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En la Portada

La actividad humana ha contribuido a la reduccién y fragmentacion de los bosques tropicales en todo el
mundo. Esta pérdida de habitat resulta en comunidades bioldgicas menos diversas. Este nUmero presenta
un inventario mastofaunistico de fragmentos de bosque en el departamento de San Martin, Perd, donde
los autores encontraron 29 especies incluyendo Callicebus oenanthe (Plecturocebus oenanthe).

En portada: Callicebus oenanthe

(Fotografia de Natali Nuevo)

Human activity has contributed to the reduction and fragmentation of tropical forests worldwide, and
the loss of natural continuous habitat results in less diverse biological communities. This issue presents
an inventory of mammals in forest fragments in the Department of San Martin, Peru, where the authors
recorded 29 species, including Callicebus oenanthe (Plecturocebus oenanthe).
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El logo de la AMMAC: “Ozomatli”

El nombre de“Ozomatli” proviene del ndhuatl,se refiere al simbolo astrolégico del mono en el calendario
azteca, asi como al dios de la danza y del fuego. Se relaciona con la alegria, la danza, el canto, las
habilidades. Al signo decimoprimero en la cosmogonia mexica. “Ozomatli” es una representacion
pictérica delmono araia (Ateles geoffroyi), la especie de primate de mas amplia distribucion en México.
“Es habitante de los bosques, sobre todo de los que estan por donde sale el sol en Andhuac. Tiene el
dorso pequeno, es barrigudo y su cola, que a veces se enrosca, es larga. Sus manos y sus pies parecen
de hombre; también sus ufias. Los Ozomatin gritan y silban y hacen visajes a la gente. Arrojan piedras y
palos. Su cara es casi como la de una persona, pero tienen mucho pelo.”
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Regionally called “onza” in Sonora, Herpailurus yagouaroundi, is listed as threatened under Mexican law NOM-059-ECOL-2010. Until now,
there were no verified records of their occurrence in Sonora. Records were obtained opportunistically while monitoring other species or by
direct observation of these felines while crossing highways in Sonora. Six jaguarundi records were confirmed in different areas of Sonora;
some were found along vegetation of subdeciduous tropical forests with some columnar cacti and xeric scrub; others with a combination of
subdeciduous tropical forest with oak forests in higher elevations. A skull and postcranial vertebrae were found, photographed, and identified
(due to a lack of permits, the specimen was not collected). Also, a live individual was captured and videotaped on a ranch. These two records
were obtained in the Area de Proteccién de Flora y Fauna Sierra de Alamos y Rio Cuchujaqui, in Alamos, Sonora. Although strong efforts
to obtain fauna records with camera traps in several areas of Sonora have been made in the past ten years, they have been unsuccessful
in obtaining records of jaguarundi. However, jaguarundis have been confirmed in subdeciduous tropical forests across several vegetation
communities.

Keywords: jaguarundi skull; subdeciduous tropical forests; southern Sonora; APFF Sierra de Alamos y Rio Cuchujaqui.

Llamado regionalmente “onza” en Sonora, Herpailurus yagouaroundi se encuentra listado como especie amenazada en la Norma Oficial
Mexicana NOM-059-ECOL-2010. Hasta ahora no habia registros verificados de la presencia de la especie en Sonora. Se obtuvieron registros
oportunistas durante el monitoreo de otras especies o mediante la observacién directa de ejemplares de la especie al cruzar carreteras en
Sonora. Se confirmaron seis registros en diferentes areas, con vegetacion de bosque tropical subcaducifolio, cactadceas columnares y matorral
xerdfilo, y en combinacidon con bosque de encino en las partes altas. Se encontraron, fotografiaron e identificaron un craneo y vértebras
posterocraniales (no se colecto el espécimen por falta del permiso correspondiente). También se obtuvo la filmacién de un individuo capturado.
Ambos en el Area de Proteccién de Flora y Fauna Sierra de Alamos y Rio Cuchujaqui, en Alamos, Sonora. A pesar de los esfuerzos considerables
realizados para obtener registros de la fauna mediante cdmaras trampa en varias localidades de Sonora, estos han resultado infructuosos para
registrar jaguarundis. Se confirma la presencia del jaguarundi tanto en el bosque tropical subcaducifolio como en otras combinaciones de
comunidades de vegetacion.

Palabras clave: Craneo de jaguarundi; Bosque tropical subcaducifolio; Sur de Sonora; APFF Sierra de Alamos y Rio Cuchujaqui.
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Jaguarundis (Herpailurus yagouaroundi) have a broad
distribution in neotropical Mexico. This species is
possibly the least studied feline in Mexico (Giordano
2016; Coronado-Quibrera et al. 2019). Regionally known
as “onza” in Sonora, this feline is listed as threatened
under Mexican law (NOM-059-ECOL-2010). At the same
time, the IUCN Red List regards it as a species of “least
concern’, due to its broad distribution in Latin America.
However, it acknowledges that habitat loss is the cause

of declining populations in some areas of their current
distribution (Caso et al. 2015). We use the scientific name,
Herpailurus yagouaroundi, as recommended by the IUCN.
The subspecies in Sonora correspond to H. y. tolteca
Thomas (1898) with type locality as Tatemales, Sinaloa.
Jaguarundis inhabit areas with a wide range of
vegetation communities, including tropical evergreen
forests, deciduous and sub-deciduous tropical forests,
mangrove swamps, mountain mesophilic forests, xeric
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scrubs, and (occasionally) pine-oak forests (Aranda 2005).
Leopold (1959) inferred its presence in the meadows and
mountains west of the Sierra Madre Occidental in Sonora,
based on records from southern Arizona by Hall and
Kelson (1959). There are two old records from Sinaloa:
Thomas (1898) in Tatemales, Allen (1906) near Escuinapa,
and Armstrong et al. (1972) 15 mi NE of Choix; this is the
closest one to the state line with Sonora. There is an
anonymous record of a jaguarundi observed in the region
of Alamos, Sonora, in 1982; however, no exact location was
provided, nor was the observation confirmed by a specialist
(Girmendonk 1994). Little (1938) reported an unconfirmed
sighting near Canelo, in southern Arizona, that was never
confirmed (Girmendonk 1994).

From March 1938 to March 1994, the Arizona Game
and Fish Department reported 35 records of jaguarundis in
Arizona, and likely two more in Sonora. Of these records,
only 19 were deemed valid, but none were confirmed by
photographs, osteological remains, skeletons, pelts, or
by a feline specialist (Girmendonk 1994). Out of these 19
records, two were from Sonora; the first was of pups raised
in captivity, which were (reportedly) captured in northern
Sonora in early 1960 (Girmendonk 1994); however, Brown
and Lépez-Gonzdlez (1999) argued that the capture
occurred in the State of Nayarit, south of Sinaloa. The
second record is from Alamos in southern Sonora, based on
a direct observation in 1982, which was not confirmed by
a specialist (Girmendonk 1994). Other recent reports (until
August 2017) are from central Sinaloa, including images of
several individuals (in different color phases) captured on
camera traps at Rancho Las Palomas, near the Meseta de
Cacaxtla Flora and Fauna Protected Area (E. Lizarraga, pers.
comm. 2016). Brown and Lépez-Gonzélez (1999) concluded
that observations of jaguarundis in Arizona and Sonora
were mistaken, or the specimens were wrongly identified;
they argued that if jaguarundis exist in those states (Arizona
and Sonora), they would occur in southernmost Sonora, the
only region supporting the type of preferred habitat, which
consists of subtropical deciduous forest (Aranda 2005).
However, we present six records for the species in the State
of Sonora across various habitats.

Records of jaguarundis were obtained through
opportunistic sightings during faunal monitoring walks in
the study areas. Additional records were collected along
paved and dirt roads. Video and photographic evidence
were obtained from biologists and conservationists visiting
southern Sonora. Individuals observed were checked
against published accounts of jaguarundis to confirm the
species’presence (Leopold 1959; Aranda 1981, 2005).

Substantial efforts to obtain faunal records with camera
traps were conducted in several areas of Sonora: in the
foothills of the Sierra Madre Occidental, municipality of
Huachinera (30° 07’ 32.15” N, 109° 01’ 39.28" W, elevation
1196 m, 20 camera traps were placed during ten years
(2015-2025) in riparian habitats and in areas with vegetation

Gallo-Reynoso et al.

characterized by pine and oak forests at higher elevations,
along with thornscrub and submontane areas dominated
by juniper and oak. Near Nacori Chico (29° 28'56.54"N, 109°
07’ 39.79" W, elevation 650 m), another 20 camera traps
were placed during seven years (2018-2024) on areas with
a vegetation community corresponding to sub-deciduous
tropical forest and xeric scrub. Also, at the Northern Jaguar
Reserve (29° 29’ 22.34" N, 109° 11’ 49.50” W, elevation
594 m), 30 cameras were placed on the same vegetation
community, together with oak forest, xeric scrub, and
riparian vegetation for 15 years (2004-2019) (Amador-Alcalad
et al. 2022; Amador-Alcalé et al. 2024). Sierra de Alamos at
two different places, the first site (26° 56'42.74" N, 108° 41’
39.97"W, elevation of 486 m) with a sub-deciduous tropical
forest and the second site (27° 06'48.24" N, 108° 42’ 24.70"
W, elevation 1,389 m), covered with an oak and pine forests.
An average of 48 cameras were installed on both sites over
10 years (2015-2025).

