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Abstract: Natal dens are critical for reproduction in bears, yet we know virtually nothing of Andean
bear (Tremarctos ornatus) denning ecology, nor whether female Andean bears select dens or den sites
with specific characteristics. We analyzed data from 2008 to 2013 on characteristics of 8 natal dens
(shelter and surroundings within 5 m) and den sites (context at ࣙ50 m from den) used by 4–5 females,
with 21 potential (suitable but unused) natal dens and 30 potential den sites in the equatorial dry forest
of Cerro Venado, Lambayeque, Peru. All observed natal dens were preexisting cavities under rocks,
<5 m from a cliff. Natal dens had 1–2 entrances that varied in diameter (mean ± SE = 66.3 ± 9.01
cm). Maximum resting dimension within these dens was >2 m (242.3 ± 32.97 cm) and minimum
vertical height within the resting area was <1.5 m (71.0 ± 10.93 cm). We found no evidence that
female Andean bears preferred natal dens with any of the measured characteristics. Thus, if females
in this area are selective when seeking a natal den, they are selective based on den site characteristics.
All natal den sites were <50 m from a cliff and at relatively high elevations for this study area (887.8
± 73.73 m above sea level). Sites were relatively steep (37.4 ± 6.38°), rugged (168.4 ± 26.29), and
not obviously close to water (0.9 ± 0.21 km). Variables based on elevation and slope best described
female use of natal den sites. Food, water, and solar heating seemed not to affect use of sites. Our
results suggest that topographic resistance to travel by humans and other large mammals affects natal
den site use in this area, and possibly elsewhere. The relevant topographical characteristics can be
evaluated remotely, so conservation planners can model where natal den sites may occur in other
habitats.
Resumen: Las madrigueras natales son críticas para los osos. Pero, no sabemos mucho de las
madrigueras del oso andino (Tremarctos ornatus). Por consiguiente analizamos las características de
8 madrigueras natales (el refugio y sus alrededores dentro 5 m) y sitios de madrigueras (el contexto
ࣙ50 m del refugio) utilizados por 4–5 hembras, con 21 madrigueras potenciales (adecuadas sin usar), y
30 sitios potenciales en el bosque seco tropical de Cerro Venado, Lambayeque, Perú. Las madrigueras
eran terrestres, <5 m de un precipicio, y tenían 1–2 entradas que variaban en diámetro (media ± error
estándar = 66.3 ± 9.01 cm). La longitud máxima de descanso dentro de las madrigueras fue >2 m
(242.3 ± 32.97 cm) y la altura vertical mínima dentro del área de descanso fue <1.5 m (71.0 ± 10.93
cm). No tenemos evidencia de que las osas eligieron las madrigueras con características que medimos.
Si las osas eran selectivas cuando buscaban sus madrigueras, eran selectivas según las características de
los sitios. Todos los sitios de madrigueras estaban <50 m de un precipicio, a elevaciones relativamente
altas en esta área (887.8 ± 73.73 m nsm). Sitios eran relativamente inclinados (37.4 ± 6.38°), y rugosos
(168.4 ± 26.29), y no estaban obviamente cerca de las fuentes del agua (0.9 ± 0.21 km). El mejor
modelo describió el uso de los sitios de madrigueras incluyendo variables basadas en la elevación y
las medidas de inclinación. La alimentación, el agua, y el calor solar no afectaron el uso de sitios.
Sugerimos que la resistencia topográfica a humanos y otros mamíferos grandes afecta el uso del sitio
de madriguera en esta área, y posiblemente en otros lugares. Porque las características topográficas se
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pueden evaluar de forma remota, los conservacionistas pueden modelar donde se pueden encontrar las
madrigueras en otros hábitats.
Key words: Andean bear, equatorial dry forest, madriguera natal, maternal den, natal den, oso andino, Peru, Tremarctos
ornatus
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Female bears give birth to altricial cubs in natal
dens that are critical for successful reproduction and
are therefore critical for bear conservation. However,
knowledge of the ecology of bear natal dens is almost
entirely limited to 4 bear species: the polar bear (Ursus
maritimus; e.g., Rode et al. 2018), the American black
bear (U. americanus; e.g., Schafer et al. 2018), the
brown bear (U. arctos; e.g., Seryodkin et al. 2003, Krofel
et al. 2017, Mangipane et al. 2018), and the Asiatic
black bear (U. thibetanus; e.g., Seryodkin et al. 2003,
Yamamoto et al. 2016). In at least some populations
of the 3 temperate species, individuals of both sexes
and during all reproductive states commonly spend
long periods of hypometabolism in winter dens (Laske
et al. 2010, Tøien et al. 2011, Lopez-Alfaro et al. 2013,
Shimozuru et al. 2016, Chazarin et al. 2019); natal dens
in those populations are a subset of winter dens (Scotson
and Garshelis 2013).
Even if some or most individuals in populations of
American black bears, Asiatic black bears, and brown
bears do not rest in winter dens (Van Daele et al. 1990,
Huber and Roth 1994, Weaver and Pelton 1994, Hwang
and Garshelis 2007, Bojarska et al. 2019), parturient females spend extended periods in natal dens (Doan-Crider
and Hellgren 1996, Mitchell et al. 2005, Yamamoto et al.
2016, Krofel et al. 2017). They are expected to do so even
if changes in food availability and climate liberate other
bears from their dens because these females must care
for neonatal cubs in environmentally stable dens that are
secure from predators and disturbance.
Relatively few studies have focused on the denning
ecology of bear species that do not use winter dens.
Natal den preference in the giant panda (Ailuropoda
melanoleuca) and the sloth bear (Melursus ursinus) might
be explained largely by selection for thermal stability and
protection from predators (Joshi et al. 1999, Zhang et al.
2007, Wei et al. 2019). To protect cubs from predators and
from environmental extremes, females select dens with
small entrances, small interior chambers, or optimal orientations of entrances or sites (Lentz et al. 1983, Hayes
1990, Akhtar et al. 2007, Zhang et al. 2007, Chirichella
et al. 2018, Wei et al. 2019).
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The Andean bear (Tremarctos ornatus) is declining
and vulnerable to extinction (Velez-Liendo and GarciaRangel 2017). Judicious management for this bear’s recovery will require closing numerous gaps in our knowledge of its ecology. Whether female Andean bears select
natal dens and den sites based on specific characteristics
is unknown because only 2 natal dens of 2 different wild
Andean bears have been described (Castellanos 2010,
2015). Both dens were on the ground on steep slopes,
at least partly exposed, with nests of vegetative material;
we do not know whether there were other potential dens
or den sites nearby. Andean bears live in diverse habitats
under varying environmental conditions (Velez-Liendo
and Garcia-Rangel 2017), so it is probable that natal den
and den site characteristics vary across habitats. Thus,
more information on Andean bear natal-denning ecology is needed to guide conservation efforts. We therefore
focused on 3 objectives: (1) Describe natal dens and natal den sites used by female Andean bears; (2) evaluate
whether specific characteristics affect the probability that
a potential den, or a potential den site, will be used; and
(3) consider the implications of our results for the conservation of Andean bears at Cerro Venado and elsewhere.

