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Abstract—We sampled Mesoclemmys vanderhaegei in the Upper Paraguay River Basin, in the Cerrado ecosystem
of Central Brazil. Populations were sampled between 2010 and 2013, and we used capture-mark-recapture
methods to determine the catchability, density, population size structure, and sex ratio of the populations. We
sampled two protected areas (Chapada dos Guimaries National Park [CGNP] and Serra das Araras Ecological
Station [SAES]) and we captured 300 individuals (77 at CGNP and 223 at SAES) and made 343 recaptures in the
two areas. Some individuals were recaptured more than once. We estimated population sizes to be 90 turtles at
CGNP and 245 turtles at SAES. Sex ratio was not significantly different from 1:1 at CGNP, whereas at SAES there
were more females than males. The population structure varied significantly between the two sampled populations
with carapace lengths of turtles at CGNP normally distributed but not at SAES. Although both areas occur within
the same ecosystem and are close to each other (180 km straight line distance), the populations possessed distinct
demographic characteristics, possibly resulting from local patterns of environmental conditions and biological
interactions.
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INTRODUCTION

Chelonians are typically thought to be long-
lived animals (Gibbons 1987), characterized by high
fecundity, slow growth, delayed sexual maturation,
high adult survivability, and low levels of survivorship
in egg and early developmental stages (Congdon et al.
1994; Litzgus and Mousseau 2004; Daigle and Jutras
2005). These life-history characteristics complicate
the management of chelonian populations in decline
(Congdon et al. 1994; Litzgus and Mousseau 2004;
Daigle and Jutras 2005) because, although adults
produce large numbers of juveniles during their lifetime,
few of these survive to sexual maturity (Iverson 1991;
Heppell 1998; Chaloupka and Limpu 2002; O’Brien et
al. 2005). The vulnerability of chelonians is exacerbated
even more by environmental problems, such as habitat
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fragmentation, pollution, introduction of exotic species,
hunting, and global climate change (Gibbons et al. 2000;
Luiselli 2003). In addition, most species of freshwater
turtles in South America are poorly known and little
studied (Souza 2004), which increases the risk of local
and/or regional extinctions (Gibbons et al. 2000).
Ecological studies that focus on population dynamics
are integral for the development of management plans
and to address slow responses to both anthropogenic
and natural environmental change (Brooks et al. 1991;
Congdon et al. 1993, 1994; Heppell 1998).

Little has been published about the ecology
of Mesoclemmys vanderhaegei due to its limited
distribution (see Vinke et al. 2013; Marques et al. 2014).
This species is often recorded in small water bodies
in oligotrophic upland areas: mountains and plateaus
between 600 and 800 m above sea level (Brandio et al.

355



Brito et al.—Population structure of Mesoclemmys vanderhaegei.

55°50'W

55°45'W

s
v

= C IIAI’ADA DOS GUIMARAES NATIONAL PARK

(CGNP)

15°25'S

Presblte r|0 :Strea m1

[, am

Congonhas Slream \‘ y

Cachoelrmha Stream Aldeia Velha Sneam"'.:“

J 1

S

|:| Political boundaries

Protected area

15°50'S

Hydrography

Serra Grande_Darn" K
L/ .

ERRA DAS ARARAS ECOLOGICAL STATION

.':_ i“‘ (SAES) \‘__.'— o ,
;. Ty % VJauquara Riv,er,,"”‘

.y

Sampling sites

S57°15'W 57°10'W

Ficure 1. Location of study areas of Mesoclemmys vanderhaegei at

Chapada dos Guimaraes National Park (CGNP) and Serra das Araras

Ecological Station (SAES) in the state of Mato Grosso (MT), Brazil.

2002; Brito et al. 2009b, 2012; Marques et al. 2014).
The species can also be found in swampy environments,
as well as in medium-sized rivers, dams, ponds, and
even in urban environments (Brito et al. 2012; Marques
et al. 2013, 2014; Vinke et al. 2013).

In the last 10 y, only short-term studies on population
structure and sex ratio (Brito et al. 2009b; Marques et al.
2013), courtship behavior (Brito et al. 2009a), parasitism
(Avila et al. 2010), digestive system anatomy (Pinheiro
et al. 2010), diet (Brito et al. 2016), morphology of the
female genital organs (Silva et al. 2017), and trophic
niche (Marques et al. 2017) have been published, along
with two general species accounts (Vinke et al. 2013;
Marques et al. 2014). Our study provides information
on the population size, sex ratio, size structure,
catchability, and recapture rates during a 34-mo period
of two populations of Mesoclemmys vanderhaegei from
the Upper Paraguay River Basin, midwestern Brazil,
including the largest population ever studied.

