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Abstract.—The Chaco Tortoise Chelonoidis chilensis is the southernmost species of land tortoise 
in the world. This species is currently listed as Endangered not only due to habitat reduction and 
destruction, but also because of its value in the illegal pet trade. As both a grazer and a seed 
disperser, it serves as a keystone species in the dry ecosystems it inhabits. Despite its endangered 
status and important ecological role, there is currently limited information on the movement patterns 
of C. chilensis. In this work, we investigated the movement characteristics of this species over 
two seasons and in both sexes, using three complementary tracking techniques of spool-and-line, 
radiotelemetry, and GPS-based tracking, including the use of a device designed and developed by 
our team. To capture the most comprehensive view of movement patterns, each of the techniques 
used provides distinct strengths in characterizing spatial or temporal aspects of movement. We 
studied the movements of the tortoises over two seasons (spring 2020 and summer 2021), in 
their natural habitat near the city of San Antonio Oeste, Río Negro, Argentina. We tracked seven 
individuals (four males and three females) with the spool-and-line technique, 12 (six males and six 
females) with radiotelemetry, and 10 (four males and six females) with the GPS-based system. We 
estimated their daily home range (DHR) and speed of movement, measured the tortuosity of the 
walks and characterized their mean square displacement. The results indicated that C. chilensis 
remains within a DHR of 864 ± 283 m² in the spring season and 1034 ± 298 m² in the summer season. 
The most probable value of their velocity is 0.4 ± 0.1 m/min, with a median value of 0.6 ± 0.1 m/min, 
and the walks are characterized by bouts of foraging during movement, with periods of time spent 
exploring new spaces while also maintaining activity within their home ranges. Notably, we observed 
that C. chilensis can travel as much as 400 m in one day. The complementarity of our monitoring 
techniques allowed us to study and characterize the movement of this species at different scales. 
For example, the high spatial resolution of the spool-and-line technique can describe tortuosity, 
while the GPS-based and radiotelemetry techniques can describe trajectories with fine temporal 
resolution. To better understand how these animals move, the distances they can travel daily, and 
how these results depend on the season are relevant for making conservation decisions, while 
considering the significant impact that habitat fragmentation and other factors can have on their 
environment.
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Introduction

Most animal species can execute complex movement 
patterns that generally depend on the environment, the 
intrinsic factors of individuals, and interactions with 
other individuals (Morales et al. 2005, 2010; Nathan 
2008; Smouse et al. 2010). The complexity of these 
movements is reflected in their trajectories. In the case of 
foraging animals, these trajectories depend strongly on 
the vegetation, which largely determines their movement 
patterns. Thus, the dynamics of the vegetation community 
are closely linked to foraging, pollination, and seed 
dispersal, creating a mutualistic relationship with the 
animals that generally perform these tasks (Morales and 
Carlo 2006).

The foraging activity of animals is an active field of 
study aimed at identifying the optimal strategy under 
different hypotheses of animal perception and memory 
(Bartumeus et al. 2002; Barton et al. 2009; Fronhofer 
et al. 2013). There is considerable interest in the search 
strategies employed by animals in general. For example, 
heavy-tailed distributions of displacements have been 
observed in some bird species and associated with 
optimal search strategies (Boyer et al. 2009; Reynolds 
2012; Viswanathan et al. 1996). However, alternative 
strategies may become more advantageous under 
certain conditions (Palyulin et al. 2014). While some 
examples focus on the cognitive abilities of foragers, 
other approaches emphasize the emerging patterns in the 
use of space resulting from interactions between animal 
behavior and the spatial structure of their environment. 
Regarding this issue, it is well established that animals 
do not use all available space but instead prefer to 
remain in a limited region known as their home range. 
Although home range assessments for the Chaco Tortoise 
(Chelonoidis chilensis) have not been reported, these 
tortoises are known to be range residents, typically using 
a subset of the available space within their environment 
(Kubisch and Echave, pers. comm.). That area supports 
their entire annual cycle of vital activities, including 
mating, nesting, and brumation. 

Movement is a critical activity for most animals, 
as it allows them to search for food and water, evade 
predators, and migrate to environments more suitable 
for sustaining life and reproduction (Abramson et al. 
2014; Blake et al. 2021; Kazimierski et al. 2015, 2016). 
For animals that play an important role as ecosystem 
engineers—thus affecting the distribution and abundance 
of other organisms through herbivory, disturbance, and 
seed dispersal—understanding their movement patterns 
is key to preserving their role in the community (Blake 
et al. 2012; Gibbs et al. 2010; Hamann 1993; Hunter et 
al. 2021). However, little is known about the movement 
patterns of many species, including the focus species of 
this study, C. chilensis. This gap in knowledge limits our 
ability to fully understand and protect their ecological 
contributions (Varela and Bucher 2002). 

Chelonoidis chilensis inhabits the ecoregions of the 
dry Chaco, Monte plains and plateaus, the southern 
portion of the Espinal, and a few localities in the border 
zone between the dry and humid Chaco (Burkart et al. 
1999; Sánchez et al. 2014). This species is distributed 
from southwestern Bolivia and western Paraguay to the 
northern part of the Province of Chubut in Argentina 
(Richard 1999). This species has the southernmost 
continental distribution of any tortoise in the world (Cei 
1986). Chelonoidis chilensis is listed in Appendix II of 
the Convention on International Trade in Endangered 
Species of Wild Fauna and Flora (CITES) and 
categorized as Endangered by the International Union 
for Conservation of Nature (Kubisch et al., in press). The 
main factors that have contributed to its decline include 
habitat reduction, modification, and destruction due 
to the expansion of the agricultural frontier, as well as 
the wildlife trade, since it is the most trafficked native 
reptile in the illegal pet market of Argentina (Prado et 
al. 2012). Furthermore, the threat to this species is being 
exacerbated by the introduction of exotic predators such 
as wild boar (Sus scrofa L., 1758; Kubisch et al. 2014).

Chelonoidis chilensis is an herbivorous species 
that feeds primarily on leaves and stems, as well as 
flowers and fruits from various plant families, including 
Gramineae, Malvaceae, Cactaceae, Solanaceae, 
Rhamnaceae, and others (Richard 1994). It is a potential 
seed disperser, as the germination capacity of some 
plant species has been observed to increase when they 
pass through this tortoise’s digestive tract (Varela and 
Bucher 2002). However, little is known about how much 
or even how C. chilensis moves and, therefore, to what 
extent its movement may contribute to the distribution of  
vegetation across the landscape.

This species shows a pronounced sexual dimorphism 
in adulthood, with males being noticeably smaller than 
females, which is the opposite of the other species in this 
genus in which males can have three times the body mass 
of females (Kubisch et al. 2021). In the southernmost 
distribution of C. chilensis, the activity period is the 
shortest, due to a brumation (winter recess period) lasting 
around five months. Activity resumes at the beginning 
of spring (September in the southern hemisphere), 
with mating mostly observed between November and 
December (late spring). During the summer months 
from January to March, females spend significant time 
searching for suitable soil for nesting and laying eggs 
(pers. obs.). Despite these observations, much remains to 
be learned about the biology of C. chilensis populations 
in Argentina (Prado et al. 2012).

