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Abstract

Studies on turtle life history are often limited by their extended lifespans. This study investigated the growth patterns and biometric characteristics of Kinosternon 
scorpioides, a freshwater turtle species, using data collected over a 12-year period on Curupu Island, Maranhão, Brazil. Individuals were captured using traps, permanently 
marked for individual recognition, and standard biometric measurements—maximum carapace length, plastron length, tail length, body height, carapace width, and body 
mass—were recorded. Males and females exhibited similar biometric values, with the exception of tail length (greater in males) and carapace width (greater in females). 
The most frequent plastron length classes were 103 - 111 mm for males and 112 - 120 mm for females. While absolute plastron growth was comparable between sexes, 
females showed a non-signifi cant trend of greater body mass gain. A negative relationship was observed between the exponential growth rate and the geometric mean 
body size in both sexes (females: R = –0.54, p < 0.0001; males: R = –0.35, p > 0.05). Growth rates did not signifi cantly differ between sexes. These biometric and growth 
data likely correlate with reproductive characteristics and provide valuable insights into the ecological dynamics of K. scorpioides. Such fi ndings are crucial for developing 
effective conservation strategies for the species.
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Introduction

Animal life history encompasses patterns of growth, 
differentiation, energy allocation, and reproduction [1]. These 
traits are thought to have coevolved in integrated suites that 
optimize fi tness through evolutionary processes [2]. The order 
Testudines, distinguished by longevity and iteroparity, exhibits 
unique life-history strategies compared to other vertebrates 
[3]. Such traits not only confer effective antipredator defenses 
but are also intrinsically linked to body size and growth 
dynamics [3,4].

Research on turtle life histories remains limited, largely 

due to their extended lifespans which demand long-term 
data, often via mark-recapture methodologies [5]. Kinosternon 
scorpioides, a South American freshwater turtle, is widely 
distributed in Brazil, inhabiting states such as Pará, Maranhão, 
Ceará, northern Goiás, Pernambuco, and Rio Grande do Norte 
[6,7]. In Maranhão, populations occupy riparian fl oodplains 
and coastal lagoons [8,9]. Although primarily aquatic, K. 
scorpioides frequently ventures onto terrestrial habitats during 
breeding seasons [10] and estivates in dry periods by burying 
in moist substrates [4,8].

The species exhibits seasonal reproduction, with nesting 
from April to August and peak reproductive activity occurring 
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between January and March [11]. Its omnivorous diet includes 
tadpoles, small fi shes, invertebrates, algae, plant matter, and 
detritus [6,12]. Morphologically, K. scorpioidesis characterized 
by a greenish carapace with dark brown tones, cranial hinges, 
movable plastron lobes, chin barbels, and a tail claw [5,13]. 
Sexual dimorphism is pronounced, with males possessing 
concave plastra and longer tails facilitating copulation, while 
females have fl at plastra [5].

Biometric traits vary considerably across turtle taxa and are 
essential for species or subspecies discrimination [14,15], as 
well as for assessing reproductive capacity and anthropogenic 
stress [16,17]. Kinosternids are generally small to medium 
sized; K. scorpioides reaches up to 270 mm carapace length 
[5,6]. Notably, sexual size dimorphism patterns vary, with 
females larger in smaller species and males often larger in 
bigger species [6].

Body size infl uences thermoregulation and is a pivotal 
component of life-history strategies, affecting clutch size, 
predator avoidance, competition, and energy reserves [1,16,18-
20]. Growth trajectories are modulated by intrinsic factors 
such as genetic background and maternal condition [21], and 
extrinsic factors including temperature, food availability, and 
climate [22-25].

Reptiles, including turtles, generally exhibit rapid juvenile 
growth, often doubling their size in the fi rst year, followed 
by slowed growth upon reaching sexual maturity as energy 
allocation shifts towards reproduction [26-28]. Mahmoud 
[29] observed that juveniles of several kinosternid species 
grow rapidly until reaching approximately 60 mm in length, 
after which growth decelerates. Sexual size dimorphism can 
infl uence differential growth and maturation rates between 
sexes [30].

