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The woolly opossums of the genus Caluromys, despite their wide distribution range, are poorly known species. In Colombia, the presence
of C. derbianus and C. lanatus is recognized, and the presence of C. philander has been proposed. This study sought to update the distribution
and know overlapping areas of the species of the genus Caluromys in Colombia. We modeled the current and potential distribution of C. der-
bianus and C. lanatus, and discussed the potential presence of C. philander. We extend the distribution range for C. derbianus and C. lanatus by
obtaining new records mainly in the Colombian Caribbean region. For C. derbianus, we found that the estimated model area was 177,337 km?,
with the most suitable areas in the Caribbean region in the department of Cérdoba and the coast of the department of Sucre, in the north and
south of the Pacific region, and in the Andean region on the western mountain range, associated with forest cover. For C. lanatus, the estimated
model area was 940,007 km? with the greatest habitat suitability in the forest cover of the Sierra Nevada de Santa Marta, the central mountain
range, the Magdalena River valleys and the Andean-Orinosence piedmont. The areas of occupancy (AOO) and extent of occurrence (EOO) in
Colombia are 268 km? and 182,741 km? for C. derbianus, 652 km? and 1,036,486 km?for C. lanatus, with an overlap area of 37,889 km?2. Although
we found high uncertainty in the records for C. philander in Colombia, we consider that the species probably has representation in the eastern
Amazon and Orinoquia regions. This information could be useful to provide new perspectives for the study of the ecological interactions of
these Neotropical marsupials, as well as for assessing threats to woolly opossums in Colombia.

Las zariglieyas lanudas del género Caluromys a pesar de su amplio rango de distribucién son especies poco conocidas. En Colombia se
reconoce la presencia de Caluromys derbianus y C. lanatus, y se ha propuesto la presencia de C. philander. Este trabajo buscé actualizar la distri-
bucién y conocer dreas de sobrelapamiento de las especies del género Caluromys para Colombia. Modelamos la distribucién actual y potencial
de C. derbianus y C. lanatus, y discutimos la presencia potencial de C. philander. Ampliamos el intervalo de distribucién para C. derbianus 'y C.
lanatus a partir de la obtencion de nuevas localidades de registros principalmente para la regién Caribe colombiano. Encontramos para C.
derbianus un area estimada por el modelo de 177,337 km?, con 4reas mds idoneas sobre la region Caribe en el departamento de Cérdobay la
costa del departamento de Sucre, al norte y sur de la regién Pacifica y en la regién Andina sobre la Cordillera Occidental, asociadas a coberturas
boscosas. Para C. lanatus el drea estimada por el modelo fue 940,007 km? con mayor idoneidad de habitat sobre las coberturas boscosas en la
Sierra Nevada de Santa Marta, la Cordillera Central, los valles del rio Magdalena y el piedemonte Andino-Orinosence. Las dreas de ocupacion
(AOO) y extension de ocurrencia (EOO) en Colombia es 268 km? y 182,741 km? para C. derbianus, 652 km?y 1,036,486 km? para C. lanatus, con
un area de sobrelapamiento de 37,889 km?. Aunque encontramos alta incertidumbre en los registros para C. philander en Colombia, conside-
ramos que es probable que la especie tenga representacion al oriente de las regiones de la Amazonia y Orinoquia. Esta informacién podria
ser util para brindar nuevas perspectivas para el estudio de las interacciones ecoldgicas de estos marsupiales Neotropicales, asi como poder
evaluar amenazas y cambios potenciales en los patrones de distribucién para Colombia.
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Introduction
In Colombia, the order Didelphimorphia is represented by

the state of Veracruz in México southward in association
with forests in Central and South America, including Trini-