Study area
Our study area, Cerro Venado, is within a biodiverse region of conservation priority (Olson and Dinerstein 2002,
Dávila et al. 2019), whose primary habitat is Equatorial
Pacific Seasonally Dry Forest (Linares-Palomino et al.
2011; hereafter, ‘dry forest’) from approximately 200–
1,300 m above sea level (asl), at 6°26 42 S, 79°30 57 W
(Fig. 1). There are few data available to assess the quality of the habitat for Andean bears there, but the estimated density of Andean bears at Cero Venado (approx.
4 bears/100 km2 ; Morrell 2018) is somewhat lower than
the estimated density (approx. 7.45/100 km2 ) in humid
montane forests near Quito, Ecuador (Molina et al. 2017).
Female bears at Cerro Venado appear to depend on the
fruit of the sapote (Colicodendron scabridum; Appleton
et al. 2018), but those fruits are not available for months
before and after the known birthdates of cubs (Martos
Ursus 32:article e4 (2021)
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Fig. 1. The Cerro Venado, Peru, study area in 2008–2013, relative to national borders and the current International Union for Conservation of Nature estimated range of Andean bears (Tremarctos ornatus; Velez-Liendo
and Garcia-Rangel 2017). Note that some random points where data were collected are obscured by the locations of potential dens. Shown here are only the agricultural fields and human structures closest to natal
dens.

et al. 2009). In addition, sapote may grow primarily at
lower elevations in this site (Appleton et al. 2018, Kleiner
et al. 2018) and thus often closer to human activity. The
wood of pasallo (Eriotheca ruizii) frequently is eaten by
bears at Cerro Venado (Appleton et al. 2018) and it is a
common tree in this area (Linares-Palomino and PonceAlvarez 2009, Kleiner et al. 2018), so female denning
might be influenced by the presence of pasallo. Although
there is little liquid water available for much of the year
at Cerro Venado, we do not know whether that scarcity
could affect where females choose to den.
We do not know when females evaluate potential dens
and den sites, nor did we know how long cubs might be
immobile at their natal dens, so we incorporated a 6-week
buffer before and after the parturition dates in Appleton
et al. (2018) to define the potential denning season as 9
May through 13 November. At the closest official meteorological station (Puchaca: 6°21 1 S 79°28 1 W, 800 m
asl; www.senamhi.gob.pe), approximately 10 km distant
from the study area, the temperature during the potential denning seasons in 2007–2016 ranged from 12.2°
to 31.1°C, with daily temperature variation of 11.1 ±

0.01°C (range = 2.7–16.4°C). Daily precipitation during
these potential denning seasons ranged from 0 to 16.9
mm, with no rain on 94% of days for which there were
rainfall data (i.e., 1,723 of 1,832 days). Female bears at
Cerro Venado appear to use natal dens during the driest
and coolest season of the year, so den characteristics affecting thermal inertia (e.g., depth underground) may be
important to females.