In tropical populations, growth is primarily infl uenced 
by rainfall patterns and solar radiation, which respectively 
inhibit and promote activity and metabolic rates; temperate 
populations, conversely, are more affected by the length of 
the growing season [29]. Studies on turtle growth are valuable 
because of the species’ longevity and the capacity to detect 
shell size changes over relatively short intervals [6].

This study aims to analyze biometric parameters and 
elucidate the growth patterns of Kinosternon scorpioidesin a 
Brazilian population, thereby contributing to fi lling regional 
knowledge gaps concerning its life history.

Materials and methods

Turtles were manually captured and trapped on Curupu 
Island (02°24’09” to 02°27’01” S, 44°01’19” to 44°06’52” W; 
datum WGS 84), located approximately 30 km from downtown 
São Luís, in the state of Maranhão, Brazil. The island is 
characterized by mangroves, seasonally fl ooded grasslands, 
vegetated dunes, and freshwater ponds [9]. Due to its equatorial 
location, Curupu Island experiences intense climatic variability, 
which allows for a clear division between two seasons: a rainy 
season (December to June) and a dry season (July to November) 

[31,32]. The lagoons, fi lled by rainwater during the wet season, 
can reach depths of up to 1.80 m, and may completely dry out 
during the dry season [9].

Sampling was conducted every 15 days with two-day fi eld 
stays on the island, from 2001 to 2013, through the continuous 
efforts of the Queamar Project (Chelonians of Maranhão), 
totaling 12 years of fi eld data. We used funnel-shaped traps 
made of wooden stakes and mesh, approximately 1 meter in 
length, similar to those used for lobster capture. Fish bait was 
used to attract the turtles. Traps were placed in six freshwater 
ponds of varying sizes (approximately 5 - 50 m in width).

Biometric measurements were obtained using a caliper 
with 1 mm precision, and body mass was measured with a 
digital scale accurate to 10 g. Individuals were permanently 
marked using a notching system on the marginal scutes of 
the carapace, following the coding method [33-37]. Sex was 
determined based on tail length and plastron concavity, as 
described by Trebbau and Pritchard [6]. 

We recorded the following biometric parameters for each 
individual: maximum carapace length (CL), maximum carapace 
width (CW), maximum plastron length (PL), maximum body 
height (BH), maximum tail length (TL), and body mass (W). 
Data analyses were based on a subset of records from the 
Queamar Project database, collected between 2001 and 2013. 

To describe the biometric characteristics of Kinosternon 
scorpioides, we calculated the mean values and standard 
deviations for each parameter by sex. Differences between 
males and females were assessed using analysis of variance 
(ANOVA). Individuals were grouped into size classes to evaluate 
variation in body mass and other size-related traits. Size classes 
were defi ned based on the method of Vazzoler [38], which 
calculates the range between the smallest and largest observed 
plastron lengths. The number of classes (Nc) was determined 
using Sturges’ formula [39]: Nc = 1 + (3.3 × log n), where n is 
the total sample size. This resulted in seven size classes, each 
comprising a 7 mm interval: I (66–74 mm), II (75–83 mm), III 
(84–93 mm), IV (94–102 mm), V (103–111 mm), VI (112–120 
mm), and VII (121–129 mm). 

We calculated absolute annual plastron growth (G; mm/
year) using the formula:

G = (PL_recapt − PL_capt) / ΔT, where PL_recapt and 
PL_capt are plastron lengths at recapture and initial capture, 
respectively, and ΔT is the time interval between captures 
in years. Similarly, annual body mass gain (g/year) was 
calculated. Differences in growth and mass gain between sexes 
were tested using ANOVA. 

