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Abstract
We studied the movement of the marsupial Dromiciops gliroides by means of an innovative approach that makes use of 
two complementary techniques, specifically devised for the monitoring of small animals that live in dense forests. Despite 
playing a key role in the Southern Temperate Forest of Patagonia, very little is known about the ecology and habitat use of 
this “almost threatened species” (according to IUCN), the only living representative of an entire order (Microbiotheria). We 
present here novel results about the movement and explored area of D. gliroides at different spatio-temporal scales using 
complementary approaches: the spool-and-line and a radiotelemetry techniques. Both are complemented in such a way that, 
while the first one allows to obtain trajectories at small spatial scale with very precise resolution for relatively short periods, 
the second one provides longer temporal records at larger spatial scales adding temporal resolution. We show in this work 
very precise nocturnal trajectories unknown so far of 41 individuals of D. gliroides using spool and line, analyzing several of 
their statistical properties. For instance, from the turning angle distribution we find that, after release, the animals followed 
paths that exhibited little angular deviation between steps. In a complementary way, using radiotelemetry, we were able to 
study the velocity distribution of their movements, assessing a most probable value of 2.0 ± 0.8 m/min and a median value 
of 7.2 ± 2.8 m/min. The combination of both approaches brings new opportunities for studying other cryptic and poorly 
known forest dwellers.

Keywords Dromiciops gliroides · Habitat use · Radiotelemetry technique · Spool-and-line technique · Southern Temperate 
Forest

Introduction

The study of animal movement attempts to analyze the com-
plexity of a behavior that usually arises from the interac-
tion between the individual and the environment (Turchin 
1998). In general, movement depends on the animal’s inter-
nal state such as satiation and reserves, on interactions with 
others (either of their own or other species), and on previous 
experiences (Nathan et al. 2008). From an ecological point 
of view, these movements determine the redistribution of 
the population over space, and thus have the potential to 
affect many ecological processes (Kareiva and Wennergren 
1995). For the many animals that move to collect food, their 
trajectories depend strongly on the spatial arrangement of 
resources. In some cases, these animals play an important 
role in mutualistic interactions, both as pollinators or seed 
dispersers of the plants they visit. In the case of keystone 
species their study becomes very relevant, particularly when 
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human activities such as habitat fragmentation and the 
introduction of exotic species may change habitat structure, 
potentially compromising survival or at least altering their 
behavior (Fontúrbel and Salazar 2016).

The field study of individual movement presents a vari-
ety of challenges, in particular when the species of interest 
inhabits a dense forest where GPS positioning is not reliable 
because of the attenuation of the signal produced by the 
vegetation cover. Such is the situation with our species of 
interest, the arboreal marsupial “monito del monte” (Dromi-
ciops gliroides-Microbiotheriidae), the only living species of 
an entire order, endemic of the Southern Temperate Forest 
of Patagonia (between 36 ◦ S and 43 ◦S), see Gurovich et al. 
(2015). Their nocturnal habits and small size make the field 
work even more difficult. This animal plays a key role in 
the forests, since it is able to determine the spatial distribu-
tion of at least 16 species of plants, including the mistletoe 
“quintral” (Tristerix corymbosus-Loranthaceae) (Amico and 
Aizen 2000), which is an important winter resource of the 
hummingbird (Sephanoides sephanoides-Trochilidae), the 
main pollinator of the forest. The marsupial D. gliroides 
maintains a mutualistic relationship with T. corymbosus: 
they benefit by feeding on the pulp of the fruit, while the 
plant benefits from the dispersion of its seeds to new places 
where it can be established (Carlo and Morales 2008; 
Morales and Carlo 2006; Amico et al. 2017). Hence the rel-
evance of knowing how D. gliroides moves in its habitat: 
their behavior affects the population dynamics of the plants 
by providing the seed dispersal services (Carlo et al. 2007; 
Sasal and Morales 2013), largely determining the spatial 
structure of future generations of plants. Correspondingly, 
this distribution will affect the movement of many animals 
feeding on their fruits.

Its phylogenetic uniqueness, as well as the keystone role 
that D. gliroides plays in the forest, makes their preservation 
a high priority for the conservation of biodiversity (Amico 
and Aizen 2000; Rodríguez-Cabal et al. 2007). It has been 
classified as “almost threatened” by the International Union 
for Conservation of Nature (IUCN 20171). In addition, in 
Argentina it has been categorized as “vulnerable” (Díaz and 
Ojeda 2000) and the Argentine Ministry of Environment and 
Sustainable Development has declared it as “insufficiently 
known species” (resolution 1030/04 (2005)), and it has the 
same conservation status in Chile (Fontúrbel et al. 2012). 
However, little is known about their spatial use of the habi-
tat. Even more, the impact that human activities can have on 
their population is not fully understood given the scarce data 
available on its spatial ecology.