Methods
Data collection
Female bears may select dens and den sites based on
different criteria at different spatial scales (e.g., Petram
et al. 2004, Waller et al. 2013, Gray et al. 2016, Pigeon
et al. 2016). Thus, to evaluate whether female Andean
bears are influenced by characteristics of a cavity independently of characteristics of the site where that cavity
was found, we collected and analyzed data separately at
both spatial scales. We defined the den as being the shelter
cavity and its surroundings within 5 m from the shelter.
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We defined the den site as the larger environmental and
landscape context, evaluated at ࣙ50 m from the den.
Identifying used and potential dens and den
sites. During previous research from 2008 to 2013
we deployed Global Positioning System (GPS) telemetry collars (North Star Science and Technology, Oakton,
Virginia, USA) on 2 female Andean bears (“Laura,” “Triangulo”) that later gave birth to cubs in 4 natal dens from
2009 to 2013 (Table S1 in Supplemental material). As
noted by Castellanos (2010, 2015), collars deployed on
parturient Andean bears transmit less data as females
spend more time in their dens, just before parturition and
into the neonatal period. Consequently, a sudden decrease
in collar fix rate indicated to us that a female may have
begun using a natal den. During the period that collared
females and their cubs were using their natal dens, we
were able to locate them in the field by systematically
walking near females’ last transmitted GPS locations and
listening for cubs’ vocalizations. Once these 4 dens were
no longer in use, we collected information on den characteristics. Each den was located in a preexisting cavity
below and between large boulders that constrained the
ability of females to modify them. These dens contained
some nesting materials (i.e., sticks, grass) and had 1–2 entrances, with the smallest diameter den entrance of 24 cm.
We therefore defined a potential den as a cavity with ࣙ1
entrance whose diameter was ࣙ20 cm and deep enough
for an adult female to lie down (ࣙ1 m horizontal). After
defining what a suitable den might look like, and gaining an idea of when females might give birth (Appleton
et al. 2018), we opportunistically listened and searched
for natal dens and potential natal dens (i.e., cavities with
suitable entrances and interior dimensions) during other
fieldwork throughout the year. Upon finding an empty but
apparently suitable den, we discriminated used natal dens
from potential but unused natal dens based on the presence of nesting material, as seen in natal denning by wild
Andean bears (Castellanos 2010, 2015) and captive Andean bears (e.g., Thieme and Kolter 1995). To reduce the
potential for subjective biases to influence our results, we
collected data on potential but unused dens and den sites
at 30 random points across the study area. We selected
all random locations at ࣙ600 m asl, because the lowest
known natal den was at 643 m asl. If cliffs prevented us
from reaching the randomly selected location, we collected data as near as possible to the target location. At
each natal den or randomly located point, hereafter ‘potential den site,’ we searched for potential dens within a
50-m radius.
We found few natal or potential dens within 50 m of
natal dens or potential den sites, so we searched for ad-