Exponential growth rate (EG) was calculated as: EG = (log 
PL_recapt − log PL_capt) / ΔT, and compared between sexes 
using ANOVA. Additionally, to evaluate the infl uence of body 
size on growth, we performed simple linear regressions of 
EG against the geometric mean size (GS), calculated as: GS = 
√(PL_recapt × PL_capt), to minimize bias from variation in 
recapture intervals [40]. 
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Statistical analyses were conducted using Statistica 10 [41]. 
We verifi ed model assumptions by inspecting residual plots for 
normality and homoscedasticity. Where appropriate, analysis 
of covariance (ANCOVA) was used to control for the effect of 
body size (GS or CL) when comparing growth rates or biometric 
variables between sexes, allowing us to adjust for size-related 
variation and isolate the effect of sex on the parameters 
evaluated.

Results

A total of 929 individuals of Kinosternon scorpioides were 
recorded on Curupu Island. After excluding turtles that were 
never recaptured, 507 capture-recapture events remained, 
representing 113 marked individuals—54 males (208 records) 
and 59 females (234 records). For growth analyses, we excluded 
records with recapture intervals shorter than 12 months. As a 
result, 34 females and 26 males were included in the growth 
dataset.

The mean carapace length (CL) was 119.0 ± 11.4 mm for 
females and 116.0 ± 10.6 mm for males (mean ± SD). ANOVA 
results indicated no signifi cant difference in CL between sexes 
(F = 3.78, p > 0.05). However, tail length (TL; p = 0.0001) and 
carapace width (CW; p = 0.04) differed signifi cantly between 
sexes. These differences remained signifi cant when controlling 
for carapace length using ANCOVA (TL: F = 15.42, p < 0.001; 
CW: F = 4.23, p = 0.042). Overall, biometric traits were similar 
between sexes, except for TL, which was consistently shorter in 
females (Table 1). Males were most frequently observed in size 
classes V and VI, while females were more evenly distributed 
across all classes (Figure 1).

The absolute plastron growth rate (mm/year) was similar 
between sexes, and females exhibited slightly higher mean 
body mass gain (g/year) (Table 2). ANOVA results showed no 
signifi cant differences in either growth metric between sexes 
(body mass gain: F = 0.73, p > 0.05; plastron growth: F = 0.04, 
p > 0.05). ANCOVA analyses confi rmed these fi ndings after 
adjusting for geometric mean size (GS), with no signifi cant 
effect of sex on either body mass gain (F = 1.12, p = 0.29) or 
plastron growth (F = 0.85, p = 0.36).

In the smaller size classes (I to III), males exhibited higher 
average growth rates than females. From size class IV onward, 
females showed greater growth. Among females, growth rates 
declined progressively with increasing body size, indicating a 
consistent allometric trend (Figure 2).

Linear regression revealed a signifi cant negative 
relationship between exponential growth rate (EG) and 
geometric mean size (GS) in females (R = –0.54, slope = –0.28, 
p = 0.00007), suggesting reduced growth with increasing body 
size. Males exhibited a similar but non-signifi cant trend (R = 
–0.35, slope = –0.12,  p = 0.06) (Figure 3). ANCOVA indicated 
no signifi cant interaction between sex and body size on EG (F 
= 0.48, p = 0.49), and no signifi cant difference in EG between 
sexes after adjusting for GS (F = 0.37, p = 0.50). Model residuals 
met the assumptions of normality and homoscedasticity in all 
linear models.

Figure 1: Frequency distribution plastron’s length and mode of males and females 
in Kinosternon scorpioides on Curupu Island - MA, Brazil. Dotted bars represent 
females, and white bars represent males.