In particular, space use at the scale of individuals has not 
been assessed before in Argentina for D. gliroides. To a large 

extent, this is due to three main facts: they are nocturnal, 
adult average weight is 30 g and they live in dense forests 
where GPS signal is screened to the point of making this 
technique unsuitable to assess a trajectory.

One way to record the movement of small animals is the 
spool-and-line technique (Miles et al. 1981; Boonstra and 
Craine 1986), which allows a precise and accurate descrip-
tion of their trajectories. This technique consists in attach-
ing a spool of thread on the back of the individuals and, as 
they move, the thread unwinds and locks onto the different 
substrates through which the animal moves. By tracking the 
thread we can reconstruct the trajectory of each individual. 
The spool-and-line technique has been used to estimate 
movement patterns of small mammals (Broughton and Dick-
man 1991; Onoyama and Saitoh 1991; Hawkins and Mac-
Donald 1992; Mendel and Vieira 2003), including several 
species of marsupials of Brazil (Loretto and Vieira 2008; 
Forero-Medina and Vieira 2009; Prevedello et al. 2009, 
2010; Prevedello and Vieira 2010), as well as in amphibians 
(Tozetti and Toledo 2005) and reptiles (Hernández 2010). 
The method is inexpensive (less than USD 1 per spool) and 
does not require specialized equipment. It provides detailed 
information of movement at small scales, which for this par-
ticular study is extremely important, and could have a rel-
evant application in conservation-related studies (Steinwald 
et al. 2006). Furthermore, combined with other observations, 
it can provide information on the behavior of the animal, 
including arboreal activity, the use of habitat characteristics 
(trunks, holes and burrows) and foraging behavior, among 
others (Glen and Cruz 2009).

Despite its benefits, the spool-and-line technique has cer-
tain limitations. On the one hand, this technique allows to 
monitor the movement of the animal only on a relatively 
small spatial scale, since the length of the thread is limited 
by the weight that the animal can carry. In the case of D. 
gliroides, for example, it would not be possible to monitor 
movements of the order of days using this technique. In addi-
tion, the spool-and-line technique does not provide tempo-
ral information. As a consequence, while we can study the 
animals’ movements and the substrates through which they 
moved, we do not know when or for how long they moved.

Thus, it is convenient to complement this technique with 
another one. One technique that can cope with those limita-
tions and provides a tool for monitoring animals that are 
difficult to observe directly is radiotelemetry (Mennill et al. 
2012; Gottwald et al. 2019). Several studies using different 
implementations of radiotelemetry already showed some 
success in tracking small animals. Such are the cases of 
“tuco tuco de Río Negro” (Ctenomys rionegrensis-Ctenom-
yidae) (Tassino et al. 2011) where the use of space is stud-
ied, and the study of the home range and daily movement 
of “Laotian rock rat” (Laonastes aenigmamus-Diatomyidae) 

1 https ://www.iucnr edlis t.org/speci es/6834/22180 239.
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(Khotpathoom et al. 2020) and of D. gliroides in Chile 
(Fontúrbel and Salazar 2016; Magrach et al. 2015).

An example of radiotelemetry implementation in animal 
tracking consists of measuring the power of pulses emitted 
by a radio transmitter attached to the animal. Usually, tradi-
tional radio receivers are handheld devices and the tagged 
animals are monitored primarily while the researchers fol-
low them with an antenna (Amlaner and MacDonald 1980). 
This method may show to be useful to track animals that can 
be observed without perturbing them, as can be the case of 
big animals. However, in the case of small species it is not 
easy to track them with mobile receivers without modifying 
their behaviour. Another example of radiotelemetry imple-
mentation consists of obtaining the direction of arrival of 
the emitted pulses by the transmitter attached to the animal 
at different locations and then triangulate the transmitter 
position (Rivarola 2009). This method involves moving to 
different locations and registering the direction of arrival of 
the signal. Nevertheless, moving at night in a dense forest 
without disturbing the animal under study presents many 
difficulties.

Our implementation of radiotelemetry does not require 
mobile receivers but static receiver stations instead. Three 
stations measure simultaneously the received power at each 
one of the pulses emitted by the transmitter attached to the 
animal. That power is associated with a distance between the 
transmitter (the animal) and each receiver station, i.e. as the 
animal with the attached transmitter moves away from a sta-
tion, the received power at that station decays. Using a cali-
bration method, it is possible to fit a correspondence between 

received power and distance transmitter-receiver. Finally, the 
estimated position of the animal at each time is calculated 
through the trilateration of the radial distances between each 
receiver station and the transmitter as described with more 
detail in Materials and methods. While sophisticated and 
expensive radiotelemetry systems had been developed (Kays 
et al. 2011; Weiser et al. 2016) we present here a low cost 
system (under USD 150 per station), that employs off the 
shelf equipment.

