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ABSTRACT
Tree cavities are critical habitats for numerous vertebrate species, serving as keystone resources for nesting, roosting, and shelter. 
We document the first evidence of an individual güiña (Leopardus guigna) breeding within a tree cavity of a standing dead tree. 
We explore its implications on breeding productivity and complementing this record with evidence from camera trap surveys 
conducted in temperate forests of south-central Chile. These findings enhance our understanding of the species' natural history, 
breeding behavior, and habitat preferences. Additionally, we discuss the conservation implications of this discovery, offering new 
insights into the breeding ecology and habitat selection of one of South America's most elusive felines.

1   |   Introduction

The güiña or kod kod cat (Leopardus guigna) is the smallest wild 
cat in the Americas (ca. 2 kg) with the most restricted distribu-
tion in the world (Napolitano et al. 2015). The güiña is an elu-
sive and cryptic species endemic to the forested Mediterranean 
and temperate rainforest biomes of Chile and Argentina, and is 
patchily distributed in a narrow range over latitudes 30°–50° S 
(Napolitano et  al.  2015). In Chile, in its southern range, the 
species is strongly associated with moist temperate mixed for-
ests of the southern Andean and Coastal ranges, particularly 
the Valdivian and Araucaria forests of Chile, which are char-
acterized by abundant Southern Beech trees (Nothofagus spp.) 

and an understory dominated by bamboo species (Nowell and 
Jackson 1996; Lucherini et al. 2000).

The güiña is categorized as Vulnerable, with a decreasing popu-
lation trend, on the IUCN Red List, due to habitat loss and frag-
mentation from human population growth and deforestation in 
Chile's temperate rainforests (Napolitano et al. 2015). Preference 
for native forest (Acosta-Jamett and Simonetti  2004) makes 
the güiña sensitive to landscape change (Gálvez et  al.  2013); 
although recent studies show the ability to survive in highly 
modified agricultural landscapes (Gálvez et  al.  2018, Gálvez, 
Infante, et al. 2021). Forest cover is a critical ecological require-
ment for the species, influencing its spatial dynamics. Whether 
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continuous or in agricultural mosaics, it provides essential hab-
itat refugia, offering suitable areas for shelter and movement 
(Gálvez et al. 2013; Fleschutz et al. 2016).

It is assumed that the species “builds nests” on top of trees or 
in dense clumps of bamboo and it is stated that it can have be-
tween 1 and 4 offspring, although both characteristics are not 
supported by any study (Quintana et al. 2009). Breeding produc-
tivity is defined as the number of kittens/juveniles per repro-
ductive female, defined as the females observed in the presence 
of offspring (Smith and Smith 2007; Primack et al. 2001). This 
information is vital, particularly given the high levels of forest 
loss affecting the species' habitat. However, breeding behav-
ior, denning sites, and habitat attributes remain poorly under-
stood. A probable mating season has been suggested to occur 
in early spring (August–September; Peckham  2023), based on 
size and dentition, collected a juveniles male güiña (Dunstone 
et al. 2002; Freer 2004).

Tree cavities are generally considered critical habitat for a range 
of species, from invertebrates through birds to mammals, be-
cause they serve as a keystone resource, providing nesting, 
roosting, and sheltering sites for numerous vertebrate species 
(Altamirano, Ibarra, Martin, and Bonacic 2017; Bonaparte et al. 
2024). Remaining forest stands showing suitable habitat for 
cavity-using wildlife, such as sites with large-decaying trees and 
standing dead trees (i.e., snags), are commonly being degraded 
(Vergara and Armesto 2009; Ibarra and Martin 2015). Snags are 
frequently considered a keystone habitat attribute because of the 
disproportionate number of species they support in relation to 
young healthy trees (Ibarra et al.  2020). Although they play a 
crucial ecological role, there is limited knowledge about how 
species like the güiña rely on snags for essential behaviors such 
as reproduction, especially in forest landscapes experiencing 
degradation.

We document the first evidence of güiña breeding within a tree 
cavity of a snag in temperate forests. We explore the implications 
of this finding for breeding productivity and complement this 
finding with evidence from camera trap surveys. We also dis-
cuss the significance of this discovery for the species and its po-
tential implications for conservation. Our study provides novel 
insights into the breeding behavior and habitat selection of one 
of South America's most elusive felines.

2   |   Methods

2.1   |   Study Area

The study was conducted in four regions of South-Central Chile: 
El Maule, La Araucanía, Los Ríos, and Los Lagos. These regions 
encompass both Mediterranean and temperate macro biocli-
mates. El Maule, located mainly in central Chile (23°–39° S), 
has a Mediterranean macro bioclimate characterized by scru-
bland and sclerophyll forests. The vegetation includes interior 
Mediterranean communities such as Espinal (Acacia caven), 
Litre (Lithraea caustica), Boldo (Peumus boldus), and Corcolen 
(Azara integrifolia) along with diverse grasslands composed of 
native and exotic species (Luebert and Pliscoff  2017). In con-
trast, La Araucanía, Los Ríos, and Los Lagos have a temperate 

macro bioclimate that extends in southern Chile (37°–55° S). 
Vegetation in these regions includes early successional stages 
of forests at lowlands dominated by broadleaf species such 
as Roble beech (Nothofagus obliqua), Coigüe (Nothofagus 
dombeyi), Ulmo (Eucryphia cordifolia), and Chilean laurel 
(Laurelia sempervirens). The understory was mostly dominated 
by bamboo species (Chusquea spp.), Rhaphithamnus spinosus, 
different species of Azara and Berberis, and tree saplings (see 
also Altamirano et  al.  2013; Altamirano, Ibarra, Martin, and 
Bonacic 2017; Luebert and Pliscoff 2017).

