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ABSTRACT. The Área Natural Única Los Estoraques (ANULE) is part of the 65 national natural parks of Colombia. 
Although this protected area is included in the Sistema Nacional de Áreas Protegidas (SINAP-Colombia), contains 
unique geomorphological formations, and includes an endangered ecosystem such as tropical dry forest, it is 
subjected to constant anthropogenic pressures. To support biodiversity management and conservation processes, 
we obtained baseline data on the presence and activity patterns of medium and large-sized mammals through 
10 camera-trap stations placed in 1.0 km2 from October 2017 to June 2018, supplemented by complementary 
monitoring methods. With a sampling effort of 2,770 camera-trap nights, we recorded 18 species. The species 
with the highest capture rates (CR) were Didelphis marsupialis Linnaeus, 1758, Dasypus fenestratus Peters, 1864, 
and Dasyprocta punctata Gray, 1842 (20.27, 18.21, and 14.43, respectively). Galictis vittata (Schreber, 1776) and 
Coendou longicaudatus Daudin, 1802 had the lowest capture rates (0.34 each) and exhibited a predominantly 
diurnal activity pattern. We found a nocturnal trend for the assemblage and low activity overlap among most 
species. This is the first assessment of the diversity of medium and large-sized mammals for ANULE and the 
second for the north-eastern Andes in the country. The predominantly nocturnal pattern observed could be 
due to the presence of cattle, dogs, and hunters during the diurnal period. Although a considerable number 
of species were recorded, several had low capture rates, suggesting that current management plans are not 
sufficient to safeguard the biodiversity they contain.
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INTRODUCTION

The Área Natural Única Los Estoraques (ANULE) is 

classified as a unique natural protected area within the Siste-

ma Nacional de Áreas Protegidas (SINAP-Colombia) due to 

its distinct geomorphology and biodiversity (Meneses et al. 

2017). Within the categories established by the International 

Union for Conservation of Nature (IUCN), it is included in 

Category III: Natural Monument or Feature (UNEP-WCMC 

2023). This area is characterized mainly by large and peculiar 
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geomorphological formations that constitute rock towers of 
at least 30 meters, a product of erosion in a semi-desert land-
scape, distributed in a matrix of diverse plant associations 
(Suárez-Payares and Lizcano 2011). Declared a protected 
area in 1988 (Meneses et al. 2017), it is one of the smallest 
in Colombia with only 662.9 ha (approx. 6.6 km²), located in 
the municipality of La Playa de Belén, in the western part 
of the department of Norte de Santander on the Eastern 
Cordillera (Orozco and Pérez 2008).

This area has at least three types of vegetation as-
sociations. First, Tropical Dry Forest (Bs-T) at an altitude 
between 1,450–1,500 m, dominated by a dense shrubland 
that does not exceed 2.0 m in height, mixed with eroded 
or cultivated land (i.e., pastures and secondary vegetation). 
Second, Subhygrophytic Humid Forest (Bh–SubH) at an 
altitude between 1,500–1,650 m, dominated by gallery for-
ests on the banks of the Quebrada La Teneria and partially 
bare soils. Finally, Low Montane Moist Forest (Bh-MB) at an 
altitude between 1,700–2,100 m, characterized by stands of 
oak (Quercus humboldtii) that do not exceed 30 m in height 
and remain covered in fog for much of the year (Orozco 
and Pérez 2008, Suárez-Payares and Lizcano 2011, Meneses 
et al. 2017). Although this protected area is included in 
SINAP-Colombia, it is under constant anthropogenic pres-
sures, including selective timber extraction, illegal hunting, 
agricultural development, armed conflicts involving illegal 
groups, and a lack of human and financial resources for 
adequate management (Suárez-Payares and Lizcano 2011, 
Henao-Bañol & Meneses 2017). Consequently, the “Estora-
que” (Styrax guianensis), a symbolic tree species, is virtually 
nonexistent in these areas due to extraction for medicine 
and fragrances (Meneses et al. 2017).