In the present study, we describe the movement of D. gli-
roides at two different scales using these two very different 
and complementary techniques: we used the spool-and-line 
technique to record the trajectories with very precise spatial 
resolution and radiotelemetry to monitor the visited exten-
sion on a larger spatial scale with temporal resolution. In 
this sense, our work complements techniques innovating in 
the monitoring of small animals that live in dense forests, 
which allows us to characterize properties of their movement 
and use of space determining daily home ranges, movement 
velocity and turning angles.

Materials and methods

Study site

We carried out field work in the Llao Llao Municipal Park 
located 30 km west from the city of San Carlos de Bariloche, 
Rio Negro, Argentina ( 41◦8′ S, 71◦19′ W) (see Fig. 1). The 
area is located within the Southern Temperate Forest, inside 

Fig. 1  Our study was car-
ried out in an 1 ha area of 
old growth native forest of N. 
dombeyi, with the undergrowth 
dominated by A. chilensis and 
C. culeou. The area is close to 
the Nahuel Huapi lake in west 
Argentina, South America. 
Altogether, 43 individuals of 
D. gliroides were captured with 
Tomahawk traps to study their 
movement patterns
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the biogeographical region of the Sub-Antarctic Province 
(Mermoz and Martin 1986; Cabrera 1976; Morrone 2015). 
The climate in this area is cold temperate, with a dry season 
in spring-summer and a humid season in autumn-winter. On 
average, only 12% of the annual precipitation (1800 mm) 
falls during summer (December–February) and snowfalls 
are common during winter. The annual average temperature 
is 9 ◦ C, and the average temperature of the warmest month 
(January) is around 15◦ C, and that of the coldest month 
(July) is approximately 3 ◦ C (Mermoz and Martin 1986; 
Barros et al. 1983).

Dominant canopy trees are the coihue (Nothofagus 
dombeyi-Nothofagaceae) and the patagonian cypress 
(Austrocedrus chilensis-Cupressaceae). The undergrowth 
includes 15 woody species but is dominated by the colihue 
cane (Chusquea culeou-Poaceae, 25% of the shrub cover), 
the maqui (Aristotelia chilensis-Elaeocarpaceae, 30% of the 
cover), the chin-chin (Azara microphylla-Salicaceae) and 
the maitén (Maytenus boaria-Celastraceae) (Mermoz and 
Martin 1986; Amico et al. 2017). Two forest layers are well 
differentiated with tree canopy reaching up to 40 m in height 
and the understory reaching up to 5 m in height. Branches 
in the forest are mostly available within the first 2 m above 
the ground; they are relatively thin ( < 1.5 cm in diameter), 
and slightly over half of them belonging to A. chilensis. The 
canopy cover is commonly more than 50% (Amico et al. 
2017; Mermoz and Martin 1986).

Spool‑and‑line technique

We used the spool-and-line technique to register the move-
ment of individuals of D. gliroides at the scale of the micro-
site (Johnson 1980). As mentioned, this technique provides 
information about habitat use and, in addition, it is also 
possible to recover the animal’s path following the thread 
through the vegetation.

To capture the individuals we used Tomahawk traps 
(30 cm×14 cm×14 cm) in the forest, located at a height of 
between 1 and 2 m on branches of trees and shrubs, primed 
with banana and apple (see Fig. 2) (Balazote Oliver 2017; 
Calzolari 2013). Two sets separated by 150 m of 25 traps 
each were used to capture the individuals. The captures were 
made during the months of January to April since during 
those months of summer and early autumn the individu-
als are most active due to the increase in temperature. We 
placed 50 traps during 64 nights in those months of the 
years 2011, 2012, 2014 and 2015 with a sampling effort 
of 3200 night/traps. Among all the captured individuals 
during the sampling seasons, we selected 41 individuals 
of D. gliroides to monitor their movement using spools 
of threat placed on them (Balazote Oliver 2017; Calzolari 
2013). The 41 individuals were adults of sufficient size and 
weight so that the spool did not hinder their movement. All 

capture and handling methods were performed according 
to the American Society of Mammalogists rules (Sikes and 
Gannon 2011) and approved by the Llao Llao Municipal 
Reserve’s authorities and the Province of Río Negro state 
officials (Municipal Resolution N ◦ 215-DAP-18 and Pro-
vincial Resolution N ◦ 1635).