39 marsupials species grouped in one family and 13 genera
that represent 7.2 % of the mammals present in the national
territory (Ramirez-Chaves et al. 2021). The genus Caluromys
known as woolly opossum is a lineage of the family Didel-
phidae characteristic of the New World (Voss and Jansa
2009). This genus is composed of three species, C. derbia-
nus, C. lanatus, and C. philander. They are distributed from

dad and Tobago, to eastern Bolivia, Paraguay, and north-
eastern Argentina, with an elevational range up to 2,500 m
approximately (Gardner 2008; Voss and Jansa 2009). The
woolly opossum is arboreal marsupials (rarely descend to
the ground), nocturnal, solitary, considered opportunists
that consume a wide variety of fleshy fruits, insects, small
vertebrates, and flower parts, including nectar, these spe-
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cies inhabit primary and disturbed tropical rainforests
(Gardner 2008; Astua 2015).

In Colombia, there are confirmed records of the spe-
cies C. derbianus and C. lanatus (Solari et al. 2013), and the
presence of C. philander has been proposed (Alberico et
al. 2000). C. derbianus has been reported for the Pacific
region and on the western cordillera in the Andean region,
between 0 and 2,600 masl (Solari et al. 2013), and more
recently for the Caribbean region (Chacén-Pacheco et al.
2022a, b). While C. lanatus for the Amazon, Andean, and
Caribbean regions, up to 2,000 m (Solari et al. 2013), and
some occasional records for the Orinoquia region (Fonseca
and Astida 2015). Despite this, for the species of the genus
for the country there are gaps in information, the main
antecedents date from condensed reports in general lists
of mammals (Ramirez-Chaves and Noguera-Urbano 2010;
Ramirez-Chaves and Pérez 2010; Rojas-Diaz et al. 2012;
Solari et al. 2013; Chacén-Pacheco et al. 2022a, b), and even
more unknown about its possible sympatry in areas where
there is potential overlapping.

Due to aspects related to their habits and the lack of
knowledge that human communities have about their
importance for ecosystems, opossums are stigmatized and
little appreciated (El6rez-Oliveros and Vivas-Serna 2020).
Ecosystems in Colombia are favorable scenarios for interac-
tions between organisms in the Neotropics, which are only

possible if there is a certain overlap in their geographic dis-
tributions. This is little studied in marsupials, which makes it
difficult to understand several ecological dynamics related
to the energy flow in ecosystems (Kuhnen et al. 2017). The
use of environmental and biotic variables and their corre-
lations with species occurrence points can contribute to
know overlapping areas of potential species distribution
(Rodder and Engler 2011). The aim of this study is present
new information on the current and potential distribution
and overlap areas of the species of the genus Caluromys in
Colombia. We update their distribution, indicate areas with
possible sympathy in the country and present new infor-
mation that contributes to determine the conservation sta-
tus of the species of the genus in Colombia. We also discuss
the presence of C. philander in the country based on the
records revision.

Materials and methods

To know the current and potential distribution and overlap
areas of Caluromys species in Colombia, was used the Eco-
logical Niche Modeling (ENM) approach using the Maximum
Entropy Algorithm Maxent 3.4.3 (Phillips et al. 2006) and
estimated the area of occurrence extension (EOO) and area
of occupancy (AOO) in Colombia. Occurrences (Figure 1)
were obtained from: 1) specimens captured or observed in
the field during the years 2011 to 2019. 2) Biological col-
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Figure 1. Occurrence records of the woolly opossums Caluromys derbianus (left) and C. lanatus (right). The minimum convex polygon (MCP) used to calculate the extent of occur-

