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Abstract

Movement and habitat use of female subadults of Podocnemis expansa (Testudines:
Podocnemididae) in northern Brazil. The Giant South American River Turtle, Podocnemis
expansa, is recognized for its social interactions across all sexes and age/size groups. Its
movement patterns, especially those of subadults, are poorly understood. Movement is a
crucial factor for the effective conservation and management of wildlife. From October
2010 to September 2011, using VHF radio-tracking methods, we studied the movements of
eight subadult females in the Trombetas River Biological Reserve (REBIO do Rio
Trombetas) in Pard State, Brazil. We observed subadult females utilizing lake-channel
systems near the Trombetas River with their movement rates positively influenced by their
size and negatively by the water level of the river. Individuals remained in the flooded
forest (igapd) during flooding, likely feeding on fruits and seeds. During the nesting season,
we observed interactions between adult and subadult females near the nesting sandbanks.
The proximity of subadult and adult Giant South American River Turtles suggests that
social interactions, such as learning reproductive and nesting behaviors, could be vital for
the movement of subadult females, going beyond simple resource availability.

Keywords: Amazonian turtles, Home range size, Radio-tracking, Social behavior, Water
level.
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Resumo

Movimentacio e uso do habitat de fémeas subadultas de Podocnemis expansa (Testudines:
Podocnemididae) no norte do Brasil. A tartaruga da Amazonia, Podocnemis expansa, é reconhecida
pelas suas interagdes sociais em todos os sexos e grupos de idade/tamanho. No entanto, seus padroes
de movimento, especialmente os dos subadultos, sdo pouco conhecidos. O movimento é um fator
crucial para a conservacdo e gestdo eficaz da vida selvagem. De outubro de 2010 a setembro de 2011,
usando métodos de monitoramento de radio VHF, estudamos os movimentos de oito fémeas
subadultas na Reserva Bioldgica do Rio Trombetas (REBIO do Rio Trombetas), no Estado do Par4,
Brasil. Observamos fémeas subadultas utilizando sistemas de lagos e canais proximos ao rio
Trombetas, com suas taxas de movimentacdo influenciadas positivamente pelo seu tamanho e
negativamente pelo nivel da agua do rio. Os individuos permaneceram na floresta inundada (igap6)
durante a cheia, provavelmente se alimentando de frutos e sementes. Durante a época de nidificagdo,
observamos interagdes entre fémeas adultas e subadultas proximas aos bancos de areia de nidificagdo.
A proximidade entre subadultos e adultos sugere que interagdes sociais, como o aprendizado de
comportamentos reprodutivos e de nidificacdo, podem ser vitais para o deslocamento de fémeas
subadultas, indo além da simples disponibilidade de recursos.

Palavras-chave: Comportamento Social, Nivel da d4gua, Radiotelemetria, Tamanho da érea de vida,

Tartaruga-da-amazonia.

Introduction

Turtles in the Family Podocnemididae Cope,
1868 exhibit movement patterns and habitat use
that are closely linked to changes in water levels
that result from the annual flooding of Amazonian
rivers (Fachin-Téran et al. 2006, Leite 2010, De
la Ossa and Vogt 2011, Perrone ef al. 2014, Leao
et al. 2019). Research on chelonian movement in
Amazonia remains limited. Understanding
animal movements and interactions, as well as
how environmental processes shape species
distributions, helps develop targeted conservation
strategies, manage natural resources sustainably,
and predict how species might respond to
environmental changes such as habitat loss,
climate change, and human disturbances (Famelli
2013, Hussey et al. 2015, Cueva et al. 2018).
Radio-tracking studies are essential for
understanding life history and determining
ecological patterns in wildlife populations
(Magnusson et al. 1997, Hussey et al. 2015,
Famelli et al. 2016, Ledo et al. 2019). Over the
past decade, radio-tracking studies on freshwater
turtles have increased substantially, generating
valuable insights into movement patterns, habitat

use, seasonal migrations, linear displacements,
and comparisons between methods for measuring
home range sizes (Ribeiro ef al. 2024). Despite
this progress, significant gaps persist in our
knowledge of most species in the Neotropical
region, which is especially concerning given the
region’s high endemism and exceptional diversity
of freshwater turtles (Ribeiro et al. 2024). The
Giant Amazonian River Turtle, Podocnemis
expansa (Schweigger, 1812), is the largest South
American freshwater chelonian found in the
basins of the Orinoco and Essequibo rivers and
the drainages of the Amazon River, spanning
Colombia, Venezuela, Guyana, northwestern
Peru, eastern Ecuador, northern Bolivia, and
northern and central-western Brazil (Rueda-
Almonacid et al. 2007, Ferrara et al. 2017,
Forero-Medina et al. 2019). The species also
migrates over hundreds of kilometers (Pezzuti et
al. 2004, Carneiro and Pezzuti 2015), and, as the
largest member of Podocnemididae, it is expected
to show the largest home ranges among the
species within the taxonomic group. Therefore,
studies on the movements of P. expansa will
provide valuable insights into the biology of
Amazonian chelonians.
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Although individuals of P expansa with
carapace lengths exceeding 1 meter were once
commonly observed in Amazonian rivers (Ernst
and Barbour 1989), sightings of such large
specimens have become rare. This decline is
primarily attributed to the historical loss of adult
females during nesting activities, as evidenced
by the reduction in the number of hatchlings
released annually in certain areas inhabited by
P expansa, despite decades of nesting site
protection (Cantarelli 2006, Vogt 2008, Forero-
Medina et al. 2019, Lacava et al. 2024). Females
of the species reach sexual maturity around 50
cm (Alho and Padua 1982a, von Hildebrand et
al. 1997), whereas males mature around a
carapace length of 30 cm (Portelinha ef al. 2013,
2014). The species is fully aquatic, with large
groups of females observed aggregating in the
water during the dry season, when sandy nesting
beaches emerge, and leaving the water as a
group in what is known as arribada nesting
(Alho and Padua 1982a, b, von Hildebrand et al.
1997, Hernandez et al. 1998, Rueda-Almonacid
et al. 2007, Simoncini et al. 2022). Among
freshwater chelonians, P. expansa is undoubtedly
one of the most social turtle species worldwide
(Ferrara et al. 2013, 2014). This species exhibits
a complex vocal repertoire and audible
communication across all age categories,
coordinating mass nesting, nights without
nesting, synchronized emergence of hatchlings
from nests, and post-hatchling parental care
(Ferrara et al. 2013, 2014, Jorgewich-Cohen et
al. 2024).