2.2   |   Reproductive Monitoring

For the nestweb long-term project in Chilean temperate rain-
forests of La Araucania region, during 15 breeding seasons 
(2008–2023), we searched for nests of cavity-nesting vertebrates 
and checked the interior of tree cavities used for nesting. We 
checked the cavities using a wireless monitoring system with a 
telescopic pole that reached up to 15 m high (see Altamirano, 
Ibarra, Martin, and Bonacic 2017). After detecting the species 
with a cub in the cavity, we deployed one camera-trap (Bushnell 
model 16MP Trophy Cam HD Essential E3) in front of a tree 
cavity in a standing dead Roble beech (Nothofagus obliqua) tree 
(39°15′25.4″ S, 71°45′57.3″ W; Figure  1). This camera was lo-
cated approximately 4 m above ground. The distance between 
the camera and tree cavity was approximately 2 m. Camera trig-
gers were set to high sensitivity, three pictures per trigger and to 
record videos for 10–30 s with rapidfire intervals, and no delay 
between triggers.

2.3   |   Habitat Attributes

After the breeding season, we assessed site characteristics at 
three different scales: (a) cavity-scale: origin (i.e., excavated 
or formed through natural decay processes), we measured the 
height using a tree-climbing leader and a measuring tape (mea-
sured from the ground to the lower edge of the cavity entrance). 
Additionally, we recorded the entrance orientation, cavity en-
trance width and height, vertical and horizontal depth; (b) tree-
scale: tree species, diameter at breast height (DBH), diameter 
at cavity height (DCH), coverage by vines and epiphytes, level 
of decay (decay classes: 1 = live, healthy tree; 2a = live tree with 
sign of wood-boring arthropods and/or fungal decay; 2b = nearly 
dead tree with broken top and advanced levels of decay, with 
20% live branches; 3 = standing dead tree in progressive states 
of decay; adapted from Thomas et al. 1979); (c) stand-scale: hab-
itat type (e.g., Second-growth forest = 35–100 years old), canopy 
cover, understory vegetation coverage, tree density (only trees 
with DBH > 12.5 cm), volume of coarse woody debris (with a di-
ameter of ≥ 7.5 cm), and signs of recent human activities (e.g., 
logging, grazing, or fire; for a review see Ibarra et  al.  2014; 
Altamirano, Ibarra, Martin, and Bonacic 2017).

2.4   |   Güiña Parental Activity in Cavity

To assess the parental activity of the güiña, we used time-
stamped data from images captured by camera trap (Chaudhary 
et al. 2020). By organizing all detection events according to the 
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time of day, we calculated hourly detection frequencies to es-
timate the güiña's activity pattern over a 24-h period. Activity 
patterns were estimated nonparametrically using kernel den-
sity functions (Ridout and Linkie 2009). For the general activity 
pattern analysis, we used the complete dataset of photographic 
records related to tree-cavity denning behavior. Each event was 
classified as either a cavity entrance or exit by an adult güiña, 
allowing us to compare the temporal activity patterns associ-
ated with these two behaviors. After the activity pattern had 
been generated for each behavior, the behaviors were com-
pared, and the overlap coefficient (Δ) was estimated (Ridout and 
Linkie  2009). This coefficient ranged from 0 (no overlap) to 1 
(complete overlap) and was obtained by taking the minimum of 
the density functions of the two cycles being compared at each 
time point (Monterroso et al. 2014).

We processed the images captured by camera trap using the 
EcoAssist (van Lunteren  2023) and classified them by species 
activity with Timelapse2 (Greenberg et  al.  2019), incorporat-
ing the MegaDetector learning model (Machine Learning for 
Wildlife Image Classification). This model automatically identi-
fies the presence of animals in images. To ensure maximum sen-
sitivity, we applied the most conservative detection confidence 

threshold of 0.01 in EcoAssist, a threshold previously validated 
with a 100% success rate (i.e., all animals present in the images 
were accurately detected). After this automated detection pro-
cess, an observer conducted a manual review of the images to 
verify the results.

2.5   |   Güiña Breeding Productivity in Camera Trap 
Surveys

Camera traps were installed to detect individuals moving on 
the forest floor across different vegetation formations (na-
tive forests, shrublands, and commercial forest plantations). 
Cameras were tied up against trees or rocks at a height of 
15–30 cm above the ground. While we are detecting individ-
uals, we are not identifying them at the individual level but 
at the species level. We collected records of güiña females 
with their kitten/cub or juveniles from camera trap surveys 
in El Maule, La Araucanía, Los Ríos, and Los Lagos Regions 
(Figure  1). Cameras were deployed at 437 unique locations, 
with one to five sampling seasons per location, between 2012 
and 2024. Cameras operated from one to two months per sea-
son, and total sampling effort was 51,610 camera days. The 