Table 2: Absolute growth of the plastron (mm/year) and body mass gain (g/year) ((x) 
̅ ± SD) of males and females of Kinosternon scorpioidesrecaptured between 2001 
and 2013 on Curupu Island - MA, Brazil.

  n
Plastron growth (mm/

year)
  n

Body mass gain (g/
year)

Males 26 5.06 ± 4.8   8 29.4 ± 30.2

Females 34 5.25 ± 3.7   14 38.9 ± 21.9

Table 1: Analysis of variance (F) on the values of biometric parameters between 
males and females of Kinosternon scorpioides on Curupu Island - MA, Brazil. LC: 
carapace length; LP: plastron length; WC: carapace width; BH: body height; LT: 
tail length. Min/Max: Minimum/Maximum; SD: standard deviation. The linear 
measurements are given in millimeters and weight in grams.

  Males (n = 54) Females (n = 59)    

  Mean Min/Max SD Mean Min/Max SD F p

LC 119 55/152 11.4 116 81/146 10.6 3.78 p > 0.05

LP 103 36/121 11 103.8 39/124 13.8 0.33 p > 0.05

WC 75 39/110 8 77.4 44/116 9.15 3.95 p = 0.04

BH 42 29/109 8.5 47 24/84 7.72 20 p > 0.05

LT 43 6/65 11.1 12 26-Feb 7.02 4.69 p = 0.0001

W 227 150/330 39.8 234.3 120/340 51.3 0.39 p > 0.05

Figure 2: Means distribution of the growth plastron (mm/year) in size classes of 
males and females of Kinosternon scorpioides on Curupu Island - MA, Brazil. Dotted 
bars represent females, and white bars represent males.
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Discussion

The species Kinosternon scorpioides can reach a maximum 
carapace length of 270 mm [6]. However, individuals in this 
study were considerably smaller, consistent with previous 
fi ndings in Maranhão, where maximum carapace lengths 
reached up to 139 mm [9,42]. On Curupu Island specifi cally, 
recent studies in Maranhão reported females reaching up to 
154 mm and males up to 165 mm in carapace length [42,43]. 
These size ranges align broadly with reports from Venezuela, 
French Guiana, Costa Rica, and Mexico [6,44,45]. 

Our fi rst hypothesis posited that individuals in equatorial 
regions might exhibit smaller adult sizes compared to 
populations at higher latitudes. Although this study did not 
directly measure environmental variables, the observed smaller 
mean body sizes on Curupu Island relative to other regions may 
be consistent with latitudinal variation in growth potential 
infl uenced by climatic factors such as temperature and solar 
radiation. Future studies measuring these abiotic factors are 
necessary to test their specifi c effects on growth and size in K. 
scorpioides. 

The second hypothesis addressed the potential infl uence 
of local ecological pressures on growth and reproductive 
investment. We propose that factors such as interspecifi c 
competition with Trachemys adiutrix and higher mortality 
among smaller individuals may impose energetic constraints, 
potentially delaying reproductive investment and limiting 
growth. This is supported by Medeiros, et al. [43] report of 
delayed sexual maturity in females from Maranhão, although 
direct measurements of competition or mortality rates were 
beyond the scope of this study. 

Biometric analyses revealed signifi cant sexual dimorphism 
in tail length, with males exhibiting longer tails, confi rming 
previous observations [5]. Additionally, females showed wider 
carapaces, a trait possibly linked to increased reproductive 
capacity through greater energy storage and egg production 

[3,30,46-48]. These fi ndings support the hypothesis that 
sexually dimorphic traits in K. scorpioides refl ect divergent 
selective pressures related to reproduction and mobility [42]. 

Our data indicated a broad distribution of size classes, 
including larger individuals, suggesting successful adult 
survival across multiple years—a pattern consistent with 
the life-history traits typical of turtles characterized by high 
adult survivorship and elevated juvenile mortality [30,49]. The 
predominance of larger individuals in intermediate size classes 
may also relate to behavioral or capture biases, warranting 
further behavioral ecological research. 

Although females tended to gain more body mass annually 
than males, this difference was not statistically signifi cant. 
This observation aligns with the expectation that female energy 
allocation may prioritize reproductive structures; however, 
detailed physiological or reproductive data are needed to 
confi rm this. 