To rectify this lack of information, the objective 
of this study was to characterize the movement of C. 
chilensis in one of its southernmost populations during 
two key seasons within its period of activity. Specifically, 
we measured the maximum distance traveled in a single 
day, the daily home range, the velocity of movement, 
the mean square displacement, and the tortuosity of the 
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trajectories (related to the number and angles of turns), 
using three complementary tracking techniques. We 
hypothesized that during late spring (mating season), 
both males and females travel similar distances, as males 
continuously follow the females to copulate. 

Understanding the movement patterns of this species 
is fundamental for comprehending its ecological role 
within the ecosystem and for designing effective 
management policies for this species and its habitat.

Materials and Methods

Study site. This study was conducted on a ranch located 
about 20 km north of the city of San Antonio Oeste, 
Province of Río Negro, Argentina. The site comprises a 
small section of the ranch, approximately 25 ha, which 
supports a stable population of C. chilensis. The area 
belongs to the Monte Austral phytogeographic unit, which 
is characterized by a shrub steppe with a predominance 
of Larrea spp. with multiple strata. The lower stratum 
consists of grasses and herbs, all with sparse coverage, 
and notably with very few cacti (Oyarzabal et al. 2018). 

The specific study area is characterized predominantly 
by vegetation with xerophytic traits, consisting mainly of 
grass clumps (Poaceae) and shrubs. The most common 
shrubs species is Larrea divaricata (León et al. 1998; 
Morello et al. 2012). The region is arid, with sandy soils, 
scarce annual rainfall (~255 mm) concentrated in spring 
and fall, and significant daily temperature fluctuations 
(average 14.5 °C, extremes from –11.5 °C to 44.6 °C). 
Persistent winds from the west and southwest exacerbate 
the aridity (Godagnone and Bran 2008).

Monitoring systems. To study the movement trajectories 
of the tortoises, we employed a combination of monitoring 
techniques. First, we used the spool-and-line method, 

which allows for precise and accurate description of 
trajectories. Second, we used radiotelemetry, where 
tortoises fitted with radio transmitters were located in 
the field using an antenna-receiver system. Finally, we 
employed a GPS-system developed in-house, which 
included inertial sensors and a temperature sensor in 
addition to the GPS unit. 

Spool-and-line technique. The spool-and-line technique 
is widely used to obtain precise trajectories of various 
animals such as mammals (Cunha and Vieira 2002; 
Delciellos et al. 2019; Miles 1976), lizards and snakes 
(Law et al. 2016; Tozetti et al. 2009), and chelonians 
including tortoises (Breder 1927; Famelli et al. 2016). 
This method involves attaching a spool of thread to the 
back of the animal, with one end of the thread tied to a 
fixed point on the substrate. As the animal moves, the 
thread unwinds and locks onto the different substrates, 
allowing for reconstruction of the animal’s trajectory. 
The spools used in our study measured 3.5 cm × 1.2 cm, 
contained 100 m of thread, and weighed approximately 
2.5 g (Danfield Cotton Cocoon Bobbins; Fig. 1A). These 
spools are designed to unwind easily from the center, 
without requiring the spool itself to spin. By following 
the thread, we could accurately reconstruct the trajectory 
of each individual, providing detailed information on 
movement at small scales. This small-scale information 
is extremely important for this study, and potentially 
valuable for conservation research (Steinwald et al. 
2006). For example, we used this technique to study 
the tortuosity of the tortoises’ trajectories. It also serves 
as an efficient way to confirm the absence of nocturnal 
movement—if a spool placed on an individual at night 
remains unwound the following morning, it suggests 
there was no movement overnight.

Fig. 1. (A) Spool used to monitor the movement of C. chilensis, with dimensions of 3.5 cm × 1.2 cm, 100 m of thread, and a weight of about 2.5 g 
(Danfield Cotton Cocoon Bobbins). A tape measure is included to show the scale. (B) Navigation unit for monitoring individuals, which consists of 
a GPS (UBlox NEO6), accelerometers, gyroscopes, and a temperature sensor (InveSense MPU6050) connected to a control and processing unit (ST 
Electronics STM8S103F3P6), and is powered by a battery charged through a regulator (134N3P), all weighing less than 45 g. The GPS position data, 
as well as data from inertial and temperature sensors, are saved in a 16 GB microSD memory card. A tape measure is included to show the scale. 
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A set of complementary techniques must be used to 
perform a comprehensive movement analysis, as the 
spool-and-line technique does not provide temporal 
information. Furthermore, its use is limited by the length 
of the thread and requires the researcher to manually 
retrace the path with a GPS device to record the different 
locations that were visited by the animal. By combining 
the precision of this technique with the methods described 
below, we could achieve a detailed characterization of 
the tortoises’ trajectories.

Radiotelemetry technique. The radiotelemetry technique 
allows the tracking of individuals using a transmitter-
receiver-antenna system (Gottwald et al. 2019; 
Kazimierski et al. 2021b; Mennill et al. 2012). We used 
Holohil transmitters (Grand HOLOHIL Systems Ltd. 
RI-2B) attached to each tortoise’s carapace with tape. 
These transmitters emit pulses at a fixed frequency 
of around 150 MHz every 2 sec. These pulses were 
detected by a reception system consisting of a Yagi-Uda 
antenna connected to an ATS R410 receiver (Advanced 
Telemetry Systems, Inc.). This technique allowed us to 
accurately locate the transmitter and, with the help of a 
portable GPS device (Garmin eTrex x20), determine the 
exact positions of the tortoises.

Although this technique provides high spatial 
accuracy, it lacks the temporal resolution necessary 
to reconstruct reliable trajectories. In addition, this 
procedure may disturb the animal’s behavior, as the 
researcher must approach the tortoise multiple times 
with the equipment (depending on the animal’s velocity) 
in order to assess its position. This frequent proximity 
can interfere with natural behaviors, thereby affecting the 
monitoring results.

GPS-based system. The third technique used in this 
study offers high temporal resolution for tracking 
trajectories without disrupting animal behavior, thereby 
complementing the other two methodologies. We 
designed and developed low-cost navigation units to 
monitor individuals in their natural habitat. These units 
consist of a GPS receiver, inertial sensors (accelerometers 
and gyroscopes), and a temperature sensor (Fig. 1B). As 
a device developed by our research group, it met the 
necessary size and weight requirements of this study and 
offered configurable features, such as the GPS acquisition 
rate. The device is powered by a rechargeable battery, 
providing an autonomous period of approximately 15 h 
with a GPS acquisition rate of 5–10 min. Data from the 
GPS receiver and inertial sensors are stored on a micro-
SD memory card on board. At the end of each monitoring 
day, we removed the micro-SD card for data download 
and the unit’s batteries were recharged. 