ditional natal or potential dens when opportunity arose
during the course of other fieldwork. If present, a natal
den or potential den served as the center of a linear transect, but if no used den or potential den was present, we
centered the transect on the random point. If we found >1
potential den within a 50-m radius of the potential den
site, we randomly selected 1 den to serve as the center
of the linear transect. Although transects were intended
to be 4 m × 100 m, they were sometimes truncated by
cliffs. Within each transect we recorded location, species,
circumference at breast height, and canopy width for all
woody plants and cacti ࣙ2 m in height and ࣙ5 cm circumference at breast height (i.e., ࣙ1.6 cm DBH); we later
calculated DBH, species density, and basal area (BA, expressed as cm2 /ha and not as the customary m2 /ha, on
account of small values for BA). In these analyses we
focus on the BA of pasallo, the most abundant and reliable food source for bears in the study area growing
at ࣙ600 m asl.
Characteristics of den cavities. We analyzed 8
den characteristics that were measured directly in the
field or derived from field data (Table 1A). We chose to
measure minimum dimensions of the entrance and cavity height, rather than maximum dimensions, to reflect
how protected the den cavity would be from intrusion by
potential predators and from thermal exchange with the
exterior environment.
Characteristics of den sites. We analyzed 12
characteristics of den sites that were measured directly or estimated later through Geographic Information System (GIS) analyses in reference to digitized
imagery available through GoogleEarth (Google LLC,
Mountain View, California, USA; ©2015 DigitalGlobe,
http://www.earth.google.com; Table 1B). We selected
these variables to measure potentially important ecological and topographic features and remoteness from human
activities. We included both minimum distance to human
infrastructure and maximum slope to human infrastructure because steep slopes may make dens less accessible
to humans even if they are relatively close to human activity; either parameter might independently affect the
probability of human access. We derived geospatial variables from the digitized imagery and from a 12.5-m resolution ALOS PALSAR digital elevation model (Rosenqvist et al. 2014) using ArcGIS (esri, Redlands, California, USA; v. 10.5) and the DEM Surface Tools extension
(Jenness 2013). Agricultural fields were in close proximity to each other (Fig. 1), but human structures were often
scattered widely. In addition, some structures visible in
imagery may not be in use because the region has been
settled and modified by humans for many hundreds of
Ursus 32:article e4 (2021)
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Table 1. Characteristics of dens and den sites of Andean bears (Tremarctos ornatus) analyzed from Cerro
Venado, Peru, 2008–2013. (A) Natal dens and potential natal dens. (B) Natal den sites and potential den sites.
A. Natal dens and potential natal dens
Cliff
Whether the nearest cliff (ࣙ5 m tall) was ࣘ5 m away from an entrance.
Aspect
Whether ࣙ1 entrance was open to the NW, from where most solar heating would occur at Cerro Venado.
Entrances
The no. of entrances with ࣙ1 cross-sectional measure ࣙ20 cm.
Opening
The min. cross-sectional dimension (cm) of an entrance or an entrance tunnel, if present.
Resting dimension
The max. horizontal distance (cm) on an approximately level surface, in an entrance tunnel or in an internal
chamber.
Height
The min. height (cm) of the den cavity.
Distance to tree
The shortest distance (cm) between an entrance and a tree, as a potential index of the cavity’s structural
stability.
Depth
The min. depth (cm) of the den chamber below the ground surface, as a proxy of thermal buffering from the
environment.
B. Den sites and potential den sites
Cliff
Whether the nearest cliff (ࣙ5 m tall) was ࣘ50 m away from an entrance.
Aspect
Site orientation to the NW or SE.
Elevationa
Elevation in meters above sea level.
Distance to watera
Min. distance (m) to water available during the denning season.
Slopea
Slope (°)
Slope to watera
Max. slope (°) to the nearest water available during the denning season.
Ruggednessa
Average Terrain Ruggedness Index (Riley et al. 2019) from pixels of 50 m.
Pasallo
Basal area of pasallo (cm2 /ha)
Slope to fielda
Max. slope (°) to the nearest field.
Slope to structuresa
Max. slope (°) to the nearest cluster of human structures.
Distance to fielda
Min. distance (m) to the nearest field.
Min. distance (m) to a cluster of human structures, defined as ࣙ30 structures/km2 , to reduce the impact of
Distance to
disused or outlying single structures.
structuresa
a Calculated

or estimated using Geographic Information System, not in the field.

years (Ancajima Salvatierra 2010). Therefore, to reduce
the impact of outlying or unused structures on analyses,
we generated variables not based on the location of the
nearest human structure, but on the location of clusters
of structures, defined as ࣙ30 structures/km2 .
Statistical analysis. There were a large number of
potentially interrelated variables among the den characteristics (Table S2), and among the den site characteristics (Table S3), so before evaluating whether females
preferred dens or den sites with certain characteristics,
we reduced the dimensionality of the data sets. We did
so by conducting principal component analyses (PCA)
on the den and den site characteristics. In these analyses
we used the correlation matrices, not the covariance matrices, because variables in each data set were measured
on different scales. We then used varimax rotation and
decided which factors to retain for further analysis based
on whether each eigenvalue was ࣙ1.0 (Kaiser 1970), a
scree test (Catell 1966), and the cumulative amount of
variance explained. In PCA on den characteristics we did
not include the 2 binary variables, Cliff and Aspect, but
we did include the 6 numerical variables. When conducting PCA on den site characteristics, we included the following 6 geospatial variables: Slope, Ruggedness (Riley