Extensive exploitation of P. expansa since
the late 18" century has driven significant
population declines. This species has been
severely targeted by humans for its high
nutritional-value protein and subjected to illegal
trade in clandestine markets (Bates 1863, Smith
1979, Rebelo 2002, Pezzuti et al. 2004, Cantarelli
2006, Rueda-Almonacid et al. 2007, Forero-
Medina et al. 2019). As a result of ongoing
threats, P expansa has recently been reassessed
and is presently in the process of being
categorized as Endangered by the International
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Union for Conservation of Nature Red List of
Threatened Species (IUCN; C. R. Ferrara et al.
pers. obs.). In the Trombetas River Biological
Reserve, Para, Brazil, human impact has caused
the number of nesting females to drop from over
8000 in 1976 to just 850 in 1989 and further
declining to fewer than 350 females since 2008
(Ferrara et al. 2010, Forero-Medina et al. 2019).
In this context, understanding the movement
patterns and home range needs of P. expansa in
the Trombetas River is essential, especially as
this region once harbored one of Brazil’s largest
populations of P expansa, with significant
decreases over the years (Forero-Medina et al.
2019). Examination of movement patterns across
various size classes and life stages is critical to
informing  effective, targeted management
strategies.

Concerns about significant declines in P.
expansa populations have driven numerous
research and conservation approaches in
Amazonia, compelling scientists, NGOs, and
community programs to implement protective
strategies aimed at understanding and preventing
the underlying causes, ecological impacts, and
potential conservation measures to protect and
restore this endangered species (Forero-Medina
et al. 2019, Andrade et al. 2022). Despite being
extensively studied, conservation efforts for
Amazonian chelonians primarily focus on
safeguarding nesting sites to protect females and
the early life stages (eggs and hatchlings)
(Cantarelli 2006, Miorando ef al. 2013, Cantarelli
et al. 2014). A significant research gap exists
concerning other life stages of P expansa,
particularly subadults, which are crucial in the
population’s transition to adulthood (Pritchard
and Trebbau 1984, Cantarelli 2006). There is
evidence, however, that prioritizing the survival
of juveniles and adults over fecundity is the most
effective conservation strategy for reversing
population decline (Mogollones et al. 2010).
Given the scarcity of data on ontogenetic shifts
of the movement, activity, home range sizes, and
habitat of P. expansa, this study aimed to
elucidate these aspects by radio-tracking subadult
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females throughout the hydrological cycle in the
Biological Reserve of Trombetas River, Para.
This study (a) evaluates the effect of the
Trombetas River level on the average monthly
distance traveled by individuals; (b) estimates
their areas of use or home range sizes; (c)
assesses the degree of overlap and social
interactions in areas of use; (d) and characterizes
habitat use across dry-flood periods.

Materials and Methods
Study Area

The Trombetas River Biological Reserve
(REBIO Trombetas: 00°39-01°29' S, 56°17'
—57°03" W) covers approximately 385,000 ha,
and is situated in the municipality of Oriximina,
Par4 state, Brazil. This area encompasses a
significant portion of the northeastern region of
Para and is nestled within the Amazon Basin in
the interfluve of the Trombetas and Acapu rivers
(Figure 1). The Trombetas River is a clear-
water river that extends 800 km toward the
Venezuelan border and is the second largest
tributary on the left margin of the Amazon
River (IBAMA and STCP 2004). Many species
of Podocnemis utilize the large sandbanks in
the region for nesting during the dry season.
These large nesting sites provided critical
habitat for the reproduction of turtles; thus,
their presence was instrumental in the creation
of the reserve in 1979 (IBAMA 1989). The
biologically diverse area within the REBIO do
Rio Trombetas encompasses a rich array of
aquatic habitats, including numerous lakes and
channels that flow into the rivers (IBAMA and
STCP 2004).

The REBIO do Rio Trombetas represents a
unique and ecologically significant area within
the Amazon region, offering valuable insights
into the intricate relationships between
hydrology, biodiversity, and human communities
(IBAMA and STCP 2004, Eisemberg et al.
2016). Traditional communities, including
riverine and quilombola communities, occur in

the reserve and use chelonians for their
subsistence. The area faces threats from illegal
harvesting and egg collection, posing challenges
to the conservation of turtles, especially related
to enforcement (Eisemberg ef al. 2016).