The dimensions of the used spools are 3.5 cm × 1.2 cm, 
containing 100 m of thread and weighing about 2.5 g (Dan-
field ⓇCotton Cocoon Bobbins) (see Fig. 3, left). These 
spools are assembled in such a way that the thread unwinds 
easily from the center and does not require the spool to spin. 
The animals had their fur trimmed on their back and spools 
were adhered with cyanoacrylate contact adhesive. The glue 
residue disappeared a few days later; some of the individu-
als that had been placed with the spool were recaptured in 
subsequent campaigns and they presented good health con-
ditions and did not show evidence of the placement of the 
spools of thread except for the trimmed fur. The animals 
were released at the same place where they were captured, 
with the tip of the thread secured to a branch. As the ani-
mal moves, the thread is locked at different points of the 
substrate recording its movement very precisely (Moura 
et al. 2005). Later, the trajectories of the threads left by the 
individuals of D. gliroides were followed. These trajectories 
were discretized as vectors of displacement associated with 
changes of direction. Distances were measured with both 
a measuring tape and a laser rangefinder (Bosch DLR165) 
with a resolution of ±1 cm. The changes in direction were 
measured with a magnetic compass set on the thread and 

Fig. 2  Tomahawk traps (30 cm×14  cm×14  cm) in the forest used to 
capture individuals of D. gliroides, located at a height of between 1 
and 2 m on branches of trees and shrubs, primed with banana and 
apple
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registering the deviation from magnetic north. Subsequently, 
the trajectories were plotted using the distance and turning 
angle distributions for their visualization and mathematical 
characterization.

Despite that the spool-and-line technique has a very high 
spatial resolution, it does not provide temporal informa-
tion and can not be used to track large movement exten-
sions of D. gliroides. To overcome these limitations we 
complemented this technique with radiotelemetry, which is 
explained below.

Radiotelemetry technique

We implemented radiotelemetry to gauge the movement of 
two individuals of D. gliroides in March 2018 and 2019: we 
measured the power of a signal emitted by a radio transmit-
ter attached to them. To capture the individuals, we used 
the same Tomahawk traps already described and the trans-
mitter was glued with cyanoacrylate on the animal’s back 
after trimming its fur (see Fig. 3 right panel). Once the fur 
grows again, the transmitter detaches and is lost. We used 
Telenax model TXA-004G and ATS model A2426 transmit-
ters. Both weigh less than 1 g (authorized for species such 
as D. gliroides), measure 1 cm and have flexible antennas of 
about 15 cm long. These transmitters emit periodic pulses 
of approximately 20 ms, every 2 or 4 seconds (it depends on 
the brand and model) at frequencies close to 150 MHz. Once 
they are activated (connecting two wires in the case of the 
Telenax or removing a magnet in the case of the ATS ones) 
the pulses continue for the duration of the battery, which can 
last up to two months, depending on the model.

To receive the transmitted pulses we developed a low 
cost reception system consisting of an arrangement of three 
fixed receiver stations, each one with an omni-directional 

antenna (Fig. 4, left) tuned to 150 MHz (Stewart et al. 2015), 
an RTL-SDR receiver (Fig. 4, top right) and a portable com-
puter (see connection diagram in Fig. 4, bottom right). We 
selected three georeferenced sites for placing the reception 
stations based on accessibility through the forest and cover-
age of the studied area, and which were used repeatedly on 
each measurement session. The three stations receive, dis-
play and record the radio pulses using the SDR# software2. 
Notably, this system allows to monitor simultaneously the 
movement of more than one animal provided their trans-
mitters have different frequencies and lay within the recep-
tor’s bandwidth. The measurements were made during the 
night, since the animal has more activity than during the 
day (Di Virgilio et al. 2014). It was part of the measurement 
protocol to arrive at the forest with the last hours of light, 
in order to set-up the equipment with daylight and start the 
measurements with darkness. The monitoring times varied 
between 1 and 2 h each night, depending on the autonomy 
of the portable computers.

We began measuring from the three stations simultane-
ously: we received the emitted pulses by the transmitter at 
each station and recorded those pulses throughout the night 
until the autonomy of the computers allowed it. Given that 
the coordination of the beginning of the measurements may 
not be exact, to provide a common time reference among 
the stations that would later allow us to align the received 
pulses, we transmitted a short signal with a portable radio 
just after beginning the recording. The frequency of this 
pulse is different from that of the transmitter but close 
enough to be acquired by the receivers.