Due to the imminent affectation of natural ecosystems 
and the high rate of species extinction (Cowie et al. 2022), 
the challenges for conservation in the Eastern Cordillera 
include initiatives that prioritize both biodiversity protec-
tion (Cáceres-Martínez et al. 2017, 2019, Angarita-Yanes and 
Cáceres-Martínez 2019) and the facilitation of ecological 
field research (Baron-Prieto et al. 2023, Pabón et al. 2023). In 
Colombia, there is an urgent need to generate reliable infor-
mation on the diversity and conservation status of terrestrial 
mammals, which is generally scarce but essential to promote 
successful management actions (Suárez-Castro et al. 2021).

Therefore, the effectiveness and sustainability of these 
conservation efforts are highly dependent on the models 
employed and financial considerations. Conservation strat-
egies must be adapted to local environments and species 
to be effective, especially when considering anthropogenic 

pressures and the sustainable human use of resources (Hoff-
mann 2022, Zurell et al. 2022). For this, better documentation 
of the biodiversity of these particular and sensitive ecosys-
tems—which are largely poorly understood, unexplored, or 
unknown—is required. Despite the extensive use of cam-
era-traps (Moore et al. 2020, Bhatt et al. 2022, Gracanin et 
al. 2022), their application in long-term monitoring remains 
a challenge for the country.

Here we present the results of a survey using several 
complementary methods to monitor terrestrial mammals in 
ANULE. This area was chosen due to its strategic position in 
the northeast of Colombia, bordering Venezuela, making it 
likely that wildlife species move between the two countries. 
Additionally, Norte de Santander has four national protected 
areas and five regional natural parks, which represent only 
13.4% of the department’s surface (SINAP 2019).

By providing a list of terrestrial mammals in ANULE, 
we establish the conservation value of this area and baseline 
data for future research. Our results also provide information 
on activity patterns, which may be valuable for comparative 
studies. We did not have specific predictions for activity 
patterns but expected to find diurnal and nocturnal species, 
some with antagonistic interactions (e.g., predator-prey or 
competitors) partially separated by non-overlapping activity.

MATERIAL AND METHODS

Study Area

The study was conducted in the Área Natural Única 
Los Estoraques (ANULE) and its buffer zones (8°14’00”N, 
73°11’00”W; WGS84), located in the department of Norte de 
Santander, northeastern Colombian Andes, near the Venezu-
elan border. ANULE and its buffer zone cover approximately 
1,053 ha (recently expanded under Resolution no. 0850, August 
5, 2022, Ministerio de Ambiente, Colombia). The area is pre-
dominantly composed of Low Montane Moist Forest (Bh-MB; 
66.2%), Sub-Hygrophytic Moist Forest (Bh-SubH; 15.5%), and 
Tropical Dry Forest (Bs-T; 18.3%) (Holdridge 1987), within a 
transformed or degraded matrix dominated by secondary veg-
etation, pastures, and open areas (Meneses et al. 2017; Fig. 1).

Data Collection

Sampling was conducted from October 2017 to June 
2018 in 10 quadrants of 1.0 km² each, covering approximately 
640.6 ha (prior to the park expansion) and an elevational 
gradient from 1,450 to 2,100 m a.s.l. Four complementary 
methods were used: camera-traps, line transects, opportu-
nistic observations, and interviews.
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Camera-trapping

We deployed 10 Bushnell Trophy Cam HD Aggressor 

cameras (one per quadrant) for a total sampling effort of 

2,770 camera-trap nights. Each camera operated contin-

uously (24 h/day) in video mode, with the motion sensor 

set to automatic sensitivity. Three consecutive videos were 

recorded per detection event, with a 15-second interval be-

tween triggers. Cameras were mounted 30–50 cm above the 

ground. Stations were spaced ~500 m apart, depending on 

the terrain and the presence of signs of medium- and large-

sized terrestrial mammals, following Cáceres-Martínez et al. 

(2016). Cameras were distributed across Tropical Dry Forest, 
Low Montane Moist Forest, Sub-Hygrophytic Moist Forest, 
and inside degraded or transformed matrix vegetation (i.e., 
secondary vegetation, pastures, and open areas; Fig. 1).

Species taxonomy follows Ramírez-Chaves et al. (2024), 
with Dasypus taxonomy based on Barthe et al. (2024). Cap-
ture rates were calculated as the number of independent 
records per 100 trap-nights (Mosquera-Muñoz et al. 2014).