MATERIALS AND METHODS
Study area—We sampled populations of
Mesoclemmys vanderhaegei at two sites that are

federally controlled and provide full protection for
wildlife as Conservation Units (in Portuguese, Unidades

3

de Conservagdo; hereafter, UC) located in the state of
Mato Grosso, midwestern Brazil (Fig. 1). Both UC
occur in the Cerrado ecosystem and lie within the Upper
Paraguay River Basin. The Chapada dos Guimardes
National Park (CGNP) covers 32,630 ha and is located
in the municipalities of Chapada dos Guimardes and
Cuiaba. The 28,637 ha Serra das Araras Ecological
Station (SAES) is located in the municipalities of Porto
Estrela and Caceres, along a corridor of parallel low
mountains connecting the Amazon Forest, Cerrado, and
Pantanal ecosystems (Ross 1991). The straight-line
distance between the two protected areas is 180 km. The
climate is similar in both areas, with two distinct seasons:
dry (April to October) and rainy season (November to
March). Rainfall is most intense between January and
March, reaching 2,000 mm/y, with temperatures ranging
from 12-25° C.

The water bodies we sampled were narrow streams
characteristic of Cerrado savanna areas of the Brazilian
Central Plateau (Wantzen et al. 2006). Locally known
as corregos, these Cerrado streams are perennial, poor
in nutrients, and slightly acidic. They typically have
low electrical conductivity, and are narrow, shallow,
shaded, and surrounded by gallery forest (Ribeiro
et al. 2001), which contributes to a low variation in
water temperature (between 17-20° C; Fonseca 2005).
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TaBLE 1. Location (Datum: WGS84), area and type of water body sampled, total number of captures (Cap.), number of recaptures in the
sampling sessions 2" to 9", and total number of recaptures (Recap.) of individuals of Mesoclemmys vanderhaegei in two sampling sites:
Chapada dos Guimaraes National Park (CGNP) and Serra das Araras Ecological Station (SAES), Brazil.

Sampled Number of recaptures on each sampling session
Sites/streams area (m?) Sampled habitat Coordinates  Cap. 2 3 4 5 6 7 8 9 #Recap
CGNP
Congonhas 2400 lotic 15°23'02"S 27 2 5 3 1 3 4 5 2 25
55°5028"W
Independéncia 8020 lotic 15°24'59"S 12 1 5 1 1 3 1 2 2 16
55°5029"W
Presbitério 1270 lotic 15°25'02"S 26 4 6 3 1 2 4 5 2 27
55°50'49"W
Aldeia Velha 1 1455 lotic 15°26'09"S 2 1 1 1 0 0 0 0 1 4
55°45'43"W
Aldeia Velha 2 496 lentic (dammed) 15°26'08"S 10 o o0 o0 o0 0 o0 1 1 2
55°45'45"W
SAES
Jauquara 2860 lotic 15°46'09"S 23 1 3 0 0 0 O 0 O 4
57°13'10"W
Pindeivar 2120 lotic 15°49'31"S 62 8 7 8 2 3 5 14 6 53
57°17'14"W
Serra Grande 3456 lotic and lentic 15°49'43"S 138 44 44 27 21 14 14 20 28 212
(dammed) 57°1723"W

Cerrado streams usually have rapids and waterfalls of
various sizes (Fonseca 2005). However, two of the
sampled water bodies were dammed and, consequently,
more lentic in some sections (Table 1).

We sampled eight 1% and 2™. order water bodies;
three at SAES, located at about 800 m the plateau of
Serra Grande to about 550 m the Jauquara River valley,
and five at CGNP on the Guimaraes plateau at about 600
m above sea level (Table 1, Fig. 1; see also Vinke et
al. 2013; Marques et al. 2014). Three water bodies had
been previously sampled at CGNP in 2007 (see Brito
et al. 2009D), resulting in 38 captured-marked-released
individuals: Aldeia Velha (n = 17), Independéncia (n =
8), and Congonhas streams (n = 13). Although all the
water bodies sampled are located in protected areas,
there is still evidence of disturbances from livestock
raising, practiced in the vicinity of the reserves or even
(more rarely) inside them. Tourists visiting the waterfalls
may also have some negative impacts on turtles.