FIGURE 1    |    Study area of camera-trap surveys conducted in the Maule, La Araucanía, Los Ríos, and Los Lagos regions of south-central Chile. Red 
dots indicate cameras that recorded an adult Leopardus guigna with a kitten/cub.
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location of sampling units was randomly selected, whether 
randomizing cells in a grid overlaid on the study areas (180 
cameras in La Araucanía, see Gálvez et  al.  2018, Gálvez, 
Meniconi, et al. 2021 for details; 90 cameras in Los Ríos and 90 
cameras in Los Lagos) or randomizing exact camera locations, 
setting a minimal distance of 2 km between cameras and con-
straining selection to natural vegetation formations inside 
commercial forest plantations (40 cameras in El Maule region 
and 40 cameras in Los Lagos Region). Both design types used 
the home range size of güiña for determining cell size or dis-
tance between cameras (Johnson and Franklin 1994; Kasper 
et al. 2012; Schüttler et al. 2017). Camera models used were ei-
ther Bushnell Trophy Cam HD Aggressor or Essential E3 and 
were programmed to take three photographs at each animal 
detection or 15-s videos. All güiña records were reviewed in 
DigiKam or Timelapse programs for obtaining sequences with 
kittens or juveniles, where we noted the number of individu-
als in the sequence. We report the total independent records 
of güiña, which correspond to those with more than 60 min 
difference from the previous record in the same camera, and 
the observed breeding productivity, which corresponds to the 
average kittens or juveniles per female observed in a sequence 
(Monterrubio-Rico et al. 2024). We assumed that adults with 
kittens/cubs or juveniles were female, as male felines do not 
raise their offspring.

3   |   Results

3.1   |   Reproductive Monitoring

On 24 October 2023 at 15:30 h, we recorded an adult güiña with 
one newborn kitten/cub (i.e., few days old) inside the tree cavity 
of a snag (Figure 2A,B). The kitten/cub was just opening its eyes 
at the time of the first encounter. In total, 1793 videos and 5405 

images were recorded over 65 camera trap nights in the güiña 
tree cavity den (October 24, 2023, to December 28, 2023). We 
captured images of an adult individual and one kitten/cub using 
the tree cavity as den continuously for 33 days. According to the 
observed pelage pattern and number of adult güiñas in front of 
the camera, we presume that only one adult individual visited 
the cavity. Photographic captures from the adult and kitten/cub 
were taken both during the day and night. The female visually 
showed a low body condition score possibly due to nursing the 
kitten/cub.

3.2   |   Habitat Attributes

The cavity used as a den was inside a standing dead Roble beech 
tree (Figure  2A). The cavity was produced by fire and decay 
processes (Figure 2B). The cavity had been used for nesting by 
a Chimango Caracara (Milvago chimango) 12 years ago and by 
an Austral Thrush (Turdus falcklandii) 5 years ago. The cavity 
did not contain any material (e.g., leaves, bark, fur) while it was 
being used by the güiña. The Roble beech tree was a remnant 
tree or habitat legacy located in a second-growth forest in low-
land forests dominated by broadleaf species in the La Araucanía 
region, along with other medium-sized trees and several snags 
(Table 1).

3.3   |   Güiña Parental Activity in Cavity

During the entire recording period, the adult güiña was observed 
entering and exiting the cavity without prey, indicating that she 
was likely solely feeding milk to the kitten/cub. The adult fre-
quently entered and exited the cavity, presumably to feed the 
kitten/cub. In total, we recorded 42 events of the adult leaving 
the cavity followed by its subsequent return. We recorded two 

FIGURE 2    |    An adult of Leopardus guigna at the moment the tree cavity denning was first recorded (A). Tree cavity denning within a natural 
cavity of Nothofagus obliqua located in a second-growth forest, exhibiting signs of fire damage. The red arrows indicate the dimensions of the cavity 
entrance (B).
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concentrations of adult activity outside the cavity (Figure  3). 
One concentration of activity occurred at midday (12 pm to 2 pm; 
Figures 3 and 4A), and the adult did not return to the cavity until 
dusk (11 pm to 12 am; Figure 4B) or the early morning of the fol-
lowing day (5 am to 7 am). Another concentration of activity oc-
curred at sunset (8–9 pm), and the adult did not return to the 
cavity until dusk (4–7 am) or midday the next day (12–1 pm). The 
overlap in activity patterns between cavity entrance and exit 
behaviors was moderate, with an estimated overlap of 50%. On 
average, the adult spent 9 h outside the cavity per day. The lon-
gest period the adult remained outside the cavity was 23 h. The 
first time the kitten/cub was observed peeking out of the cavity 
was on November 1, 2023. The frequency of kitten/cub activity 
around the cavity entrance increased as it grew (Figure 4C). The 
kitten/cub and the adult left the cavity after 33 days from first 
detection on November 26, 2023, at 1:16 pm (Figure  4D). The 
adult removed the kitten/cub from the cavity, and they did not 
return to use it afterward. We estimate that the kitten/cub was 
one and a half months old at the time it left the cavity.

3.4   |   Güiña Breeding Productivity in Camera Trap 
Surveys

In our camera trap surveys, we obtained a total of 1830 in-
dependent detections of güiña. The detection of females with 
young individuals corresponds to ~1.6% of the total number 
of detections (n = 29). Güiña cubs were detected in 24 unique 
locations, with three sites yielding more than one independent 
detection. Three mother–cub pairs were recorded in sclero-
phyllous forests within pine plantations in the Maule Region. 
In the La Araucanía Region, at least 19 detections—plus five 
potential pseudoreplicates—were observed within a mosaic of 
temperate forests and agricultural landscapes. In Los Lagos, 
one detection occurred in a temperate forest within pine plan-
tations and another in temperate forests within agricultural 
land (Figure  1). No females were observed accompanied by 
more than one cub (Figure 5). Kittens/cubs and juveniles were 
observed in all seasons of the year. In terms of color morph, 
24.1% of the detections of the accompanying parent corre-
sponded to melanistic specimens, while 10.3% of the total ju-
venile detections were melanistic.

4   |   Discussion

We recorded the first photographic evidence of güiña denning 
inside a tree cavity, located in a standing dead tree in a second-
growth forest stand. Additionally, we provide the first estimate 
of the species' breeding productivity based on extensive camera 
trap surveys. Our findings expand our understanding of the 
güiña's natural history, reproductive behavior, and life-history 
traits.