Searching for records of the species in Sonora, and
adjacent states: Sinaloa and Chihuahua in México; and
Arizona in the United States, the Global Biodiversity
Information Facility (GBIF) was accessed on 21 January
2026. GBIF jaguarundi occurrences were downloaded
for northern Sinaloa. Although no records were found for
Sonora and Chihuahua, neither from Arizona https://doi.
0rg/10.15468/dl.cdhhwy.

Record 1. On April 27, 2005, at 17:30 hr, one of us (J.
P. G-R) and colleagues observed a jaguarundi crossing a
dirt road in the surroundings of the Rio Cuchujaqui, near
Rancho Palo Injerto, within the Sierra de Alamos/Rio
Cuchujaqui Flora and Fauna Protected Area in southern
Sonora (27°00°44.96"N, 108° 45'40.37"W, elevation of 476
m). The habitat in the location is a subdeciduous tropical
forest with some columnar cacti and xeric scrub. The
individual had scent-marked a tree adjacent to the road,
and its tracks were also observed.

Record 2. On December 16, 2013, the skeletal remains of
an onza (skull and some postcranial vertebrae) were found
along the riverbed of Rio Cuchujaqui by E. Hough and A.
Munoz, coauthors of this note (approximate location: 27°
03'24.77"N, 108° 41'33.33" W, elevation 496 masl), the skull
was identified using mammal guides (Leopold 1959; Aranda
1981) and confirmed by a feline expert (M. Aranda). The
skull and post-skeletal remains present tooth marks from
either a predator that killed it or a scavenger that ate the
remains after the feline died. The habitat at this location is a
subdeciduous tropical forest, with a nearby semi-evergreen
tropical canyon featuring sabinos (Taxodium mucronatum).
This appears to be the first record of actual remains of the
species found in Sonora (Figure 1).

Record 3. On September 16, 2018, at 11:20 hr, while
descending the western flank of the Sierra Madre
Occidental on Federal Highway 16 (which connects Yécora
to Hermosillo) and after passing a junction that leads to
Sahuaripa (28° 25'46.65” N, 109° 09' 27.50" W, elevation 764
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Jaguarundiin Sonora

Figure 1. Skull and post-cranial vertebrae of a Jaguarundi (Herpailurus yagouaroundi)
from Alamos, Sonora in December 2013 (E. Hough. Photo) iNaturalist: https://www.
inaturalist.org/observations/66994516.

m), two jaguarundis were observed by us (J. P. G-R., S. M-S.
and . D. B-A.): a reddish-colored, mature (presumed) female
accompanied by a grayish cub. Both felines were on the
highway pavement, foraging on grasshoppers (Brachystola
magna), which are locally abundant during the rainy
season. The area is an ecotone between a sub-deciduous
tropical forest and an oak forest.

Record 4. On October 14, 2018, at 14:00 hr, also
descending the Sierra Madre on Federal Highway 16 and
after leaving Tepoca en route to Hermosillo, we (A. G-B.
and A. O-A.) observed an adult, grey-colored jaguarundi
crossing the highway (28° 26 33.99” N, 109° 15’ 24.32" W,
elevation 631 masl). The sighting occurred on a straight
section of the road, in an area of shallow valleys and
western-facing foothill slopes covered with sub-deciduous
tropical forest, with patches of xeric scrub.

Record 5.1n 2020, D. Mackay (pers. comm. to E. H. 2020),
who lives in Alamos, shared a video of a live gray jaguarundi
caught in a foot trap. The rancher who trapped the
individual was interviewed and stated that the feline was
caught to protect his chickens and other livestock. The fate
of the feline is unknown, as well as the exact locality. This
is the only known video of a live jaguarundi from Sonora
(Figure 2).

Record 6.0n July 28,2023, in the evening hours, near the
same section of Federal Highway 16 as in Record 4, a dark-
colored, slender-bodied, long-tailed, and small-headed
feline was briefly observed by one of us, A. O-A., at (28° 26’
27.35"N, 109° 15'23.11"W, elevation 628 masl). It was larger
than a domestic cat, but smaller than a bobcat. Therefore,
it was identified as an adult jaguarundi. The surrounding
vegetation corresponded to sub-deciduous tropical forest,
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Figure 2. Jaguarundi caught in a hunting trap on a ranch in Alamos, Sonora, in 2020.
(Video courtesy of D. Mackay).

suggesting that jaguarundis prefer this type of ecosystem
in this part of Sonora. Supporting records 4 and 6, which
are the closest, in an interview with local ranch hands in
Tepoca, they report the presence of a feline known to them
as “onza” that, although seldom seen, apparently lives in
the region (pers. comm. to A. G-B. and A. O-A. 2023).

Substantial efforts to obtain camera-trap records of
faunain several areas of Sonora failed to yield any images of
jaguarundis. The cameras captured multiple photos/videos
of jaguars, mountain lions, ocelots, bobcats, and margays,
but none of jaguarundis.

The records obtained extend the distribution range
of jaguarundi into Sonora, from Armstrong’s et al. (1972)
record in Choix, Sinaloa, to the northernmost of our
records near Yécora, by 195 km (calculated as a straight
line in Google Earth).

The distribution of jaguarundi in Sonora, as we found
it, appears to follow the subdeciduous tropical forest,
along the western slopes of the Sierra Madre Occidental, as
concluded by Brown and Lépez-Gonzalez (1999). However,
it is also associated with columnar cacti, xeric shrublands,
and oak forests. Records were found at elevations of 400-
700 m (Figure 3). In addition to the above records, the
presence of the jaguarundi in Sonora has been previously
reported in the literature as an occurrence possibility
(Anderson et al. 1972; Caire 1978; Girmendonk 1994;
Castillo-Gamez et al. 2010; Gallo-Reynoso et al. 2025) and by
trustworthy accounts from biologists who have observed
and reported its presence at several locations in the state
(records included here). Aside from the skull found and
the trapped jaguarundi, monitoring efforts by academics,
governmental agencies (Comisién Nacional de Areas
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Figure 3. Distribution of the records of Jaguarundi (Herpailurus yagouaroundi) in Sonora according to vegetation type.

Naturales Protegidas), and non-governmental conservation
organizations, which include camera trapping, have failed
to produce indisputable video or photographic evidence of
its presence in Sonora. Even though a considerable effort
has been done to register large felines, mainly jaguars;
a suitable change in camera trap methodology might

be necessary, changes such as an adequate grid (500 m)
and the general set-up of the camera traps, near water
sources, cow watering troughs, and other watering sources
built specifically for fauna such as those used at Rancho
Las Palomas in Sinaloa. Also, setting up the cameras in
suitable areas with vegetation communities described
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in this Research. All these adequations might help in the
obtention of new records of jaguarundis in Sonora.

GBIF does not confirm any records of jaguarundi from
Arizona and Sonora reported by (Girmendonk 1994;
Grigione 2007). We reviewed the record cited by these
authors from Alamos, Sonora, but it is only an anecdotal
observation, which might be an actual record, but is
not precisely located and is only referred to as “Alamos,
Sonora”;therecord was not confirmed by a feline specialist.

Although the record presented here of the skeletal
remains of a jaguarundi (skull and some postcranial
vertebrae) found along the Rio Cuchujaqui is confirmed
in the GBIF database. and iNaturalist. Records from the
adjacent state of Chihuahua were not found in the GBIF
database, whereas 29 records were found for Sinaloa,
one of them near Sonora at the locality of Choix, which
corresponds to those of Armstrong et al. (1972).

Despite local ranchers attesting to the presence of this
elusive feline in several areas of Sonora, and regardless of
intense field work, only the skull, post-cranial vertebrae and
the video of the trapped jaguarundi have been identified
as the only video/photographic records for the species,
these two found in subdeciduous tropical vegetation
with columnar cacti and xeric scrub, and, together with
the five opportunistic observations, they conforms the
recent records of jaguarundis in Sonora. To our knowledge,
no other identifiable osteological remains, pelts, tracks,
feces, or photographic evidence of jaguarundis have been
obtained in Sonora.