Species data.—We collected data between November
2010 and August 2013, during nine sampling sessions
at each site (SAES: November 2010; June, September
and November 2012; April, June, August and November
2012; May 2013; CGNP: December 2010; April and
September 2011; May, September and November 2012;
April, June and August 2013). Sampling did not occur
during heavy rains (between January-March each year),
because most streams have a solid bedrock channel and
any sudden increase in the volume of water could lead

to the drowning of animals captured in traps. We used
funnel traps 1.2 m in length (Brito et al. 2009b), baited
with a mixture of beef and fish-flavored cat food (Legler
1960; Vogt et al. 2012; Balestra et al. 2016). For each
sampling, we installed 10 traps on the margins or in the
center of each stream. In lotic streams, we installed the
traps at an average distance of 50 m from each other
over a 500 m stretch of stream. In dammed streams, we
installed four traps on the Aldeia Velha 2 and six traps on
the Serra Grande. In all streams, we operated the traps
continuously for six 24-h periods, and we checked once
a day, early in the morning. We sampled each site for a
total of 54 d (6 d x nine samples). Our sampling effort
totalled 10,800 trap-hours at each sampled lotic stream,
4,320 trap-hours at the Aldeia Velha 2, and 6,480 trap-
hours at Serra Grande.

We marked each captured turtle individually using
a system of rectangular cuts in marginal scutes of the
carapace, adapted from Ferner (1979). We determined the
sex of the captured individuals by examining secondary
sexual characteristics (males having a more elongated
tail than females) and measured carapace length
(CL; to the nearest 0.05 mm) with a 300 mm Vernier
calliper. We obtained the body mass with Pesola®
spring balances (Pesola AG, Chaltenbodenstrasse,
Schindellegi, Switzerland) of the following capacities:
100 g (0.1 g precision), 1,000 g (1.0 g precision), and
5,000 g (100 g precision). We could not determine the
sex of individuals < 116 mm CL with certainty and
hence we classified them as juveniles. We classified the
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FiGure 2. Total number of captures+recaptures in nine samples (S1-S9) of juveniles (J; dark grey bars), males (M; medium gray bars),
and females (F; light grey bars) of the turtle Mesoclemmys vanderhaegei in Chapada dos Guimaraes National Park (CGNP; left graph)
and Serra das Araras Ecological Station (SAES; right graph) in the state of Mato Grosso, Brazil.

individuals >116 CL as male or female, irrespective of
their reproductive status, as the age of sexual maturation
for both sexes is unknown in M. vanderhaegei. After
labeling and biometrics, we released the individuals in
their place of capture.

Statistical analyses—We estimated populations
using a hierarchical closed population mark-recapture
model (Kéry and Schaub 2012). Under such a
hierarchical model structure, it is possible to separate the
effect of detectability (observer error) from the estimate
of population size, the variable of interest (Royle and
Dorazio 2008). We used parameter-expanded data
augmentation (Royle et al. 2007) and a zero-inflated
version of the model to run the analysis. The procedure
consisted of randomly including a number of individuals
with all-zero encounter histories in the data matrix. We
included 400 individuals in SAES, and 150 individuals
in CGNP encounter-history matrices. We estimated the
parameters in a Bayesian structure using WinBUGS,
operated by R with the R2ZWinBUGS package. We used
three chains, with 10,000 iterations each, and discarded
the first 2,500 in the burn-in phase (Kéry and Schaub
2012). We estimated the parameters only for the model
with a time effect on detection probability (p)—the
model Mt from Otis et al. (1978).

We generated two cumulative frequency plots for
each population, one using data on new individuals
captured during the study, the other using all individuals
(including recaptures). We used a chi-square test to
determine whether the sex ratio differed from 1:1 in
each of the two populations, employing only those
individuals captured for the first time for which we
could determine sex. We also used a chi-square test
to determine whether the sex ratio differed seasonally,

considering all captures and recaptures in both of the
two per stream samplings. We recorded the recapture
instances only once per sampling period. We used a
Kolmogorov-Smirnov test to compare the size (CL)
distribution of individuals among the two sampled
populations, considering only the number of captures,
and a Shapiro-Wilk test to check normal distribution of
the size class frequencies. We performed all statistical
analyses using R software (R Development Core Team
2014) and used o = 0.05 for all tests.