et al. 1999), Distance to Field, Slope to Field, Distance
to Structures, and Slope to Structures.
Building and comparing models of female selection for den cavities and den sites. In preliminary modeling using logistic regression, combinations
of some variables led to near perfect separation of data,
so we generated models using generalized linear models
with a binomial response and Firth-bias correction (Firth
1993). We constructed candidate models for the use of
dens or den sites using the rule of thumb of ࣙ10 data
points for every predictor variable (Harrell et al. 1996);
we did not include interaction terms in candidate models. We used an information theoretic approach (Burnham
and Anderson 2002) to compare the candidate models using the Akaike Information Criteria corrected for small
sample sizes (AICc ) as the criterion for model selection
(Burnham and Anderson 2002), with AICc ࣘ 2 as the
threshold for a model to be competitive. We used R2 and P
to assess the effectiveness of the ‘best’ model for describing whether the den or den site was used, and we used
full-model averaging to estimate parameters and parameter weights (Symonds and Moussalli 2011).
Unless noted otherwise, all quantities are expressed as
x̄ ± standard error and statistical significance refers to
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Fig. 2. Fix rates from 2008 to 2013 for Global Positioning System (GPS) telemetry collars on 2 female Andean
bears (Tremarctos ornatus) during 120 days before and 120 days after parturition, during 4 reproductive events
using 4 different dens in Cerro Venado, Peru.

2-tailed P = 0.05. We conducted statistical analyses
in JMP 13.2 (SAS Institute Inc., Cary, North Carolina,
USA).

Results
During 4 reproductive attempts by 2 collared females,
the fix rate of females’ GPS collars dropped dramatically,
signaling a dramatic change in behavior (Fig. 2). The
collars did not transmit a location for 33, 56, 71, and
85 days after parturition dates, estimated as in Appleton
et al. (2018). The GPS fix rate differed from that in the
corresponding 30-day interval before parturition at 1–30
days (n = 4, 3 df, paired t-ratio = −3.25, P = 0.05), 31–
60 days (n = 4, 3 df, paired t-ratio = −3.36, P = 0.04),
and 61–90 days (n = 4, 3 df, paired t-ratio = −3.36, P =

0.04), but the GPS fix rate returned to the preparturition
level by 91–120 days postparturition (n = 4, 3 df, paired
t-ratio = −2.79, P = 0.22).
From October 2008 to September 2013 we found 8
natal dens used by 4–5 Andean bear females (Table S1),
of 6–7 adult female bears living at Cerro Venado (Morrell 2018). None of these dens were reused by January
2015, 3.9 ± 1.85 years after previous use. By searching
at 30 potential den sites we found 4 potential natal dens.
Because all observed natal dens were <5 m from a cliff,
to increase our sample size we therefore searched within
20 m of cliffs; through those searches we found 17 other
potential dens. Of the 21 potential dens we found, only 9
were <50 m from a cliff; 13 were >50 m from a cliff. All
observed natal dens were in preexisting ground cavities,
below or between large rocks. The largest DBH observed
Ursus 32:article e4 (2021)
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Table 2. Results from principal component (PC) analysis on characteristics of 8 natal dens and 21 potential dens of Andean bears (Tremarctos ornatus)
at Cerro Venado, Peru, 2008–2013, for the 3 principal
components retained for modeling.
Rotated factor loading

PC1

PC2

PC3

Entrances
0.07
0.80 − 0.22
Opening (cm)
− 0.07
0.84
0.09
Distance to tree (m)
− 0.17 − 0.09
0.77
Depth (m)
0.18 − 0.01
0.84
Resting dimension (cm)
0.91
0.16
0.04
Height (cm)
0.87 − 0.16 − 0.04
Eigenvalue
1.66
1.54
1.22
% of variation
27.66 25.64 20.27
ࢣ% of variation
27.66 53.29 73.57

Communality
0.69
0.72
0.62
0.73
0.85
0.79

among woody plants (n = 1,212) recorded on transects
near dens or at potential den sites was too small (i.e.,
46.8 cm) to accommodate a den cavity.
Characteristics of dens
Observed natal dens varied greatly both on the exterior
and interior (Fig. 3, Table S1). Half of the natal dens
(4/8) were <5 m from a cliff (Cliff), Distance to Tree
was small (1.8 ± 0.34 m), most (6/8) had ࣙ1 entrance
open to the NW (Aspect), with few Entrances (1.8 ± 0.2),
of diverse Opening (66.3 ± 9.0 cm). Resting Dimension
within these dens was >2 m (242.3 ± 33.0 cm) and Height
was <1.5 m (71.0 ± 10.9 cm). Depth varied greatly (3.5
± 1.7 m). Characteristics of the 21 potential dens also
varied widely (Fig. 3, Table S1).
Variable reduction (PCA) of den characteristics
Three principal components had eigenvalues >1.0
(Table 2), with the next largest eigenvalue of 0.73. A
scree test supported retaining the same 3 principal components, which described 73.6% of the variation in the
data. Each variable loaded onto a single principal component with a large rotated loading factor (RLF, 0.77–
0.91), with no other RLF of magnitude >0.21. The RLF
indicated that PC1 was primarily influenced by Resting
Dimension (RLF = 0.91) and Height (RLF = 0.87). PC2
was primarily influenced by Entrances (RLF = 0.80) and
Opening (RLF = 0.84). PC3 was primarily influenced by
Distance to Tree (RLF = 0.77) and Depth (RLF = 0.84).
Model selection based on den characteristics
Of the 26 possible models based on den characteristics, there were 6 competitive models (i.e., AIC ࣘ2.0)
and the ‘best’ model included only the intercept (Table
3). Thus, no variable in our models had a measurable
influence on whether a female used a cavity as a natal
den.