In this article we present data obtained with our 
first prototype, which was manufactured using off-the-
shelf electronic modules. The components are listed 
in the caption of Fig. 1. The hardware was designed to 

be cost-effective and easy to construct, with modules 
connected using the wire-wrap technique. The firmware 
was optimized to extend the device’s autonomy and is 
freely available in an open repository (Kazimierski et al. 
2021a).

Despite the superior performance of the GPS units 
compared to the radiotelemetry technique, we only had 
eight units available for use during each field season. As 
a result, they were complemented with radiotelemetry 
to monitor a larger number of individuals. Furthermore, 
the position errors associated with radiotelemetry are 
smaller than with the GPS-based method, so the use of 
both techniques in parallel allowed us to compare and 
optimize the results.

Field work. Data were collected during two field seasons 
of C. chilensis in the natural habitat. Specifically, 
we monitored the tortoises from 29 November to 3 
December 2020 (spring season) and from 10–15 January 
2021 (summer season). During the 2020 field season, 
we used the spool-and-line technique to track seven 
individuals, radiotelemetry to monitor 12 individuals, 
and the GPS system for six individuals. During the 2021 
campaign, we monitored four individuals using the GPS-
based system. Monitoring sessions began around 0700 h 
and ended around 2100 h local time (UT-3). The tortoises 
monitored were those visually located in the field. Upon 
finding an individual, the monitoring device was attached 
using adhesive tape (©Duck Tape, Real Tree Hardwood 
Camouflage; Fig. 2) and the animal was released at the 
location where it was initially found.

Fig. 2. Male individual of Chelonoidis chilensis monitored with the 
navigation device on the top of its shell, attached with camouflage tape.

The weight of the device including the battery and 
GNSS receiver was 44.9 g (Kazimierski et al. 2023) 
and the lightest tortoise weighed around 1 kg, so the 
device represented ~4.5% of its body weight, which is 
consistent with tracking guidelines. Camouflage tape 
was used to mimic the environment, and no sharp corners 
were left exposed to prevent the tortoises from becoming 
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entangled in the branches. All work was conducted 
under the appropriate permits (Resolution 034-2020) 
issued by the Secretariat of Environment and Sustainable 
Development and Climate Change of Río Negro. The 
animals were handled as little as possible, following the 
approved protocol of the Institutional Committee for the 
Care and Use of Laboratory Animals or Experimentation 
(CICUAL; N° 2020-015) of INIBIOMA. This protocol 
includes measures to reduce stress, hyperthermia, fluid 
loss, and the transmission of diseases, to ensure the 
animals’ safety throughout the study.

Data analysis. To assess the maximum area covered by 
the tortoises monitored using radiotelemetry and GPS-
based techniques, we calculated the convex hull for each 
daily tortoise trajectory. In this context, these “hulls” are 
the smallest convex polygons enclosing all the points 
of a given daily trajectory and were determined using 
the ConvexHull function from the scipy.spatial module 
(Virtanen et al. 2020). 

In addition to the trajectory descriptions, GPS data 
allowed us to estimate the tortoises’ velocity and the 
mean square displacement (MSD). These data give 
a measure of the dispersal of self-propelled agents, 
providing insight into their spatial movement patterns 
and, specifically, how these patterns differ from purely 
diffusive behavior.

Given that the set of maximum distances represents 
a small subset of all trajectory points and is presumably 
not normally distributed, we used the non-parametric 
Kruskal-Wallis test to assess whether the distributions of 
daily dispersion differed by season or sex.

Radiotelemetry and GPS-based techniques are 
imprecise for characterizing the distribution of turning 
angles, which highlights the importance of using a 
combination of methods. Trajectories tracked using 
the spool-and-line technique offer much finer spatial 
resolution compared to both radiotelemetry and GPS, so 
we studied the distribution of turning angles using the 
spool-and-line trajectories.

Fig. 3. (A) Estimated positions of the tortoises, relative to a common origin, using the radiotelemetry and GPS-based systems during spring 2020 
(blue) and summer 2021 (red). For each tortoise, the position at the beginning of the day was shifted to the point (0,0) and the axes are scaled in 
meters. (B) Distribution of the data for maximum distance from the starting point for each tortoise and for each day during spring 2020 (blue) and 
summer 2021 (red). (C) Estimated positions of the tortoises relative to a common origin using the radiotelemetry and GPS-based systems for females 
(yellow) and males (violet). Each tortoise’s position at the beginning of the day was shifted to the point (0,0) and the axes are scaled in meters. (D) 
Distribution of the data for maximum distance from the starting point for each tortoise and for each day for females (yellow) and males (violet).
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Both radiotelemetry and GPS-based techniques 
have significant errors in accurately characterizing the 
tortuosity of the tortoises’ paths. For the radiotelemetry 
system, the error was estimated by recording 10 
consecutive position measurements using the same 
equipment within a one-minute interval at the study site. 
The error for the GPS-based system was estimated by 
monitoring an individual tortoise’s position over 400 
min (recording one position every 10 min) during the 
night. To ensure that the animal remained stationary, 
we simultaneously tracked it with the spool-and-line 
technique, confirming that no movement had occurred 
during that period.

Results

For the trajectories obtained for each tortoise using the 
radiotelemetry and GPS-based techniques, we show the 
data separated by season (Fig. 3A-B) and according to 
sex (Fig. 3C-D). This graphical representation provides 
a clear visualization of the movement and the distances 
covered by a tortoise over the course of a day. 

Figure 4 shows two examples of trajectories obtained 
with the GPS-based system corresponding to two 
different individuals and seasons, a female monitored 
during spring and a male tracked during summer.

To characterize these trajectories, the maximum 
distance from the starting point was calculated for each 
day and each tortoise, distinguishing between seasons 
(Fig. 3B) and sexes (Fig. 3D). The Kruskal-Wallis 
test showed that the distributions were statistically 
indistinguishable by season (H = 0.862, p = 0.353) and 
by sex (H = 1.817, p = 0.177). 

The mean maximum distance covered was about 110 
m for both sexes and seasons. However, the distances 
showed significant variability, with maximum distances 
ranging over 400 m (Fig. 3). We then calculated the 
convex hull for each daily tortoise trajectory (Fig. 5). 
The average maximum area covered by each tortoise on 
a daily scale was estimated to be 864 ± 283 m² during 
the spring season and 1,034 ± 298 m² during the summer 
season.

The distribution of the tortoise velocity is primarily 
unimodal, with a mode of 0.4 ± 0.1 m/min and a median 
of 0.6 ± 0.1 m/min (Fig. 6A). For the MSD, the tortoise 
movements in this study were subdiffusive (Fig. 6B), 
suggesting that the balance between dispersing in the 
exploration of new areas and perusing their home ranges 
leaned toward the latter. In other words, the time taken 
to travel from one point to another was shorter than the 
time spent by a random walker, at least on a daily scale. 
Very long steps (on the order of the daily home range) 

Fig. 4. Measured trajectories using the GPS-based system, where each color represents a consecutive monitoring day. The left trajectory, 
marked with open circles, corresponds to a male individual during summer 2021 (from 10 January 2021, in red to 14 January 2021, in white). 
The right trajectory, marked with filled circles, corresponds to a female individual during spring 2020 (from 29 November 2020, in light blue to 
3 December 2020, in light green).
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employed to monitor the movement patterns of C. 
chilensis in their natural habitat. Each method provided 
distinct advantages, allowing us to generate an initial 
comprehensive dataset on tortoise movement, while 
also addressing the limitations in spatial or temporal 
resolution through methodological complementarity.