Data were collected along a stretch of
approximately 20 km of the Trombetas River,
covering an area of 70 km? in the central region
of the river. This area includes the Jacaré and
Leonardo lakes, as well as nearby systems such
as the Farias and Abelardo system lakes (Figure
1). Additionally, the study site also comprises
seasonally flooded forest areas during the high-
water period.

Trombetas River Cycle

The Amazon Basin can be divided into four
hydrological seasons related to the rising and
falling of the level of the rivers. In the REBIO
do Rio Trombetas, the water level is at its lowest
in October and November. Rain begins in late
November, and the rivers begin to rise, flooding
the forests and reaching its peak in March and
April. As the rain diminishes in intensity, the
water gradually recedes until the forest is no
longer flooded by late August, when the turtles
begin congregating to migrate to the nesting
beaches (Alho and Padua 1982a, Ledo et al.
2019). The seasons in the Trombetas River
include four stages: (a) Receding (falling water
level), which generally happens from July to
October; (b) Dry (lowest water level), October to
December; (c) Flooding (water level rising
gradually), December to April; and (d) Full
(highest water level), April to June.

The water level of the Trombetas River was
expressed in meters, representing the difference
in water column level relative to the average
level of the Atlantic Ocean (cota) in Brazil.
Elevation values were obtained from the “Base
Tabuleiro” river gauge station provided by the
National Water Agency (ANA). Based on daily
elevation data from October 2010 to September
2011, four phases of the hydrological cycle were
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Figure 1. (A) Geographical boundaries of the Trombetas River Biological Reserve (REBIO do Rio Trombetas),
highlighting the border with the Saracad-Taquera National Forest (FLONA Saraca-Taquera), Para state,
northern Brazil. The satellite image in the upper right corner (B) shows a section of the Trombetas River
within the limits of the REBIO and FLONA, marked by the red circle, extending to the mouth of the
Trombetas River on the left bank of the Amazon River. (C) Sampling area, highlighting Jacaré, Leonardo,
Abelardo, and Farias lakes. Along the main course of the river are sandbanks (marked in pink) that emerge

during the dry season.

established for the entire sampling period (Figure
2; Bittencourt and Amadio 2007).

Capture, Marking, and Morphometry

Between October and December 2010, and
from April to June 2011, we captured a total of
14 turtles using trammel nets and active search
(Enriquez-Mercado et al. 2024). Individuals
were marked by notching marginal scutes of the
carapace, following established mark-recapture
protocols (Cagle 1939). We obtained the straight-
line carapace length (SLC) and the body mass
(BM) of each individual using caliper and spring
scale dynamometers, respectively (Enriquez-
Mercado et al. 2024). Sex was determined by
observing the opening angle of the anal plate and
the size of the tail (larger in males) (Vogt 2008).
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Radio-tracking: Fitting and Operation

We selected 12 subadult females to be
equipped with the VHF radio-transmitters (AVM
Instrument Co. Model MP2, California, USA).
This selection was based on criteria including
CL measurements lower than the minimum
maturation size established in the literature (50
cm for females; Alho and Padua 1982a, von
Hildebrand et al. 1997) and compatibility of
individual mass with that of the radio-transmitter,
ensuring it did not exceed 10% of the individual’s
BM (Jacob and Rudran 2006). The radio-
transmitter device operates on a single frequency
of radio waves between 164 and 165 MHz. We
affixed the devices to a turtle’s carapace using
Tubolit® underwater glue, positioned on the 2"
and 3" vertebral shields. After installation,




Souza et al.

o
-
J

H
©
|

H
~
|

H
w
|

Monthly river level (m
H
(&)
1

-
-

T T

IOIN|D>IJIFIMIAIMYJIHJIA S

dry flooding full receding

Figure 2. Monthly level of the Trombetas River (m)
between October 2010 and September 2011
at Trombetas River Biological Reserve, Para
state, northern Brazil.

turtles were kept in empty fiberglass tanks for 24
hours to allow the glue to completely adhere to
the carapace before being released at the capture
sites. The carapace length (CL) of turtles
monitored ranged from 20 to 40.2 cm
(28.3 £ 2.4) and body mass (BM) from 0.9 to
6.6 kg (29 + 0.7). To capture the radio-
transmitter’s signal we used a three-element Yagi
model unidirectional antenna connected to a
powered radio receiver (ATS Model R2000
Scientific Receiver) via a two-meter-long coaxial
cable. An external 12V battery powered the
receiver. To minimize external noise interference,
we utilized a headset during tracking.
Additionally, a wooden stick approximately 1.7
meters in length was employed to raise the
antenna, thereby increasing the signal reception
range in open areas (Jacob and Rudran 2006).
We lost the signal from four subadult females the
day after their release and were unable to locate
them for the entire study period. Therefore, only
eight subadult females were monitored.

The digital memory of the radio receiver
facilitated the storage of transmitter frequencies.
We used the receiver’s scanner function to
perform periodic scans of these stored frequencies
at eight-second intervals, ensuring each radio-
tagged turtle had an equal chance of being

detected. After we recorded the location, we
removed the corresponding frequency from the
receiver’s memory. Given the limited visibility
caused by the dark water color in lakes and
flooded forests, we directed the antenna toward
the area with the strongest signal, disconnected
the coaxial cable and headphones, and confirmed
the location only upon hearing the distinct signal
emitted by the receiver (Jacob and Rudran 2006).