7

Characteristics of den sites
The 8 observed natal den sites were all <50 m from a
cliff (Cliff; Fig. 4, Table S4), and were often oriented to
the NW (Aspect) at varying Elevations (887.8 ± 73.7 m
asl). Den sites had relatively steep Slope (37.4 ± 6.4°),
variable Ruggedness (168.4 ± 26.3), moderate Distance
to Water (0.9 ± 0.2 km), but relatively large Distance to
Fields (3.0 ± 0.3 km) and Distance to Structures (2.7
± 0.3 km). Vegetation at natal den sites appeared to
be typical for this habitat (Linares-Palomino and PonceAlvarez 2009, Kleiner et al. 2018). Of the 149 woody
plants recorded on transects at natal den sites, palo santo
(Bursera graveolens) was the most common (49%), followed by pasallo (13%); sapote was not recorded near
a natal den. This was similar to the pattern seen among
the 1,076 woody plants recorded on transects at potential
den sites, among which palo santo was the most common (49%), followed by pasallo (13%); sapote was rarely
recorded near a potential den site (0.05%). Relatively few
potential den sites (8/30) were <50 m from a cliff and a
slight majority were oriented to the NW (17/30; Fig. 4,
Table S4). Potential den sites were of variable Elevation
(749.7 ± 26.1 m asl) and Slope (22.3 ± 13.7°); they appeared to have lower Ruggedness than den sites (78.6 ±
14.2). Like den sites, potential den sites did not have obviously small Distance to Water (1.1 ± 0.1 km), yet they
had relatively large Distance to Field (4.3 ± 0.3 km) and
Distance to Structures (4.1 ± 0.3 km).
Variable reduction (PCA) of den site characteristics
There were 3 principal components with eigenvalues
>1.0 (Table 4), with the next largest eigenvalue = 0.39.
A scree test supported retaining only those 3 principal
components, which described 88.04% of the variation in
the data. Each of the 6 variables loaded onto a single principal component with a large RLF (0.84–0.96), with no
other RLF of magnitude >0.34. The RLF indicated that
PC1 was primarily influenced by Slope (RLF = 0.94)
and Ruggedness (RLF = 0.96). PC2 was primarily influenced by Distance to Field (RLF = 0.93) and Distance to
Structures (RLF = 0.95). PC3 was primarily influenced
by Slope to Field (RLF = 0.84) and Slope to Structures
(RLF = 0.86).
Model selection based on den site characteristics
Of the 130 possible models based on site characteristics, the ‘best’ model included 3 variables: Elevation,
PC1, and PC3 (Table S5). This model described the data
fairly well (R2 = 0.89, P < 0.01) and there was no other
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Fig. 3. Characteristics of 8 natal and 21 potential dens of Andean bears (Tremarctos ornatus) at Cerro Venado, Peru, 2008–2013. (A) Cliff. (B) Aspect. (C) Entrances. (D) Opening. (E) Resting Dimension. (F) Height. (G)
Distance to Tree. (H) Depth.
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Table 3. Estimates (SE), full model-averaged estimates, and Akaike weights for the competitive general linear
models (AICc ࣘ 2.0), including variables defined in Tables 1 and 2, to describe use of 8 natal dens and 21
potential dens of Andean bears (Tremarctos ornatus) at Cerro Venado, Peru, 2008–2013, ranked by AICc .a
Rank Interceptb
1
2
3
4
5
6
β̄
w̄

0.93 (0.41)
1.00 (0.44)
0.75 (0.43)
0.83 (0.46)
0.93 (0.42)
1.01 (0.45)
0.88 (0.93)
1.00

Aspect

Cliff

PC1

PC2

PC3

0.52 (0.44)
0.55 (0.43)
0.53 (0.46) 0.56 (0.44)
− 0.27 (0.40)
0.65 (0.48)
0.41 (0.48)
0.24 (0.33) 0.23 (0.31) − 0.07 (0.20) 0.10 (0.25) 0.02 (0.19)
0.43
0.41
0.24
0.28
0.20