rence (EOO) and area of occupancy (AOO) of the species in Colombia.
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lections, national and departmental mammal lists were
reviewed. 3) Literature databases such as Google Scholar,
Scopus, and ScienceDirect were consulted using keywords,
("Caluromys" OR "Caluromys derbianus" OR "Caluromys lana-
tus" OR "Caluromys philander") AND "Colombia". 4) Also
were obtained records shared by other researchers and citi-
zen science (iNaturalist; https://www.inaturalist.org/). And,
5) in addition, complementary records for the species C. der-
bianus and C. lanatus for Colombia and records for another
countries where these species are distributed were obtained
from the biodiversity platforms, Species Link (https:/
specieslink.net/) and the Global Biodiversity Information
Facility (GBIF; https://doi.org/10.15468/dl.bxauhé, https://
doi.org/10.15468/dl.3wpryf, https://doi.org/10.15468/
dl.caktxu). The search for records of the species C. philan-
der was restricted to Colombia, due to the uncertainty of the
presence of the species in the country (see records https://
github.com/jchacon-bio/Ocurrences Caluromys). Individu-
als recorded in fieldwork and from citizen science were iden-
tified based on external characteristics such as woolly fur;
long, prehensile tail, lacking long, dense fur for 1/3 or more
of distal length; large, naked ears; dark, conspicuous medial
facial stripe (Gardner 2008).

To understand the potential distribution of woolly opos-
sums, C. derbianus and C. lanatus, were used bioclimatic
variables from WorldClim 2.0 (Fick and Hijmans 2017) for
recent climates (~2000 years) at 2.5 minutes (~4.5 km) reso-
lution. Were excluded variables with combined precipita-
tion and temperature information (bio8: Mean temperature
of the wettest quarter; bio9. Mean temperature of the driest
quarter; bio18: Precipitation of the warmest quarter; bio19:
Precipitation of the coldest quarter) because they show
spatial anomalies in the form of discontinuities between
adjacent pixels (Booth 2022). The models were calibrated
in a hypothetical area where the species has been able to
explore and potentially colonize using the minimum convex
polygon with a buffer of 1 km from the centroid calculated
from all occurrences. Was used the random kfolds method,
10,000 background points. Were used different responses
(Linear, Quadratic, Linear-Quadratic, Hinge, Linear-Qua-
dratic-Hinge), and different regularization multipliers [RM]
(0.1 to 4, growing to 0.5), and three sets of environmental
variables (six PC; Muscarella et al. 2014; Radosavljevic and
Anderson 2014).

Within the known distribution range for C. derbianus
and C. lanatus, 598 occurrence records were obtained (80
records from citizen science in Colombia). For C. derbianus
348 (67 in Colombia) and 250 for C. lanatus (145 in Colom-
bia) after spatial filtering (~4.5 km?). Were generated 32
candidate models for each species (C. derbianus and C. lana-
tus) that were evaluated by partitioning the records using
the random kfold method, into 50 % training data and 50 %
test data. A three-step framework was used to evaluate
and choose an automated model in the R environment (R
Core Team 2022) and the Wallace v2.0 package that allow
the work with multiple species in the same session (Kass et
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al. 2023). At first, in order to evaluate models performance,
was estimated the partial area under the curve (AUC) of
the receiver operating characteristic (pROC; Peterson et al.
2008). Second, was calculated the statistical significance of
the models with omission rates (5 %; Peterson et al. 2011;
Muscarella et al. 2014), and, finally, were selected models
with low complexity and good fit to the underlying data,
was used the corrected Akaike information criterion (AlCc;
Burnham et al. 2011; Muscarella et al. 2014). From the final
model for each species, we selected the logistic output of
each model and converted the suitability map into a binary
map using the 10P (tenth percentile) cutoff threshold value.
This approach was selected because it assumes that 10 %
of the records do not occur in representative regions of
the general habitat of the species and should therefore be
omitted (Babich-Morrow 2019).

The resulting models were trimmed following the
national limits of Colombia and the terrestrial ecoregions
(Olson et al. 2001) where there was no evidence for each of
the species were extracted. For C. derbianus were extracted
the terrestrial ecoregions, Eastern Cordillera real montane
forests, Cordillera Oriental montane forests, Magdalena
Valley dry forests, Magdalena Valley montane forests and
Napo moist forests. While for C. lanatus ecoregions were
excluded Northern Andean paramo, Cauca Valley dry for-
ests, Cauca Valley montane forests, Western Ecuador moist
forests, Northwestern Andean montane forests and Chocé-
Darién moist forests.