Fig. 3  Individual of D. gliroides with the spool (left) and the transmitter (right) adhered to the back

2 Available for free download from: https ://airsp y.com/downl oad.

https://airspy.com/download
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The received power at each station depends on the dis-
tance between that station and the transmitter. In open 
space the power received by an antenna decays with dis-
tance (r), as r−2 . However, in the experiments carried out 
in the intricate environment of the forest, we observed that 
this dependence is not strict and that the function that best 
fits the relation between power and distance is different in 
this environment. It is possible, nevertheless, to perform 
a calibration of the functional relation of power with dis-
tance. This requires the measurement of pulses emitted 
from at least two points located at known distances from 
the antennas (Javaid et al. 2015; Oguejiofor et al. 2013). 
The calibration process will be described further in this 
section.

The signal processing was done afterwards in the lab. We 
synchronized the recordings of the power received by the 
three stations using the reference signal emitted by the port-
able radio. In order to reduce the signal-noise ratio we first 
used a band-pass filter, whose central frequency matches one 
of the monitored animals. We then implemented an algo-
rithm to identify the transmitted pulses taking advantage of 
their characteristics: minimum and maximum length, and 
minimum separation between them. As a result, we obtained 
a two-column data file with the time of occurrence of each 
pulse since the beginning of the recording and the detected 
power. Considering that the pulse is not instantaneous but 

has a certain duration, we calculated the detected power as 
the mean value of the squared samples within each pulse.

Due to the dispersion of the received power produced 
by the heterogeneous attenuation of the signal in the forest, 
we did not calculate the position of the animal using every 
recorded pulse of the transmitter. Instead, we considered 
the maximum value of power obtained within a temporal 
window of 1 min, considering that D. gliroides would move 
less than our estimated resolution during that period. Sub-
sequently, we converted that maximum power value into 
distance using the calibration. If at least one of the stations 
did not have detected pulses for a specific time window, no 
position was calculated for that window.

The calibration process consisted of recording the received 
power as a function of the distance between the transmitter and 
the reception station. To accomplish this, we placed a transmit-
ter at three georeferenced distances from the receiver station 
recording pulses for 1 min. This temporal window was chosen 
to be able to identify a power value representative of each 
distance. Given that the received pulses during the minute of 
measurement showed some dispersion in power, we chose the 
pulse with maximum value, assuming that it is the closest to 
the real one assuming that the influence of the channel condi-
tions such as attenuation of the signal, multi-path fading and 
shadowing effects, tend to reduce the received power (Javaid 
et al. 2015). Then, having chosen the maximum value of power 

Fig. 4  Equipment of each receiver station: omni-directional antenna 
located in the forest used to receive 150 MHz radio-frequency signals 
emitted by the transmitter adhered to the animal (left) and an RTL-

SDR receiver (top right). We included a connection diagram of the 
equipment used at each reception station (bottom right)
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received per minute from the three distances at the receiver 
station, we can associate a distance to each of the antennas.

Since the antennas of each receiver station are omni-direc-
tional, each distance measured from a station represents a 
radius around the corresponding antenna. The position of the 
individual at each time is calculated by trilateration, i.e. the 
intersection polygon defined by the three circles (each with its 
corresponding antenna as its center) (Javaid et al. 2015). The 
position value is calculated using the method of least squares. 
By repeating this procedure at each measurement time we 
obtain an approximate trajectory.

We characterized the error of this technique during the 
calibration procedure. The procedure described above was 
repeated 5 times for 3 transmitter positions, including distant 
sites. The error was considered as the dispersion of the values 
between these measurements. We took the maximum disper-
sion obtained as a unique error value, estimated in 7 m radius. 
It is important to notice that the dispersion of the maximum 
power is smaller than or equal to the dispersion of all power 
measurements, but we chose to be conservative by taking the 
whole dispersion range as measurement error.

Results

Spool‑and‑line technique

We obtained trajectories of 41 individuals, with a diversity 
of shape and tortuosity, ranging from about 10 to 50 m 
on the ground (see their two-dimensional projections in 
Fig. 5, left). We analyzed the distribution of the turning 
angles of those trajectories, finding that the animals usu-
ally move away from the release point following steps with 
little angular deviation from the previous one (see Fig. 5, 
right).

Furthermore, when reconstructing the trajectories we 
observed that D. gliroides uses a great diversity of sub-
strates to transit (see Fig.6). Most of the observations 
were on the maqui (A. chilensis) both on living and dead 
branches. Other frequently used substrates were the cane 
(C. culeou) and coihues (N. dombeyi).