R2c χ2d dfe
0.00
0.05
0.05
0.11
0.01
0.08

0.00
1.78
2.00
3.62
0.51
2.85

0
1
1
2
1
2

Pf

0.18
0.18
0.16
0.48
0.24

Kg AICc h AICc i ERj

wi k wi l

2
3
3
4
3
3

0.13
0.10
0.10
0.07
0.05
0.05

36.32
36.85
36.87
37.51
38.12
38.28

0.00
0.54
0.55
1.19
1.80
1.97

7.56
9.88
9.96
13.73
18.63
20.20

0.13
0.23
0.33
0.41
0.46
0.51

a Model-averaged parameter weights (w̄) and parameter estimates (β̄) were calculated including the 17 noncompetitive models, not
shown here.
b Model intercept: the mean value of the dependent variable (den usage) when all independent variables equal 0.
c Proportion of variance of the dependent variable (den usage) that is predictable from the independent variables.
d The likelihood ratio χ2 value from the test of the hypothesis that the model fits no better than fixed response rates.
e Degrees of freedom.
f The 2-tailed probability of obtaining, by chance, a χ2 value greater than that observed.
g No. of model parameters.
h Akaike’s Information Criterion as adjusted for small sample sizes.
i The difference in AIC between this model and that of the model with the smallest AIC .
c
c
j Evidence ratio.
k Model Akaike weight.
l Cumulative Akaike weight.

Fig. 4. Characteristics of 8 natal den sites and 30 potential den sites of Andean bears (Tremarctos ornatus) at
Cerro Venado, Peru, 2008–2013. (A) Cliff. (B) Aspect. (C) Elevation. (D) Distance to Water. (E) Slope. (F) Slope
to Water. (G) Ruggedness. (H) Pasallo. (I) Slope to Field. (J) Slope to Structures. (K) Distance to Fields. (L)
Distance to Structures.
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Table 4. Results from principal component (PC) analysis on 8 natal den sites and 30 potential den sites of
Andean bears (Tremarctos ornatus) at Cerro Venado,
Peru, 2008–2013, for the 3 principal components retained for modeling.
Rotated factor loading
Slope
Ruggedness
Distance to field
Slope to field
Distance to structures
Slope to structures
Eigenvalue
% of variation
ࢣ% of variation

PC1

PC2

PC3

0.94 − 0.06 − 0.01
0.96 − 0.10
0.08
− 0.13
0.93
0.04
0.34 − 0.15
0.84
− 0.03
0.95
0.03
− 0.22
0.22
0.86
2.32
1.68
1.28
38.72 27.99 21.34
38.72 66.71 88.04

Communality
0.90
0.94
0.88
0.83
0.90
0.84

model with AIC <2. Among the variables, PC3 had the
largest parameter weight (w̄ = 0.96) and the largest (but
variable) parameter estimate (β̄ = 4.85 ± 10.05), followed
by Elevation (w̄ = 0.77, β̄ = −0.02 ± 0.04) and PC1
(w̄ = 0.62, β̄= −1.89 ± 4.63). Several variables (4/9) had
very small parameter weights (w̄ < 0.05) and appeared
in only 8% (1/13) of models in the 95% CI model set
(Table S5): Aspect, Pasallo, Distance to Water, and Slope
to Water. It appears these variables were unlikely to affect
the probability that a site was used.

Discussion
Andean bear natal dens at Cerro Venado were ground
cavities without obvious structural characteristics in common. Within our small data set it was not apparent that
characteristics of a potential den influenced whether it
was used.
Whether a den site was used appeared most likely to
be affected by topographic variables: elevation, PC1, and
PC3. If elevation affects den site selection elsewhere, it
may do so differently than at Cerro Venado because this
site is at a lower elevation than where most Andean bears
are thought to live (Peyton 1999). PC1 was primarily affected by slope and ruggedness, an index of change in
slope, and PC3 was primarily affected by 2 measures
of maximum slope to human activity; therefore, it appears that slope characteristics greatly influenced whether
a site was used. Across studies of natal dens in other bear
species (e.g., Carney 1985, Davis 1996, Groff et al. 1998,
Zhang et al. 2007, Baldwin and Bender 2008, Elfström
et al. 2008, Libal et al. 2012, Wei et al. 2019), it appears
that where bear dens are associated with large trees, those
dens are on flatter slopes, but when bear dens are not associated with large trees, those dens are on steeper slopes.
All reported Andean bear natal dens fit this pattern, as