The radio-tracking data were collected four
to six times per week from October 2010 to
September 2011, encompassing a complete
hydrological cycle. Each turtle was tracked once
daily to minimize the risk of losing its location,
with a minimum 24-hour interval between
consecutive readings to mitigate temporal
autocorrelation effects and ensure statistical
independence (Swihart and Slade 1985). Each
location record included the date, time,
geographic coordinates obtained using a Garmin
GPS device (maximum satellite error of eight
meters), and details regarding the environmental
characteristics of the turtle’s habitat.

Tracking operations were carried out from an
aluminum boat equipped with a 15-hp engine,
with one person navigating and another handling
the tracking tasks. The boat’s speed during
searches was kept below 15 km/h, aligning with
the natural flow of the water bodies. In flooded
forest areas (igapd) during the flood season, we
used a wooden boat and oars.

Habitat Use

To assess environmental variation in habitat
use we conducted sampling across two distinct
periods: the first in October 2010 (during the
dry season) and then in the flood season (June
2011). Characterization of the environment was
primarily based on observations made during the
dry season, which facilitated the identification of
submerged features such as surrounding
vegetation types, substrate composition (e.g.,
silt, sand, clay, litter), and water flow speed
categorized as either lentic or lotic (Table 1).
Additional details observed throughout the
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Table 1. Characterization of the aquatic environments identified between October 2010 and September 2011 in the

Movement and habitat use of Podocnemis expansa

sampling area at Trombetas River Biological Reserve, Paré state, northern Brazil.

Category

Habitat characteristics

Freshwater lake (FL)

River Chanel (RC)

Open cuiarana
flooded forest (OCFF)

Open flooded forest
mixed (OFFM)

Flooded forest (FF)

Cano (C)

Vegetated ravine (VR)

Bay Beach (BB)

Permanent lentic environment and marginal vegetation; occurrence of “pools” (places
with high depths, greater than 8.0 meters, even during the dry season). During floods
(December to January), banks of wild rice (Oryza glumaepatula) form on the surface
of the water, close to the banks. Muddy substrate covered with decomposing plant
material (tree trunks, branches, leaves).

Lotic environment, in the main course of the river, with depths that varied between
6.0 and 19 m in the sampled locations, with the presence of pools and absence of
vegetation.

Lentic environments with flooded vegetation, where the plant species Eschweilera
sp. predominates (cuiarana). The trees are restricted to the low topographic levels of
the land, subject to periods of six to eight months of flooding, and are spaced apart,
allowing intense light to enter. During floods, banks of wild rice (O. glumaepatula)

can form next to “cuiarana” trees. Substrate formed by silt and sand.

Lentic environment of flooded forest, with a predominance of Symmeria paniculata
(carauagu) shrubs and trees measuring between 7.0 and 15 meters, spaced apart,
which include Macrolobium sp. (arapari); Eschweilera sp. (cuiarana). The topographic
elevation of the land is the lowest, subjecting plant species to long periods of flooding
(up to eight months). The occurrence of aquatic macrophytes is common. The
substrate is made up of silt, litter, and sand.

Lentic environment of flooded forest. Formed by medium to large trees (more than
15 m) and with little light passing between them. Trees such as Acosmium nitens
(itaubarana), Ormosia sp. (tento), Campsiandra sp. (acapurana), Astrocaryum jauari
(jauari), Euterpe precatoria (acai) were common, among others.

Lotic watercourse that connects a lake to the main channel of the river at flooding
and beginning of ebb; at the height of the drought, the lake becomes accessible only
by land. Water flows in the river-lake direction during the flood and the reverse
occurs during the ebb. Presence of bushy tangles of various plant species. Silty
substrate—clayey.

The marginal area of the river with a predominance of clay soil and vertical gradient
with the presence of shrub to tree vegetation, which can be seasonally flooded in
places with lower topography.

Lentic, shallow (up to 5 m), bay-shaped environment on the banks of sandy beaches
(large sandy soil outcrops in the main course of the river). This environment is locally
known as a “ressaca.”

Distances Traveled

tracking period were incorporated into the
environmental descriptions. Analysis of the
collected data enabled the identification of eight
primary environmental categories in this study,
drawing upon the classification systems outlined
by Leite (2010) and Martin et al. (2004), with
some modifications.
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We estimated the individual monthly
distance (IMD) by calculating the sum of each
individual’s consecutive journeys per month,
excluding monthly journeys of fewer than five
tracking days. The average monthly distance
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(AMD) traveled was estimated by summing the
IMD of each individual and dividing it by the
number of individuals monitored during the
period. The total distance traveled (DT) by the
turtles was the cumulative sum of the respective
distances covered monthly during monitoring.

Home Range

We estimated the linear home range (LHR),
represented by the straight-line or the maximum
distance between the two most distant fixes,
considering these movements as unidirectional
(Morales-Verdeja and Vogt 1997, Fachin-Teran
et al. 2006, Bernhard 2010, Freeman ef al. 2018).
We used the conventional 95% Minimum
Convex Polygon (MCP**) and the 95% Kernel
Density Estimator (KDE’*) methods to estimate
the size of the home range of the tracked turtles.
The KDEs smoothing parameter (h) was
determined using the least squares cross-
validation method. Given the high autocorrelation
in tracking data, we also employed the
Autocorrelated KDE (AKDE; Fleming et al.
2015) to reduce the uncertainty associated with
such data (Horne et al. 2007, 2019, Crane et al.
2021). For AKDE, we used UD2 (OUF) in the
“ctmm” in R which considers the correlated
positions and correlated velocities in the fixes.
We also estimated the MCP** and KDE** of
four adult females observed sharing the same
area. These large females were equipped with
VHF radio-transmitters (model MP2, AVM
Instrument Company Ltd.) with a frequency of
165 MHz, during simultaneous research in the
same area. Three of them were monitored during
a study on underwater communication and
parental care between adult females and
hatchlings (Ferrara et al. 2013), and another one
was part of a pilot project of the Richard Vogt
lab (V. Bernardes, pers. comm., September
2011). Due to the limited number of relocations
and the small sample size of adult individuals,
these data are presented solely as exploratory
and serve to provide insights into the overlap
between adults and subadults.

