12 + 55.50b 551.4/1805.3 39 2.49

MCL 15.56 + 0.27a 11.9/18.9 30 20.03 + 0.46b 15.4/23.9 39 1.29

MCW 12.14 + 0.17a 10.3/15.0 30 15.33 + 0.47b 12.2/22.0 39 1.26

MPL 13.91 + 0.22a 11.1/18.2 30 18.78 + 0.38b 13.9/22.9 39 1.35

MPW 9.26 + 0.13a 6.2/12.2 30 11.85 + 0.26b 9.0/15.4 39 1.28

HGT 5.37 + 0.11a 4.1/8.9 30 7.57 + 0.27b 4.2/10.0 39 1.41

CWL 1.52 + 0.04a 0.9/1.9 30 0.80 + 0.02b 0.6/1.1 39 1.90

PTL 2.25 + 0.08a 1.5/2.8 30 2.72 + 0.11b 1.8/3.8 39 1.21
a,bValues of BM, MPL, MPW, CWL, PTL in females and of MCL, MCW, MPL, HGT, CWL in males differ according to the t-test (P < 0.0001) and 
a,bValues of MCL, MCW, HGT in females and of BM, MPW, PTL in males differ according to the Kruskal-Wallis test (P < 0.01). SEM Standard Error 
Of The Mean; Min/Max: minimum value/maximum value; No.: total number of animals; SDI: sexual dimorphism index (average value of larger sex/
average value of smaller sex). BM: body mass; MCL: maximum straight-line carapace length; MCW: Maximum carapace width; MPL: maximum plastron 
length; MPW: maximum plastron width; HGT: shell height; CWL: claw length; PTL: postcloacal tail length.

Table 2. Morphological variables that most contributed to the differentiation between the sexes (P < 0.0001) according to discriminant analysis 
of biometric data of Trachemys scripta elegans from the Tiete Ecological Park, São Paulo, Brazil.

Stepwise Bachward

Variable R2 F Value Pr > F R2 F Value Pr > F

BM 0.3256 31.87 < 0.0001 0.3256 31.87 < 0.0001

MCL 0.0083 0.54 0.4631 0.0287 1.89 0.1740

MCW 0.0222 1.48 0.2289 0.0156 0.98 0.3256

MPL 0.0125 0.82 0.3681 0.0125 0.82 0.3681

MPW 0.0077 0.50 0.4815 0.0050 0.31 0.5808

HGT 0.0117 0.77 0.3829 0.0224 1.44 0.2340

CWL 0.7864 246.63 < 0.0001 0.6024 100.02 < 0.0001

PTL 0.0015 0.10 0.7559 0.0050 0.30 0.5840
BM: body mass; MCL: maximum carapace length; MCW: Maximum carapace width; MPL: maximum plastron length; MPW: maximum plastron 
width; HGT: height; CWL: claw length; PTL: postcloacal tail length.

In males, a significant, positive correlation was 
observed (P < 0.0001) between MCL and MCW (r = 
0.70874); between MCW and MPL (r = 0.71287) and 
MPW (r = 0.85014); between MPL and MPW (r = 
0.78828) and HGT (r = 0.69705); and in females betwe-
en BM and MCL (r = 0.84821), MCW (r = 0.60052), 
MPL (r = 0.90023), and MPW (r = 0.68371); between 
MCL and MPL (r = 0.87516), MPW (r = 0.60594), 
and HGT (r = 0.61488); and between MPL and MPW 
(r= 0.68008).

The linear regression analyses performed 
with MCL as the independent variable and the other 
variables as dependent variables showed that the line 
corresponding to males differed at 12.0 cm MCL, and 
the line corresponding to females, at 12.5 cm MCL. 
All equations had significant correlation coefficients, 
except for CWL (R2 = 0.00118, P = 0.57) and PTL (R2 = 

0.0011, P = 0.8632) for males and for CWL (R2 = 0.03, 
P < 0.30) for females. Males had the highest coefficient 
of determination in the equation calculated between 
MCL and MCW (MCW = 5.19 + 0.45 x MCL; R2 = 
0.50) and for females, between MCL and MPL (MPL 
= 4.40 + 0.72 x MCL, R2 = 0.77), whereas the lowest 
coefficient was observed between MCL and PTL for 
males (PTL = 2.10 + 0.01 x MCL; R2 = 0.0011) and 
between MCL and CWL for females (CWL = 0.63 + 
0.01 x MCL; R2 = 0.03).

