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Abstract

GARciA-SoLis, F., ZURIGA, A .H., RAU, J.R., ENCINA-MONTOYA, F., GARCEs, C., 2025. Temporal interactions
among carnivores in an anthropized landscape of the coastal mountain range in southern Chile. Folia Oeco-
logica, 52 (1): 14-21.

The structuring of carnivore assemblages is based on the partitioning of niche axes, where the activity pattern
is relevant for their coexistence. However, the continuous degradation of habitats, and the human presence
(and exotic species) limit the availability of resources. Therefore, these species must readjust their require-
ments to minimize interactions derived from competition. For two years, activity patterns of two native car-
nivores (the cougar Puma concolor and the chilla fox Lycalopex griseus), one exotic carnivore (the domestic
dog Canis lupus familiaris) and people were evaluated in an anthropogenic landscape in southern Chile. A
differentiation was observed in the circadian cycle of the species, where the fox was predominantly nocturnal,
while the cougar maintained a random activity pattern, in contrast to the dog and humans, which were the most
diurnal. The ecological implications derived from the observed patterns are discussed, mainly in relation to the
interference exerted by the exotic species.
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Introduction relevance in ecosystems, due to the control that they ex-

ert on herbivorous species through predation (HAIRSTON
Carnivorous mammals are a widely distributed group, with et al., 1960). However, carnivores are exposed to various
a great diversification of species across different biomes threats globally, due to the progressive loss of their hab-
(GITTLEMAN, 1989). The role of this group is of special itats, such as the growing conflict with humans (FERNAN
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DEZ-SEPULVEDA and MARTIN, 2022). These threats, com-
bined with their large spatial needs (CARBONE and GITTLE-
MAN, 2002), means that many carnivore populations are
currently in decline, elevating the risk of stochastic local
extirpation (RIPPLE et al., 2014).

The structuring of carnivore assemblages is manifest-
ed through a combination of elements that include the size
of the species and their morphological and behavioral ad-
aptations (GITTLEMAN. 1985; HUNTER and CARO, 2008), as
well as other ecological niche axes (FEDRIANI et al., 1999).
This last issue implies the decrease in the co-use of niche
axes between species to limit competition (MORIN, 2011).
Of these, temporal partitioning differentiation is a common
mechanism of ecological differentiation, since it involves
the use of space through different periods within a 24-hour
period, thus minimizing the probability of encounters be-
tween individuals (KRONFELD-SCHOR and DAvaN, 2003).

The native forest of southern Chile is characterized
by its biogeographic isolation in relation to the rest of the
continent (MELLA et al., 2002), which is reflected in the
richness of species and endemism (MURUA, 1996). How-
ever, the progressive fragmentation and alteration of the
natural habitat has resulted in changes in the landscape
configuration (ECHEVERRIA et al., 2008), which is likely
to affect both the distribution of carnivores and their po-
tential interaction (CrROOKS, 2002). Knowledge regarding
the responses of species to these impacts is important
for the implementation of conservation measures, which
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Fig. 1. Study area.

would be applied at the landscape scale (CARROLL et al.,
2001). Among the species present in this ecosystem is
the cougar (Puma concolor), which is a large felid, wide-
spread throughout the Americas, in which it acts largely
as a top predator, selecting prey of intermediate to large
size (IRIARTE et al., 1990). Nevertheless, in anthropized
environments it can prey on domestic animals, which
can generate conflicts with humans (Garcia-SoLis et
al., 2023). On the other hand, the chilla fox (Lycalopex
griseus) is a small-sized canid, present in much of the
Chilean territory, with great plasticity in the use of hab-
itats (IRIARTE and Jaksic, 2012). On the other hand, the
domestic dog (Canis lupus familiaris) is one of the most
widespread exotic species in the world (Bortant et al.,
2017), with a generalist trophic spectrum (BUTLER and
Du Torr, 2002; Krauzge-GrYz and Gryz, 2014). Their
impact on native fauna has been widely reported on vari-
ous ecosystems (VANAK and GOMPPER, 2002; ZAPATA-RI-
os and BRANCH, 2016), mainly by feral individuals that
roam natural habitats, which generate pressure on native
carnivore assemblages (RODRIGUEZ et al., 2022). Thus,
better understanding about its interaction with native spe-
cies is needed for its eventual control. The aim of this
study is to compare the activity patterns of two native
carnivores and one exotic carnivore and humans in an
anthropized landscape in southern Chile. The hypothesis
of variation in the use of resources between species is
tested during two years.
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Materials and methods

Hueyusca is a rural location in the precordilleran zone in
southern Chile (40°55°44’S-73°31°51”W; Fig. 1). It has
an elevation of 127 m asl, with a temperate rainy climate,
characterized by moderate temperatures, which varies
from 7.5 °C in winter and 22 °C in summer (KOEPPEN et
al., 2011). This sampled area comprises approximately
around 30,000 ha, and is adjacent to the rural communi-
ty of Purranque to the east, as well as the coastal moun-
tain range to the west. The forest formation corresponds
to the deciduous forest type (Gasarpo, 1994), where the
oak species (Nothofagus obliqua) stands out in association
with laurel (Laurelia sempervirens), mafiio (Podocarpus
saligna) and ulmo (Eucryphia cordifolia). The landscape
is currently made up of mosaics of forest plantations of Pi-
nus sp. and Eucalyptus sp., as well as anthropogenic-type
shrublands, which are used for livestock grazing.