Activity patterns
Activity patterns were analyzed only for species with 

≥10 independent records. Independent events were defined 

Figure 1. Study area. Location of Área Natural Única Los Estoraques and Reserva Forestal Protectora “Quebrada La Tenería”, 
in Colombia. The Natural Forest coverage corresponding at Bh-MB; Bh-SubH; and Bs-T; and, degraded or transformed 
coverage corresponding at Secondary Vegetation, Pastures and Open areas without vegetation. Distribution of medium 
and large-sized terrestrial mammals’ recorded are marked with blue triangles (camera traps) and circles of different colors 
(i.e., biological records - green).
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as consecutive videos of the same species separated by at 
least two hours (González-Maya et al. 2009, Linkie and Rid-
out 2011). The temporal distribution of records was assessed 
using kernel density estimation (KDE) and a trigonometric 
series estimator for small sample sizes, implemented in the 
overlap package in R (Ridout and Linkie 2009, Meredith and 
Ridout 2014). Sunrise and sunset times were obtained using 
Moonphase software (version 3.4). To evaluate whether 
activity patterns were uniformly distributed over the 24-
hour cycle, Kuiper tests were applied (González-Maya et al. 
2015), which are suitable for detecting significant temporal 
clustering in circular (time-based) data.

Although temporal activity data are continuous, we 
included the Morisita-Horn index as an exploratory tool to 
compare discretized activity distributions in a standardized 
manner. To explore temporal niche overlap among key spe-
cies, we discretized camera-trap detection times into 1-hour 
bins and computed species-specific activity frequencies with-
in each bin. We then applied the Morisita-Horn similarity 
index using these relative frequency distributions to assess 
the degree of temporal overlap between species. This ap-
proach provides an exploratory measure of overlap, though 
we acknowledge its limitations in analyzing continuous time 
data (Ridout and Linkie 2009). We interpreted these results 
cautiously and complemented them with visual inspection 
of activity patterns and overlap estimates based on kernel 
density functions when data allowed.

Line transects

Three 1.0 km transects were established in each quad-
rant (30 transects total), walked once between 08:00 a.m. and 
06:00 p.m. under similar environmental conditions. Survey 
effort totaled 190 days (~1,900 man-hours). Observations in-
cluded feces, tracks, hair, carcasses, skeletal remains, feeding 
signs, trails, marking sites, and burrows (Guzmán-Lenis and 
Camargo-Sanabria 2004, Cáceres-Martínez et al. 2016). For 
each detection, location, type of evidence, coordinates, pho-
tographs, and elevation were recorded. Biological samples 
were collected in labeled plastic bags and processed at the 
Laboratory of Wildlife Ecology and Conservation (Universidad 
Nacional de Colombia, Medellín) and the Ecology and Bioge-
ography Laboratory (Universidad de Pamplona). Processing 
included filtering with 0.5 mm strainers, drying at room 
temperature, and visual comparison with reference material 
from the mammal collections of the Instituto de Ciencias Na-
turales (UNAL Bogotá) and the José Celestino Mutis Museum 
(Universidad de Pamplona). All samples were deposited in the 
general mammal collection of the latter institution.

Opportunistic observations (e.g., direct sightings, 
tracks, feces) were recorded only as supplementary data for 
species presence and were not used for activity or abundance 
analyses.

Interviews

Semi-structured interviews were conducted with 23 lo-
cal families using a participatory and interpretive communi-
ty monitoring approach (White et al. 2005, Cáceres-Martínez 
et al. 2016). Respondents were encouraged to provide evi-
dence (e.g., photos, local names, remains) to support their 
reports. Species identification was cross-referenced with 
field guides and national databases on Colombian mammal 
diversity (Ramírez-Chaves et al. 2024).

Data Analysis

Species richness and diversity were assessed using Hill 
numbers of order q = 0 (species richness), q = 1 (Shannon diver-
sity), and q = 2 (Simpson diversity), based on presence–absence 
data converted into frequency matrices (Hsieh et al. 2016). 
Sampling completeness was evaluated through rarefaction 
and extrapolation according to Chao et al. (2014) using the iN-
EXT package and visualized with ggiNEXT in R (R Core Team 
2018). Based on these analyses, we estimated that the sampling 
effort captured approximately 89% of the expected richness of 
medium- and large-sized mammals in the study area.