The analyses of covariance with the variable 
sex classification and covariable MCL showed a sig-
nificant difference for MCL and for the interaction 
SEX x MCL when analyzed for BM; for MCL when 
analyzed for MCW, MPL, MPW, and HGT; for SEX 
when analyzed for CL; and no significant difference 
when analyzed for PTL (Table 3).
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In males, 75.64% of the variance found was 
explained up to the third PC, with principal component 
1 (PC1) explaining 49.42% of the variance, PC2 explai-
ning 14.91%, and PC3 explaining 11.31%. In females, 
᷉78.77% of the variance found between the sexes was 
explained up to the third principal component (PC), 
with PC1 explaining 52.34% of the variance, PC2 ex-
plaining 13.85%, and PC3 explaining 12.58%. In males 
and in females, PC1 was composed of variables related 
to size (MCL, MCW, MPL, and MPW) and BM, and 
PC2 and PC3 were composed of variables related to 
secondary sex characteristics (CWL and PTL). Table 
4 shows the Pearson correlation observed among the 
body biometrics, biometrics of secondary sex charac-
teristics, and the principal components (PC1, PC2, and 
PC3) in T. s. elegans.

In the analysis of principal factors, two factors 
(F1 and F2) were retained by the NFACTOR criterion. 
The variance explained for each factor in males was 
76.82% for F1 and 23.18% for F2, and in females 
79.07% and 20.93%, respectively. The pattern of each 
factor for each variable analyzed and the final estimates 
of commonalities for females (total = 5.295189) and 
males (total = 5.146081) are described in Table 5. For 
females, the variables BM, MCL, MCW, MPL, and 
MPW were positively correlated (P < 0.0001) with F1, 
whereas CWL and PTL were positively correlated (P < 
0.0001) with F2. In males, the variables MCL, MCW, 
MPL, MPW, and HGT were positively correlated (P 
< 0.0001) with F1, whereas CWL was positively cor-
related (P < 0.0001) with F2, and PTL was negatively 
correlated (P < 0.0001) with F2.

Table 3. Analysis of covariance of body morphometrics in Trachemys scripta elegans from the Tiete Ecological Park, São Paulo, Brazil, 
considering the interactions of sex, maximum carapace length (MCL), and MCL and sex.

Variable
Interaction

SEX MCL MCL * SEX

BM P = 0.0265 P < 0.0001 P = 0.0021*

MCW P = 0.7863 P = 0.0025* P = 0.9897

MPL P = 0.5544 P < 0.0001 P = 0.1797

MPW P = 0.8658 P = 0.0001* P = 0.5323

HGT P = 0.2974 P = 0.0007* P = 0.1747

CWL P = 0.0087* P = 0.7501 P = 0.3283

PTL P = 0.2783 P = 0.1527 P = 0.2414
BM: body mass; MCW: Maximum carapace width; MPL: maximum plastron length; MPW: maximum plastron width; HGT: height; CWL: 
claw length; PTL: postcloacal tail length.

Table 4. Pearson correlation observed between body biometrics, biometrics of secondary sex characteristics, and principal components (PC1, PC2, and 
PC3) and their levels of significance in Trachemys scripta elegans from the Tiete Ecological Park, São Paulo, Brazil.