The spool-and-line technique was particularly 
valuable for generating precise trajectories, which is 
essential for quantifying the tortuosity of the walks. This 
aspect is crucial, because accurately assessing tortuosity 
requires high-resolution data, which GPS systems might 
underestimate when sampling intervals are too sparse. 
We found that spool-and-line data are ideal for such 
analyses, and the data suggested a potential correlation 
between movement twists and the substrate at the scale 
of individual plants. We plan to explore this topic further 

Fig. 5. Convex hulls for the trajectories assessed by GPS-based and 
radiotelemetry monitoring during spring season 2020 (upper panel) and 
summer season 2021 (lower panel). The shadowed areas constitute the 
maximum area covered by each tortoise in the corresponding season.

Fig. 6. Characterizations of the trajectories. (A) Distribution of 
tortoise velocities. The mode of the distribution is 0.4 ± 0.1 m/min and 
the median is 0.8 ± 0.1 m/min. This distribution is derived from the 
analysis of data from the GPS-based system placed on six individuals 
(2020) and four individuals (2021). Inset: Distribution of 340 turning 
angles measured with spool-and-line technique during 2020 and 2021. 
The radius of the circle corresponds to around 25% of the turning 
angles. (B) MSD of monitored tortoises (thin black line), estimated 
using the 2020 and 2021 data recorded with the GPS-based system. 
The solid black line is shown to guide the eyes and corresponds to 
subdiffusive movements, while the red and green lines are shown for 
comparison and correspond to diffusive and superdiffusive movements, 
respectively.

were uncommon, supporting the notion that tortoises 
primarily moved within a daily home range. Although 
the spatial region of activity may vary from day to day, 
their movement on a daily basis was slower than that of 
typical diffusion.

The mean positional error of the radiotelemetry 
technique was found to be 0.45 m, with a standard 
deviation of 0.54 m and a maximum recorded error of 
1.4 m. The mean value of the distribution of positions 
recorded with the GPS system during the night was 3.15 m, 
with a standard deviation of 3.17 m and a maximum 
value of 11.25 m.

The distribution of turning angles obtained from 
spool-and-line trajectories during the 2020 and 2021 
field seasons (Fig. 6A, inset) reveals that most angles 
show minimal deviation from a straight line. This pattern 
suggests that tortoises often move with a clear directional 
focus, rather than making random or frequent turns.

Conclusions and Discussion

In this study, the trajectories, velocity, home range, 
and mean square displacement of 29 tortoises were 
investigated using three techniques to compare the 
movement patterns among seasons and sexes, and 
support the management of Chaco Tortoises. The spool-
and-line, radiotelemetry, and a GPS-based system were 
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with ongoing vegetation surveys.
For broader monitoring, the radiotelemetry and 

GPS-based methods allowed us to track more than 10 
individuals during spring 2020 and summer 2021. We 
were able to study both the temporal evolution and 
the spatial properties of their movements using this 
approach. Our data indicate that the average maximum 
daily distance covered by tortoises was approximately 
110 m, with some individuals traveling up to 400 meters. 
These findings are compatible with those reported 
for the (ecologically similar) Mojave Desert Tortoise 
Gopherus agassizii (Cooper 1863; Franks et al. 2011). 
Such dispersion in the traveled distance might be caused 
by environmental factors, such as drought periods (Duda 
1999), rainfall, or temperature (Falcon et al. 2018). 
Movement patterns in both species may be strongly 
influenced by environmental factors, highlighting their 
behavioral plasticity in coping with arid conditions. We 
will explore these relationships further in future studies. 
Similarly, radiotelemetry studies on Mojave Desert 
Tortoises have reported daily movement distances within 
a comparable range, further supporting the influence of 
environmental conditions on movement patterns (Franks 
et al. 2011).

Our findings are also similar to those for Galapagos 
Giant Tortoises, which are phylogenetically the closest 
relatives of C. chilensis. Their daily movements follow 
basically circular routes, often beginning and ending at a 
site where they slept, with a daily travel distance between 
21 and 413 m (Blake et al. 2021). However, some species 
from the large Galapagos Islands also undertake long-
distance seasonal migrations (Blake et al. 2013).

The distances that tortoises travel per day can vary 
according to sex, size, and time of year (Aguirre et 
al. 1984; Eubanks et al. 2003; Guyer et al. 2012). For 
example, females of Gopherus flavomarginatus (Legler, 
1959) showed a negative correlation between carapace 
length and the average distance moved per day. On the 
contrary, the juveniles showed a positive correlation, but 
males did not show any relationship between carapace 
length and the distance moved per day (Aguirre et al. 
1984). In this study, the mean travel distance did not 
show a difference between males and females, despite 
the marked difference in size. 

Regarding the used area, C. chilensis remained within 
a DHR of 864 ± 283 m² (spring season) or 1,034 ± 298 
m² (summer season). We found no difference in the area 
covered by the trajectories during the mating season 
(spring) and the summer season. In addition, the daily area 
covered by males during the spring season was similar 
to that covered by females, supporting the observation 
that male and female trajectories greatly overlap during 
this period, as males persistently followed the females. In 
Gopherus polyphemus tortoises (Daudin, 1802), females 
move more frequently in the summer months and males 
exhibit a peak in movement prior to mating activity 
(Eubanks et al. 2003), traveling longer distances than 

the females (Guyer et al. 2012). However, testing these 
hypotheses will require a larger number of monitored 
individuals to explore any significant differences in daily 
displacements and area visited according to sex and 
season.

 The data in this study revealed interesting patterns 
regarding the spatial use of the terrain.  Notably, the 
tortoises frequently used internal paths within the study 
area (e.g., the left trajectory in Fig. 4). This behavior of 
using open areas for movement has also been observed 
in Galapagos Tortoises that make use of cattle trails, 
although it was unclear whether those trails were made 
by the tortoises and then used by the domestic animals 
or vice versa (Blake et al. 2021). In addition, tortoises 
were more frequently found near ponds and along low-
traffic roads (Pike et al. 2023). Understanding how these 
routes are selected could provide insights into habitat 
preference and territorial behavior. 