RESULTS

We recorded 18 species of medium and large-sized 
mammals, representing seven orders, 15 families, and 18 
genera (Table 1). The species accumulation curve indicated 
a high level of sampling completeness for the camera-trap 
surveys (Fig. 2). According to Hill numbers, our sampling cap-
tured approximately 89% of the expected species richness. 
The estimated diversity was 2.386 ± 0.049 effective species 
for order q = 1 (Shannon diversity) and 0.882 ± 0.009 effective 
species for order q = 2 (Simpson diversity), indicating low 
evenness and high dominance in the community.

A total of 64,026 photographs were obtained, yielding 
291 independent records of 16 species (Fig. 3). Additionally, 
introduced species such as domestic cattle, Bos taurus Lin-
naeus, 1758, and domestic dogs Canis familiaris Linnaeus, 
1758, were recorded within the protected area. The species 
with the highest capture rates (CR, independent records per 
100 trap-nights) were Didelphis marsupialis Linnaeus, 1758 
(CR = 20.27), Dasypus fenestratus Peters, 1864 (CR = 18.21), 
and Dasyprocta punctata Gray, 1842 (CR = 14.43). In contrast, 
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Table 1. List of mammals; Medium and large-sized terrestrial mammals recorded at Área Natural Única Los Estoraques, 
Colombia. Methods: (CT) Camera-trap, (IR) Indirect Record, (DO) Direct Observation, (I) Interview. Type of hunting in the 
area: (CC) Hunting by conflict, (CD) Sport Hunting. Conservation Category: (NT) Near Threatened, (LC) Least Concern, 
(VU) Vulnerable. MCNUP-M: Museo de Historia Natural Universidad de Pamplona-Mamíferos. Activity period; Kuiper test 
estimator (*indicates significant differences from homogeneity p < 0.001), number of records and capture rates.

Taxa Methods Type of hunting/
voucher

Conservation category Kuiper test/Activity 
hours

Record (100 
trap-days)

Capture 
rateNational 2024 IUCN 2025 CITES 2025

Didelphimorphia

Didelphidae

Didelphis marsupialis Linnaeus, 1758 CT, DO, I CC – LC – K=5.1212/Nocturnal 59 20.27

Cingulata

Dasypodidae

Dasypus fenestratus Peters, 1864 CT, IR, I CC, CD – – – K=3.9426*/Cathemeral 53 18.21

Chlamyphoridae

Cabassous centralis (Miller, 1899) I, CT CC, CD – LC – K=1.7748*/Nocturnal 7 2.41

Pilosa

Bradypodidae

Bradypus variegatus (Schinz, 1825) I – – LC II

Myrmecophagidae

Tamandua mexicana (Saussure 1860) CT, I CC, CD – LC – K=1.5233/Nocturnal 4 1.37

Rodentia

Cuniculidae

Cuniculus paca (Linnaeus, 1766) I, DO CC, CD – LC –

Dasyproctidae

Dasyprocta punctata Gray, 1842 CT, I CC, CD – LC – K=3.5565/Diurnal 42 14.43

Erethizontidae

Coendou longicaudatus Daudin, 1802 I, CT CC, CD – – – K=1.8104*/Diurnal 1 0.34

Sciuridae

Sciurus granatensis Humboldt, 1811 CT, I CC, CD – – – K=3.0085 */Diurnal 17 5.84

Carnivora

Canidae

Cerdocyon thous (Linnaeus, 1766) CT, I CC, CD – LC II K=1.8104*/Nocturnal 2 0.69

Felidae

Herpailurus yagouaroundi (É. Geoffroy 
Saint-Hilaire, 1803)

I, CT, IR – – LC II K=1.7108*/Diurnal 7 2.41

Leopardus tigrinus (Schreber, 1775) I, CT CC, CD VU VU I K=2.2029*/Cathemeral 11 3.78

Mephitidae

Conepatus semistriatus (Boddaert, 1785) CT, I CC – LC – K=1.4422*/Nocturnal 5 1.72