Overlapping

We assessed spatial overlap among the
monitored individuals by calculating the
percentage of home range intersection. This
analysis was accomplished using the KDE”*
method implemented in the ‘adehabitatHR’
package in R (Calenge 2006), which identifies
centers of activity that are potentially associated
with ecologically significant areas for chelonians,
such as mating or nesting sites (Ledo et al.
2019). This approach provides a comprehensive
assessment of home range overlap and the
potential frequency of spatial interactions among
individuals (Famelli et al. 2025).

Data Analysis

We performed all analyses in the program R
4.3.0 (R Development Core Team 2023). The
home range areas were saved either as raster or
shapefiles and transferred to the ArcGIS program,
version 10.5 (ESRI 2016). The comparison
between home range estimators was assessed
using ANOVA. We conducted a linear regression
analysis to evaluate possible relationships
between river monthly elevation (predictor
variable) and distance traveled (response
variables). We also performed linear regressions
to examine the relationship among the home
range sizes (response variable) to the body size
(CL and BM; predictor variables), followed by
ANOVA. The home range sizes of adults and
subadults was compared using a Mann-Witnney
U test. A significance level of < 0.05 was
adopted for all analyses.

Results
Habitat Use

We located the turtles equipped with radio-
transmitters 535 times (an average of 66.9
locations per individual) between October 2010

and September 2011. Throughout the 11-month
data collection, the chelonians were observed
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utilizing three lakes (Farias, Jacaré, Abelardo)
and the Trombetas River, encompassing two
micro basins situated on opposite banks of the
river. The monitored turtles showed distinct
variation in habitat use across different stages of
the hydrological cycle. During the rising water
phase, they relocated to the igapds. In contrast,
during the low water phase, they predominantly
utilized lakes and river habitats, favoring
backwaters over the main river channel. As the
igapo flooded due to lateral overflow from the
Trombetas River, the turtles migrated from the
river and lakes. During the low-level phase,
when most igap6 habitats became dry, the
chelonians relocated to perennial lakes and rivers
(Figures 2 and 3; Table 1). During the receding
season, most turtles used River Channel (RC),
Bay Beach (BB) and Open Flooded Forest
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Mixed (OFFM) habitats; however, during the
dry season their most frequent use was nearby
BB areas. During the flooding season, we noticed
most of the monitored animals using OFFM and
Flooded Forest (FF), the same habitats that were
used during the full season (Table 1; Figure 3).
Three monitored turtles were observed outside
the boundaries of REBIO do Rio Trombetas near
quilombola communities.

Distances Traveled

The average monthly distance traveled
(AMD) was 5 + 4.27 km, varying from 1 to 30
km a month. The mean total distance traveled
(DT) by the eight subadult females was
34.51 + 24.2 km (7.61-73.82 km). Notably, the
period of reduced movement coincided with the
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Figure 3.

Frequency of habitat categories used by the young females of P. expansa per season in the Trombetas River
Biological Reserve (REBIO do Rio Trombetas), Para state, northern Brazil. BB: Bay beach; C: Cano;
FF: Flooded forest; FL: Freshwater lake; OCFF: Open cuiarana flooded forest; OFFM: Open flooded forest
mixed; RC: River channel; VR: Vegetated ravine.
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high-water levels in the Trombetas river (Figures
2 and 4) with a negative correlation between
river water level and DT (F = 4.8715, df = 9,
p < 0.05).

Home Range

The mean values of the home range for
female subadults varied depending on the
estimator applied (Table 2; Figures 5 and 6). The
linear home range (LHR) varied from 2.13—
12.93 km (6.92 £ 3.70 km). However, using the
estimators, we observed that the home range size
of the young turtles monitored varied from 0.59
(MCP) to 293.43 km* (AKDE) with no
significative difference among the home range
estimations (F = 0.922, df = 8, p = 0.5046).
The larger areas were estimated with AKDE,
followed by KDE and MCP (Table 2). In August,
we noticed young females near the aggregation
of adult females by the nesting sites. On more
than 20 occasions, subadult females were
observed in proximity (< 30 m) to groups of
adult females of P. expansa nesting on beaches
(Figure 6). Notably, one of these large females
equipped with radio-transmitters and monitored
during a simultaneous study (Ferrara et al. 2013)
was observed floating with a subadult female
near the nesting site. The MCP for these four
adult females with transmitters varied from 0.63
to 33.16 km? (10.97 + 7.58 km?). The KDE for
these females ranged from 7.9 to 172.7 km?
(98.1 + 349 km?). There was no significant
difference  between the MCP (U = 14,

Table 2.