There must be a more suitable area for jaguarundi
distribution in Sonora. Their habitat in the eastern part of
southern Sonora on the western slope of the Sierra Madre
Occidental includes the ecotone between Sierra Madrean
woodlands and forest, and sub-deciduous tropical forest
with patches of columnar cacti and xeric thornscrub.
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First record of albinism in white-tailed deer Odocoileus virginianus
in South America recorded in the Ecuadorian Andes

Primer registro de albinismo en venado de cola blanca
Odocoileus virginianus para Suramérica en los Andes del Ecuador
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The white-tailed deer Odocoileus virginianus is a widely distributed species across the Americas, inhabiting diverse temperate and tropical
ecosystems. Both a lowland and highland subspecies occur in Ecuador. Color variation in vertebrates is mainly driven by changes in melanin
concentration and can produce conditions like albinism, leucism, and melanism. Such pigmentation disorders have been reported in cervids
worldwide but here we report the first case of albinism for O. virginianus in South America. The observation was made during a camera trap
study conducted from October 2020 to February 2021 in Ecuador’s eastern Andes, approximately 50 km east of Quito, on private lands in
paramo and montane forest ecosystems. An albino white-tailed deer, presumed to be female, was recorded once on January 8,2021, at 3,969 m.
in paramo habitat. Characterized by completely white fur, red eyes, and pink nose, hooves and ears. This individual represents the only record
of albinism from 147 white-tailed deer detections during the study period. This is the first record of albinism in a white-tailed deer in Ecuador
and South America. Albinism is rare in wild mammals and may affect survival, reproduction, and increase predation risk. This observation adds
to and highlights color variations in Andean mammals, suggesting genetic constraints in populations.

Key words: Albinism, Andes, camera traps, Cervidae, color variations, Ecuador, genetic mutations, melanin, Odocoileus virginianus,
white-tailed deer.

El venado de cola blanca Odocoileus virginianus es una especie ampliamente distribuida en América, habitando diversos ecosistemas.
En Ecuador dos subespecies son reconocidas: los venados de la costa y andinos. Las anomalias de coloracidn, principalmente determinadas
por cambios en la concentracién de melanina, puede producir condiciones como albinismo, leucismo y melanismo. Estas variaciones se han
registrado en cérvidos a nivel mundial, pero aqui reportamos el primer caso de albinismo para O. virginianus en Sudamérica. La observacién se
realizé en un estudio con 30 cdmaras trampas entre octubre de 2020 y febrero de 2021, en los Andes orientales de Ecuador aproximadamente
a 50 km de Quito, desarrollado en terrenos privados de paramo y bosque montano. Una presunta hembra de venado de cola blanca albino fue
registrada una sola vez el 8 de enero de 2021, a 3,969 m en hébitat de paramo. Caracterizada por pelaje completamente blanco, ojos rojos y
nariz, pezufas y orejas rosadas, este individuo representa el Unico registro de albinismo entre 147 registros de venados de cola blanca durante
el periodo de estudio. Este es el primer registro de un venado cola blanca albino en Ecuador y para Sudamérica. El albinismo es poco comun
en mamiferos silvestres y puede afectar su supervivencia, reproduccién y aumentar su riesgo de depredacién. Esta observaciéon contribuye al
conocimiento de las variaciones de color en mamiferos andinos, sugiriendo posibles limitaciones genéticas en sus poblaciones.

Palabras clave: Albinismo, Andes, cdmaras trampa, cérvidos, Ecuador, melanina, mutaciones genéticas, Odocoileus virginianus, venado de
cola blanca, variaciones de coloraciéon
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The white-tailed deer Odocoileus virginianus is a widely
distributed member of the Cervidae family, found across
the Americas, from Canada to Peru and Bolivia. They occur
inavariety of ecosystems, feed principally on plants,and are
animportant component of many trophic networks (Waller
and Alverson 1997; Weber and Gonzales 2003; Ortega-S et
al. 2011; McShea 2012; Tirira et al. 2017; Gallina-Tessaro et
al. 2019; Tirira et al. 2019). Although some subspecies of O.
virgnianus have been proposed for taxonomic revision or
elevation, most continue to be recognized as subspecies

throughout the species’range (Molinari 2007; Mandujuano
et al. 2010; Gallina-Tessaro et al. 2019; Tirira et al. 2019). In
Ecuador, two subspecies are recognized: the Peruvian
white-tailed deer (Odocoileus virginianus peruvianus),
found in the lowlands of southwestern Ecuador, and the
Andean white-tailed deer (Odocoileus virginianus ustus),
found along the Andes in paramo ecosystems between
3,000 and 4,600 m (Tirira et al. 2017; 2019).

Color variation is widespread in vertebrates and is
generally linked to differences in melanin concentrations
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Figure 1. Location of the camera trap observation of the albino white-tailed deer in the Andes region in Ecuador. Quito’s urban area is shaded grey.

in skin, fur, and feathers (van Grouw 2013; Lindgren et al.
2015; Galvan et al. 2016). Melanin is a genetically regulated
biopolymer derived from tyrosine. Eumelanin produces
black, grey and brown tones, while pheomelanin generates
yellow to reddish coloration (Prota 1992; [to and Wakamatsu
2003; van Grouw 2006; 2013). These can be inhibited
by genetic mutations influencing tyrosinase, leading to
color alterations such as albinism, where body tissues
lack pigmentation and eyes appear reddish due to visible
blood vessels (Pawelek and Kérner 1982; Hoekstra 2006;
van Grouw 2006; Lindgren et al. 2015). Increased reporting
of cases of albinism, melanism, and other pigmentation
disorders in mammals show the need to understand
their genetic and environmental drivers, as these have
historically been linked to localized or limited populations
and conditions (Hubbard et al. 2010; Mooring et al. 2020).
Albinism, leucism, and melanism have been recorded in
various cervid species around the world (Ribeiro and de
Sigueira-Silva 2020; Guastalla et al. 2021; Pereria et al. 2023;
Chaudhary et al. 2024), including reports of all three for
white-tailed deer in the United States (Ryel 1963; Baccus
and Posey 1999; D’ Angelo and Baccus 2007).

Here we report the first record of albinism in a white-
tailed deerin Ecuador and for South America, specifically for
the Andean subspecies, Odocoileus virginianus ustus, in the
highlands of the country. This individual was recorded by
camera traps and contributes to reports of color variations
in deer, which are especially limited for tropical America.

The observation came from a mammal-focused camera
trap study in the eastern Andes region of northern Ecuador,
approximately 50 km east of Quito’s urban area. The study
was carried out on private lands with a mix of paramo
ecosystems, upper montane forest, and agriculture areas

(crops, livestock pastures). The study area was bordered
to the north and south by roads, to the west by rural
communities, and adjoined Cayambe-Coca National Park
and Antisana Ecological Reserves to the north and northeast
(Figure 1). From mid-October 2020 until late February 2021,
30 camera trap stations were monitored for a total of 3,229
camera trap days.

An albino white-tailed deer was recorded once
on January 8, 2021, at 08:21 hr, moving through the
paramo (0°2128.7"S 78°18'16.9"W) at 3,969 m. The deer
is recognized as albino because of the white fur over its
entire body, red eyes, and pink nose, hooves, and ears
(Figure 2). In comparison, the normal coloration of the
species in this area is brown-gray with a black nose,
hooves and eyes (Tirira 2017). Throughout the monitoring,
we registered 147 events from white-tailed deer, with the
albino individual appearing on only one occasion. The
individual appeared to be alone and based on body size
and lack of antlers, was likely a female.

To our knowledge, after an extensive literature review,
this is the first reported record of an albino white-tailed deer
in Ecuador and in South America. In cervids, color alterations
such as albinism and leucism have been reported in South
America for Mazama deer species (Ribeiro and de Sigueira-
Silva 2020; Guastalla et al. 2021), and leucism was reported in
the marsh deer Blastocerus dichotomus in Argentina (Pereria
et al. 2023). Other anomalies observed in cervids include
albinismin spotted deer Axis axis and in swamp deer Rucervus
duvaucelii (Chaudhary et al. 2024). Color variations have been
reported for white-tailed deer including melanism (Baccus
and Posey 1999; D’ Angelo and Baccus 2007), albinism, and
leucism (Ryel 1963). However, all reports come from the
United States, which could be explained by large population
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Figure 2. First record of an albino white-tailed deer, subspecies O. virginianus ustus, in the Andes region of northern Ecuador, recorded by a camera trap. a) Normal coloration of an
adult individual of O. v. ustus captured in the same camera trap. b) Frontal view: note the white coloration of the body, pink coloration of nose and ears, and red eyes. c) Lateral view: note

overall white coloration across body and pink ears. d) Posterior view of albino deer individual.

sizes, a history of translocations, relaxed predation pressure
due to predator decline, and variable genetic structure.
These factor may increase both the prevalence of encounters
and studies involving deer, as well as the likelihood of
rare color morphs by increasing mutation rates, reducing
selective pressures, and promoting local genetic drift or
founder effects that favor their persistence (Ellsworth et al.
1994; Waller and Alverson 1997; Deyoung et al. 2003: Lang

and Blanchong 2012; McShea 2012, Blanchong et al. 2013;
Russell et al. 2017).
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Albinismisacondition seenin many differentvertebrate
groups, including fish, amphibians, birds, and mammals
of various sizes (Uieda 2000; Hoekstra 2006; Wang et al.
2007; van Grouw 2013; Lindgren et al. 2015). However,
although widespread, it remains a rare color alteration
in wild mammal populations (Pawelek and Korner 1982;
Lindgren et al. 2015). This and other color alterations
may arise from diet, environmental stressors, or, more
commonly, from specific genetic mutations found in small
or isolated populations (Hubbard et al. 2010). Because




the individual reported here represents the first case of
albinism in white-tailed deer from Ecuador, and in South
America, the underlying cause of the condition in this
population remains unknown. However, the record adds
to growing evidence of color abnormalities in mammals
from Ecuador’s western Andean slopes, where one case
of albinism was reported for stump-tailed porcupine
(Romero et al. 2018), cases of piebaldism have been
reported in mountain coatis, brown-nosed coatis, black
agoutis, and tayras (Viteri-Basso et al. 2024), and melanism
has been recorded with high prevalence in clouded tiger
cats and in tamanduas (Rios-Alvear and Cadena-Ortiz
2019; Viteri-Basso et al. 2024). These abnormalities are
likely the result of underlying genetic constraints. Such
recurring observations may reflect naturally occurring
genetic variations, but they also raise the possibility of
reduced genetic diversity in certain highland mammal
populations confined to isolated areas in the country
(Brito and Valdivieso-Bermeo 2016; Cueva et al. 2024).