Fig. 5  Left: Trajectories of 41 individuals tracked with the spool-
and-line technique. The length of each thread is 100  m. It can be 
seen that the trajectories appear in two regions of the grid. This is 
because the individuals were released in the same place where they 
were captured, and the traps were placed in two sets separated by 150 

m. Right: Distribution of the turning angle corresponding to all the 
trajectories assessed with spool-and-line technique. The radius of the 
histograms corresponds to 20% of the turning angles measured from 
all trajectories
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Radiotelemetry technique

We analyzed the trajectories of two individuals of D. gli-
roides monitored for three consecutive nights (Figs. 7 (top 
and bottom) corresponding to March 2018 and March 2019, 
respectively).

Even if the points are connected to show the temporal 
evolution, it should be kept in mind that there may be inter-
vals in which we do not consider any pulse as useful. Using 
the dispersion of the data during the preliminary calibrations 
and measurements (see Materials and methods section), and 
considering that we know the release position exactly (C3), 
we estimate the error of each point at 7 m in radius (shown 
in the figures as opacity shades of the corresponding Gauss-
ians). Just as a visualization, Figs. 7 (top right and bottom 
right) show one of these trajectories (during 15 min of meas-
urement on the night of March 19 of 2018 and during 1 h 52 
min on the night of March 10 of 2019, respectively).

The radiotelemetry technique, at variance with the spool-
and-line one, provides temporal information, which can be 
used to derive a velocity of the animals. We analyzed the 
distribution of the modulus of velocities taking into account 
only the trajectory points separated by, at most, 5 min (see 
Fig. 8). Fitting a log-normal function to the distribution 
of velocities we get a mode of 2.0 ± 0.8 m/min (the most 
probable value of the velocity) and a median of 7.2 ± 2.8 
m/min. Such a skewed distribution is to be expected if the 
animal tends to avoid spending much time still, to evade 
predators for example. Besides the fitted log-normal, it is 
interesting to notice the existence of three local maxima of 
the velocity, at approximately 2 m/min, 6 m/min and 11 m/
min. These values could correspond to different displace-
ment regimes, related to markedly different behaviors, e.g. 

feeding, exploration and escape or other fast transit. The 
feature is robust against the change of the binning of the his-
togram as well as the criterion to filter the trajectory points.

We also analyzed the convex hulls corresponding to all 
the trajectories (see Fig. 9). These hulls are, in our case, 
the smallest convex polygons enclosing all the points of the 
trajectories and were determined using the Python function 
ConvexHull of the library scipy.spatial. The averaged area 
visited was estimated in 82 ± 32 m2 . Comparing the areas 
and the corresponding time spent, it is interesting to notice 
that the marsupial seems to explore the same area during 
consecutive nights (see Fig. 9). For instance in 2019, the 
animal spent 2 h exploring the same region every night (see 
Fig. 9 light grey region). A similar behavior was observed 
in the trajectories of the individual monitored during 2018 
(see Fig. 9 dark grey region).

Conclusions and discussion

We presented two complementary techniques which allow to 
monitor the movement of small animals living in a dense for-
est where GPS tracking is of low reliability: spool-and-line 
and radiotelemetry techniques. The spool-and-line technique 
allows to record the movement quite precisely, as well as 
to assess exactly on which vegetation stratum the animal 
moved (Cunha and Vieira 2002). We applied this technique 
to 41 individuals of D. gliroides, a species of great ecologi-
cal relevance in the Patagonian South Temperate Forest. We 
observed that most of the trajectories of D. gliroides were on 
the maqui (A. chilensis), and other frequently used substrates 
were the cane (C. culeou) and coihues (N. dombeyi).

Fig. 6  Segments of threads of spools placed on individuals of D. gli-
roides. We include segments of thread on the substrate A. chilensis 
(left) and C. culeou (right). The light colored ovals over the branch 

of C. culeou (right panel) are T. corymbosus seeds dispersed by D. 
gliroides. Following the thread in the forest is possible to reconstruct 
their trajectories



Trajectory assessment of the vulnerable marsupial Dromiciops gliroides in the Patagonian…

1 3

We were able to conclude that, after release, the animals 
moved away from the release point following paths with 
steps with little angular deviation from the previous one (see 

Fig. 5, right). Some of our trajectories are similar to those 
found for other marsupial movement studied with the spool-
and-line technique (Ríos-Uzeda et al. 2019), but we can’t 

Fig. 7  Top. Left: All the trajectories recorded in 2018 assessed by 
radiotelemetry. The average duration of the trajectories was of 15 
min around midnight of March 18, 19 and 20, 2018. Each color cor-
responds to a different trajectory, and shadows represent an error with 
a standard deviation of 7 m around each position. D2, D5 and A3 are 
the georeferenced points where the reception stations were placed and 
C3 is the place where the animals were released. Right: One of the 
trajectories shown at left, recorded on March 19. Bottom. Left: All 
trajectories recorded in 2019 assessed with radiotelemetry technique. 