As part of a previous study conducted in the study
area (GARCIA-SOLIs et al., 2022), camera traps were used.
This equipment is part of a non-invasive monitoring tech-
nique, that allows detecting photographically the presence
of individuals approaching the devices by activating a
sensor (Kays and SLauson, 2008). The species considered
here can be recognized at the species level without ambi-
guity, as well as the date and time of recording. During
two years (2016 and 2017), nine cameras were installed
in the study area at an average distance of 3 km from each
other (GARCIA-SOLIs et al., 2022), using secondary paths
with random points (BRASSINE and PARKER, 2015). Battery
status and memory cards were checked on a monthly ba-
sis. For analytical purposes, a time horizon of one hour
between successive photographs was considered for tem-
poral independence (LUCHERINI et al., 2009). To estimate
the detection rate of species, the number of independent
records was calculated as a proxy of abundance (ZUNiGA
and JIMENEZ, 2018), and the statistical significance was
obtained through Mann-Whitney paired tests (SokaL and
RoHLFE, 1995), with the abundance of records obtained
each 15 days (GARcia-SoLis et al., 2024).

The study of the activity pattern of the detected spe-
cies was carried out by accumulating independent records
of each species, thus establishing a frequency distribution
based on the 24-hour cycle (ZURIGA et al., 2017). The di-
versity of the use of temporal activity was calculated using
the Levins index (B; LEvVINS, 1968), which has been used to
estimate the activity pattern of mammals in different types
of environments (ZUNI1GA and JIMENEZ, 2018; ZUNIGA and
SANDOVAL, 2020). This index ranges between 1 and 24, the
number of hours in a day, which makes it an indicator of
the extent of species activity throughout this period. The
standard deviation of this index was calculated using the
Jackknife procedure (Jaksic and MEDEL, 1987). In paral-
lel, probability density functions were performed for each
year (2016 and 2017). We calculated an overlap coefficient
(A) among species and years as the area under the curve
formed by determining the minimum value between each
pair of density functions. This process was carried out
using the overlapEst function from the ‘overlap’ package
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in R (Ripout and Linkig, 2009; MEREDITH and RIDOUT,
2021). The Al estimator was used because it is suitable for
smaller data sets (Ripout and LINKIE, 2009). We generated
95% confidence intervals from the distributions of data for
each year. To evaluate the significance of the difference be-
tween curves, Watson’s U? statistic was used, through the
watson.two function of the ‘CircStats’ R package (AGOST-
INELLI and LuND, 2018). This test analyzes the probability
that two circular data sets come from the same population
(JAMMALAMADAKA et al., 2021). The similarity in activity
patterns among species was analyzed using the Bray-Cur-
tis index (BROWER and Zar, 1984), and projected using a
dendrogram. We divided the day into four periods based
on light availability, which were delimited as follows:
dawn (6:00-7:59), day (8:00-17:59), dusk (18:00-19:59)
and night (20:00-5:59; FEpRIANI, 1997). For this purpose,
goodness-of-fit tests were used (SokaL and ROHLE, 1995),
where the expected frequency was weighted according to
the duration of each period.

Results
Activity patterns

A sampling effort of 5,823 camera-days/nights (2,637 in
2016 and 3,186 in 2017), yielded a total of 442 records in
the first year (cougar: 9, chilla fox: 56, domestic dog, 248
and humans: 129), and 357 the second year (cougar: 24,
chilla fox: 76, domestic dog: 136 and humans: 121). Rates
of photographic recording (records/100 trap-nights) varied
among species, both in the first year (cougar: 4.28; chil-
la fox: 26.66; domestic dog: 115.23; humans: 61.42, re-
spectively), as in the second year (cougar: 8.45; chilla fox:
26.76; domestic dog: 47.88; humans: 42.60, respectively).
However, cougar was the only species that differed among
these periods (Mann-Whitney test, U = 74, p = 0.045).

In terms of activity, a variation in patterns was ob-
tained between species (Fig. 2). The first year, the dog
showed the highest index of temporal activity (B =21.56 +
0.69), followed by the chilla fox (p = 11.44 + 0.78), cougar
(B =7.36 + 0.87), and humans (f =11.62 + 0.87). In the
second year, dog had a decrease in this value (B =16.75
+ 0.88), while the puma presented an increase (f = 15.15
+ 0.91), and chilla foxes and humans were similar in re-
lation to previous years (f = 11.23 + 0.97 and 12.80 +
0.87, respectively). Domestic dog was the only species
where changes in activity were significant (U>=0.304; p =
0.006). In relation to the similarity among species, it was
found that in the first year the puma obtained the lowest
value (14%; Fig. 3), while the chilla fox obtained an in-
termediate one (37%) and dogs and humans obtained the
highest values between them (63%). In the second year,
although the puma did not show major differences (14%),
there was a decrease in the case of the chilla fox (31%), as
well as an increase for dogs and humans (71%).