11.6
10.4

Mean movement (km)
Mean river level (m)
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I|||
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mmm Movements  w=@==Mean River

Figure 4. Movement (mean monthly distance traveled)
by the young females of Podocnemis expansa
(orange bars) and monthly river level (blue
line) at the REBIO Trombetas, Pard state,
northern Brazil.

Z = 0.25476, p = 0.7989) nor the KDE
(U=17, Z= 14437, p = 0.14884) of adult
females in comparison to the young females
(Figures 5 and 6).

Home Range Overlap

The overlap analysis using KDE*” revealed
distinct patterns of spatial use among female
turtles. Adult females exhibited higher mutual
overlap (0.52 + 0.09), with several pairwise
values above 0.25 (ranging from 0.26—0.89),
indicating shared or adjacent core activity areas.
In contrast, subadult females showed none to
lower overlap among themselves (ranging from
0.00-0.37), with median value of 0.14 + 0.02.

The home range of the subadult radio-tracked females of the Giant South American River Turtle (Podocnemis

expansa) monitored from October 2010 to September 2011 in the Trombetas River Biological Reserve, Para
state, northern Brazil. LHR: linear home range; MCP: Minimum Convex Polygon; KDE: Kernel Density
Estimator; AKDE: Autocorrelated Kernel Density Estimator. The measurements are shown in km?, except for

LHR in km.
LHR MCP 95% KDE 95% AKDE 95 %
Mean = SD 6.92 +3.7 13.63 £ 13.86 36.84 + 33.25 64.51 +95.91
Range 2.13-12.93 0.59-42.60 3.09-99.71 2.40-293.43
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Figure 5. Minimum Convex Polygon (MCP**%) of subadult females of Podocnemis expansa (A) and exploratory MCP?>*
for some adult females (B) radio-tracked at REBIO Trombetas, Para state, northern Brazil.

Interactions between age groups were also
observed with 75% of adult females overlapping
with at least one subadult, while approximately
44% of subadults shared moderate to high spatial
overlap with an adult (0.23 = 0.03; 0.00-0.68).
Interestingly, one of the smallest subadult
individuals (CL = 22 ¢cm and BM = 1.72 kg)
exhibited relatively high home range overlap
with two adult females, with values of 0.68 and
0.36, respectively (Figure 6).

Discussion

Female subadults of Podocnemis expansa
exhibited distinct patterns of habitat use
throughout the hydrological cycle of the
Trombetas River. In our study, females make
larger movements during the nesting season
(August, September, and November to
December), which is linked to low water levels.
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This pattern was observed for adult females in
other areas of Amazonia (Carneiro and Pezzuti
2015). Subadult female P expansa turtles
monitored over the 11 months in our study
moved between the Trombetas River and three
perennial lakes (Jacaré, Abelardo, and Farias)
located near nesting beaches and flooded forest
areas. During the rising water phase, they
migrated to the igapos, where the dense tree
trunks and shrubs provided both shelter and
abundant food resources (Almeida et al. 1986,
Balensiefer and Vogt 2006, Vogt 2008). Turtles
frequently use flooded forests, which serve as a
vital habitat for feeding and refuge (Fachin-
Téran et al. 1995). Podocnemis expansa
primarily feeds on vegetation (Fachin-Téran et
al. 1995, Malvasio et al. 2003, Cunha et al.
2020), with the igap6 forest serving as a vital
source of fruits and seeds in its diet due to the
relatively low abundance of aquatic macrophytes
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Figure 6. Kernels of the Podocnemis expansa turtles radio-tracked at the REBIO Trombetas, Pard state, northern Brazil.
(A) Kernel Density Estimator (KDE95%) of subadult females; (B) Autocorrelated Kernel Density Estimator
(AKDE) of subadult females; (C) Exploratory Kernel Density Estimator (KDE95%) of adult females.

in the Trombetas region (Vogt 2008, Cunha ef al.
2020). In contrast, during the low water phase,
they primarily inhabited lake and river
environments, remaining in available water
bodies such as lake pools and the river’s main
course with a preference for backwaters over the
main river channel. This preference is likely

influenced by the resistance provided by the
sandbanks at nesting sites along the Trombetas
River, making these areas more accessible and
stable for small and young individuals.
Consequently, the reduction in movement rate
with increasing elevation and the subsequent
flooding of the igapds, coupled with the abundant
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fruiting of vegetation (Armond 2008), suggests
that the chelonians are finding food sources
nearby and easily accessible. Similar behavior
has been described in adult females of this
species approximately two months after nesting
in the same study area (Moreira and Vogt 1990,
Castelblanco-Martinez et al. 2006), as well as in
the Xingu River (Carneiro and Pezzuti 2015) and
the Jurud River (Hinderaker 2021). For other
species of Podocnemididae, such as Podocnemis
unifilis Troschel, 1848, studies by Ledo et al.
(2019) and Hinderaker (2021) revealed similar
habitat use, with individuals favoring the main
river courses and lakes but using flooded forests
less frequently than P. expansa during peak
flooding.