The total average time was of 3  h around midnight of March 9, 10 
and 11. Each color corresponds to a different trajectory, and shadows 
represent an error with a standard deviation of 7 m around each posi-
tion. D2, D5 and A3 are the georeferenced points where the recep-
tion stations were placed and C3 is the place where the animals were 
released. In this case D2 and D5 are out of the plot area. Right: One 
of the trajectories, corresponding to a register made on the night of 
March 10, 2019, from 21:25 to 23:17. In this case D2 and D5 are out 
of the plot area
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conclude that there is an absolute predominant direction for 
the whole trajectory (see Fig. 5, left).

The patterns of rectilinear movements are usually 
repeated in many mammals at the time of release (Ramos-
Fernandez et al. 2004; Razafindratsima et al. 2014). The less 
tortuous and more linear routes suggest that the individual 
is only crossing an area, while the more tortuous routes 
indicate that the individual is using it more intensively, for 
example, foraging (Nams and Bourgeois 2004). At the time 
of release, linear movements predominate as individuals may 

have an escape behavior. It is possible that the animals are 
trying to find their bearings in the forest. Given that the 
length of thread is limited by the weight of the animal, in 
our case this technique can only register short trajectories, 
insufficient to determine the home range of D. gliroides. It 
also lacks a temporal scale of the deployment of the thread, 
so it does not provide an estimate of the time during which 
D. gliroides explore its environment. The trajectories were 
originally registered in three dimensions, but they are effec-
tively quasi-two-dimensional because D. gliroides moves 
preferentially at heights between 1 and 2 m (Balazote Oliver 
2017; Calzolari 2013). We presented here their two-dimen-
sional projections at ground level in order to confront them 
with the radiotelemetry measurements.

The radiotelemetry technique, on the other hand, can pro-
vide complementary information. The aforementioned tech-
niques are not only complementary but also compatible with 
their simultaneous implementation provided that the animal 
weight allows it. The radio measurements allow to deter-
mine the position of the animal at precise times. Besides, the 
recording can continue for days or weeks, depending on the 
lifetime of the battery of the transmitter, allowing to measure 
the movement of the animals during several nights (long 
after their manipulation) as well as to identify their refuges 
during daytime. This kind of observations can be used to 
compute values such as the home range size, the habitat use 
on a large spatial scale and the speed of movement.

We found that D. gliroides moves with a most proba-
ble speed of 2.0 ± 0.8 m/min and a median of 7.2 ± 2.8 m/
min. These values are in agreement with those previously 
reported in this same area, determined with infrared cameras 
(Di Virgilio et al. 2014). We can estimate that in a few hours 
D. gliroides can explore almost all its home range. We can 
suppose that, as a result of such exploration, D. gliroides has 
to know very well its environment. Indeed, it is not infre-
quent to recapture the same individuals after releasing them 
far from their initial capture place. The multimodal struc-
ture of the velocity histogram suggests different regimes of 
movement, something that should be further analyzed with 
additional data in the future.

We found that D. gliroides remains within a Daily Home 
Range (DHR) of 82 ± 32 m 2 . This value is smaller than the 
one measured by (Fontúrbel et al. 2009) for this species in 
Chile as well as for other marsupial species of a weight simi-
lar to D. gliroides (30 g). For instance, (Leiner and Silva 
2007), using the spool-and-line technique, estimated Mar-
mosops paulensis DHR (weight 39 g) in 4000 m2 . Besides, 
for the rodent Rhabdomys pumilio (weight 40 g) the DHR 
is approximately 1500 m2 (Schradin and Pillay 2005). The 
small DHR found for D. gliroides in this work could be 
related to the fact that the study was done in the season 
with more availability of resources. However, the reduction 
of DHR could also be related to an increasing predation 

Fig. 8  Probability density of the absolute value of the velocity, calcu-
lated from all the trajectories recorded in 2018 and 2019 assessed by 
radiotelemetry. The black line corresponds to a log-normal fit to the 
histogram, P(v) = (v�

√

2�)−1 exp(−(ln v − �)
2
∕(2�2

)) , with param-
eters � = 1.98 ± 0.24 , � = 1.13 ± 0.14 , corresponding to a mode of 
2.0 ± 0.8 m/min, a median of 7.2 ± 1.7 m/min