Variable MCL MCW MPL MPW HGT CWL PTL PC1 PC2 PC3

BM
0.90 

<.0001

0.75 

<.0001

0.94 

<.0001

0.84 

<.0001

0.76 

<.0001

-0.68 

<.0001

0.44 

0.0002

0.49 

<.0001

-0.08 

0.4951

0.03 

0.8188

MCL -----
0.67 

<.0001

0.91 

<.0001

0.79 

<.0001

0.77 

<.0001

-0.59 

<.0001

0.49 

<.0001

0.62 

<.0001

-0.0002 

0.9987

-0.05 

0.7055

MCW ----- -----
0.67 

<.0001

0.63 

<.0001

0.55 

<.0001

-0.53 

<.0001

0.34 

0.0046

0.48 

<.0001

-0.28 

0.0182

-0.14 

0.2604

MPL ----- ----- -----
0.86 

<.0001

0.74 

<.0001

-0.67 

<.0001

0.44 

0.0002

0.55 

<.0001

0.002 

0.9862

0.04 

0.7376

MPW ----- ----- ----- -----
0.62 

<.0001

-0.59 

<.0001

0.29 

0.0174

0.52 

<.0001

-0.09 

0.4725

0.22 

0.0651

HGT ----- ----- ----- ----- -----
-0.53 

<.0001

0.45 

0.0001

0.48 

<.0001

0.16 

0.1840

-0.14 

0.2414

CWL ----- ----- ----- ----- ----- -----
-0.31 

0.0083

0.02 

0.8817

0.32 

0.0063

0.26 

0.0340

PTL ----- ----- ----- ----- ----- ----- -----
0.28 

0.0178

0.11 

0.3827

-0.13 

0.2952
BM: body mass; MCL: maximum carapace length; MCW: Maximum carapace width; MPL: maximum plastron length; MPW: maximum plastron width; 
HGT: height; CWL: claw length; PTL: postcloacal tail length.
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Table 5. Scores of principal factors and commonalities (measure of the proportion of variance explained by extracted factors) of analyses of mor-
phological differences in Trachemys scripta elegans from the Tiete Ecological Park, São Paulo, Brazil.

Females Males

Variable Factor 1 Factor 2 Commonalities Factor 1 Factor 2 Commonalities

BM 0.92045 0.26225 0.91599616 0.61253 -0.32827 0.48295451

MCL 0.84222 0.38194 0.85522100 0.76499 -0.11976 0.59954975

MCW 0.72362 0.19968 0.56349514 0.87440 -0.14679 0.78611559

MPL 0.86534 0.31616 0.84876818 0.89785 0.04811 0.80844716

MPW 0.75265 0.10076 0.57663709 0.88590 -0.00924 0.78490725

HGT 0.51231 0.47965 0.49252773 0.76963 0.14720 0.61400140

CWL 0.00721 0.73926 0.54656105 -0.08290 0.76666 0.59463353

PTL 0.18122 0.68055 0.49598279 -0.02339 -0.68915 0.47547230
BM: body mass; MCL: maximum carapace length; MCW: Maximum carapace width; MPL: maximum plastron length; MPW: maximum plastron 
width; HGT: height; CWL: claw length; PTL: postcloacal tail length.

DISCUSSION

The expression of secondary sex characters, 
as well as sexual dimorphism and sex ratio, were 
evaluated in a population of T. s. elegans, an exotic 
species in Brazil whose illegal trade has resulted in 
the indiscriminate abandonment of specimens in wa-
ter bodies such as those found in the Tiete Ecological 
Park. Though in members of the genus Trachemys, 
several secondary sex characteristics can be used to 
differentiate between the sexes [21,25,30,34], in the 
present study, recognition of males was performed only 
by claw length. Longer claws in males occur in T. dor-
bignyi [6,10,27,33,35,36] and T. scripta [28], differing 
from T. adiutrix [7]. Other studies have reported the tail 
as the largest variable observed in males, being wider 
at the base [9,10,12,16,24,33] and longer [7,9,16,33]. 
In the present study, tails wider at the base and at the 
tip were noted, with the length from the tip of the tail 
to the beginning of the cloaca (PTL) being smaller in 
males. This finding differed from others characteristics 
such as greater tail length (precloacal and total) ob-
served in the majority of males [7,30] and reinforced 
the claim that the degree of development of secondary 
sex characteristics varies between species as well as 
between distinct populations of the same species [19].

Corroborating the literature [6,9,10,27,33,36], 
the cloacal opening in males extended beyond the edge 
of the carapace, which was not observed in females. 
However, the presence of a triangle-like design on the 
ventral side of the tail, caudal to the cloacal opening, 
as observed in females, has not been described in 
the literature, once again reinforcing the existence of 
variation in the degree of development of secondary 

sex characteristics between species of Trachemys as 
well as between distinct populations of T. s. elegans.

Regarding CWL, male maturity was identified 
at 12.0 cm MCL, agreeing with others [6], although 
this value was inferior to that of T. dorbignyi [6,16] 
and superior to that of T. scripta from Illinois [27]. 
In females, sexual maturity occurred when the MCL 
reached 12.5 cm, a lower value than those others [6,20].