Color alterations such as albinism can impact probability
of survival, reproductive success, and affect stress levels by
increasing conspicuousness towards predators, reducing
sexual competitiveness, or altering temperature regulation
(van Grouw 2006; Peacock 2011; Abreu et al. 2013; Mooring
et al. 2020; Streeting et al. 2023). For white-tailed deer in
paramo populations, where grasses and shrubs are brown
and green, albinism may affect their ability to hide from
predators such as pumas Puma concolor, as well as human
hunters who are considered the main conservation threat
in Ecuador (Tirira 2011; Tirira et al. 2019). The paramo is
also a high-altitude ecosystem with low temperatures but
intense solar and UV exposure during daylight hours, along
with strong diurnal temperature changes (Ramsay 2001;
Madrifidn et al. 2013; Cabay et al. 2025). These factors could
put pigment deficient mammals under thermal regulation
pressure or stress. Lack of melanin may also cause altered
depth perception, increased sensitivity to light and poorer
eyesight- all of which may affect foraging and vigilance
(Pawelek and Korner 1982; Hoekstra 2006; Gronskov and
Nielsen 2007; Gough 2008).

This first case of albinism in white-tailed deer in South
America broadens our understanding of color variation in
highland mammals and ungulates and provides valuable
baseline data for future ecological and conservation
studies. Apart from the rarity of this record, it highlights
the importance of long-term monitoring in the paramo,
where extreme environmental conditions and increasing
anthropogenic pressures may affect both the causes and
consequences of these such traits. As with other records of
unusual coloration in Andean mammals, this observation
underscores the need to include these phenotypic
anomalies into bigger assessments of population health,
genetic diversity, and species vulnerability, since they are
usually linked (Hubbard et al. 2010; Brito and Valdivieso-
Bermeo 2016), and ensuring that unique individuals

Viteri-Basso et al.

such as this one can also inform strategies for conserving
ecosystems of the Tropical Andes.
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New Plant Dietary Records for
Two Sympatric Primate Species in Costa Rica

Nuevos Registros de Plantas en la Dieta de
Dos Especies Simpatricas de Primates en Costa Rica
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Costa Rica hosts four primate species, including the frugivorous spider monkey Ateles geoffroyi and the omnivorous capuchin Cebus imitator.
Although both species are relatively well studied, their diets continue to yield new records. Here we document two previously unreported
food plants, a Ficus species consumed by A. geoffroyi and a euphorb eaten by C. imitator, observed during fieldwork in Northwestern Costa
Rica. We conducted incidental wildlife observations while hiking the Las Pailas Trail in Rincén de la Vieja National Park, recording all visually
or aurally detected vertebrates. For each primate sighting, we noted species, behavior, and foraging context. These records were obtained
during academic field visits aimed at documenting natural-history data across contrasting habitats, including dry forest, transitional forest,
and geothermal areas. A female spider monkey was observed feeding intensively on Ficus popenoei, consuming at least 20 fruits from a heavily
laden tree situated beside an active fumarole. Later, a troop of capuchins fed in a Hura crepitans tree, with one individual dropping a partially
eaten fruit. These constitute novel dietary records for A. geoffroyi and C. imitator in Costa Rica. These observations expand the known diets
of two Costa Rican primates and highlight their behavioral flexibility. Ateles geoffroyi exploited abundant figs of F. popenoei, a species not
previously reported in its diet. Cebus imitator consumed H. crepitans, despite its mechanical and chemical defenses. Such records emphasize
the value of natural-history observations for understanding primate ecology and informing conservation in changing landscapes.

Key words: Ateles geoffroyi; Cebus imitator; Ficus popenoei; food habits; Hura crepitans

Costa Rica alberga cuatro especies de primates, entre ellas el frugivoro Ateles geoffroyiy el omnivoro Cebus imitator. Aunque ambas especies
estan relativamente bien estudiadas, sus dietas contintian aportando nuevos registros. Aqui documentamos dos plantas no reportadas
previamente: un Ficus consumida por A. geoffroyiy una euforbidcea ingerida por C.imitator, observadas en el noroeste de Costa Rica. Realizamos
observaciones incidentales de fauna mientras recorriamos el sendero Las Pailas en el Parque Nacional Rincén de la Vieja, registrando todos los
vertebrados detectados visual o auditivamente. Para cada avistamiento de primates anotamos especie, comportamiento y contexto de forrajeo.
Estos registros se obtuvieron durante visitas académicas orientadas a documentar historia natural en habitats contrastantes, incluidos bosque
seco, bosque transicional y zonas geotérmicas. Observamos a una hembra de A. geoffroyi alimentandose de Ficus popenoei, consumiendo al
menos 20 frutos de un arbol muy cargado situado junto a una fumarola activa. Mas tarde, un C. imitator alimentdndose en un arbol de Hura
crepitans, dejé caer un fruto parcialmente comido. Estos registros representan nuevos elementos dietarios para A. geoffroyi y C. imitator en
Costa Rica. Estas observaciones amplian el conocimiento sobre la dieta de dos primates costarricenses y evidencian su flexibilidad conductual.
Ateles geoffroyi exploté la abundancia de frutos de Ficus popenoei, y Cebus imitator consumié Hura crepitans, pese a sus defensas. Estos registros
subrayan laimportancia de las observaciones de historia natural para comprender la ecologia de primates e informar acciones de conservacién
en paisajes cambiantes.

Palabras clave: Ateles geoffroyi; Cebus imitator; Ficus popenoei; habitos alimentarios; Hura crepitans
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There are four species of primates in Costa Rica, belonging
to two families (Mora and Lopez 2026). The spider monkey,
Ateles geoffroyi Kuhl 1820 (Atelidae), ranges from southern
Mexico throughout Central America to Panama, typically
from sea level to around 1,800 m (Mora and Loépez 2026). The
Panamanian white-faced capuchin, Cebus imitator Thomas
1903 (Cebidae), has a more restricted distribution, ranging
from Honduras to western Panama and occurring from sea

level to about 1,500 m (Rylands and Mittermeier 2013).

The spider monkey occurs primarily in mature and
secondary humid forests and mangroves, although it also
persists in dry forests such as those of northwestern Costa
Rica (Reid 2009). The capuchin monkey, in contrast, inhabits
humid lowland, premontane, and montane forests, and
also makes frequent use of dry forests, especially gallery
forests, and occasionally forages in mangroves (Rylands
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Figure 1. Observation sites (white dots) where two primate species were recorded feeding on fruits in Rincdn de la Vieja National Park: (1) the spider monkey Ateles geoffroyi and (2)
the white-faced capuchin Cebus imitator. The park is located in Liberia County (highlighted in red), Guanacaste Province (outlined in white and shown in red on the map of Costa Rica).
Figure created by José Manuel Mora using imagery from Google Earth (left) and Wikipedia under the Creative Commons Attribution-ShareAlike 3.0 license (right).

and Mittermeier 2013). In Costa Rica, it occupies a broad
variety of lowland and mid-elevation forest types and has
even been recorded above 2,500 m in the Talamanca region
(Mora and Lépez 2026).

The spider monkey is among the largest New World
primates, measuring 335-582 mm in head-body length
and weighing 5.0-9.0 kg, with females generally smaller
than males (Reid and Gémez Zamora 2022). Its elongated
limbs and highly prehensile, dexterous tail function as
a fifth limb for suspension and climbing (Reid 2009; Reid
and Goémez Zamora 2022). Ateles geoffroyi exhibits a classic
fission—fusion social system in which subgroup size and
composition fluctuate according to ecological conditions
(Ramos-Fernandez and Morales 2014). Subgroups tend
to be larger and more cohesive when fruit is abundant
(Aguilar-Melo et al. 2018, 2020; Hartwell et al. 2021).