The use of cavities in standing dead trees or snags as denning 
sites suggests that scattered large-decaying trees and snags may 
be important for the reproduction of güiña. Although little is 
known about its reproductive behavior, it has been suggested 
güiñas give birth in constructed “nests” located in trees or on 
dense clumps of bamboo (Quintana et al. 2009). In contrast, we 
observed that the cavity contained no material, and the güiña 

TABLE 1    |    Characteristics of cavity, tree, and stand used by 
Leopardus guigna in temperate forests, Chile.

Tree cavity dening variable

Cavity

Origin Non-excavated

Type Chimney

Cavity height (m) 3.3

Entrance orientation (°) 330

Entrance width (cm) 15.2

Entrance height (cm) —

Vertical cavity depth (cm) 30

Horizontal cavity depth (cm) 25

Tree

Species Nothofagus obliqua

Diameter at cavity height (cm) 55

Diameter at breast height (cm) 63

Vine and epiphyte cover (%) 0

Decay class 3

Stand

Habitat type Second-growth forest

Canopy cover (%) 90

Understory cover (%) 35

Tree density (no./ha) 761.6

Coarse woody debris (m3/ha) 38,775

Coarse woody debris (%) 5

Signs of recent human disturbance Fire

Note: —, No data could be collected.

FIGURE 3    |    Estimated activity patterns of cavity use by an adult 
Leopardus guigna. The overlap of activity density curves is shown for 
each comparison. Independent records are indicated by tick marks 
along the x-axis of the plot.
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showed no signs of attempting to construct a nest but rather 
used the available cavity.

Previous camera trap studies in southern Chile have recorded 
guiñas using living trees (Moreira-Arce et al. 2021) and docu-
mented the use of tree cavities by guiñas as shelter sites (Vergara 
et al. 2024) and hunting sites (Altamirano et al. 2013). Therefore, 
this record expands that the güiña may use tree cavities as den-
ning sites. Denning sites are unknown for most wild felids. 
Ocelots (Leopardus pardalis) have been described to locate their 
den near or under dense thornshrub cover, but also use dense 
grass growth for this purpose (Laack et  al.  2005). Scattered 
large-decaying trees and snags can be considered keystone struc-
tures for vertebrates, and they play a crucial role in maintaining 
the population persistence of cavity-nesting species (Le Roux 
et al. 2018; Prevedello et al. 2018). In Andean temperate forests, 
29 bird species, six mammals, three reptiles, and one amphib-
ian have been previously described using cavities during their 
life cycle (Ibarra et al. 2014, 2020; Altamirano, Ibarra, Martin, 
and Bonacic 2017; Altamirano, Ibarra, Novoa, et al. 2017; Novoa 
et  al.  2019). Snags are often seen as wasteful or unhealthy by 
the public and forest managers, leading to their removal (Ibarra 
and Martin  2015). However, they provide critical habitats for 

various species, preventing local extinctions in second-growth 
forests (Altamirano, Ibarra, Martin, and Bonacic  2017; Ibarra 
et  al.  2020). In these forests, snags, although comprising only 
15% of cavity trees, contain more cavities than live trees and are 
important for cavity-nesting vertebrates (Ibarra et al. 2020).

The presence of large-decaying trees and snags, large cavities, 
and high canopy cover may influence güiña's habitat selection, 
providing shelter and food availability for its kitten/cub. An el-
evated den (at 3.3 m above ground in this case) may offer pro-
tection against terrestrial predators like foxes (i.e., Lycalopex 
sp.), puma (Puma concolor), and domestic dogs (Silva-Rodríguez 
et  al.  2007; Monteverde and D'Oliveira  2010; de Oliveira and 
Pereira 2013; Hunter 2015; Peckham 2023).

The area where the güiña's den was found had been affected 
by a fire over 80 years ago, which resulted in the formation of 
a second-growth forest. Additionally, reproductive records from 
our extensive camera trap surveys indicate the species is capable 
of breeding within human-dominated and altered landscapes. 
Although güiñas have previously been recorded in exotic pine 
and eucalyptus plantations, fragmented landscapes, and on the 
fringes of rural settlements and agricultural areas (Sanderson 

FIGURE 4    |    Records of an adult and a kitten/cub of Leopardus guigna using a cavity in a dead standing tree in the Chilean temperate forests. 
Adult exiting the cavity during the afternoon (A). Adult entering the cavity during the night (B). Kitten/cub over one month old inside the cavity (C). 
Adult carrying the kitten/cub to leave the cavity (D).
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et al. 2002; Acosta-Jamett and Simonetti 2004), reproductive be-
havior had not been documented in these ecosystems until now. 
It has been suggested that güiña can tolerate over 80% of habitat 
loss within a home range (Gálvez et  al.  2018). Access to well-
developed understory or native forest patches, with the pres-
ence of prey, may allow the species to persist in altered habitats 
(Napolitano et al. 2015; Sanderson et al. 2002; Gálvez et al. 2013; 
García et al. 2021).

The adult güiña concentrated its activity in the cavity at sun-
set and midday, similar to patterns observed in southern Chile 
(Sanderson et al. 2002; Hernández Muñoz 2010; Delibes-Mateos 
et  al.  2014). Previous studies also noted crepuscular activity 
(Sanderson et  al.  2002; Freer  2004). Güiñas show arrhythmic 
activity, with equal activity levels day and night, increasing on 
dry days (Dunstone et al. 2002; Peckham 2023). This could be 
a way to minimize thermoregulatory costs in cold, wet rainfor-
ests (Dunstone et  al.  2002). Small mammal densities are low-
est in spring (Muñoz-Pedreros  1992; Freer  2004), coinciding 
with the study period, suggesting güiñas track diurnal prey to 
compensate (Delibes-Mateos et al. 2014). Figueroa et al. (2018) 
noted higher consumption of nocturnal mammals in Araucanía, 
correlating with güiñas' nocturnal activity. Camera trap studies 
confirm güiñas in southern Chile are predominantly nocturnal, 
aligning hunting with small mammal prey activity (Delibes-
Mateos et al. 2014; Hernández et al. 2015; Figueroa et al. 2018). 