Mustelidae

Eira barbara (Linnaeus, 1758) CT, I CC, CD – LC – K= 2.6065*/Diurnal 20 6.87

Galictis vittata (Schreber, 1776) CT – LC – K=1.395*/Diurnal 1 0.34

Procyonidae

Procyon cancrivorus (Cuvier, 1798) CT, I, CC, CD – LC – K=1.7843/Nocturnal 12 4.12

Cetartiodactyla

Cervidae

Mazama americana (Schreber, 1777) CT, IR, I CC, CD/
MCNUP-M-119

– DD – K=1.2146/Cathemeral 7 2.41

Lagomorpha

Leporidae

Sylvilagus apollinaris (Thomas, 1920) CT, IR, I, DO CC, CD – – – K=2.5711*/Nocturnal 17 5.84

among the least frequently recorded species were Coendou 
longicaudatus (CR = 0.34), Galictis vittata (CR = 0.34), and 
Cerdocyon thous (CR = 0.68).

Activity patterns showed a dominant nocturnal trend 
for the entire assemblage (K = 4.18, p < 0.001), as also found 
for most species except C. longicaudatus, G. vittata, H. yagoua-
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Figure 2. Sampling effort in a species accumulation curve for medium and large-sized terrestrial mammals detected at 
Área Natural Única Los Estoraques and Reserva Forestal Protectora “Quebrada La Tenería”, Colombia.

roundi (É. Geoffroy Saint-Hilaire, 1803), Sciurus granatensis 
Humboldt, 1811, Eira barbara (Linnaeus, 1758), and D. punc-
tata. Species such as Mazama americana (Schreber, 1777) 
and Leopardus tigrinus (Schreber, 1775) showed cathemeral 
activity (Fig. 4). Mean temporal overlap based on the dis-
cretized Morisita-Horn index was low across all species (0.27 
± 0.03). The highest overlap values were observed between 
E. barbara and H. yagouaroundi (1.0 ± 0.0), C. thous and L. 
tigrinus (0.86 ± 0.04), and C. thous and Tamandua mexicana 
(Saussure 1860) (0.716 ± 0.05). These results represent ex-
ploratory estimates based on hourly activity bins and should 
be interpreted with caution, given the limitations of using 
the Morisita-Horn index on discretized time data. Notably, 
there was no overlap between several carnivorous species, 
such as C. thous–E. barbara, C. thous–G. vittata, C. thous–H. 
yagouaroundi, and C. semistriatus–H. yagouaroundi (Fig. 5).

We also obtained 37 indirect records, primarily tracks 
(28; 84.8%) and feces (5; 15.2%). Two species were identified 
from carcasses found within the protected area: M. americana 
(MCNUP-M-119) and Galictis vittata (Schreber, 1776). In a fecal 
sample from G. vittata, we identified remains of D. fenestratus, 
as along with undetermined hair and bone fragments. Four 
species directly observed in the field were D. marsupialis, H. 
yagouaroundi, G. vittata, and Sylvilagus apollinaris.

From corroborated interviews with 23 local families, 
we obtained evidence of the presence and harvest of 16 
species (Table 1). Respondents ranged from 31 to 90 years of 
age; 56.0% had elementary education, 13.0% had completed 
middle-high school, and 31.0% had no formal education. 
Armadillos suffered the highest hunting pressure —D. 

fenestratus and Cabassous centralis (Miller, 1899): 35.0% each, 
followed by D. punctata and M. americana (26.0% each). Ad-
ditionally, 26.0% of interviewees reported hunting birds in 
general. While all respondents were aware of the protected 
area, only 56.0% had a positive perception of it, 13.0% had 
a negative perception, and the remainder were neutral. A 
total of 95.0% of respondents acknowledged the existence 
of hunting within ANULE; most considered it negative for 
conservation, though a few justified it by cultural tradition 
or subsistence. Hunting methods included shotguns (43.0%) 
and dogs (30.0%). Hunting was primarily for sport (39.0%), 
consumption (34.0%), or retaliation (8.0%).