RESULTS

Over all nine samples, we captured 300 specimens:
77 (26%) from CGNP and 223 (74%) from SAES. At
CGNP, we captured males most frequently (31; 40%),
followed by females (27; 35%) and juveniles (19; 25%).
At SAES, we captured females in greatest numbers
(110; 49%), followed by males (73; 33%) and juveniles
(40; 18%) (Figure 2). We captured individuals of both
sexes and life stages over all samples at CGNP, with
juveniles only being absent from the smallest sample
(September 2012). We captured juveniles in lower
numbers at SAES, though they were recorded in all the
samples from this location (Fig. 2).

The first sample returned the highest number of
captures in both areas. However, the first four samplings
at SAES accounted for 80% of all captures (n = 177).
At CGNP the captures were more evenly distributed
over the nine samples, with the first four accounting for
just over half the captures (64%; n = 50; Table 1). We
recaptured 343 turtles, 74 (22%) at CGNP and 269 (78%)
at SAES (Table 1), and we recaptured 163 turtles (54%)
at least once. At CGNP, we recaptured more females,
including up to four sequential recaptures of the same
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Ficure 3. Cumulative frequency of the number of individuals of Mesoclemmys vanderhaegei captured (closed circles) and the number
of individuals captured-+recaptured (open circles) along 54 sampling days between November 2010 and August 2013 in: Chapada dos
Guimaraes National Park (CGNP; left graph) and Serra das Araras Ecological Station (SAES; right graph), state of Mato Grosso, Brazil.

individual, while at SAES que recaptured the males
most frequently, with individual records of up to eight
recaptures, the maximum number of recaptures across
the nine samples (Table 2). The cumulative frequency
of individuals captured at SAES showed a tendency
to stabilize, unlike that from CGNP. However, when
the recapture rates are included, neither site showed a
tendency to stabilize (Fig. 3). Of the 38 individuals
captured in 2007 at CGNP, we recaptured just one
animal (a female) in the two years following the start
of re-sampling (2012). This is equivalent to a recapture
rate of 2.6% after 5 y since initial capture. Population
size was estimated to be 91 individuals (SD = 5.00;

TaBLE 2. Number of females, males, and juveniles of Mesoclemmys
vanderhaegei recaptured from one to eight times during nine
sampling sessions in the Chapada dos Guimardes National Park
(CGNP) and Serra das Araras Ecological Station (SAES), Brazil.

Number of individuals
1 2 3 4 5 6 7 8

CGNP
Females 6 1 6 2 0 0 0 0
Males 14 4 0 0 0 0 0 0
Juveniles 3 5 0 1 0 0 0 0
Total 23 10 6 3 0 0 0 0
SAES
Females 34 13 14 13 6 0 0 0
Males 19 9 0 0 0 1
Juveniles 12 5 0 0 0 0 0 0
Total 65 27 20 13 6 0 0 1

95% credible interval/Bayesian confidence interval =
83-103; ¢ = 1.001) at CGNP, and 245 individuals (SD
= 5.70; 95% credible interval/Bayesian confidence
interval = 235-257; ¢ = 1.001) at SAES. Detection
probability (p) varied along the capture sessions in both
populations (Table 3).

The overall sex ratio for the SAES population was
significantly skewed to females (1.0M:1.5F; y* = 8.13,
df=1, P=0.004), a result that was repeated in six out of
nine sampling sessions. Overall, the sex ratio at CGNP
was 1.0M:0.87F, which is not significantly different
from 1:1 (> =0.27, df = 1; P=0.599), and there was no
variation among the nine samples at this location (Table
4). The frequency distribution of population size classes
varied significantly between the two sampled areas (D
= 0.18; P = 0.043). The distribution departed from
normality at SAES (W = 0.95; P <0.006), with a higher
frequency of individuals in the 151-170 mm CL size
category. At CGNP, the distribution of population size
classes was normal (W = 0.98; P = 0.542), even though
there were two peaks of higher capture frequency, one
between 91-110 mm CL and another (larger) peak
between 131-150 mm CL (Fig. 4).