Camera traps did not capture the adult bringing prey to the cav-
ity, implying it leaves the kitten/cub alone while hunting and 
only nurses it upon return. Güiñas maximize prey encounters 
through extensive searching, like other forest-dwelling felids 
(Freer  2004; Peckham  2023). Their consumption of nocturnal 
and diurnal prey aligns with their circadian rhythm (Dunstone 
et  al.  2002; Sanderson et  al.  2002; Delibes-Mateos et  al.  2014; 
Galuppo 2014; Hernández et al. 2015).

The period of birth and rearing of the kitten/cub in the observed 
den corresponds to that described by Dunstone et al. (2002) and 
Freer (2004), who each collected a juvenile male güiña. Based 
on size and dentition, they suggest that their births occurred be-
tween late October and early November. The adult was recorded 
breeding a single kitten/cub, and our camera trap data show a 
productivity of one young per female. Information on litter size 
or female productivity of güiña is scarce in the literature, though 
some articles indicate that litters can consist of 1–3 kittens/cubs 
(Iriarte 2008) or even up to 4 kittens/cubs (Peckham 2023). Other 
Leopardus species also show small litter sizes. For example, oce-
lots (Leopardus pardalis) and margay (Leopardus weidii) have 1 
young per litter as the mode, while the closest species to güiña, 
the Geoffroy's cat (Leopardus geoffroyi), have 1–3 (Mittermeier 
and Wilson  2009). Although we did not collect data on the 
number of kittens/cubs at birth, our results suggest that the 
güiña may commonly raise only one young at a time. Moreover, 

FIGURE 5    |    Records of an adult and a kitten/cub or juvenile Leopardus guigna captured by camera traps set up in south-central Chile.
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despite published data on the duration of rearing outside the den 
not being available for this species, our observations of adults 
accompanied by offspring across multiple seasons suggest that 
the rearing period likely spans several months, as reported for 
ocelots and margay (Mansard 1997; Laack et al. 2005). This in-
formation is important for assessing the population status of the 
species and for future studies on reproductive behavior.

We suggest conducting systematic sampling of breeding sites 
to determine whether güiñas construct nests. The use of tree 
cavities should be considered in conservation management and 
monitoring plans for the species, particularly for monitoring the 
use of these structures and ensuring their preservation. We rec-
ommend additional studies to enhance our understanding of the 
breeding biology of the güiña in southern Chile. These studies 
could include evaluations of breeding habitat selection and the 
life-history traits of this forest-specialist feline species.

Author Contributions

Fernando J. Novoa: conceptualization (equal), data curation (lead), 
formal analysis (lead), investigation (lead), methodology (equal), 
project administration (lead), writing – original draft (lead), writing 
– review and editing (equal). Mariana Ayala: investigation (equal), 
project administration (lead). José Infante-Varela: investigation 
(equal), methodology (equal), supervision (equal), writing – review 
and editing (equal). José Tomás Ibarra: funding acquisition (lead), 
methodology (equal), project administration (lead), validation (equal), 
writing – review and editing (equal). Jesús Díaz: data curation (equal), 
investigation (equal), writing – review and editing (equal). Tomás A. 
Altamirano: funding acquisition (lead), methodology (equal), project 
administration (lead), validation (equal), writing – review and editing 
(equal). Nicolás Gálvez: conceptualization (equal), funding acqui-
sition (lead), investigation (equal), methodology (equal), supervision 
(equal), validation (lead), writing – review and editing (equal).

Acknowledgments

We acknowledge the logistic support from J. Laker (Kodkod: Field 
Studies Center). F.J.N. also acknowledges the support that was provided 
by the Universidad de Magallanes Doctoral Program in Sub-Antarctic 
and Antarctic Sciences. J.I.-V. acknowledges the support from ANID 
BECAS/DOCTORADO NACIONAL 21212206 and funding for data 
acquisition from FONDECYT-ANID 1221528 and Vista Hermosa 
Inversiones Forestales SpA. We thank the anonymous reviewers who 
helped improve this manuscript.

Conflicts of Interest

The authors declare no conflicts of interest.

Data Availability Statement

All data are included in the main text of the paper. The complete data-
set of tree-cavity denning observations from this study is available as 
Supporting Information.

References

Acosta-Jamett, G., and J. A. Simonetti. 2004. “Habitat Use by Oncifelis 
Guigna and Pseudalopex culpaeus in a Fragmented Forest Landscape in 
Central Chile.” Biodiversity and Conservation 13: 1135–1151.

Altamirano, T. A., F. Hernández, M. De, L. A. Maza, and C. Bonacic. 
2013. “Güiña (Leopardus guigna) Preys on Cavity-Nesting Nestlings.” 
Revista Chilena de Historia Natural 86: 501–504.

Altamirano, T. A., J. T. Ibarra, K. Martin, and C. Bonacic. 2017. “The 
Conservation Value of Tree Decay Processes as a Key Driver Structuring 
Tree Cavity Nest Webs in South American Temperate Rainforests.” 
Biodiversity and Conservation 26, no. 10: 2453–2472. https://​doi.​org/​10.​
1007/​s1053​1-​017-​1369-​x.