DISCUSSION

This study constitutes the first estimate of medium 
and large-sized ’mammal diversity for ANULE and its buffer 
areas (i.e., the Reserva Forestal Protectora de la Cuenca Alta 
de la Quebrada La Tenería, now included within the park 
due to recent expansion). Although the number of species 
recorded could be considered low, given the extensive 
sampling effort and the protected area’s size, these results 
represent a robust first approach to local mammal diversity 
(Lira-Torres and Briones-Salas 2012). The confirmed presence 
of large species currently considered threatened in much of 
the country (Minambiente 2024), alongside others whose 
ecology is little-known or lacks departmental records (e.g., 
G. vittata, H. yagouaroundi, M. americana), highlights the im-
portance of ANULE and its buffer zones (Fig. 1) for regional 
and national mammal conservation.
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Figure 3. Mammals species; Medium and large-sized terrestrial mammals detected by camera traps at Área Natural Única 
Los Estoraques and Reserva Forestal Protectora “Quebrada La Tenería”, Colombia: Herpailurus yagouaroundi (A), Mazama 
americana (B), Cerdocyon thous (C), Dasyprocta punctata (D), Eira barbara (E), Cabassous centralis (F), Leopardus tigrinus 
(G), Galictis vittata (H), Procyon cancrivorus (I), M. americana (J), Dasypus fenestratus (K), and Conepatus semistriatus (L).

A B C

D E F

G H I

J K L
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Figure 4. Activity patterns; 17 mammalian species density daily activity patterns in the ANULE. Kernel density (Solid 
line), trigonometric sum (dashed lines). Short vertical lines above the x-axis are the registers and the dashed vertical lines 
above the x-axis indicate the time of sunrise and sunset. The y-axis indicates the density of activity. (A) Assemblages, (B) 
Leopardus tigrinus, (C) Conepatus semistriatus, (D) Procyon cancrivorus, (E) Eira barbara, (F) Cerdocyon thous (G) Herpailurus 
yagouaroundi, (H) Dasyprocta punctata, (I) Tamandua mexicana, (J) Cabassous centralis, (K) Sciurus granatensis, (L) Mazama 
americana, (M) Dasypus fenestratus, (N) Didelphis marsupialis, (O) Marmosa robinsoni, (P) Sylvilagus apollinaris.
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E F
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This study characterizes the terrestrial mammal 
community in ANULE, revealing ecological patterns of 
diversity, activity, and coexistence with direct implications 
for conservation. Our findings fill a significant knowledge 
gap for northeastern Colombia, providing new departmental 
records for G. vittata and H. yagouaroundi, and confirming 
C. centralis with its fourth record in Norte de Santander. 
These results refine the known distribution of rare, elusive, 
or poorly documented species and underscore the conser-
vation value of ANULE. Moreover, this work expands upon 
previous studies at higher elevations (e.g., Cáceres-Martínez 
et al. 2016) by providing baseline information for dry 
premontane forests and xerophytic shrublands—habitats 
underrepresented in Colombian mammalogy literature. The 
presence of threatened and data-deficient species, combined 
with anthropogenic pressures such as hunting and domestic 
animal interference, emphasizes the urgency of continued 
monitoring.

Interviews and anecdotal records indicate that the 
area has suffered intensive historical hunting, which may 
have caused dramatic declines in mammal populations 
and suggests that species like M. americana and L. tigrinus 
are threatened in northeastern Colombia. These pressures, 
combined with limited law enforcement and negative 
perceptions of wildlife, may lead to long-term population 
declines, local extirpations, and behavioral shifts such as 
increased nocturnality or avoidance of open areas. Addi-
tionally, since a significant proportion of respondents view 
hunting as a culturally accepted practice, conservation 
actions must incorporate community engagement and ed-
ucation to shift perceptions. Without addressing these social 
drivers, habitat protection and population recovery efforts 
may have limited success.

Our multi-method approach is appropriate, as com-
bining survey types provided a reliable inventory (Sánchez 
et al. 2004, Norris et al. 2012, Cáceres-Martínez et al. 2016). 
Nevertheless, a more temporally extensive design and a 
higher number of camera-traps would likely record more 
species and provide deeper insights into distribution and 
habitat use. Based on our species accumulation curve, we 
estimate that a 25–30% increase in sampling effort would 
be required to detect additional rare or low-detection 
species. This highlights both current dataset limitations 
and the potential for future monitoring to capture greater 
biodiversity.