Chelonoidis chilensis typically moved with a most 
probable velocity of 0.4 ± 0.1 m/min, with a median of 0.8 
± 0.1 m/min. The velocity distribution can be improved 
by acquiring data with higher temporal (e.g., increasing 
the GPS sampling rate) and spatial (e.g., quantitatively 
incorporating the information from inertial sensors) 
resolution. The current data suggest the possibility of 
additional modes in the velocity distribution at around 0.8 
and 1.2 m/min. For instance, the higher velocity modes 
could be characteristic of searching behavior, while the 
slower ones could be indicative of an ambling mode. At 
this stage, these modes cannot be definitively confirmed; 
and complementing the quantitative results with 
behavioral observations in the field would be useful to 
investigate this topic further. In fact, during early spring, 
we observed that males seem to spend a considerable part 
of the day walking around in search of mates.

The spatial and temporal resolution of the GPS 
data allowed us to characterize the MSD, in addition 
to determining the speed of movement. The MSD is a 
measure of the evolution of movement as a function of 
time. For example, random movement typically results 
in an MSD that grows linearly with time. Cases where 
the MSD grows sublinearly or superlinearly over time 
are referred to as “subdiffusive” or “superdiffusive,” 
respectively. The mean squared displacements observed 
in the tortoises showed sublinear growth (Fig. 6, black 
thin curve), meaning that the tortoises took more time 
than a random walker to move from one place to another. 
This result could be due to multiple factors, such as 
the existence of multiple waiting points throughout 
the tortoise’s trajectory, or the heterogeneity of the 
substrate on which the individual walks (Bouchaud 
and Georges 1990). In the context of random walks, 
subdiffusive behavior is usually associated with waiting 
time distributions between steps that have fat tails 
(Klages et al. 2008; Kumar et al. 2010; Metzler and 
Klafter 2000, 2004). However, subdiffusive regimes can 
be also associated with correlated random walks, such 
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as those influenced by memory effects (Bouchaud and 
Georges 1990). Additional behavioral observations will 
be important for better understanding of the origin of this 
significant result.

Understanding the patterns of movement and habitat 
use is crucial for developing effective conservation, 
restoration, and management strategies for this species 
of tortoise. Without a thorough assessment of their basic 
biology, we cannot determine the extent to which they 
are affected by habitat fragmentation. In the Monte 
Austral, near San Antonio Oeste, the main economic 
activity is extensive cattle ranching. This practice began 
spreading in the last 30 years, so it is relatively recent 
given the tortoises’ long life cycle. Cattle are known 
to produce profound and often irreversible changes 
in both the vegetation and soil across large areas of 
Patagonia (Borrelli and Oliva 2001; Paruelo et al. 
1993). For example, soil compaction by livestock can 
destroy tortoise shelters and prevent young tortoises 
from emerging from trampled nests (Waller and Micucci 
1997). The study site itself is an unmanaged field that 
maintains a pristine ecosystem. However, facilities are 
currently being prepared to introduce cattle into the area. 
The impacts of these changes in ground conditions and 
vegetation on the movement of this endangered tortoise 
remain uncertain. 

Similarly, it is important to evaluate the ecological 
role of tortoises as seed dispersers for key shrub 
species in the Monte Austral biome. The dynamics of 
plant populations depend heavily on pollination and 
seed dispersal, both of which are closely linked to the 
movement dynamics of the disperser animals (Morales 
and Carlo 2006). In recent years, there has been a surge 
in studies examining the roles of reptiles in pollination 
and seed dispersal (Galindo-Uribe and Hoyos-Hoyos 
2007). For example, lizards and tortoises have recently 
been shown to be the most important seed dispersers in 
some areas of the Galapagos Islands (Galindo-Uribe and 
Hoyos-Hoyos 2007; Nogales et al. 2017) and were more 
efficient than birds in the dispersal of some plant species 
in a community of the Canary Islands (González-Castro 
et al. 2015). Understanding their interactions with plant 
species is vital, particularly in areas undergoing habitat 
change.

A related issue is the consumption of fruits by tortoises, 
which could affect the reproduction of several species 
of plants and impact the structure of vegetation within 
a community (Jerozolimski et al. 2009; Richardson and 
Stiling 2019; Stevenson and Guzmán 2008). These studies 
highlight not only the ecological importance of tortoises 
but also their potential economic role in promoting the 
reproduction and dispersal of economically important 
plants (Valencia-Aguilar et al. 2013). Tortoises serve 
essential roles in ecosystems as prey, foragers, and 
especially as seed dispersers (Blake et al. 2012; Hamann 
1993). However, substantial work remains in collecting 
and analyzing data, as well as improving methodologies, 

to deepen our understanding of this endangered species. 
From the movement trajectories, it may be possible to 
infer a probability map of locations for seed dispersal, 
which could enable the modeling of an expected 
vegetation distribution and, ultimately, quantifying the 
role of tortoises as ecosystem engineers.

In conclusion, while significant progress has been 
made in understanding the movement ecology of C. 
chilensis, many key aspects remain to be explored. 
Increasing the sample size of monitored individuals, 
refining the methodologies, and expanding field 
observations will help to build a more detailed picture 
of how these tortoises navigate their environment. Such 
insights are essential not only for the conservation of 
C. chilensis but also for understanding their role in the 
broader ecosystem. Addressing these questions is critical 
as we work toward the preservation and sustainable 
management of their habitats in the face of anthropogenic 
pressures.

Acknowledgements.—We gratefully thank Pablo 
Costanzo Caso for his support, Mora Ibáñez Molina and 
Maximiliano Bertini for helping in the field work, and also 
Guillermo Amico, Cristian Roddick, Sofía Jason, Hernán 
Pastore, Nora Ibargüengoytía, and Darío Tetamantti for 
their support in the different stages of this research. We 
thank Holohil Systems for providing us with equipment 
for the field work. This study was supported by Agencia 
Nacional de Promoción Científica y Tecnológica (PICT 
2017-0553; 2017-0905; 2017-0586; 2018-01181; 2019-
03558), Consejo Nacional de Investigaciones Científicas 
y Técnicas (CONICET, PIP 11220200101646CO 2021-
2023; 112-2017-0100008 CO), Universidad Nacional del 
Comahue (04/B234), and Universidad Nacional de Cuyo 
(06/C045-T1).

Literature Cited

Abramson G, Kuperman M, Morales JM, Miller JC. 
2014. Space use by foragers consuming renewable 
resources. The European Physical Journal B 87: 100. 

Aguirre G, Adest GA, Morafka DJ. 1984. Home range 
and movement patterns of the Bolson Tortoise, 
Gopherus flavomarginatus. Acta Zoológica Mexicana 
(NS) 1: 1–28.

Barton KA, Phillips BL, Morales JM, Travis JM. 2009. 
The evolution of an ‘intelligent’ dispersal strategy. 
Biased correlated random walks in patchy landscapes. 
Oikos 118: 309–319.

Bartumeus F, Catalan J, Fulco U, Lyra M, Viswanathan 
G. 2002. Optimizing the encounter rate in biological 
interactions: Lévy versus Brownian strategies. 
Physical Review Letters 88: 097901. 

Blake S, Wikelski M, Cabrera F, Guezou A, Silva M, 
Sadeghayobi E, Yackulic CB, Jaramillo P. 2012. 
Seed dispersal by Galápagos tortoises. Journal of 
Biogeography 39: 1,961–1,972. 