The observed activity pattern had a clear differentia-
tion between light periods, where the first year the chilla
fox was the most clearly nocturnal (Chi square test, y* =
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Fig. 2. Activity patterns in the studied species in Hueyusca, Southern Chile, in the two years of sampling.
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Fig. 3. Similarity in the activity pattern among species in the
study area, for the two years of monitoring.

49.31, p < 0.0001, d.f. = 3; Fig. 4), while the cougar and
the dog were similarly active day and night (x> = 1.40, p
=0.705; x> = 5.66, p = 0.129, respectively). Humans, by
other hand, were mainly diurnal (y> = 99.94, p <0.0001).
In the second year, a similar pattern was obtained in the
case of the chilla fox, cougar and humans (x> = 73.52,
p < 0.0001; 4> = 3.01, p = 0.390; ¥* = 79.09, p < 0.0001
respectively), while in the case of the domestic dog, this

pattern changed towards a more diurnal activity profile (>
=14.17, p=0.002). Regarding overlap among species, it’s
highlighted low (and significant) values for humans and
dogs vs. chilla foxes (Fig. 4), while this trend among puma
and chilla fox was only in the second year (intermediate
values). Humans and dogs had high (and significant) val-
ues of overlap in both years of study.

Discussion

The observed temporal pattern shows partial agreement
with what has been reported for these species elsewhere,
which shows that anthropic influence would have had a
clear impact. In the case of cougar, the extension of the
activity period differs from what was observed in protect-
ed areas of central-southern Chile (ZUNIGA et al., 2017).
This would be explained by the greater human presence
in Hueyusca, thus increasing the nocturnal activity of pu-
mas, as an avoidance mechanism (PavioLo et al., 2009).
The people who pass through the study area are agricul-
tural workers who carry out their daily routine from early
morning until dusk, which generates pressure on native
carnivores to avoid them. On the other hand, large home
range of cougar could allow them to compensate for such
pressure, with animals towards other patches in the land-
scape (GRIGIONE et al., 2002; Rau, 2024), which agrees
with previous reports from the study area (GARCIA-SOLIs
et al., 2022). It is important to highlight that this pattern
would be largely modulated to couple with the activity of
pudu deer (Pudu puda), its main prey, which is present and
whose activity is predominantly nocturnal (ZURiGA and
JIMENEZ, 2018; COLIHUEQUE et al., 2020). In this sense, it
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Fig. 4. Overlap of active patterns among species of Hueyusca, southern Chile.

is important to quantify the abundance of this cervid at lo-
cal scale, in order to test the hypothesis about the variation

in its rate of recordings between years.

In the case of the chilla fox, the activity pattern is con-
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sistent with reports in this type of environments (GALVEZ
et al., 2021), which suggests an active avoidance strategy
with other carnivores. This would be the case of its inter-
action with domestic dogs (S1LvA-RODRIGUEZ et al., 2010),



and to a lesser extent with cougars, as has been reported for
the fox Lycalopex culpaeus (ZUN1GA et al., 2017), with con-
straints in habitat use. In a similar way, temporal avoidance
to humans agrees with reports in other canids, which has
been the case for the red fox Vulpes vulpes in Europe (Diaz-
Ruiz et al., 2016), which evidences a disturbing effect on
their occupation. On the other hand, chilla foxes must devel-
op a temporary coupling with their main prey, rodents and
hares, which are notably nocturnal (ZUNIGA and SANDOVAL,
2020; SALGADO et al., 2022). Regarding domestic dogs, the
broad spectrum of activity documented here is similar to
what has been reported in urban parks (MELLA-MENDEZ et
al., 2019), while it contrasts with dogs controlled by their
owners (Griss et al., 2021). This fact is consistent with the
high frequency of records obtained, with an asymmetric po-
tential for interaction with the rest of the species in the com-
munity, with eventual imbalances around their distribution
(Farris et al., 2017).

In general terms, the similarities obtained for native
species reflect their flexibility in capturing prey and their
avoidance humans and dogs. In this way, the interannual
differences in the activity patterns of the studied species
would be explained by the high presence of dogs in the
first year, which would generate an important interference
effect, restricting the occupancy of carnivores in the study
area. Nevertheless, the relaxation of this interaction in the
second year would be associated with a lower abundance
of dogs, following a control effort done by the municipal-
ity of Purranque (approximately 10 km from Hueyusca),
which is mainly associated with sterilizations of the indi-
viduals and good care practices on the part of the owners
(C. Oyarzln, pers. comm.).

In conclusion, native carnivores appear to coexist
through the partition of their niche axes, but this may be
constrained by the emergence of the exotic domestic dog.
The wide extension of the temporal niche that this canid
exhibits generates a great potential for interaction with the
rest of the native species in the assemblage, affecting its per-
sistence. It is necessary to develop control actions over free
roaming dogs to minimize their impact on the native fauna.
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