Spider monkeys maintain large home ranges and
exhibit exceptional arboreal mobility, allowing them
to exploit patchily distributed fruit resources efficiently
(Ramos-Fernandez and Morales 2014; Aguilar-Melo et
al. 2018, 2020). They are among the most frugivorous
Neotropical primates, consuming mostly ripe fruits
supplemented seasonally with leaves, flowers, seeds,
and occasional animal matter (Rylands and Mittermeier
2013; Ramirez-Torres et al. 2025; Mora and Ldépez 2026).
Their foraging behavior, together with extensive daily
movements, makes them important long-distance seed
dispersers for many canopy tree species (Rylands and
Mittermeier 2013; Gonzalez-Zamora et al. 2009).

The spider monkey shows a strong preference for
fruits produced by canopy and emergent trees (Chapman
1987). The genus Ficus is particularly important in their diet
(Chapman 1987; Gonzélez-Zamora et al. 2009). In Costa
Rica, spider monkeys have been documented feeding on at
least 15 Ficus species, with at least eight species recorded at
multiple sites (Chaves et al. 2023).

The capuchin monkey is easily recognized by its
distinctive coloration: a black crown and uniformly dark
body, limbs, and tail contrasted with white facial sides,
neck, throat, chest, and shoulders (Mora and L6épez 2026).
The abdomen is dark brown, and the tail, densely furred
and partially prehensile, provides support during arboreal
movement (Reid 2009). This medium-sized primate
measures 343-420 mm in head-body length and weighs
2.6-3.9 kg, with females averaging about 27% smaller than
males (Rylands and Mittermeier 2013).

Ecologically, the capuchin is a highly adaptable
omnivore. Its diet includes fruits, young leaves, buds,
flowers, seeds, crabs, snails, clams, eggs, honey, insects and
their larvae, and occasionally small vertebrates (Rylands and
Mittermeier 2013). It also exhibits specialized prey-handling
and food-processing behaviors, such as rubbing caterpillars
to remove toxic hairs or spines, sometimes wrapping them
in leaves before processing, and following army ants to
capture insects flushed from the leaf litter (Panger et al.
2002). Capuchins may also coordinate in small groups
when raiding coati nests, with some animals distracting
the adults while others seize the young (Rylands and
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Figure 2. Female spider monkey, Ateles geoffroyi, feeding on Ficus popenoei figs in Rincén de la Vieja National Park, Liberia, Guanacaste, Costa Rica. Photo by José Manuel Mora.

Mittermeier 2013). In tourist-impacted areas, the species is
known to modify its foraging patterns and increase intake of
human-derived foods (Schulte et al. 2020). Although highly
omnivorous, fruit is often the principal dietary component
during fruit-rich seasons, while animal prey and other
plant items supplement the diet at other times (Rylands
and Mittermeier 2013). Capuchins have been documented
feeding on a variety of vertebrates, including amphibians,
reptiles, birds, and small mammals (Mora et al. 2024).
Through their frugivory, capuchins serve as important seed
dispersers across tropical forests (Wehncke et al. 2004; Mora
and Lopez 2026).

Here we report a previously undocumented Ficus
species in the diet of Ateles geoffroyi in Costa Rica, and a
new Euphorbiaceae species consumed by Cebus imitator.

We conducted academic field visits to several protected
areas in Costa Rica, hiking sections of the main trails at
each site to make natural history observations and to
opportunistically document incidental wildlife records,
among other objectives. During one of these visits
to Rincon de la Vieja National Park (principal crater at
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10°49'46" N, 85°19'25"W; Raccichini 2011; Figure 1), located
within the Guanacaste Conservation Area, we surveyed
the well-established Las Pailas Trail, which traverses dry
forest, transitional forest, and areas with active geothermal
features.

Along the trail, we recorded all vertebrates detected
either visually or aurally, noting species identity, behavior,
and habitat context whenever possible. Among the
mammals encountered, two of the most notable species
were the spider monkey and the Panamanian white-faced
capuchin, both frequently observed in the mid- to upper-
canopy strata of the park.

The Pailas Trail runs through mature, well-preserved,
and protected forest, with short incursions into areas of
open vegetation created by volcanic activity, such as sites
with fumaroles (Baker 1984; Raccichini 2011). One of our
observations was made near one of these sites, while the
other occurred within dense forest.

Northwestern Costa Rica, where Rincén de la Vieja
National Park is located, is strongly seasonal, with a dry
season extending from November/December to April/
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Figure 3. Section of the Ficus popenoei tree where a spider monkey, Ateles geoffroyi, was observed feeding on figs in Rincén de la Vieja National Park, Liberia, Guanacaste, Costa Rica.
Photo by José Manuel Mora.

May (Baker 1984), although it may sometimes last several
additional weeks or months (Mora et al. 2015). During the
dry season, temperatures reach 30-35 °Cin the lower Pacific
sections of the park (Baker 1984). Our observations were
made toward the end of the rainy season, when deciduous
vegetation is still green and many trees retain foliage, while
others are producing flowers or fruits (Frankie et al. 1974).

We observed a spider monkey feeding on a fig and a
capuchin monkey eating an euphorb fruit. To confirm plant
identification, we collected fruit samples directly from
the fig tree and retrieved one euphorb fruit dropped by a
capuchin monkey.

On 29 November 2025 at 15:19 h, we observed a troop
of spider monkeys traveling through the canopy near a
fumarole. A solitary female drew particular attention as
she fed on the lateral branches of a wild fig tree (Ficus
popenoei Standl.,, Moraceae) growing very close to the
geothermal vent (Figure 2). At times, vapors from the
fumarole briefly enveloped the tree. We monitored the
female for 15 minutes, during which she consumed all

or parts of at least 20 figs. We estimated that the tree
bore several hundred fruits, with tens visible on a single
branch (Figure 3). This was the only tree of this species we
observed along the Pailas Trail.

Ficus popenoei is found in moist and wet forests from
sea level up to 850 m in several regions of Costa Rica,
including the Pacific versant of the Guanacaste Mountain
Range (Gonzdlez 2007). As with all members of the genus,
F. popenoei engages in an obligate mutualism with its
species-specific pollinating fig wasps (Agaonidae or
related chalcids), which enter the syconium to pollinate the
enclosed inflorescences (Valerio 2004; Machado et al. 2005).
In Neotropical forests, the seeds of Ficus species are typically
dispersed by frugivorous birds and bats (Valerio 2004).

One distinctive feature of F. popenoei is the soft, velvety
pubescence on the undersides of the leaves and on the
stipules, giving them a fuzzy texture (Gonzalez 2007).
The leaves are generally large, oval to oblong, and have
a thick, coriaceous texture (Gonzélez 2007). The species
produces small, paired syconia (0.9-1.6 x 1.3-2.4 cm) that

www.mastozoologiamexicana.org 111



New food records for two primates

Figure 4. a) Capuchin monkey, Cebus capucinus, on a branch of a jabillo tree, Hura crepitans. Photo by José Manuel Mora. b) and c) Two views of a jabillo fruit dropped by the capuchin.
Rincon de la Vieja National Park, Liberia, Guanacaste, Costa Rica. Photos by Lucia |. Lopez.

are also covered in fine hairs (Gonzalez 2007). These fruits
are longer than they are wide and are densely pubescent,
with trichomes that range from yellow to golden brown
(Gonzalez 2007).

Later the same day, at 16:15 h, we encountered a troop
of capuchin monkeys feeding in the upper canopy of a
jabillo tree (Hura crepitans L., Euphorbiaceae). During our
observation, one individual dropped a partially eaten fruit
(Figure 4). We observed two large jabillo trees along the
Pailas Trail: the one where the monkeys were feeding, and
another approximately 50 m earlier on the trail, where we
saw monkeys, likely from the same troop, passing through
the canopy, although none were observed feeding.

Hura crepitans is a large tropical tree recognized for its
spiny trunk, caustic latex, and explosively dehiscent seed
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capsules (Swaine and Beer 1977; Zamora et al. 2004). It
occurs primarily in lowland wet tropical forests, riparian
zones, and disturbed moist habitats, and commonly reaches
heights of 30-40 m (Jiménez et al. 2002). All parts of the
plant contain caustic and/or toxic compounds, particularly
in the latex and seeds even used to stupefy fish (Hartshorn
1983: Jiménez et al. 2002).

Hura crepitansis a shade-intolerant tree that regenerates
primarily in forest-canopy openings (Hartshorn, 1983). Its
fruitis a capsule composed of up to sixteen carpels arranged
radially around a central axis (Swaine and Beer 1977). The
capsule is bright green and somewhat fleshy until fully
grown (Swaine and Beer 1977). Mature fruits measure
5-8 cm in diameter (Quesada et al. 1997), resemble small
gourds (Figure 4b, ¢), and ripen about three months after




flowering (Little and Wadsworth 1964; Frankie et al. 1974).
In Dry Forest habitats, this species exhibits two fruit-drop
periods, one in August and another in November (Frankie

Mora etal.

protein from degradation by the symbiotic microflora of
foregut fermenters, thereby enhancing protein utilization
(lason 2005).

etal. 1974; Zamora et al. 2004).