Although H. yagouaroundi occurs in various Colombian 
departments (Antioquia: Arias-Alzate et al. 2013, Pacheco 
and González-Maya 2013; Cundinamarca: Sánchez-Lalinde 

and Pérez-Torres 2008; Valle del Cauca: Ruiz-García and 
Pinedo-Castro 2013; Caldas: Escobar-Lasso et al. 2015; 
Vichada: Mosquera-Guerra et al. 2018; Guainía, Quindío: 
Palacios et al. 2019; and Meta: SIB 2023), our record is the 
first well-documented occurrence for Norte de Santander. 
Furthermore, our record of G. vittata is also the first for the 
department (SIB 2023), with previous confirmed records 
limited to César, Magdalena (García-Herrera et al. 2015), 
Caldas (Escobar-Lasso and Guzmán-Hernández 2014), Chocó, 
Antioquía, Meta, Sucre, Córdoba (González-Maya et al. 2019), 
Casanare, and Cauca (SIB 2023). Both records reinforce the 
importance of such studies and highlight the lack of infor-
mation in areas like ANULE. These records do not represent 
range expansions, but the first confirmed documentation of 
species previously suspected but unverified. Their detection 
consolidates knowledge regarding distributional continuity 
in northeastern Colombia and highlights ANULE’s role as 
a potential corridor for elusive carnivores in fragmented 
’landscapes.

The record of C. centralis represents the fourth con-
firmed occurrence for the department, following Angari-
ta-Yanes (2022). This finding is relevant given the species’ 
cryptic behavior, which hinders detection through conven-
tional techniques. Its presence reinforces ANULE’s value as 
a refuge for forest-dwelling mammals with low detection 
probabilities. In contrast, the presence of the nine-banded 
armadillo Dasypus fenestratus, recently validated and still 
lacking a national conservation assessment (Barthe et al. 
2024), also illustrates the need for regional monitoring.

Overall, the mammalian assemblage in ANULE exhib-
ited predominantly nocturnal activity, with fewer diurnal 
species and some showing cathemeral behavior. This pattern 
may reflect resource availability, competition, or anthropogen-
ic pressures. Several species were mainly diurnal, as reported 
for D. punctata, E. barbara, G. vittata, H. yagouaroundi, and 
Sciurus granatensis (Smythe 1978, De Oliveira 1998, Jiménez et 
al. 2010, Cáceres-Martínez et al. 2016, Hernández-Hernández 
et al. 2018), including domestic cattle and dogs. Conversely, 
most species were more active at night: C. thous, C. semistria-
tus, D. fenestratus, D. marsupialis, P. cancrivorus, S. apollinaris, 
and T. mexicana (Gómez et al. 2005, Di Bitetti et al. 2009, 
González-Maya et al. 2009, Hayssen et al. 2013, Cáceres-
Martínez et al. 2016). Some species showed cathemeral 
behavior, including C. centralis, D. punctata, L. tigrinus, and 
M. americana, contrasting with some previous descriptions 
(Roberts et al. 1985, Cortés-Marcial and Briones-Salas 2014).

Exploratory analyses suggest that predators such as 
Leopardus tigrinus and Herpailurus yagouaroundi exhibit 
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partial temporal overlap with potential prey species (e.g., 
Sylvilagus apollinaris, Dasyprocta punctata and Dasypus fenes-
tratus), consistent with patterns of co-occurrence reported by 
Mosquera-Muñoz et al. (2014). In contrast, a high degree of 
temporal niche overlap was observed among top predators 
(e.g., Eira barbara and H. yagouaroundi; Cerdocyon thous and 
L. tigrinus; Fig. 5). This pattern may reflect partitioning along 
the prey axis rather than direct interference or exploitative 
competition, as previously suggested (Arias-Alzate et al. 2022, 
Barrera-Vargas et al. 2023). It is important to note that our 
exploratory application of the Morisita–Horn index provides 
only a proxy for temporal overlap and does not constitute 
evidence of direct ecological interactions. Robust inference 
of predator–prey or competitive relationships would require 
complementary approaches, such as diet analyses or direct 
behavioral observations.