 68   Amphib. Reptile Conserv. July 2025 | Volume 19 | Number 1 | e342

Movement of the Chaco Tortoise

Blake S, Yackulic CB, Cabrera F, Tapia W, Gibbs JP, 
Kümmeth F, Wikelski M. 2013. Vegetation dynamics 
drive segregation by body size in Galápagos tortoises 
migrating across altitudinal gradients. Journal of 
Animal Ecology 82(2): 310–321.

Blake S, Yackulic CB, Cabrera F, Deem SL, Ellis-Soto 
D, Gibbs JP, Kummeth F, Wikelski M, Bastille-
Rousseau G. 2021. Movement ecology. Pp. 261–
279 In:  Galapagos Giant Tortoises. Editors, Gibbs 
JP, Cayot LJ, Tapia Aguilera W. Academic Press, 
Cambridge, Massachusetts, USA. 536 p.

Borrelli P, Oliva G. 2001. Ganadería ovina sustentable 
en la Patagonia austral: Tecnología de manejo 
extensivo. Proyecto de Desarrollo Sustentable de 
la Patagonia: PRODESAR. Instituto Nacional de 
Tecnología Agropecuaria EEA Santa Cruz, Río 
Gallegos, Argentina.

Bouchaud JP, Georges A. 1990. Anomalous diffusion in 
disordered media: Statistical mechanisms, models and 
physical applications. Physics Reports 195: 127–293. 

Boyer D, Miramontes O, Larralde H. 2009. Lévy-like 
behaviour in deterministic models of intelligent agents 
exploring heterogeneous environments. Journal of 
Physics A: Mathematical and Theoretical 42: 434015. 

Breder RB. 1927. Turtle trailing: a new technique 
for studying the life habits of certain Testudinata. 
Zoologica 9: 231–243.

Burkart R, Bárbaro NO, Sánchez RO, Gómez DA. 1999. 
Eco-regiones de la Argentina. Administración de 
Parques Nacionales, Secretaria de Recursos Naturales 
y Desarrollo Sustentable, Buenos Aires, Argentina.

Cei JM. 1986. Reptiles del Centro, Centro-oeste y sur 
de la Argentina: Herpetofauna de las Zonas Áridas 
y Semiáridas. Monografie IV. Museo Regionale di 
Scienze Naturali, Turin, Italy. 527 p.

Cunha AA, Vieira MV. 2002. Support diameter, incline, 
and vertical movements of four didelphid marsupials 
in the Atlantic forest of Brazil. Journal of Zoology 
258: 419–426. 

Delciellos AC, Prevedello JA, Ribeiro SE, Cerqueira 
R, Vieira MV. 2019. Negative or positive density-
dependence in movements depends on climatic 
seasons: The case of a neotropical marsupial. Austral 
Ecology 44: 216–222. 

Duda JJ, Krzysik AJ, Freilich JE. 1999. Effects of drought 
on desert tortoise movement and activity. The Journal 
of Wildlife Management 63: 1,181–1,192.  

Eubanks JO, Michener WK, Guyer C. 2003. Patterns of 
movement and burrow use in a population of Gopher 
Tortoises (Gopherus polyphemus). Herpetologica 59: 
311–321. 

Falcón W, Baxter RP, Furrer S, Bauert, M Hatt JM, 
Schaepman‐Strub G, Hansen DM. 2018. Patterns 
of activity and body temperature of Aldabra 
Giant Tortoises in relation to environmental 
temperature.  Ecology and Evolution  8(4): 2,108–
2,121.

Famelli S, Souza FL, Georges A, Bertoluci J. 2016. 
Movement patterns and activity of the Brazilian Snake-
necked Turtle Hydromedusa maximiliani (Testudines: 
Chelidae) in southeastern Brazil. Amphibia-Reptilia 
37: 215–228.

Franks BR, Avery HW, Spotila JR. 2011. Home range 
and movement of desert tortoises Gopherus agassizii 
in the Mojave Desert of California, USA. Endangered 
Species Research 13: 191–201.

Fronhofer EA, Hovestadt T, Poethke HJ. 2013. From 
random walks to informed movement. Oikos 122: 
857–866.

Galindo-Uribe D, Hoyos-Hoyos J. 2007. Relaciones 
planta-herpetofauna: nuevas perspectivas para la 
investigación en Colombia. Universitas Scientiarum 
12: 9–34.

Gibbs JP, Sterling E, Zabala FJ. 2010. Giant tortoises as 
ecological engineers: a long-term quasi-experiment in 
the Galápagos islands. Biotropica 42: 208–214. 

Godagnone R, Bran DE. 2008. Inventario Integrado de 
los Recursos Naturales de la Provincia de Río Negro: 
Geología, Hidrogeología, Geomorfología, Suelos, 
Clima, Vegetación y Fauna. Instituto Nacional de 
Tecnología Agropecuaria, Buenos Aires, Argentina.

González-Castro A, Calviño-Cancela M, Nogales M. 
2015. Comparing seed dispersal effectiveness by 
frugivores at the community level. Ecology 96: 808–
818. 

Gottwald J, Zeidler R, Friess N, Ludwig M, Reudenbach 
C, Nauss T. 2019. Introduction of an automatic and 
open-source radio-tracking system for small animals. 
Methods in Ecology and Evolution 10: 2,163–2,172.

Guyer C, Johnson VM, Hermann SM. 2012. Effects 
of population density on patterns of movement and 
behavior of Gopher Tortoises (Gopherus polyphemus). 
Herpetological Monographs 26: 122–134. 

Hamann O. 1993. On vegetation recovery, goats, and 
giant tortoises on Pinta Island, Galápagos, Ecuador. 
Biodiversity & Conservation 2: 138–151. 

Hunter EA, Blake S, Cayot LJ, Gibbs JP. 2021. Role 
in ecosystems. Pp. 299–315 In: Galapagos Giant 
Tortoises. Editors, Gibbs J, Cayot L, Tapia Aguilera 
W. Academic Press, Cambridge, Massachusetts, USA. 
536 p.

Jerozolimski A, Ribeiro MBN, Martins M. 2009. Are 
tortoises important seed dispersers in Amazonian 
forests? Oecologia 161: 517–528. 

Kazimierski LD, Abramson G, Kuperman M. 2015. 
Random walk model to study cycles emerging from 
the exploration-exploitation trade-off. Physical 
Review E 91: 012124. 

Kazimierski LD, Abramson G, Kuperman M. 2016. The 
movement of a forager: Strategies for the efficient use 
of resources. The European Physical Journal B 89: 
232. 

Kazimierski LD, Kubisch E, Joseph J, Echave ME, 
Catalano N, Abramson G, Laneri K. 2021a. 



 69   Amphib. Reptile Conserv. July 2025 | Volume 19 | Number 1 | e342

Kazimierski et al.

Codes Tortoises Movement Paper, version 1. 
Available: https://gitlab.com/karinalaneri/
codestortoisesmovementpaper.