Altamirano, T. A., J. T. Ibarra, F. Novoa, A. Vermehren, K. Martin, 
and C. Bonacic. 2017. “Roosting Records in Tree Cavities by a Forest-
Dwelling Bat Species (Histiotus magellanicus) in Andean Temperate 
Ecosystems of Southern Chile.” Bosque 38: 421–425.

Bonaparte, E. B., C. Cuatianquiz Lima, H. D. Ferreira-Xavier, et  al. 
2024. “Ecology and Conservation of Cavity-Nesting Birds in the 
Neotropics: Recent Advances, Future Directions, and Contributions to 
Ornithology.” Ornithological Applications 126, no. 4.

Chaudhary, R., N. Zehra, A. Musavi, and J. A. Khan. 2020. “Spatio-
Temporal Partitioning and Coexistence Between Leopard (Panthera 
pardus fusca) and Asiatic Lion (Panthera leo persica) in Gir Protected 
Area, Gujarat, India.” PLoS One 15: 1–14.

de Oliveira, T. G., and J. A. Pereira. 2013. “Intraguild Predation and 
Interspecific Killing as Structuring Forces of Carnivoran Communities 
in South America.” Journal of Mammalian Evolution 21, no. 4: 427–436.

Delibes-Mateos, M., F. Díaz-Ruiz, J. Caro, and P. Ferreras. 2014. “Activity 
Patterns of the Vulnerable güiña (Leopardus guigna) and Its Main Prey 
in the Valdivian Rainforest of Southern Chile.” Mammalian Biology 79, 
no. 6: 393–397. https://​doi.​org/​10.​1016/j.​mambio.​2014.​04.​006.

Dunstone, N., L. Durbin, I. Wyllie, et al. 2002. “Spatial Organization, 
Ranging Behaviour and Habitat Use of the Kodkod (Oncifelis guigna) in 
Southern Chile.” Journal of Zoology 257: 1–11.

Figueroa, R. A., E. S. Corales, and J. R. Rau. 2018. “Prey of güiña 
(Leopardus guigna) in an Andean Mixed Southern Beech Forest, 
Southern Chile.” Studies on Neotropical Fauna and Environment 53: 
211–218.

Fleschutz, M. M., N. Gálvez, G. Pe'er, Z. G. Davies, K. Henle, and E. 
Schüttler. 2016. “Response of a Small Felid of Conservation Concern to 
Habitat Fragmentation.” Biodiversity and Conservation 25: 1447–1463.

Freer, R. A. 2004. The Spatial Ecology of the Güiña (Oncifelis guigna) in 
Southern Chile. PhD thesis, Durham University.

Galuppo, S. E. 2014. Diet and Activity Patterns of Leopardus guigna 
in Relation to Prey Availability in Forest Fragments of the Chilean 
Temperate Rainforest. MSc thesis, University of Minnesota.

Gálvez, N., G. Guillera-Arroita, F. A. V. St. John, E. Schüttler, D. W. 
Macdonald, and Z. G. Davies. 2018. “A Spatially Integrated Framework 
for Assessing Socioecological Drivers of Carnivore Decline.” Journal of 
Applied Ecology 55: 1393–1405.

Gálvez, N., F. Hernández, J. Laker, et al. 2013. “Forest Cover Outside 
Protected Areas Plays an Important Role in the Conservation of the 
Vulnerable güiña Leopardus guigna.” Oryx 47, no. 2: 251–258. https://​
doi.​org/​10.​1017/​S0030​60531​2000099.

Gálvez, N., J. Infante, A. Fernandez, J. Díaz, and L. Petracca. 2021. “Land 
Use Intensification Coupled With Free-Roaming Dogs as Potential 
Defaunation Drivers of Mesocarnivores in Agricultural Landscapes.” 
Journal of Applied Ecology 58, no. 12: 2962–2974.

Gálvez, N., P. Meniconi, J. Infante, and C. Bonacic. 2021. “Response of 
Mesocarnivores to Anthropogenic Landscape Intensification: Activity 
Patterns and Guild Temporal Interactions.” Journal of Mammalogy 102, 
no. 4: 1149–1164.

García, C., G. L. Svenson, C. Bravo, et  al. 2021. “Remnants of Native 
Forests Support Carnivore Diversity in the Vineyard Landscapes of 
Central Chile.” Oryx 55: 227–234. https://​doi.​org/​10.​1017/​s0030​60531​
9000152.

Greenberg, S., T. Godin, and J. Whittington. 2019. “Design Patterns for 
Wildlife-Related Camera Trap Image Analysis.” Ecology and Evolution 
9, no. 24: 13706–13730. https://​doi.​org/​10.​1002/​ece3.​5767.

 20457758, 2025, 9, D
ow

nloaded from
 https://onlinelibrary.w

iley.com
/doi/10.1002/ece3.71723 by Fernando N

ovoa - C
ochrane C

hile , W
iley O

nline L
ibrary on [10/09/2025]. See the T

erm
s and C

onditions (https://onlinelibrary.w
iley.com

/term
s-and-conditions) on W

iley O
nline L

ibrary for rules of use; O
A

 articles are governed by the applicable C
reative C

om
m

ons L
icense

https://doi.org/10.1007/s10531-017-1369-x
https://doi.org/10.1007/s10531-017-1369-x
https://doi.org/10.1016/j.mambio.2014.04.006
https://doi.org/10.1017/S0030605312000099
https://doi.org/10.1017/S0030605312000099
https://doi.org/10.1017/s0030605319000152
https://doi.org/10.1017/s0030605319000152
https://doi.org/10.1002/ece3.5767


9 of 9

Hernández, F., N. Gálvez, A. Gimona, J. Laker, and C. Bonacic. 2015. 
“Activity Patterns by Two Colour Morphs of the Vulnerable güiña, 
Leopardus guigna (Molina 1782), in Temperate Forests of Southern 
Chile.” Gayana Zoología 79, no. 1: 102–105.