The growth pattern identifi ed—declining growth rates 
with increasing body size—is typical for turtles [50,51]. This 
trend likely refl ects the shift of energy allocation from somatic 
growth to reproduction following sexual maturity [50,51]. 
The correspondence between the size at which growth rate 
declined and previously reported female maturity thresholds 
[42] further supports this interpretation. 

Sex-specifi c growth rates did not differ signifi cantly, 
consistent with observations in related species such as K. 
subrubrum [29]. However, males exhibited higher growth rates 
in smaller size classes, potentially refl ecting a life-history 
strategy favoring early maturation and reduced vulnerability 
in competitive interactions [52]. These dynamics highlight 
the importance of considering ontogenetic shifts in growth 
patterns in future studies. 

From a conservation and management perspective, 
the demographic traits observed—slow growth, delayed 
maturity, and longevity—underline the species’ vulnerability 
to anthropogenic impacts and environmental changes [53]. 
Given that K. scorpioides is heavily exploited in the Brazilian 
Amazon [54,55], and considering its life-history constraints, 
management strategies should emphasize protection of 
juvenile and subadult cohorts to enhance population resilience.

Specifi cally, conservation efforts should prioritize: (1) 
Habitat preservation and restoration of freshwater ecosystems 
critical for all life stages, including breeding and foraging 
habitats; (2) Regulation of harvest to reduce unsustainable 
exploitation, coupled with community education and 
enforcement; (3) Development of captive breeding and 
head-starting programs to improve juvenile survival, 
supported by monitoring to assess program effectiveness; (4) 
Further ecological research focused on species interactions, 
reproductive biology, and growth dynamics to inform adaptive 
management.

Incidents such as the fi re that killed approximately 100 
individuals during estivation highlight the urgent need for fi re 
management and local engagement to mitigate anthropogenic 

Figure 3: Relationship between plastron length (mm) and annual exponential 
growth rate (mm/year) in Kinosternon scorpioidesfrom Curupu Island. Each point 
represents an individual: females (open squares, n = 34) and males (fi lled circles, n = 
26). Dashed lines represent the fi tted linear regression models for each sex. Dashed 
bands represent 95% confi dence intervals of the regression lines. Residual plots 
indicated homoscedasticity and normally distributed errors.
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threats. Additionally, ongoing deforestation in the region [56] 
demands integrated land-use policies that balance human 
development with biodiversity conservation. 

This study provides essential baseline data on size and 
growth parameters critical for population modeling and 
management planning. We advocate for multi-faceted 
conservation approaches that combine habitat protection, 
sustainable use, and targeted research to ensure the long-term 
persistence of K. scorpioidespopulations on Curupu Island and 
beyond. By analyzing biometric and growth data over multiple 
years, we identifi ed size-related growth patterns, confi rmed 
key sexually dimorphic traits, and demonstrated the absence 
of signifi cant sex-based differences in growth rates. These 
fi ndings fi ll a critical gap in the understanding of growth 
patterns for K. scorpioidesin equatorial regions, where data 
from wild populations have been scarce and often limited to 
descriptive accounts. 

To strengthen conservation and management strategies for 
this species, future research should incorporate complementary 
approaches such as: (1) Telemetry studies to track movement 
patterns, habitat use, and seasonal behaviors; (2) Long-term 
reproductive monitoring to evaluate clutch frequency, nesting 
success, and age at maturity; (3) Habitat quality assessments, 
including monitoring of water bodies and vegetation structure, 
to detect environmental changes that may infl uence growth 
and survival; (4) Mark-recapture models incorporating 
survival and recruitment estimates to inform population 
viability analyses.

Together, these efforts will refi ne our understanding of 
how local ecological conditions shape life-history traits in K. 
scorpioides and support evidence-based policies for species 
conservation, particularly in the face of habitat degradation 
and exploitation. Our fi ndings serve as a foundation for future 
ecological and demographic research essential for the long-
term sustainability of this regionally important freshwater 
turtle.
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