Kazimierski LD, Catalano N, Laneri K, Balazote A, 
Joseph J, Amico G, Abramson G. 2021b. Trajectory 
assessment of the vulnerable marsupial Dromiciops 
gliroides in the Patagonian temperate forest. 
Mammalian Biology 101: 715–727. 

Kazimierski LD, Oliva Trevisan A, Kubisch E, Laneri 
K, Catalano N. 2023. Design and development of 
a family of integrated devices to monitor animal 
movement in the wild. Sensors 23(7): 3,684.

Klages R, Radons G, Sokolov IM. 2008. Anomalous 
Transport. Wiley-VCH Verlag, Weinheim, Germany. 
584 p.

Kubisch E, Echave ME, Echave LA. 2014. Chelonoidis 
chilensis (Chaco Tortoise). Predation. Herpetological 
Review 45: 684–685.

Kubisch E, Ibargüengoytía NR. 2021. Reproduction. 
Pp. 157–174 In: Galapagos Giant Tortoises. Editors, 
Gibbs J, Cayot L, Tapia Aguilera W. Academic Press, 
Cambridge, Massachusetts, USA. 536 p.

Kubisch E, Alcalde L, Waller T. 2024. Chelonoidis 
chilensis. The IUCN Red list of Threatened Species, 
in press.

Kumar N, Harbola U, Lindenberg K. 2010. Memory-
induced anomalous dynamics: Emergence of diffusion, 
subdiffusion, and superdiffusion from a single random 
walk model. Physical Review E 82: 021101. 

Law SJ, De Kort SR, Van Weerd M. 2016. Morphology, 
activity area, and movement patterns of the frugivorous 
monitor lizard Varanus bitatawa. Herpetological 
Conservation and Biology 11: 467–475.

León RJ, Bran D, Collantes M, Paruelo JM, Soriano A. 
1998. Grandes unidades de vegetación de la Patagonia 
extra andina. Ecología Austral 8: 125–144.

Mennill DJ, Doucet SM, Ward K-AA, Maynard DF, Otis 
B, Burt JM. 2012. A novel digital telemetry system for 
tracking wild animals: a field test for studying mate 
choice in a lekking tropical bird. Methods in Ecology 
and Evolution 3: 663–672. 

Metzler R, Klafter J. 2000. The random walk’s guide to 
anomalous diffusion: a fractional dynamics approach. 
Physics Reports 339: 1–77. 

Metzler R, Klafter J. 2004. The restaurant at the end 
of the random walk: recent developments in the 
description of anomalous transport by fractional 
dynamics. Journal of Physics A: Mathematical and 
General 37: R161.

Miles MA. 1976. A simple method of tracking mammals 
and locating triatomine vectors of Trypanosoma 
cruzi in Amazonian forest. The American Journal of 
Tropical Medicine and Hygiene 25: 671–674. 

Morales JM, Carlo TA. 2006. The effects of plant 
distribution and frugivore density on the scale and 
shape of dispersal kernels. Ecology 87: 1,489–1,496. 

Morales JM, Fortin D, Frair JL, Merrill EH. 2005. 

Adaptive models for large herbivore movements in 
heterogeneous landscapes. Landscape Ecology 20: 
301–316. 

Morales JM, Moorcroft PR, Matthiopoulos J, Frair JL, 
Kie JG, Powell RA, Merrill EH, Haydon DT. 2010. 
Building the bridge between animal movement and 
population dynamics. Philosophical Transactions of 
the Royal Society B: Biological Sciences 365: 2,289–
2,301.

Morello J, Matteucci SD, Rodriguez AF, Silva ME, 
Mesopotámica P, Llana P. 2012. Ecorregiones y 
Complejos Ecosistémicos de Argentina.  Orientación 
Gráfica Editora, Buenos Aires, Argentina. 773 p.

Nathan R. 2008. An emerging movement ecology 
paradigm. Proceedings of the National Academy of 
Sciences of the United States of America 105: 19,050–
19,051. 

Nogales M, González-Castro A, Rumeu B, Traveset 
A, Vargas P, Jaramillo P, Olesen J, Heleno R. 
2017. Contribution by vertebrates to seed dispersal 
effectiveness in the Galápagos Islands: a community-
wide approach. Ecology 98: 2,049–2,058. 

Oyarzabal M, Clavijo JR, Oakley LJ, Biganzoli F, 
Tognetti PM, Barberis IM, Maturo HM, Aragón MR, 
Campanello PI, Prado DE, et al. 2018. Unidades de 
vegetación de la Argentina. Ecología Austral 28: 40–
63.

Palyulin VV, Chechkin AV, Metzler R. 2014. Lévy flights 
do not always optimize random blind search for 
sparse targets. Proceedings of the National Academy 
of Sciences of the United States of America  111(8): 
2,931–2,936.

Paruelo JM, Bertiller MB, Schlichter TM, Coronato FR. 
1993. Secuencia de deterioro en distintos ambientes 
patagónicos: Su caracterización mediante el modelo 
de estados y transiciones.  Convenio Argentino-
Alemán, Cooperación técnica INTA-GTZ. Lucha 
contra la Desertificación en la Patagonia a través de 
un sistema de monitoreo ecológico (LUDEPA-SME). 
INTA-GTZ, Buenos Aires, Argentina. 123 p.

Pike KN, Blake S, Gordon IJ, Cabrera F, Rivas-Torres 
G, Laso FJ, Schwarzkopf L. 2023. Navigating 
agricultural landscapes: responses of critically 
endangered giant tortoises to farmland vegetation and 
infrastructure. Landscape Ecology 38(2): 501–516.

Prado WS, Waller T, Albareda DA, Cabrera MR, 
Etchepare EG, Giraudo AR, González Carman V, 
Prosdocimi L, Richard E. 2012. Categorización del 
estado de conservación de las tortugas de la República 
Argentina. Cuadernos de Herpetología 26: 375–388.

Reynolds A. 2012. Distinguishing between Lévy walks 
and strong alternative models. Ecology 93: 1,228–
1,233.

Richard E. 1994. Espectro trófico de Chelonoidis 
chilensis (Chelonii: Testudinidae) en la provincia 
fitogeográfica del Monte (Mendoza, Argentina). 
Cuadernos de Herpetología 8: 131–140.



 70   Amphib. Reptile Conserv. July 2025 | Volume 19 | Number 1 | e342

Movement of the Chaco Tortoise

Richard E. 1999. Tortugas de las Regiones Áridas de 
Argentina. L.O.L.A., Buenos Aires, Argentina. 205 p.

Richardson JC, Stiling P. 2019. Gopher tortoise herbivory 
increases plant species richness and diversity. Plant 
Ecology 220: 383–391.

Ruete A, Leynaud GC. 2015. Identification of limiting 
climatic and geographical variables for the distribution 
of the tortoise Chelonoidis chilensis (Testudinidae): a 
baseline for conservation actions. PeerJ 3: e1298.