In systems with high prey availability, temporal co-oc-
currence among predators does not necessarily translate 
into strong competitive interactions. Instead, coexistence 
may be facilitated by functional niche differentiation across 
multiple axes (e.g., particularly diet and space) as suggested 
Arias-Alzate et al. (2022), where trait-mediated segregation 
reduces direct competition even under substantial temporal 
overlap. However, under resource-limiting conditions, com-
petition may intensify (Jaksié et al. 1981, Reus et al. 2017), 
potentially constraining predator distributions and altering 
activity patterns (Glen and Dickman 2008). In our study, 
most species exhibited low temporal overlap alongside a gen-
eral tendency toward nocturnality. While this pattern could 
partially reflect limited sample sizes (Blake et al. 2012), it is 
also consistent with regionally reported activity trends. For 
instance, in the Northern Colombian Andes, Barrera-Vargas 
et al. (2023) documented predominantly nocturnal behavior 
in several mesocarnivore species, supporting the idea that 
temporal segregation and flexible activity patterns contrib-
ute to coexistence in Andean assemblages.

Our results also align with Cáceres-Martínez et al. 
(2016), who reported nocturnal activity in Sciurus granat-
ensis and Cabassous centralis, and cathemeral patterns in M. 
americana and Leopardus tigrinus, highlighting the plasticity 
of activity rhythms among both prey and predators. Addi-
tionally, anthropogenic pressures may further shape these 
dynamics. The presence of domestic species such as Bos 
taurus and Canis familiaris, particularly free-ranging or feral 
dogs, can induce shifts toward increased nocturnality in na-
tive mammals, likely as an avoidance strategy (Zapata-Ríos 
and Branch 2016, Arias-Alzate et al. 2025). These species 
may also exert ecological pressures through disturbance, 

interference competition, or pathogen transmission. Future 
research should explicitly quantify these effects by integrat-
ing spatial and temporal overlap metrics with displacement 
or occupancy-based modeling frameworks.

Overall, our findings highlight the ecological impor-
tance of ANULE as a refuge supporting complex trophic 
and temporal dynamics. At the same time, they underscore 
critical knowledge gaps that limit effective conservation 
planning at both local and regional scales. This is particularly 
relevant for wide-ranging species facing multiple anthropo-
genic threats, where insufficient ecological information can 
hinder management decisions (Payán-Garrido and Soto-Var-
gas 2012; Boron et al. 2018; Echavarria-Renteria et al. 2018; 
Arias-Alzate et al. 2019; Gonzalez-Maya et al. 2019). In this 
context, our study provides a necessary baseline to inform 
management actions, including hunting regulation and 
habitat management, and to guide the implementation of 
the updated Management Plan and its proposed expansion 
zone (Resolution 0850 of August 5, 2022).

Hunting pressure remains high in the buffer zone of 
ANULE, affecting key prey species such as S. apollinaris, D. 
punctata, D. fenestratus, and M. americana. This sustained 
offtake may have cascading effects on trophic dynamics, 
particularly by altering prey availability for meso- and top 
predators. In parallel, ongoing agricultural expansion and 
broader land-use transformation continue to reduce and 
fragment suitable habitats, further compromising mammal 
populations. These interacting pressures are especially 
concerning given the still considerable diversity harbored 
within the area, as previously documented (Orozco and 
Pérez 2008, Suárez-Payares and Lizcano 2011, Henao-Bañol 
and Meneses 2017). We expect that this documentation of 
mammalian diversity will provide a critical baseline for the 
conservation of this important protected area in Colombia. 
However, effective conservation will require moving beyond 
inventories toward a more integrative understanding of 
population ecology, including demographic trends, habitat 
use, and species interactions. Future efforts should prioritize 
the development and implementation of management tools 
that explicitly address hunting pressure and land-use change 
while maintaining the ecological integrity of ANULE and 
its buffer zone.
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Figure 5. Pairwise activity overlap among medium- and large-sized terrestrial mammals recorded at Área Natural Única 
Los Estoraques and Reserva Forestal Protectora “Quebrada La Tenería”, Colombia, based on the Morisita-Horn similarity 
index (± SE). Temporal overlap was estimated using relative activity frequencies derived from 1-hour time bins. See Methods 
for details on the analysis.
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