The absence of a significant difference in the 
slope coefficient in the parallelism analysis of CWL 
indicated that in males, there is a high rate of CWL 
growth as soon as sexual maturation is initiated fol-
lowed by a slowing of post-maturity CWL growth, 
whereas in females, the CWL growth rate accelerates 
after achieving a 19.0 cm MCL. The correlation co-
efficient calculated between MCL and CWL for the 
equations of both sexes was lower than for the other 
variables analyzed, possibly because CWL is not re-
lated to MCL but is related to sex.

Differences and limitations of ecological and 
physiological requirements between the sexes, mortali-
ty rates, maximum sizes attained by males and females, 
and greater reproductive success as related to size 
appear to be the causes of sexual dimorphism in body 
size [1,31]. The discriminate analysis and the principal 
components analysis (PCA) showed that CWL was the 
variable that was most discriminatory (approximately 
76.0%), followed by BM (approximately 50%). The 
pattern of distribution of characteristics that make up 
the principal components disagreed with that suggested 
by Silva [31], in which the characteristics for PC1 re-
ferred to size and mass, and for PC2, to those related 
to shape. CWL was the variable most discriminatory in 
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males, whereas in females were best distinguished by 
BM. CWL was predicted to be relevant in males due to 
the high use of claws in the mating ritual [7], whereas 
BM was expected to be relevant in females due to its 
high correlation with variables related to the carapace 
and plastron and, consequently, to an increase in re-
productive potential. Larger females produce clutches 
with a greater number and size of eggs and can lay a 
greater number of clutches per reproductive period 
[5,7]. At dissection, all females had a large number of 
vitellogenic eggs of different sizes and degrees of shell 
formation, justifying their larger mass in comparison 
to males. Female biased sexual size dimorphism also 
occurs in Trachemys dorbignyi [5,8,16,32]; T. scripta 
[27]; T. adiutrix [7] and P. expansa [29], while larger 
males occur in  Geochelone carbonaria and G. den-
ticulata [29] and in Clemmys insculpta [20].

The SDI for different populations of the genus 
Trachemys varies from 1.09 to 1.61[19], from 1.18 to 
1.19 for T. callirostris [23], and from -0.49 to 2.05 for 
T. adiutrix [7], all favoring females. In this study, the 
SDI varied from 1.21 to 2.49 in favor of females, with 
the exception of CWL, which favored males (1.90). 
The highest SDI value was observed for BM and was 
much higher than in T. adiutrix. Our SDI values for 
MPL, HGT, and CWL were also higher than in this 
species, whereas the values for MCL, MCW, and MPW 
were similar [7]. 

The rate of growth of the variable MCL was 
different between males and females and influenced the 
increase of BM, MCW, HGT, and variables related to 
the plastron, whereas the variable CWL was influenced 
only by sex. Although species of the genus Trachemys 
can reach between 20.0 and 60.0 cm in carapace length 
as adults [6] were observed values from 13.2 to 20.0 cm 
for males and from 18.6 to 29.2 cm for females [19], 
corroborating the average values of the present study. 
However, the minimum and maximum values of MCL, 
both for males and for females, were lower than those 
values observed by these authors. The unimodal ten-
dency of MCL observed for males was also described 
in males of T. dorbignyi [5,8,15,33] as well as in other 
populations of T. scripta [21], whereas the bimodal 
tendency observed for females was described only in 
males of Podocnemis unifilis [13] and in females of 
Podocnemis sextuberculata. The bimodal tendency 
appears to be a reflection of slower growth during one 
stage of the animal’s life [14].

After dissection and confirmation of sex, the 
sex ratio was shown to be slightly asymmetric (1.03 
females for 1 male). It is believed that the determinant 
factor for this asymmetric sex ratio is due to differen-
tial availability of the sexes in the pet trade and their 
release into the wild. The fact that all specimens were 
adults and that females were significantly larger rein-
forces this claim, as the abandonment of T. s. elegans 
occurs when they reach larger sizes and cease to be 
attractive as pets. A sex ratio differing from 1:1 and 
female-biased was also described by others [33] and 
contrasted with the ratio in favor of males described 
for T. dorbignyi [5,16], T. adiutrix [7] and T. scripta 
in Florida [3,4].

CONCLUSIONS

In conclusion, our results supported that even 
under unnatural conditions, sexual dimorphism and 
size in favor of females are maintained for variables 
related to mass and size. The length of the claws in 
males is the only differentiating secondary sex factor, 
which reinforces the existence of differences in the 
degree of development of secondary sex characteristics 
between species and between distinct populations of 
Trachemys scripta elegans.
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