Fig. 9  Convex hulls for all trajectories assessed by radiotelemetry in 
2018 (dark grey areas) for one individual and 2019 (light grey areas) 
for another individual. Areas were visited during different periods, 
i.e., for year 2018: March 18 (M18 right: 7 min and M18 left: 4 min), 
March 19 (M19: 21 min) and March 20 (M20 up: 12 min, M20 down: 
14 min); for year 2019: March 9 (M9: 2 h 3 min), March 10 (M10: 
1 h 52 min), March 11 (M11: 3 h 28 min). D2, D5 and A3 are the 
georeferenced points where the reception stations were placed and C3 
is the place where the animals were released
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pressure exerted by domestic animals. It is important to 
notice that even if the study was done within a protected 
area, it is surrounded by roads and houses at approximately 
200 m, and domestic cats were seen within the DHR of D. 
gliroides. It is also worth noting that D. gliroides’ DHR is 
embedded in a touristic area that might be producing some 
disturbance, therefore reducing the area visited by the ani-
mals. Further investigation during several seasons will allow 
us to test these hypotheses.

Let us also make a few considerations regarding the role 
of D. gliroides as a seed disperser. The time of digestion, 
the home range size, the speed and the movements of D. gli-
roides are key factors in the dispersion of seeds, in particular 
those of T. corymbosus, which relies on their ingestion to 
germinate and be deposited on a suitable host (Amico et al. 
2017). Given that the time of the seed passing through the 
digestive tract is half an hour (Balazote Oliver 2017), and the 
results shown in this work with respect to the home range, 
we conclude that the average dispersion distance would be 
consistent with that reported by (Morales et al. 2012).

As an arboreal animal, D. gliroides needs the dense for-
est to move and browse for its resources, an activity that 
translates into seed dispersion. A change in the traits induced 
by human activity could significantly affect the dispersion 
modality and threaten the plant subsistence. For these rea-
sons, the conservation status of D. gliroides should not only 
be based on their own population decrease, but also on the 
change of their habits and their impact on the potential sur-
vival of many species of plants.

We believe that the movement behavior of D. gliroides 
deserves deeper investigation. On the one hand, we need 
a better characterization of the statistical properties of the 
trajectories, including a better estimation of the home range, 
the recurrence times and the role of vertical displacements. 
These properties could give us clues on the mechanisms 
behind search strategies or other behaviors. For this, it would 
be helpful the use of dynamical models of movement, a step 
on which we are working now. On the other hand, a more 
extensive study in time would be necessary, in order to 
probe the eventual spatial structure of seed dispersal, beyond 
what we can derive from our current data. For instance, D. 
gliroides acts as a seed disperser for numerous species of 
plants within the Southern Temperate Forest (Amico et al. 
2009) and this role is essential for the conservation of the 
biodiversity of Patagonia’s forests (Rodríguez-Cabal et al. 
2007). By combining data of the movement of D. gliroides 
with the seed dispersal distances and with a map of the for-
est structure we will be able to study the spatial dynamics 
of the Southern Temperate Forest in an integral way. The 
integration of mathematical modeling and simulations with 
the spatial distribution of the resource can shed light on fac-
tors determining seed dispersion and the successful persis-
tence of T. corymbosus. Besides, future research will allow 

to study little known aspects of the ecology of this species, 
such as the location of their nests and the social structure of 
their communities.

As implemented during the field campaigns of 2018 and 
2019, our system is still affected by instrumental issues with 
an impact on the errors in the determination of the indi-
viduals’ position. These shortcomings can nevertheless be 
improved by upgrading the material at our disposal (mainly 
the antennas and receivers), and streamlining the measure-
ment protocol. One of the limitations presented by monopole 
antennas such as the ones we used is that the received power 
depends on the polarization of the transmitted signal. This 
can be overcome to a good extent by better antenna designs. 
We have already built and tested cloverleaf antennas, opti-
mized to have an axial ratio close to 1 at the frequency of 
the transmitters. Future work will implement their use in 
the field.

Further analysis of the data collected during 2019 is 
also still underway, and will be reported elsewhere. Future 
studies should also attempt to evaluate the role of potential 
intraspecific interaction between individuals on their dis-
tribution and use of space, and to test hypotheses about the 
resource dynamics and other behavioral mechanisms. Future 
work will also include the design of dynamical models of 
movement incorporating all characteristics found, to bet-
ter understand the behavior of this marsupial. Their strong 
dependence on densely vegetated habitats makes them par-
ticularly sensitive to human disruptions of the habitat, such 
as fragmentation through deforestation and other activities. 
In this regard we believe, as (Fontúrbel et al. 2009), that the 
key role played by D. gliroides makes them a very relevant 
species for the conservation of the Patagonian forest. Addi-
tional knowledge of this ecosystem will certainly strengthen 
the conservation efforts.
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