Sánchez J, Alcalde L, Bolzan AD, Sanchez RM, del Valle 
Lazcóz M. 2014. Abundance of Chelonoidis chilensis 
(Gray, 1870) within protected and unprotected 
areas from the Dry Chaco and Monte eco-regions 
(Argentina). Herpetozoa 26: 159–167.

Smouse PE, Focardi S, Moorcroft PR, Kie JG, Forester 
JD, Morales JM. 2010. Stochastic modelling of animal 
movement. Philosophical Transactions of the Royal 
Society B: Biological Sciences 365: 2,201–2,211. 

Steinwald MC, Swanson BJ, Waser PM. 2006. Effects of 
spool-and-line tracking on small desert mammals. The 
Southwestern Naturalist 51: 71–78.

Stevenson P, Guzmán A. 2008. Seed dispersal, habitat 
selection, and movement patterns in the Amazonian 
tortoise, Geochelone denticulata. Amphibia-Reptilia 
29: 463–472. 

Tozetti AM, Vettorazzo V, Martins M. 2009. Short-
term movements of the South American rattlesnake 

(Crotalus durissus) in southeastern Brazil. 
Herpetological Journal 19: 201–206.

Valencia-Aguilar A, Cortés-Gómez AM, Ruiz-Agudelo 
CA. 2013. Ecosystem services provided by amphibians 
and reptiles in neotropical ecosystems. International 
Journal of Biodiversity Science, Ecosystem Services 
& Management 9: 257–272. 

Varela RO, Bucher EH. 2002. Seed dispersal by 
Chelonoidis chilensis in the Chaco dry woodland of 
Argentina. Journal of Herpetology 36: 137–140. 

Virtanen P, Gommers R, Oliphant TE, Haberland M, 
Reddy T, Cournapeau D, Burovski E, Peterson 
P, Weckesser W, Bright J, et al. 2020. SciPy 1.0: 
fundamental algorithms for scientific computing in 
Python. Nature Methods 17: 261-272.

Viswanathan GM, Afanasyev V, Buldyrev SV, Murphy 
EJ, Prince PA, Stanley HE. 1996. Lévy flight search 
patterns of wandering albatrosses. Nature 381: 413–
415. 

Waller T, Micucci P. 1997. Land use and grazing in 
relation to the genus Geochelone in Argentina. Pp. 
2–9 In Proceedings: Conservation, Restoration, 
and Management of Tortoises and Turtles - An 
International Conference. Editor, Van Abbema J. 
New York Turtle and Tortoise Society, WCS Turtle 
Recovery Program, Bronx, New York, USA. 494 p.

Laila Daniela Kazimierski has a Ph.D. in Physics and is an Assistant Researcher 
at CONICET, based at the Centro Atómico Bariloche (CNEA), Argentina. She also 
teaches at the Instituto Balseiro. She works in the Statistical and Interdisciplinary 
Physics Group, where her research focuses on the development and application of 
computational models and machine learning methods to analyze animal movement 
patterns and complex systems. Her work integrates physics, biology, and embedded 
systems, and draws from her experience in experimental data analysis and sensor-
based technologies for studying animal behavior.

Karina Laneri is an Independent Researcher at CONICET, working within 
the Statistical and Interdisciplinary Physics Group at Bariloche Atomic Center, 
Argentina. She also teaches at the Balseiro Institute-Cuyo National University, in 
Bariloche. Laneri earned her Ph.D. in Physics from La Plata National University. 
Her research focuses on forest fire propagation in real landscapes using high-
performance computing. She also investigates population dynamics by developing 
and deploying devices to monitor animal movement in the wild, and by designing 
mathematical models to uncover key mechanisms driving ecological processes, 
which integrates approaches from physics, biology, mathematics, and computer 
science.



 71   Amphib. Reptile Conserv. July 2025 | Volume 19 | Number 1 | e342

Kazimierski et al.

Julien Joseph is an evolutionary biologist at the Université Claude Bernard in 
Lyon, France. His research focuses mainly on the evolution of mechanisms that 
generate or reduce biological diversity on different time scales. Prior to obtaining 
his Ph.D., he spent several months working on animal movement in a fruitful 
collaboration with the Centro Atómico de Bariloche in Argentina, including work 
on the Charco Tortoise (Chilonoidis chilensis).

Erika Kubisch holds a Ph.D. in Biology. She completed her doctoral studies 
in reptile ecophysiology at the National University of Comahue in Bariloche, 
Argentina. During her Ph.D. work, she published numerous papers on thermal 
physiology, growth, performance, acclimation, and the effects of climate change 
on reptiles. Since 2013, she has been a professor of the Statistics Department at the 
National University of Comahue. Since 2017, Erika has been working as a researcher 
at CONICET (National Scientific and Technical Research Council of Argentina), 
focusing on the life history and conservation of the Argentine land tortoise 
(Chelonoidis chilensis). Erika is the head of the C. chilensis Conservation Program 
in Patagonia, Argentina, and supervises several Bachelor and Ph.D. students. Her 
work integrates ecological research, health assessments, and community outreach. 
She has also collaborated on conservation projects with desert tortoises in the 
United States and with the giant tortoise group in the Galápagos Islands.

María Eugenia Echave is a biologist from the National University of La Plata, 
Argentina, with extensive experience in wildlife conservation, particularly focused 
on the endangered Argentine tortoise (Chelonoidis chilensis). Since 2016, she has 
co-led the Conservation Program for this species in northern Patagonia, Argentina. 
Her work integrates field monitoring, health assessments, and community outreach, 
and includes participation in multiple international symposia on tortoise biology 
and conservation. Maria has also collaborated on conservation projects in the 
Mojave Desert, USA, working with Gopherus agassizii, and has co-authored 
several scientific publications. She is currently pursuing her Ph.D. with CONICET 
and a Fundación Azara scholarship, focusing on identifying and understanding the 
threats to the survival of the Chaco Tortoise in the Northern Patagonia

Guillermo Abramson has a Ph.D. in Physics, and is a Principal Investigator at 
CONICET (Argentina) and Professor at Instituto Balseiro (Argentina). He conducted 
postdoctoral research in Trieste, Italy, and Dresden, Germany, and is currently a 
member of the Statistical and Interdisciplinary Physics Division at Centro Atómico 
Bariloche. His professional activity centers around the study of Complex Systems, 
particularly the mathematical study of ecological systems. He has published more 
than 100 papers and books, supervised theses, and managed research projects. 
Guillermo is also an enthusiastic astronomer and popularizer of science, who writes 
weekly on his blog En el Cielo las Estrellas (guillermoabramson.blogspot.com).

Nicolás Catalano is an Electronic Engineer from the National University of La 
Plata (UNLP). He works as a development engineer in the Telecommunications 
Engineering Department of the Argentine Atomic Energy Commission (CNEA) 
and teaches at the Balseiro Institute. With over 20 years of experience, his work 
focuses on embedded systems, telemetry solutions for wildlife monitoring, satellite 
data acquisition systems, and digital beamforming technologies.

http://guillermoabramson.blogspot.com/