The flood pulse remarkably influences the
movement of aquatic vertebrates (Junk 1984,
Junk et al. 1989). The effect of flood pulse on the
movement of various species in the Amazonian
rivers has been documented, including Peacock
Bass (Cichla spp.; Hoeinghaus et al. 2003),
Amazonian manatee [Trichechus inunguis
(Natterer, 1883); Arraut et al. 2009)], the
caimans, Caiman crocodilus (Linnaeus, 1758)
(Silveira et al. 2010) and Melanosuchus niger
(Spix, 1825) (Silveira et al. 2011), and turtles
such as Podocnemis sextuberculata Cornalia,
1849 (Fachin-Teran et al. 2006) and Podocnemis
unifilis (Ledo et al. 2019). In the Trombetas
region, the flood pulse results in an average
annual elevation variation of up to six meters,
which has a marked negative correlation with
chelonian movement. Yet, subadults of P
expansa displayed =~ movement  patterns
comparable to adult females of Podocnemis
erythrocephala (Spix, 1824), P. sextuberculata,
and P, unifilis, despite these species being smaller
podocnemidid turtles within the Amazon biome
(Fachin-Teran et al. 2006, Bernhard 2010, Cueva
et al. 2018, Naveda-Rodriguez et al. 2018).
Adult female P unifilis exhibited an average
displacement of 2.53 km (Ledo et al. 2019) to
approximately 16 km in the Napo River, Ecuador
(Naveda-Rodrigues et al. 2018). Podocnemis
sextuberculata  displayed linear movements
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averaging 29.8 km in the Mamiraua Sustainable
Development Reserve, Amazonas (AM; Fachin-
Teran et al. 2006), and up to 60 km for one adult
female in the Trombetas River, Para (PA; Perrone
et al. 2014).

Despite the growing availability of tracking
technologies capable of addressing specific
ecological questions (Guilhon et al. 2011),
studies on P. expansa hatchlings and juveniles
are scarce. Silva et al. (2017) recaptured a
juvenile nine months after release, 38.47 km
upstream in the Jat River (AM), showing the
displacement capacity of the species in early
stages. Nevertheless, adults of P expansa are
known to display migration distances greater
than 500 km, as documented in Xingu River
(Carneiro and Pezzuti 2015, Carneiro 2017). On
the Meta River, Colombia, Nieto-Vera (2024)
reported a LHR average of 35.1 km (range 1.6—
107.9 km) for adult females, while in the
Trombetas River, adult females have been
documented traveling over 45 km (Moreira and
Vogt 1990) and 65 km downstream toward the
Amazon River (Castelblanco-Martinez et al.
2006). In our study, adult females were
frequently observed in nearby lakes several
months after the nesting period. For instance, the
radio signal of one adult female was recorded in
Lake Jacaré during the flooding season of the
Trombetas River. This finding suggests that
long-distance migratory movements may not be
a consistent behavior for all adult females of the
species and that variations may exist among
populations across the geographic range of the
species and within a population.

As anticipated, the home range sizes
estimated for subadult P. expansa in this study
(average of 7 to 64.5 km?) were smaller than
those reported for adult females. Although, we
did not observe significant differences in home
range sizes between adults and subadults, the
adult home range estimates were based on a
limited sample size. These estimates may not
fully capture the critical areas used by adults and
for that reason they are not presented here for

comparison with the literature.
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Studies on the home range of P. expansa
reveal variability across different regions and
estimator methods applied. Castelblanco-
Martinez et al. (2006) reported a mean home
range of 22.7 km? (MCP®*”) for adult females in
the Trombetas River. In the Jurua River,
Hinderaker (2021) calculated the FK*" area to
be 748.81 km? for the species. Nieto-Vera
(2024) reported an average of 8.22 km? with a
FK*% for adult females in the Meta River,
Colombia. These differences underscore the
impact of the size and age of an individual,
ecological conditions, habitat availability, and
methodological approaches on estimating home
ranges for this species, highlighting the
importance  of  developing conservation
strategies tailored to specific contexts. Our
results of home range for subadult P. expansa
are more comparable to those observed for
adults of P. unifilis than P. expansa. In the Jurud
River, Hinderaker (2021) reported an average
home range for P. unifilis of 311.67 km? using
the FK*” method, while the core area (FK>'*)
was estimated at 0.06 km?. Naveda-Rodriguez
et al. (2018) estimated home ranges for adult
males and females in the Napo River, Ecuador,
with AKDE’* values averaging 5.2 km? (range
3.8-7.0 km?) and core areas (AKDE>%)
averaging 1 km? (range 0.5-1.5 km?). In the
Trombetas River the estimated MCP!%% of P
unifilis was 1.83 km?, while the KDE*” was
0.87 km? and core areas were 0.20 km? for
females (Ledo ef al. 2019). These findings
suggest that P. unifilis utilizes relatively smaller
and more localized areas compared to P
expansa, with patterns resembling those of
subadult females. In Brazil, P. expansa and P.
unifilis are among the most extensively studied
chelonian species, enabling comparisons. A
recent study on Podocnemis lewyana Duméril,
1852 in Colombia reported a MCP of 7.5 km?
and a KDE*»* of 3.71 km? for the species
(Alzate-Estrada et al. 2020). Factors such as
species-specific traits, population dynamics, and
environmental conditions must be considered
when drawing comparisons, as variations in

home range size are influenced by habitat
characteristics, resource distribution, and
individual behavior. These results underscore
the need to understand species-specific and
regional differences to establish effective
conservation and management strategies.