DiscussioN

The population size of Mesoclemmys vanderhaegei
at SAES is the largest recorded for the species. Previous
studies have reported 80 individuals in small streams
at CGNP and adjacent areas (Brito et al. 2009b), and
31 individuals in ponds within a silvicultural system
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FiGure 4. Frequency distribution of size classes of Mesoclemmys
vanderhaegei captured at Serra das Araras Ecological Station
(SAES; light grey bars) and Chapada dos Guimaraes National Park
(CGNP; dark greybars) in the state of Mato Grosso, Brazil.

in southeastern Brazilian (Marques et al. 2013). The
overall recapture rate of 54%, recorded for the two
populations studied during our medium-length study,
is higher than the maximum rate recorded (39%) in a
previous short-term study (24 h sampling intervals
along seven consecutive days) of a closed population
from CGNP (Elizangela Brito, unpubl. data). In the
present study, only one of the individuals previously
marked and released in 2007 by Brito et al. (2009b) was
recaptured, five years after initial capture. Terrestrial
movements, possibly in the search for more suitable
habitats, were recorded for Mesoclemmys vanderhaegei
from Chapada dos Guimaraes (Brito et al. 2012) and
could explain this low recapture rate. Low recapture
rates after long sampling intervals could also be due to
mortality, migration, or extensive home ranges.

Studies of Hydromedusa maximiliani (Souza and
Abe 1997) and Acanthochelys spixii (Neto et al. 2011),
two other chelids in small streams and ponds, reported
similar rates of recapture (52 and 77%, respectively)
to those recorded in the present study. However, the

recapture rates were much lower (2.4%) in another chelid
species, Phrynops geoffroanus, which inhabits both
small streams in urban environments (Souza and Abe
2001) and large rivers such as the Guapore in western
Brazil (Richard Vogt, unpubl. data). Podocnemidid
species have also demonstrated variation in recapture
rates, for example: Podocnemis unifilis (recapture
rates around 5%; Fachin-Teran and Vogt 2004) and
P sextuberculata (3.5%; Fachin-Teran et al. 2003),
compared with P. erythrocephala (16%; Bernhard and
Vogt 2012) and Peltocephalus dumerilianus (29-31%;
De La Ossa and Vogt 2011). The high recapture rates
recorded in the present study may be a consequence of
an interaction between sampling method and the type
of environment studied. Funnel traps, adapted in our
study to capture turtles in small aquatic habitats with
reduced flow rates, were apparently efficient and did
not cause trap shyness nor subsequent trap avoidance.
Mesoclemmys vanderhaegei is omnivorous and readily
attracted to baited traps, while most Podocnemis species
are primarily vegetarian and not attracted to baited traps
because food is not a limited resource for these species
(Richard Vogt, unpubl. data).

The first sampling session returned the highest
number of captures in both areas. In the dammed Serra
Grande stream, 26 individuals were captured in one trap.
We credit this to the level of water in the water bodies
on that occasion, the lowest observed during the study
period. In some cases, newly released individuals were
found to have returned to the traps within 10 min of
their release, suggesting that these turtles had become
trap-happy (Nichols et al. 1984; Deforce et al. 2004).
In addition to the bait, insects and fish got caught in the
funnel traps; such items would represent easy prey and
could therefore attract the turtles.

Streams located on the plateau area at the top of
Serra Grande in SAES (the Pindeivar stream and the

TaBLE 3. Detection probability (p) and population size (n) for two populations of Mesoclemmys vanderhaegei, sampled in Chapada
dos Guimardes National Park (CGNP) and Serra das Araras Ecological Station (SAES), state of Mato Grosso, Brazil (SD = standard

deviation).
CGNP SAES

Sampling mean SD 2.5% 97.5% mean SD 2.5% 97.5%
n 91.219 5.004 83.00 103.00 244.534 5.702 235.000 257.000
p[1] 0.301 0.05 0.21 0.405 0.503 0.034 0.437 0.569
pl2] 0.204 0.043 0.127 0.295 0.329 0.031 0.27 0.392
p(3] 0.323 0.052 0.228 0.428 0.28 0.029 0.224 0.338
pl4] 0.129 0.035 0.068 0.205 0.207 0.026 0.158 0.261
p[5] 0.043 0.021 0.012 0.094 0.118 0.021 0.08 0.161
pl6] 0.184 0.042 0.111 0.273 0.102 0.019 0.067 0.143
pl7] 0.236 0.046 0.153 0.331 0.105 0.02 0.07 0.146
p[8] 0.162 0.039 0.093 0.245 0.215 0.027 0.166 0.269
p[9] 0.14 0.037 0.076 0.221 0.175 0.025 0.129 0.226
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TABLE 4. Sex ratios for two populations of Mesoclemmys vanderhaegei, sampled in the Chapada dos Guimaraes National Park (CGNP)
and Serra das Araras Ecological Station (SAES), state of Mato Grosso, Brazil. The results of y* and a probability value (P) lower than
0.05 (values in bold) indicate whether the sex ratio deviates significantly from 1:1; “»” represents the total number of catches (including
captures and recaptures) during each sampling session. Missing values could not be calculated due to small sample sizes. All analyses