Later, the overlapping area of the species was estimated
as theintersection of the distribution ranges of the two spe-
cies. For the estimation of the extent of occurrence (EOO)
in Colombia we used a minimum convex polygon joining
the extreme records of the species. The area of occupancy
(AOO) was calculated by adding the area of the grid where
the species is known (we used grid of 2 km? as recom-
mended in [UCN 2012) within Colombia using the GeoCat
tool (Bachman et al. 2011).

Results
For Colombia, we obtained 222 occurrence records for the
genus Caluromys, 67 for C. derbianus, 145 for C. lanatus,
three for C. philander, and seven undetermined records
(Figure 1).

We confirm the presence of C. derbianus for the Andean
and Pacific regions and extend its distribution to the Carib-
bean region in the departments of Cérdoba and Sucre (Fig-
ure 2). While for C. lanatus its distribution range extends
to the Colombian Caribbean in all the continental depart-
ments of the region (Atlantico, Bolivar, Cesar, Cérdoba, La
Guajira, Magdalena, and Sucre), and we confirm its pres-
ence in the Andean region in the departments of Antio-
quia, Boyaca, Caldas, Cauca, Cundinamarca, Huila, Norte
de Santander, Santander, Tolima, and Valle del Cauca (Fig-
ure 2). We also confirm its distribution in the Orinoquia
region in the department of Meta, and for Amazon region,
in the departments of Amazonas, Caquetd, Guaviare, and
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Figure 2. Potential distribution for Caluromys derbianus (left) and C. lanatus (right) in Colombia based on the Maximum Entropy (Maxent) algorithm model. The binary map (orange)

was created using the threshold cut-off of the tenth percentile.

Putumayo. We found overlapping of species, C. derbianus
and C. lanatus, in the Andean and Caribbean region, for the
departments Antioquia, Bolivar, Cérdoba and Sucre, with
an area 37,889.48 km? (Figure 3).

For C. derbianus the model predicted that the most suit-
able areas for the species were the department of Coérdoba,
the coastal region of the department of Sucre, the north
and south of the Pacific region, and the Western Cordil-
lera, associated with forest cover (Figure 4). The EOO was
182,741.51 km? and AOO was 268 km? (Figure 1). The esti-
mated area with the model was 177,337.01 km? (Linear +
Quadratic 0.50; AUC test = 0.70; AUC train = 0.73; 10 percen-
tile = 0.10). On the other hand, the regions with the most
suitable habitat for C. lanatus are shown over forest cover
in the Sierra Nevada de Santa Marta, the Cordillera Central,
the Magdalena River valleys and the Andean-Orinosence
foothills (Figure 4). The EOO was 1,036,485.97 km? and
AOO was 652.00 km? (Figure 1). The estimated area with the
model was 940,007.40 km? (linear 0.5; AUC test = 0.77; AUC
trainning = 0.78; 10 percentile = 0.12).

For C. philander we discarded a record for the Cor-
regimiento de Arusi in Nuqui municipality, Chocé depart-
ment, that probably refers to C. derbianus given the
observed distribution. For the Meta department, a report
was recovered as part of a study of Leptospira reservoirs
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(Aycardi et al. 1980), however, there is no specimen or mate-
rial to verify its determination. In eastern Colombia there
are two records, one associated with a specimen deposited
in the Museum of the Rancho Grande Biological Station,
Venezuela (EBRG 2166; 01°51'N, 67°03'W), and another
recorded in machine observation by the Fundacién Puerto
Rastrojo-Colombia (FPR-Colombia 63750; 1°55'N, 67°04'W),
both georeferenced for Guainia department, but which
refer to collections made at Caino Ardabo in San Carlos de
Rio Negro, Amazonas state, Venezuela (Figure 3).