Hernández Muñoz, F. A. 2010. Antecedentes de historia natural, ocu-
pación y percepción social de Leopardus guigna en un ambiente frag-
mentado de bosque templado en la zona andina de la Araucania, Chile 
(39°15′S, 71°48′O). MSc thesis, Pontificia Universidad Católica de Chile.

Hunter, L. 2015. Wild Cats of the World. Bloomsbury Publishing.

Ibarra, J. T., and K. Martin. 2015. “Biotic Homogenization: Loss of Avian 
Functional Richness and Habitat Specialists in Disturbed Andean 
Temperate Forests.” Biological Conservation 192: 418–427.

Ibarra, J. T., K. Martin, M. C. Drever, and G. Vergara. 2014. “Occurrence 
Patterns and Niche Relationships of Sympatric Owls in South American 
Temperate Forests: A Multi-Scale Approach.” Forest Ecology and 
Management 331: 281–291.

Ibarra, J. T., F. J. Novoa, H. Jaillard, and T. A. Altamirano. 2020. 
“Large Trees and Decay: Suppliers of a Keystone Resource for Cavity-
Using Wildlife in Old-Growth and Second-Growth Andean Temperate 
Forests.” Austral Ecology 45: 1135–1144. https://​doi.​org/​10.​1111/​aec.​
12943​.

Iriarte, A. 2008. Mamíferos de Chile. Lynx Edicions.

Johnson, W. E., and W. L. Franklin. 1994. “Spatial Resource Partitioning 
by Sympatric Grey Fox (Dusicyon griseus) and Culpeo Fox (Dusicyon 
culpaeus) in Southern Chile.” Canadian Journal of Zoology 72, no. 10: 
1788–1793.

Kasper, C. B., J. B. G. Soares, and T. R. O. Freitas. 2012. “Differential 
Patterns of Home-Range, Net Displacement and Resting Sites Use of 
Conepatus chinga in Southern Brazil.” Mammalian Biology 77, no. 5: 
358–362.

Laack, L. L., M. E. Tewes, A. M. Haines, and J. H. Rappole. 2005. 
“Reproductive Life History of Ocelots Leopardus pardalis in Southern 
Texas.” Acta Theriologica 50, no. 4: 505–514.

Le Roux, D. S., K. Ikin, D. B. Lindenmayer, A. D. Manning, and P. 
Gibbons. 2018. “The Value of Scattered Trees for Wildlife: Contrasting 
Effects of Landscape Context and Tree Size.” Diversity and Distributions 
24, no. 1: 69–81. https://​doi.​org/​10.​1111/​ddi.​12658​.

Lucherini, M., M. J. Merino, and L. Soler. 2000. “First Data on the 
Kodkod in Argentina.” Cat News 32: 19–20.

Luebert, F., and P. Pliscoff. 2017. Sinopsis bioclimática y vegetacional de 
Chile. 2da. Disponible en. https://​hdl.​handle.​net/​20.​500.​14001/​​62340​.

Mansard, P. 1997. “Breeding and Husbandry of the Margay Leopardus 
wiedii yucatanica at the Ridgeway Trust for Endangered Cats, Hastings.” 
International Zoo Yearbook 35, no. 1: 94–100.

Mittermeier, R. A., and D. E. Wilson. 2009. Handbook of the Mammals 
of the World: vol. 1: Carnivores. Lynx Edicions.

Monterroso, P., P. C. Alves, and P. Ferreras. 2014. “Plasticity in 
Circadian Activity Patterns of Mesocarnivores in Southwestern 
Europe: Implications for Species Coexistence.” Behavioral Ecology and 
Sociobiology 68: 1403–1417.

Monterrubio-Rico, T. C., L. Núñez-Landa, and J. F. Charre-Medellín. 
2024. “Ocelot (Leopardus pardalis) Breeding Effort and Productivity in 
Seasonal Tropical Forests of the Central Mexican Pacific.” Neotropical 
Biology & Conservation 19, no. 2: 51–67.

Monteverde, M., and G. D'Oliveira. 2010. “Huiña Conservation Actions 
in North-Western Patagonia, Argentina.” Wild Felid Monitor 3, no. 1: 16.

Moreira-Arce, D., P. M. Vergara, A. Fierro, et al. 2021. “Standing Dead 
Trees as Indicators of Vertebrate Diversity: Bringing Continuity to 
the Ecological Role of Senescent Trees in Austral Temperate Forests.” 
Ecological Indicators 129: 107878.

Muñoz-Pedreros, A. 1992. “Ecología del ensamble de micromamíferos 
en un agroecosistema forestal de Chile central una comparación latitu-
dinal.” Revista Chilena de Historia Natural 65: 417–428.

Napolitano, C., N. Gálvez, M. Bennett, G. Acosta-Jamett, and J. 
Sanderson. 2015. Leopardus guigna. The IUCN Red List of Threatened 
Species 2015. https://​doi.​org/​10.​2305/​IUCN.​UK.​2015-​2.​RLTS.​T1531​
1A506​57245.​en.

Novoa, F. J., T. A. Altamirano, and J. T. Ibarra. 2019. “Liolaemus 
Chilensis (Chilean Tree Iguana) and Liolaemus tenuis (Thin Tree 
Iguana). Habitat Use.” Herpetological Review 50: 42.