had df = 1.
CGNP SAES

Sampling session Sex ratio (M:F) n Va P Sex ratio (M:F) n Va P

1 1:1.44 22 0.72 0.39 1:1.87 118 10.98 <0.01
2 1:0.89 17 0.05 0.80 1:1.67 75 4.81 0.02
3 1:2.00 24 2.66 0.10 1:2.70 63 13.34 <0.01
4 1:2.00 9 - - 1:1.58 44 2.27 0.13
5 1:0.50 3 - - 1:3.6 23 7.34 <0.01
6 1:2.25 13 1.92 0.16 1:8.50 19 11.84 <0.01
7 1:0.44 13 1.92 0.16 1:1.83 17 1.47 0.22
8 1:0.28 9 2.77 0.09 1:3.5 36 11.11 <0.01
9 1:0.66 5 - - 1:1.91 35 3.45 0.06

Serra Grande dammed stream) had the highest numbers
of individual M. vanderhaegei among the studied water
bodies. The Serra Grande plateau is isolated by waterfalls
and cliffs and had a lower number of aquatic predators,
such as the Green Anaconda, Eunectes murinus, the
Cuvier’s Dwarf Caiman, Paleosuchus palpebrosus,
and Neotropical River Otter, Lutra longicaudis,
compared to larger, lower altitude water bodies at at
SAES (Instituto Chico Mendes de Conservagdo da
Biodiversidade 2016). In addition, in lower altitude
habitats, Phrynops geoffroanus, a possible competitor,
occurs sympatrically with M. vanderhaegei. There
are no records of P. geoffroanus in the water bodies
studied at CGNP, although this species, together with
E. murinus and P. palpebrosus, occur in nearby streams
and rivers (Striissmann 2000). The population of M.
vanderhaegei at CGNP is less abundant than at SAES
but appears stable since 2007 when it was quantitatively
evaluated for the first time (Brito et al. 2009b). Besides
predation pressure and competition, other ecological
constraints such as food and shelter availability, as well
as recruitment, can directly influence turtle abundance
(Vogt and Benitez 1993; Freilich et al. 2000; McMaster
et al. 2006).

In turtles, a skewed sex ratio is often related to
such demographic factors as temperature-dependent
sex determination, differential mortality of the sexes,
differential activity (emigration, imigration, habitat use),
as well as to sample size and sampling methods (Bury
1979; Gibbons 1990; Edmonds and Brooks 1996; Smith
2002). Several of these aspects are unknown for M.
vanderhaegei or are not yet published. At SAES, older
males with carapace lengths of 159-202 mm have lower
annual apparent survival probabilities than females in
the same size category (Elizangela Brito, unpubl. data),
which may explain the female-biased sex ratio observed
at this location. The sampling method was the same

in the two areas studied, and we recorded sex ratio
deviations in only one of them. Therefore, we cannot
attribute the recorded differences in M. vanderhaegei
sex ratios to a possible selectivity of traps.

Very small and very large individuals were less
abundant than intermediate-sized individuals, in both
populations of Mesoclemmys vanderhaegei studied, as
is common in other populations of freshwater turtles
(e.g., Edmonds and Brooks 1996; Souza and Abe 2001;
Fachin-Teran and Vogt 2004; Litzgus and Mousseau
2004). Size structure, however, differed in the two
Mesoclemmys vanderhaegei populations studied: the
distribution of population size classes was normal at
CGNP, and right-skewed at SAES. There are a number
of factors that are capable of imposing changes on
the population structure of turtles including, isolation,
human disturbance, and differential mortality between
size classes or sex (Nazdrowicz et al. 2008). In marine
turtles, developmental migration and adult movements
between feeding and breeding sites can also determine
changes in population structure (Meylan et al. 2011).
Because the area of occupancy of M. vanderhaegei is not
subject to severe fragmentation, and because individuals
in our study, especially those > 116 mm CL, were mostly
recaptured in the same location of the first capture, it
is unlikely that isolation and migration events have
impacted the structure of the populations during the 34
mo of study. Even though we failed to detect any single
local factor responsible for the differences found during
the study in population attributes, our study contributes
to a better understanding on how natural populations
of Mesoclemmys vanderhaegei are structured and how
their attributes can vary, even in apparently similar
landscapes within the Cerrado ecosystem.
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