The observations presented here provide new insight
into the dietary ecology of two Costa Rican primates: Ateles
geoffroyi and Cebus imitator and highlight the behavioral
flexibility that characterizes both species. Although the
natural history and feeding ecology of these primates
are relatively well documented, opportunistic field
observations continue to reveal previously unreported
aspects of their diet, habitat use, and foraging strategies
(Mora et al. 2024).

The spider monkey relies heavily on ripe fruits obtained
primarily from trees in the upper forest canopy (Chapman
1987). Within this context, figs (Ficus spp.) are important
because their asynchronous fruiting patterns provide
relatively stable food resources throughout the year
(Valerio 2004). Previous studies have documented at least
15 Ficus species consumed by spider monkeys in Costa Rica
(Chaves et al. 2023).

Our observation of a female A. geoffroyi feeding
extensively on F. popenoei represents, to our knowledge, the
first published record of this species serving as a food source
for spider monkeys in Costa Rica. Although F. popenoei
occurs throughout Mesoamerica and parts of South
America, its ecological interactions remain poorly described.
The presence of abundant ripe fruits on a tree located
adjacent to an active fumarole suggests that even highly
localized microhabitat features do not deter spider monkeys
when fruit availability is high. The consumption of at least
20 figs in a short period is consistent with the selective and
energetically efficient fruit-feeding strategy documented for
Ateles geoffroyi, particularly during feeding bouts on Ficus
species (Chapman 1987; Gonzélez-Zamora et al. 2009).

The consumption of Hura crepitans fruit by capuchins is
particularly noteworthy given the plant’s suite of defensive
traits (Hartshorn 1983). Hura crepitans possesses spines,
caustic latex, and seeds contained within explosively
dehiscent capsules (Zamora et al. 2004; Vogel 2005). Its
latex can cause irritation and skin rashes and may even
lead to blindness, while ingestion of the seeds can result
in nausea, vomiting, diarrhea, and potentially death
(Jiménez et al. 2002). The ability of C. imitator to process and
consume these fruits underscores the species’ adaptability
and cognitive capacity to exploit challenging food
resources. Previous studies have shown that capuchins are
capable of handling mechanically or chemically defended
foods, frequently employing learned behaviors or socially
transmitted techniques to gain access to them (Barrett
et al. 2018; Santos et al. 2019; Mora et al. 2024; Rufo et al.
2024). In addition, plant secondary metabolites may confer
beneficial effects, including antioxidant and anthelmintic
properties, as well as the formation of complexes between
proteins and condensed tannins that protect dietary

These opportunistic observations highlight the dietary
breadth of both species and reinforce the importance of
continued natural-history documentation, even for well-
studied taxa. For spider monkeys, identifying additional
Ficus species in the diet enhances our understanding
of their role as long-distance seed dispersers and their
reliance on diverse fruiting phenologies. For capuchins,
reports of Hura crepitans consumption contribute to the
growing evidence of their adaptability in both natural and
human-modified forests.

Given ongoing habitat fragmentation and land-use
change in Costa Rica, documenting such behavioral
flexibility is essential. Species capable of incorporating a
wide array of food types may be better able to persist in
disturbed landscapes. Conversely, the strong dependence
of spider monkeys on large-canopy fruiting trees, combined
with their need for extensive home ranges, underscores
their vulnerability to forest loss.

Overall, these observations contribute valuable data to
the natural history of Costa Rican primates and emphasize
the continued importance of field-based observations for
refining our understanding of species ecology, diet, and
conservation requirements.
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Record of unilateral ocular anomaly in a yellow-shouldered bat
Sturnira hondurensis (Chiroptera: Phyllostomidae)
from Nauzontla, Puebla, México

Registro de anomalia ocular unilateral en un murciélago
Sturnira hondurensis (Chiroptera: Phyllostomidae)
en Nauzontla, Puebla, México
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Ocular anomalies in wild bats are poorly documented, especially under natural conditions. This report presents a case of unilateral ocular
anomaly in an adult male Sturnira hondurensis. The individual was captured incidentally on May 16, 2025, in a cave in Nauzontla, Puebla,
México, using a mist net. The individual was measured, photographed, and subsequently released alive at the capture site. During the
physical examination, a translucent, gelatinous protrusion was observed completely covering the left eye, while the right eye showed no
visible alterations. The appearance suggests a possible corneal alteration. This uncommon finding highlights the importance of including basic
ophthalmological assessments in field studies, especially in areas where exposure to environmental contaminants may affect visual health.
Documenting such anomalies will contribute to future clinical and ecological research on bats.

Keywords: Cave, eye anomaly; Phyllostomidae; visual health; wildlife

Las anomalias oculares en murciélagos silvestres estdn poco documentadas, especialmente en condiciones naturales. Este reporte
presenta un caso de anomalia ocular unilateral en un macho adulto de Sturnira hondurensis. El individuo fue capturado de manera incidental
el 16 de mayo de 2025 en una cueva en Nauzontla, Puebla, México, mediante una red de niebla. El individuo fue medido, fotografiado y
liberado vivo posteriormente en el sitio de captura. Durante el examen fisico se observd una protuberancia translicida y gelatinosa que cubria
completamente el ojo izquierdo, mientras que el derecho no mostraba alteraciones visibles. La apariencia sugiere una posible alteracién
corneal. Este hallazgo poco comun destaca la importancia de incluir evaluaciones oftalmolégicas basicas en estudios de campo, especialmente
en zonas donde la exposicién a contaminantes ambientales podria afectar la salud visual. La documentacién de estas anomalias contribuira a
futuras investigaciones clinicas y ecoldgicas en quiropteros.

Palabras clave: Anomalia ocular; cueva, fauna silvestre; Phyllostomidae; salud visual
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Bats (Order Chiroptera), with approximately 1,500 species
(Simmons y Cirranello, 2025), represent one of the most
diverse and ecologically significant groups of mammals.
Currently, Chiroptera is divided into around 21 families,
which vary widely in species richness, from families
with only a few species to highly diverse families such
as Vespertilionidae and Phyllostomidae (Simmons and
Cirranello 2025), exhibit adaptations to a wide range of
ecosystems and diets (Teeling et al. 2018). The family
Phyllostomidae, endemic to the Americas, comprises 230
species in 61 genera (Simmons and Cirranello 2025). Many
of these are frugivorous and play an active role in seed

dispersal (Shilton et al. 1999; Solari et al. 2019). Due to their
ecological importance and diversity, phyllostomid bats
are among the most extensively studied groups, which
has allowed a relatively detailed understanding of their
morphology and physiology, including sensory systems
such as vision.

Although the ocular anatomy of bats has been
described in certain species (Prince 1956; Blackwood et
al. 2010), studies on visual health particularly under wild
conditions are scarce. The research of Liu et al. (2015),
has advanced our understanding of the molecular
and electrophysiological mechanisms of bat vision,
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Figure 1. Map showing the capture site of a Sturnira hondurensis individual in a cave in Nauzontla, Puebla, Mexico.

highlighting its functional importance despite the
reliance on echolocation. Ocular conditions are most
frequently reported in captive or rehabilitating individuals
(e.g., DiGeronimo et al. 2018; Turner et al. 2021), while
records from free-ranging bats remain exceptional,
including in Mexico, where only a few isolated reports
have documented such conditions in wild populations
(Sdnchez-Hernadndez et al. 2018). This underreporting may
be due to the difficulty of detection or reduced survival of
affected individuals (Montiani-Ferreira et al. 2022).

Sturnira hondurensis (Chiroptera: Phyllostomidae) is a
frugivorous bat belonging to the subfamily Stenodermati-
nae, widely distributed from southern Mexico through
Central America to northern South America. It inhabits a
variety of environments, including tropical evergreen and
semi-deciduous forests, as well as disturbed habitats (Her-
nandez-Canchola et al. 2021). Despite being studied in
terms of its ecology and distribution, information on patho-
logical conditions in this species is scarce. To date, there are
no reports specifically documenting ocular anomalies in S.
hondurensis across its distribution. The aim of this report is
to present a case of unilateral ocular anomaly in a S. hondu-
rensis bat from Nauzontla, Puebla, Mexico.

A nocturnal survey was conducted on May 16, 2025, in
Chicomostoc Cave, located in the municipality of Nauzontla,
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Puebla, Mexico (Figure 1; 19° 56’ 55.4” N, 97° 36’ 18.9" W,
1,420 m), an area characterized by a humid semi-warm
climate with rain all year round, and an average annual
ambient temperature of 20 °C. Agriculture is an important
economic activity in this region, with the main crops being
potatoes, corn and beans, these crops are grown among
grasslands and patches of cloud forest (SPF 2025). The
present record occurred during field sampling conducted
as part of a study aimed at evaluating the ecotoxicology of
Myotis velifer. The study was conducted in accordance with
established ethical guidelines (Sikes et al. 2016) and under
permit SPARN/DGVS/13548/24 issued by the Direccién
General de Vida Silvestre of SEMARNAT, Mexico, granted to
Dr. Luis Manuel Guevara Chumacero.