Nowell, K., and P. Jackson. 1996. Wild Cats: Status Survey and 
Conservation Action Plan. International Union for Conservation of 
Nature and Natural Resources.

Peckham, C. 2023. “Leopardus guigna (Carnivora: Felidae).” 
Mammalian Species 55, no. 1026: 1–18. https://​doi.​org/​10.​1093/​mspec​
ies/​sead001.

Prevedello, J. A., M. Almeida-Gomes, and D. B. Lindenmayer. 2018. 
“The Importance of Scattered Trees for Biodiversity Conservation: A 
Global Meta-Analysis.” Journal of Applied Ecology 55, no. 1: 205–214. 
https://​doi.​org/​10.​1111/​1365-​2664.​12943​.

Primack, R., R. Rozzi, P. Feinsinger, R. Dirzo, and F. Massardo. 
2001. “Fundamentos de Conservación Biologica: Perspectivas 
Latinoamericanas.” In Fondo de Cultura Económica. México, edited by 
R. Primack, R. Rozzi, P. Feinsinger, R. Dirzo, and F. Massardo. Fondo 
de Cultura Económica.

Quintana, V., J. Yáñez, and M. Valdebenito. 2009. “Orden Carnivora.” 
In Mamíferos de Chile, edited by A. Muñoz-Pedreros and J. Yáñez, 193–
230. Ediciones CEA.

Ridout, M. S., and M. Linkie. 2009. “Estimating Overlap of Daily 
Activity Patterns From Camera Trap Data.” Journal of Agricultural, 
Biological, and Environmental Statistics 14: 322–337.

Sanderson, J., M. E. Sunquist, and A. W. Iriarte. 2002. “Natural History 
and Landscape-Use of Guignas (Oncifelis guigna) on Isla Grande de 
Chiloé, Chile.” Journal of Mammalogy 83: 608–613.

Schüttler, E., R. Klenke, S. Galuppo, et  al. 2017. “Habitat Use and 
Sensitivity to Fragmentation in America's Smallest Wildcat.” 
Mammalian Biology 86: 1–8.

Silva-Rodríguez, E. A., G. R. Ortega-Solis, and J. E. Jiménez. 2007. 
“Human Attitudes Toward Wild Felids in a Human-Dominated 
Landscape of Southern Chile.” Cat News 46: 19–21.

Smith, T. M, and R. L. Smith. 2007. Ecología (Madrid): 6a. Pearson 
Addison Wesley.

Thomas, J. W., R. G. Anderson, C. Maser, and E. L. Bull. 1979. “Snags.” 
In Wildlife Habitats in Managed Forests: The Blue Mountains of Oregon 
and Washington. Agriculture Handbook No. 553, edited by J. W. Thomas, 
60–77. USDA, Forest Service.

van Lunteren, P. 2023. “EcoAssist: A No-Code Platform to Train and 
Deploy Custom YOLOv5 Object Detection Models.” Journal of Open 
Source Software 8, no. 88: 5581.

Vergara, P. M., and J. J. Armesto. 2009. “Responses of Chilean Forest 
Birds to Anthropogenic Habitat Fragmentation Across Spatial Scales.” 
Landscape Ecology 24: 25–38.

Vergara, P. M., A. H. Zúñiga, A. J. Alaniz, et al. 2024. “Disentangling 
the Ecological Value of Tree Hollows to Wildlife Along Elevation 
Gradients: The Case of Southern Temperate Forests.” Forest Ecology and 
Management 571: 122236. https://​doi.​org/​10.​1016/j.​foreco.​2024.​122236.

Supporting Information

Additional supporting information can be found online in the 
Supporting Information section. Data S1. 

 20457758, 2025, 9, D
ow

nloaded from
 https://onlinelibrary.w

iley.com
/doi/10.1002/ece3.71723 by Fernando N

ovoa - C
ochrane C

hile , W
iley O

nline L
ibrary on [10/09/2025]. See the T

erm
s and C

onditions (https://onlinelibrary.w
iley.com

/term
s-and-conditions) on W

iley O
nline L

ibrary for rules of use; O
A

 articles are governed by the applicable C
reative C

om
m

ons L
icense

https://doi.org/10.1111/aec.12943
https://doi.org/10.1111/aec.12943
https://doi.org/10.1111/ddi.12658
https://hdl.handle.net/20.500.14001/62340
https://doi.org/10.2305/IUCN.UK.2015-2.RLTS.T15311A50657245.en
https://doi.org/10.2305/IUCN.UK.2015-2.RLTS.T15311A50657245.en
https://doi.org/10.1093/mspecies/sead001
https://doi.org/10.1093/mspecies/sead001
https://doi.org/10.1111/1365-2664.12943
https://doi.org/10.1016/j.foreco.2024.122236

	Tree-Cavity Denning of Güiña (Leopardus guigna) and Breeding Productivity From Camera Trap Records
	ABSTRACT
	1   |   Introduction
	2   |   Methods
	2.1   |   Study Area
	2.2   |   Reproductive Monitoring
	2.3   |   Habitat Attributes
	2.4   |   Güiña Parental Activity in Cavity
	2.5   |   Güiña Breeding Productivity in Camera Trap Surveys

	3   |   Results
	3.1   |   Reproductive Monitoring
	3.2   |   Habitat Attributes
	3.3   |   Güiña Parental Activity in Cavity
	3.4   |   Güiña Breeding Productivity in Camera Trap Surveys

	4   |   Discussion
	Author Contributions
	Acknowledgments
	Conflicts of Interest
	Data Availability Statement
	References