The presence of both subadult and adult
females of P. expansa congregating near nesting
beaches prior and during the nesting season is
known across its geographical distribution
(Ferrara 2012, Portelinha et al. 2014, Fonseca
2022). The simultaneous use of space by
subadults and adults highlights the social
behavior of the species, as previously observed
among adult females and hatchlings during
movement to the igapos after hatching (Ferrara
et al. 2013). The arrival of the monitored
subadults in the Trombetas River in August
2010-2011 coincided with the aggregation of
adult female P. expansa pre-nesting (a couple of
months before the beginning of nesting season in
October). This finding indicates that social
interactions are present and potentially
meaningful across different age groups in P,
expansa. Overall, spatial overlap appears to align
with age or maturity, potentially reflecting
differences in nesting behavior, habitat
preferences, or social interactions. The overlap
analysis revealed that adult females exhibited
greater spatial overlap compared to subadult
females, indicating shared or adjacent space use,
likely associated with the utilization of sandbanks
for nesting. The moderate to low overlap
observed among subadult females may reflect
more individualized or peripheral movement
patterns. Our findings indicated that variations in
movement patterns and habitat use were
influenced by the size and maturity of individuals,
resulting in different levels of home range
overlap (Harestad and Bunnel 1979).

The proximity observed between different
life stages of P. expansa may not solely result
from the availability of resources, such as water
and places for thermoregulation, but could
indicate that subadult females are learning about
reproductive behavior. The presence of non-
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mature P. expansa alongside adult females
during the nesting season suggests that in
addition to underwater communication during
the aggregation period and vocalizations from
young inside the nest (Ferrara et al. 2013),
significant social interaction is taking place
among females of different ages. The smallest
female showed spatial affinity with adults,
resembling patterns previously observed between
adult females and recently emerged hatchlings
(Ferrara et al. 2013). In a study tracking adult
female P. expansa via satellite telemetry in the
Xingu River, only one individual stayed near the
nesting area (Carneiro and Pezzuti 2015). This
aspect requires further investigation across the
range of the species to determine whether it
represents a local behavior and adaptation unique
to the REBIO do Rio Trombetas.

The most suitable technique for assessing
wildlife movement is an ongoing debate
(Kenward 1987, Jacob and Rudran, 20006,
Ouellette and Cardille 2011). For aquatic
chelonians, the LHR method is commonly used
to represent space utilization, particularly in
Amazonia due to the linear and dendritic
characteristics of water bodies (Morales-Verdeja
and Vogt 1997, Fachin-Terdn et al. 2006,
Bernhard 2010, De la Ossa and Vogt 2011). In
this study, there was no difference among the
estimators. While the MCP method represented
space use for most individuals, it failed to detect
their use of river or lake environments,
information revealed by the KDE and AKDE
methods. Both KDE and AKDE methods better
represented environmental use, particularly when
individuals exhibited distinct and long-distance
movement. As a movement-based method,
AKDE effectively delineated core areas, useful
for identifying critical shelter or feeding sites
(Jacob and Rudran 2006). It was evident that
employing multiple techniques to estimate space
use is beneficial for understanding movement
patterns. It is worth noting, however, that young
individuals have not yet established their home
ranges (Cagle 1944, Stickel 1950, Famelli 2013),
which aligns with their learning behaviors
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observed in our study, especially linked to the
reproductive and nesting season. This can also
explain the absence of correlation between home
range size and body size and the lack of
difference among the estimators. We did not
observe differences between adults and young
females. This may happen due to the small
sampling sizes of fixes of adult females and due
to most of the monitoring happening during the
nesting period when adult females are engaged
in aggregations and nesting activities. Adult
females of P. expansa have been documented
traveling distances exceeding 45 km within a
mere 48 hours (Moreira and Vogt 1990) or a
maximum range of 352.9 m/day at the Xingu
River (Carneiro and Pezzuti 2015), which
surpasses the total distance covered by most of
the monitored chelonians in this study.
According to Mogollones et al. (2010),
protecting juveniles and adult turtles is the
primary conservation action that could reverse a
population decline. Understanding the needs of
young female turtles is crucial for developing
effective = management and  conservation
strategies. Besides being heavily exploited for
commercial purposes, P. expansa is at risk from
the large-scale loss of natural habitats due to
dam construction and climate change, which
disrupts the flood pulse of rivers and lakes, with
severe consequences for reproductive success
and population sustainability (Castello and
Macedo 2016, Eisemberg et al. 2016, Fagundes
et al. 2018, Silva 2023). Caldas et al. (2023)
indicated that key rivers for P. expansa have
been fragmented because of dam construction,
including those on the Xingu, Tocantins, and
Araguaia Rivers. Another study employing
distribution models for P. expansa revealed that
it ranks as the fourth most impacted Amazonian
turtle species by deforestation, primarily due to
the potential loss of habitat along its distribution
(Fagundes et al. 2018). Currently, P. expansa is
in the process of being categorized as Endangered
by the IUCN Red List of Threatened Species (C.
R. Ferrara et al. pers. obs.). Knowledge about
the social interactions between young adults and
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how they learn their behaviors is limited. Our
study is the first to track young females of
Podocnemis expansa and to suggest their
potential social interactions with adults. We
recommend the integration of long-term radio-
tracking and  satellite  telemetry—either
independently or in combination, as suggested
by Guilhon et al. (2011)—alongside vocalization
studies, to gain a deeper understanding of these
interactions within their natural habitat. Satellite
telemetry can also offer valuable insights into
long-distance movements, spatial overlap
between adults and subadults, and patterns of
habitat use across different size classes and
sexes. We recommend its implementation to
improve our understanding of movement ecology
and inform more effective conservation
strategies. This information is vital for informing
conservation and management strategies and to
safeguard the studied species, particularly as
environmental and climatic changes are expected
to escalate (Oliveira ef al. 2021, Marmontel et
al. 2024).
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