A mist net was placed at the entrance of the cave to
capture bats, and the species recorded were identified
using specialized field guides (Sdnchez-Hernandez et al.
2016; Alvarez-Castafeda et al. 2017). For each captured
individual, sex and standard morphometric measurements
(weight and forearm length) were recorded. Age was
assessed based on the degree of ossification and closure
of the metacarpophalangeal epiphysis of the fourth finger
(Kunz and Anthony 1982). During the sampling, an adult
male S. hondurensis was captured incidentally, as it was
not part of the primary study objective. Photographs of
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Figure 2. a) Right lateral view (normal eye), b) left lateral view (ocular anomaly), ¢) frontal view of the head, and d) ventral view of the Sturnira hondurensis individual captured in
Nauzontla, Puebla, Mexico.

the individual were taken in lateral, frontal, and ventral During the external inspection of an adult male S.
views using a Canon EOS Rebel T7 camera. The bat was hondurensis (weight: 22.3 g, forearm: 44.2 mm), a unilateral
subsequently released alive at the same capture site. ocular anomaly was detected. The left eye exhibited a
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spherical, translucent protrusion with a smooth, gelatinous
appearance, completely covering the eyeball (Figure
2). The right eye appeared normal. No other external
abnormalities were observed, and the individual was active
during handling.

Ocularanomalies may resultfrom genetic predisposition,
intraocular inflammation, senile degeneration, trauma,
toxicity, environmental factors such as prolonged exposure
to certain types of light, or systemic diseases, typically
inflammatory or metabolic in nature (Turner et al. 2021).
In bats, these conditions have been documented across
different families and geographic regions worldwide. For
example, cataracts and age-related degenerative changes
have been frequently reported in captive species of the
family Pteropodidae in Africa, Asia, and Oceania (Turner et
al. 2021). In contrast, reports from wild Neotropical bats,
particularly within the family Phyllostomidae, are scarce
and mostly limited to isolated cases. In Mexico, Sanchez-
Hernandez et al. (2018) reported several ocular anomalies
in free-ranging bats, including an adult female Artibeus
lituratus with unilateral corneal opacity in the right eye, and
an adult male of the same species with total corneal opacity
and an enlarged eyeball in the right eye. Additionally, an
adult male Sturnira parvidens presented a lesion in the
left eye characterized by corneal perforation, edema, and
purulent discharge, while the right eye appeared normal.
In general, ocular conditions reported in bats worldwide
include conjunctivitis, chemosis, and ocular discharge,
primarily documented in captive or rehabilitated individuals
(Montiani-Ferreira et al. 2022). Although no pathological
or ophthalmological examination was performed to
confirm the etiology, the macroscopic characteristics of
the anomaly such as specifically the spherical, translucent
protrusion and the loss of corneal transparency, suggest
clinical signs compatible with corneal alterations or severe
ocular distension, as described in other Neotropical bats
such as A. lituratus and S. parvidens (Sdnchez-Hernandez
et al. 2018; Montiani-Ferreira et al. 2022). While a definitive
diagnosis is not possible without specialized clinical tools,
the external morphology observed is consistent with the
presentation of exophthalmos or corneal edema (Montiani-
Ferreira et al. 2022). However, current evidence does not
support a higher predisposition to ocular anomalies in any
particular bat family or genus, including taxa closely related
to S. hondurensis, as available reports remain scarce and
largely anecdotal.

In this regard, cataracts have been observed in a
significant number of captive individuals from various
pteropodid species, most of them without an identified
underlying cause. However, most cases involved middle-
aged or older individuals (Turner et al. 2021), making age-
related ocular changes a less likely explanation in this case,
as the individual reported here was an adult. Additionally,
Turner et al. (2021) considered toxicity an unlikely cause in
captive pteropodids due to the controlled conditions in
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which the bats were maintained. In contrast, the study site
corresponds to a natural cave environment surrounded by
temperate forest vegetation and agricultural areas, where
bats are exposed to natural environmental conditions.
Although no direct evidence of contamination was
identified during sampling, the potential influence of
environmental factors, including toxic agents, cannot be
completely ruled out.

In Mexico, in wild species of the family Phyllostomidae,
various ocular alterations have been reported, including
corneal opacities, lesions, and unclassified infections
(Sanchez-Herndndez et al. 2018). Among these anomalies,
Sénchez-Hernédndez et al. (2018) described a case of an
adult female A. lituratus with unilateral corneal opacity in
the right eye, which exhibited reduced transparency, while
the left eye appeared normal. They also reported an adult
male A. lituratus with total corneal opacity in the right eye
and a markedly enlarged and rounded eyeball like the one
observed in S. hondurensis suggesting the presence of
exophthalmos (Montiani-Ferreira et al. 2022), a condition
that could also be present in the individual documented
in this report. Furthermore, they recorded an adult male
S. parvidens with a lesion in the left eye. While this shares
the location of the anomaly with our observation, the
clinical presentation differed significantly: the case in
S. parvidens involved corneal perforation, edema, and
purulent discharge, which are indicative of acute trauma
or severe bacterial infection. In contrast, the specimen of S.
hondurensis reported here lacked any signs of inflammatory
exudate, perforation, or open lesions, suggesting a non-
infectious etiology or a chronic, stabilized condition rather
than an acute traumatic event.

The recording of this unilateral ocular anomaly in S.
hondurensis represents a rare observation that expands
our knowledge of ocular conditions in wild Neotropical
bats. While information on the functional consequences
of ocular anomalies in bats is limited, available reports
indicate that such conditions are rare in wild populations
(Sdnchez-Herndndez et al. 2018; Montiani-Ferreira et al.
2022). Observations in captive and wild bats suggest that
ocular lesions can have multiple causes; however, their
effects on survival, reproduction, and behavior remain
largely unknown, although some degree of compensation
through echolocation is possible, although the extent of
this compensation likely varies among species (Montiani-
Ferreira et al. 2022).

While the definitive etiology and functional impact
have not yet been determined, documenting these
cases is essential for understanding the health status
of wild populations and their potential vulnerability
to environmental stressors. Furthermore, providing
information on ocular anatomy and its anomalies is a
fundamental reference for professionals involved in the
diagnosis and treatment of bat diseases, offering basic data
for future research (Montiani-Ferreira et al. 2022). Ultimately,




these findings underscore the importance of integrating
ocular health assessments into routine field studies of the
Phyllostomidae family.
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First record of a Tamandua mexicana (Pilosa: Myrmecophagidae)
specimen with six cervical vertebrae

Primer registro de un ejemplar de Tamandua mexicana
(Pilosa: Myrmecophagidae) con seis vértebras cervicales
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Mammals generally exhibit seven cervical vertebrae, therefore numerical variations are rare and, in most cases, associated with
developmental abnormalities. This study reports the first confirmed case of a Tamandua mexicana specimen exhibiting only six cervical
vertebrae, providing novel morphological and radiological insights into the family Myrmecophagidae. A juvenile T. mexicana specimen, housed
in the Museum Collection of the Facultad de Estudios Superiores Cuautitlan (registry DGVS-CC-344-Mex/24), was examined prior to preservation
using the phenolic glycerin technique. Morphometric data and digital radiographs were obtained, and the identification of cervical vertebrae
was performed using anatomical criteria established by the Némina Anatomica Veterinaria. Radiographic examination revealed six cervical
vertebrae (C1-C6) with a direct transition to the first thoracic vertebra (T1), without evidence of transitional elements, anomalous fusions, or
radiographic signs of trauma or pathological changes. The persistence of open growth plates in the long bones indicated active epiphyseal
growth, confirming the juvenile status of the specimen.This case represents the first documented occurrence of cervical numerical variation
within Myrmecophagidae, supporting the hypothesis that species with slow metabolic rates may display a higher degree of axial skeletal
flexibility. The close phylogenetic relationship between T. mexicana and sloths strengthens this association. A systematic survey of osteological
and preserved xenarthran specimens, as well as live individuals, is recommended to determine the frequency and origins of this condition.

Keywords: Comparative anatomy; axial morphology; northern tamandua; Xenarthra; cervical variation

Generalmente los mamiferos presentan siete vértebras cervicales, por lo que las variaciones en el niUmero de estas son raras y en la mayoria
de los casos, estan asociadas con alteraciones del desarrollo. En este trabajo se reporta el primer registro documentado de un ejemplar de
tamandua (Tamandua mexicana) con seis vértebras cervicales, aportando datos morfolégicos y radioldgicos relevantes. Se analizé un ejemplar
juvenil de T. mexicana procedente de la Coleccién Museistica de la Facultad de Estudios Superiores Cuautitlan (registro DGVS-CC-344-Mex/24)
previo a su conservacion por la técnica de glicerina fenolada. Se realizaron mediciones morfométricas y radiograficas digitales empleando
criterios anatomicos basados en la Némina Anatémica Veterinaria para determinar el nimero y caracteristicas de las vértebras cervicales.
Las radiografias mostraron la presencia de seis vértebras cervicales (CI-CVI) con transicion directa a la vértebra toracica | (Tl), sin evidencias
de vértebras transicionales, fusiones andmalas ni signos radiogréficos de patologia o trauma. La presencia de fisis en los huesos largos
evidencio actividad en las lineas de crecimiento, lo que permitié inferir que el ejemplar era juvenil. Este hallazgo constituye el primer registro
de variaciéon numérica cervical en Myrmecophagidae, respaldando la hipotesis de que especies con metabolismo lento pueden presentar
flexibilidad numérica en el esqueleto axial. La cercania filogenética de T. mexicana con los perezosos refuerza esta asociacion. Se sugiere la
revision sistematica de colecciones y ejemplares preservados de xenartros, asi como en ejemplares vivos, para evaluar la frecuencia y causas
de esta condicion.