ground dens on relatively steep slopes. This suggests that
low permeability of the terrain is important to Andean
bear females when searching for den sites, perhaps as a
way to reduce the risk of discovery by large terrestrial
threats to neonates—such as puma (Puma concolor), the
largest native predator in our study area (García Olaechea
2014), or humans (Peyton 1980). Slope toward human
activities greatly influenced the variable with the largest
parameter weight in our analysis (PC3), but that variable
countered the variable based on slope and ruggedness
(PC1) and it countered elevation, as shown by the parameter estimates for these variables. There are ࣙ2 possible explanations for why PC1 counters the other factors.
First, this may be an artefact of small sample sizes, driven
by the apparent difference in slope to structures among
natal den sites and potential den sites. Alternatively, this
may reflect selection of den sites by female Andean bears
to reduce the risk of infanticide by adult males; female
American black bears have been seen to select den sites
at greater risk of human disturbance, apparently to reduce
the risk of infanticide by males (Gantchoff et al. 2019).
Adult male Andean bears are suspected to kill smaller
conspecifics (Castellanos et al. 2016), as has been suspected or reported in several other bear species (Alt and
Gruttadauria 1984, Swenson et al. 1997, Derocher and
Wiig 1999, Joshi et al. 1999, McLellan 2005, Stirling
and Ross 2011, Gardner et al. 2014, Karamanlidis et al.
2015, Gantchoff et al. 2019). Thus, female Andean bears
at Cerro Venado might have selected natal dens with small
entrances in defense against adult male bears and puma.
Nevertheless, females sometimes used cavities with large
entrances as natal dens, suggesting either that cavities
with small entrances are rare, that the risks associated
with large entrances are low in this area, or that females
selected den sites to use humans as a shield from other
mammalian threats (Steyaert et al. 2016, Penteriani et al.
2020).
The apparent lack of influence of water or food on the
use of dens or den sites, and the lack of GPS data from
collared females for several weeks around the time of parturition, suggest that, like captive female Andean bears
(Saporiti 1949, Bloxam 1977, Peel et al. 1979, Aquilina
1981, Dee 1989, McDonald 1989, Molloy 1989, Müller
1989), wild Andean bear females may not move, drink, or
eat much around the time of parturition. Thus, close proximity to food or water may be a low priority for female
Andean bears seeking natal dens and den sites.
While monitoring Andean bear females with newborn
cubs, Castellanos (2010, 2015) and Castellanos et al.
(2018) estimated that 1 female used her natal dens for
ࣙ80 days and 2 other females may not have moved their
Ursus 32:article e4 (2021)
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cubs from natal dens for 3–4 months. Although those estimates come from dens in a mosaic of montane grasslands
and cloud forest, they are consistent with the natal denning periods we inferred for females at Cerro Venado.
We suggest, therefore, that the natal denning period for
wild Andean bears is 3–4 months, although females and
young cubs may use temporary resting dens over a longer
time period (Castellanos 2015, Castellanos et al. 2018).
Our findings have conservation implications. The use
of diverse cavities as natal dens, without apparent preference for any cavity characteristic, suggests that den
cavities may not be a limiting resource in this area, and
perhaps not in this habitat. The use of den sites appears
related to topography, which is predictable from remote
data (e.g., digital elevation models); therefore, we suggest
that remote data be used to generate preliminary maps of
potential natal den sites, at least in the equatorial dry forest, as can be done for other bear species (e.g., polar bears,
Durner et al. 2003). Those maps might then be used to
focus research or to manage human activities.
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Supplemental material
Table S1. Characteristics of 8 natal dens (used
by 4–5 different females) and 21 potential dens of
Andean bears (Tremarctos ornatus) at Cerro Venado, Peru, 2008–2013. Potential dens were found
at randomly selected points (random potential
dens: “random pot den”) and through opportunistic searches (opportunistic potential dens: “opp pot
den”).
Table S2. Correlations among den characteristics,
with 2-tailed P-values, from 8 natal dens and 21 potential natal dens of Andean bears (Tremarctos ornatus)
at Cerro Venado, Peru, 2008–2013. Numbers in bold
highlight P ࣘ 0.05.
Table S3. Correlations among site characteristics,
with 2-tailed P-values, from 8 natal den sites and 30
potential den sites of Andean bears (Tremarctos ornatus) at Cerro Venado, Peru, 2008–2013. Numbers in
bold highlight P ࣘ 0.05.
Table S4. Characteristics of 8 natal den sites and
30 potential den sites of Andean bears (Tremarctos
ornatus) at Cerro Venado, Peru, 2008–2013.
Table S5. Estimates (SE), full model-averaged estimates, and Akaike weights within the 95% confidence
set of general linear models describing 8 natal den sites
and 30 potential den sites of Andean bears (Tremarctos
ornatus) at Cerro Venado, Peru, 2008–2013, ranked by
AICc . Competitive models (AICc ࣘ 2.0) shown in
bold.
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