Discussion

The results obtained extend the distribution of the species C.
derbianus and C. lanatus to northern Colombia and despite
uncertainty about the occurrence records of C. philander in
the country we consider that the species probably has rep-
resentation in the eastern Amazon and Orinoquia regions in
the departments of Guainia, Guaviare and Vichada, where it is
likely to show sympatry with C. lanatus. We found overlap areas
for C. derbianus and C. lanatus for the departments of Antio-
quia, Bolivar, Cordoba and Sucre (Solari and Lew 2015; Costa
et al. 2021), where may exist coexistence interactions given
the functional roles of these two species, know for their habits
omnivorous (Astua 2015). However, it is necessary know how
these species utilize their environment and resources.
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In Colombia, there is few information on the ecosystems
occupied by species of the genus Caluromys. According to
the recovered records and the model projection, we rec-
ognize the presence of the species in various ecosystems
and vegetation cover, mainly associated with primary and
secondary forests and cultivated areas with greater cover
such as banana (Musa spp), in humid and dry tropical for-
ests for C. derbianus and for C. lanatus additionally in sub-
Andean forests and gallery forests towards the Orinoquia.
In addition, in urban areas, as electrocution records in the
Caldas, Quindio and Valle del Cauca departments (Sanchez
and Alvear 2003; Saavedra-Rodriguez et al. 2013; Basti-
das-Dominguez et al. 2021). Congruent with the models
presented for México by Ortiz-Acosta (2022), showing C.
derbianus is associated with dry and moist forests, for the
regions of Chiapas and the Yucatan Peninsula. Likewise,
this is consistent for C. lanatus that is considered one of the
tropical marsupial species most associated with moist and
dense forests (Caceres et al. 2022).

The fact these species are found in diverse environments
with varying degrees of anthropic disturbance reflects its
relatively good tolerance to habitat transformation (Astua
2015; Solari and Lew 2015; Brito et al. 2021; Costa et al. 2021).
Also, for being generalist species, omnivorous that consume
a high variety of resources from fruits, insects, nectar, inver-
tebrates, small vertebrates to carrion (Astua 2015), they are
able to occur in areas where humans may consider them an
annoyance. Although these species have rarely been associ-
ated with conflict with humans, with few hunting reports to
avoid damage to crops and poultry (Marineros et al. 2016).
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Figure 4. Suitability areas in climatic environment in Colombia of Caluromys derbianus (left) y C. lanatus (right).
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Among the field records, we found the corpses of four speci-
mens (one female and her three young) that were stoned to
death associated with banana crops.

Due to the considerable knowledge gap on the species
of the genus, our results serve as a basis for further analy-
sis that involves aspects of their ecology and conserva-
tion status. The distribution range reports provided in this
study constitute a basis for obtaining novel information on
local populations of the genus in the country, considering
the high deforestation rates in the Caribbean and Andean
regions (Correa-Ayram et al. 2020), where population moni-
toring and confirmation of species sympatry through field
studies is recommended, contributing to defining conser-
vation and management areas common for these species.
Thus, it is necessary new perspectives on the ecology stud-
ies of these two Neotropical marsupials, such as the asso-
ciation of different but complementary methods (i. e., diet
overlap and temporal segregation) that allow a more com-
plete understanding of resource partitioning and species
coexistence (Kuhnen et al. 2017).

Furthermore, although these species are recognized as
tolerant to ecosystem changes and models indicate a con-
tinuous distribution, new efforts should be considered to
resolve aspects of their taxonomy, especially for C. lanatus,
which in Colombia could be another taxonomic entity dif-
ferent from those distributed in southern South America,
according to reported variations in color and cranial mor-
phology (Lopez-Fuster et al. 2008; Fonseca and Astua 2015).
Likewise, it is important to study aspects of their life history
in the different areas of the country where the woolly opos-
sums occur, according to their habitat requirements, eco-
logical characteristics and their interactions with human
communities.
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