Palabras clave: Anatomia comparada; morfologia axial; tamandua nortefio; Xenarthra; variaciones cervicales
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Las vértebras cervicales constituyen la base ésea de la
region cervical de la columna vertebral de los mamiferos.
Esta region desempefa un papel fundamental en el
soporte del crdneo, la proteccion de la médula espinal
cervical y la facilitacion de los movimientos de la cabeza
y el cuello, adaptandose al estilo de vida de cada especie
y contribuyendo a su supervivencia en distintos entornos

(Singh 2017; Bohmer et al. 2018). Aunque las vértebras
cervicales presentan variaciones morfoldgicas y funciona-
les entre especies, los mamiferos muestran una notable
constancia en su numero, con siete vértebras cervicales
en la mayoria de las especies descritas, a diferencia de
otros vertebrados como aves y reptiles (Galis 1999). Esta
constancia se mantiene a pesar del amplio rango de
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adaptaciones funcionales, ecolégicas y de tamafio corporal
presentes en los mamiferos, que abarca desde especies
de cuellos muy largos como las jirafas hasta especies con
cuellos muy reducidos como las ballenas (Galis 1999). Este
patrén ha sido de gran interés en la comunidad cientifica,
ya que durante largo tiempo se desconocieron las causas
y consecuencias de la variacion en el nimero de vértebras
cervicales. Actualmente, se reconoce que dicha constancia
se asocia principalmente a restricciones evolutivas deri-
vadas del desarrollo embrionario, asi como a los riesgos
funcionales y selectivos vinculados con mutaciones que
alteran este numero (Galis 1999; Buchholtz et al. 2012;
Buchholtz 2014; Bohmer et al. 2018).

La consistencia de siete vértebras cervicales en los
mamiferos puede interpretarse como el resultado de una
evolucién conservadora, en la cual cualquier desviacion sig-
nificativa podria comprometer la viabilidad del organismo
(Bbhmer et al. 2018). Por ejemplo, estudios recientes han
demostrado que las alteraciones en el nimero de vértebras
cervicales en mamiferos con metabolismo considerado “nor-
mal”se asocian con un incremento significativo en la inciden-
cia de defectos congénitos, mutaciones y tasas de mortali-
dad en estadios tempranos del desarrollo (Varela-Lasheras
et al. 2011; Bhatlekar et al. 2018; B6hmer et al. 2018). Esto se
debe a que la segmentacién de las vértebras cervicales esta
estrechamente vinculada a la expresion de los genes Hox, los
cuales regulan procesos clave del desarrollo del mesodermo
y otros sistemas embrionarios (Deschamps y Duboule 2007;
Bhatlekar et al. 2018; B6hmer et al. 2018).

Dentro de los mamiferos solamente tres géneros
difieren de esta generalidad: los perezosos (Bradypus y
Choloepus) y los manaties (Trichechus). En especies del
género Bradypus, el nimero de vértebras cervicales se
incrementa entre 8-10, mientras que en Choloepus se
reduce entre 5-7 (Buchholtz y Stepien 2009). Por su parte,
los manaties presentan de manera constante seis vértebras
cervicales (Buchholtz et al. 2007). Estas variaciones
representan desviaciones significativas del patrén comun
y plantean interrogantes sobre los factores evolutivos
y funcionales que las han permitido. Estas excepciones
se atribuyen a una combinaciéon de presiones selectivas
relajadas y adaptaciones funcionales especificas. En el
caso de los perezosos, su metabolismo lento y su baja tasa
reproductiva podrian haber reducido la presién selectiva en
contra de mutaciones que afectan el numero de vértebras
cervicales (Buchholtz y Stepien 2009). Ambos géneros de
perezosos desarrollaron soluciones anatémicas distintas
para el soporte del craneo durante la suspensién corporal,
favoreciendo su estilo de vida arboricola lento y criptico.
En el género Bradypus, un mayor numero de vértebras
cervicales se asocia con un rango ampliado de movimiento
del cuello, que puede alcanzar hasta 270°, permitiendo
la exploracién del entorno en posicion invertida sin
necesidad de desplazar el cuerpo (Miller 1935; Marten et
al. 2023). En contraste, el género Choloepus presenta un
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cuello mas corto, con musculatura cervical robusta y una
clavicula desarrollada, lo que limita la flexibilidad pero
facilita el mantenimiento de una posicién extendida para
alcanzar el alimento sin movilizar el cuerpo (Miller 1935).
Por otro lado, en los manaties, la transicién evolutiva hacia
un medio acuadtico redujo las restricciones mecanicas
y funcionales asociadas a la region cervical. Una dieta
herbivora y la ausencia de depredadores naturales
significativos en su habitat facilitaron la reduccion de la
region cervical sin consecuencias adaptativas negativas
(Varela-Lasheras et al. 2011).

Los mamiferos de metabolismo y estilos de vida lentos
pueden presentan una mayor incidencia de variaciones
en el nimero de vértebras cervicales ya que una tasa
metabdlica baja se asocia con menores niveles de dafo
oxidativo al ADN, una reducciéon en la tasa de mutaciones
somaticas y, en consecuencia, con una menor incidencia
de efectos pleiotrépicos adversos tales como neoplasias y
alteraciones del sistema hematopoyético, lo que disminuye
los costos selectivos asociados a desviaciones en el nimero
de vértebras cervicales (Speakman et al. 2002; Hulbert et al.
2007;Bhatlekaretal. 2018; Galis et al. 2022). En este contexto,
se podria esperar que especies taxonémicamente cercanas
a los perezosos y con un metabolismo relativamente bajo,
puedan presentar variaciones en el numero de vértebras
cervicales. En el presente estudio, se reporta por primera
vez una reduccion en la cantidad de vértebras cervicales y
lumbares en la especie Tamandua mexicana.

El tamandua nortefio o también llamado brazo fuerte
(T. mexicana) es una especie de mamifero del orden Pilosa,
que comparte con los perezosos (Gibb et al. 2016). Se
distribuye desde México hasta el norte de Sudamérica
incluyendo Guatemala, Belice, Honduras, El Salvador, Costa
Rica, Nicaragua, Panamad, Ecuador, Colombia y Venezuela
(Cuardén 2005). Puede ser de habitos tanto diurnos como
nocturnos y se desplaza a nivel del suelo o entre las ramas
de los arboles. Los individuos son solitarios a excepcion
de las hembras que pueden estar acompanadas de su cria
(Navarretey Ortega 2011).Envidalibre, su dieta se compone
principalmente de hormigas, termitas, meliponas, larvas
de escarabajos y de algunos frutos (Montgomery 1985a,
b; Brown 2011). Esta especie, generalmente presenta siete
vértebras cervicales, de diecisiete a dieciocho vértebras
tordcicas, tres vértebras lumbares, cinco vertebras sacras
fusionadas y un numero variable de vértebras caudales
(Navarrete y Ortega 2011).

El presente trabajo se realiz6 en el Laboratorio 4
“Morfologia Veterinaria y Biologia Celular” de la Unidad de
Investigacién Multidisciplinaria de la Facultad de Estudios
Superiores (FES) Cuautitlan de la Universidad Nacional
Auténoma de México (UNAM), en México.

Se utilizé el cadaver de un ejemplar juvenil (Figura 1) de
tamandua (Tamandua mexicana), el cual forma parte de la
Coleccion Museistica para la Docencia, la Investigacién y la
Difusion del Conocimiento de la Fauna Silvestre de la FES

www.mastozoologiamexicana.org 121



Tamandua con seis vértebras cervicales

TI-TXVI

Tl
CdI-CAXXXIX T

THI

Figura 1. a) Ejemplar juvenil de Tamandua mexicana en el que se document6 la variacién en el nimero de vértebras cervicales y lumbares, previo a su preservaciéon anatémica
mediante la técnica de glicerina fenolada. b) Imagen radiografica digital en proyecciéon ventro-dorsal con alineaciéon dsea conservada y sin evidencias de alteraciones en el resto del
esqueleto. ) Imagen radiogréfica digital en proyeccién ventro-dorsal con acercamiento a la regién cérvico-toracica del mismo ejemplar, evidenciando la presencia de seis vértebras
cervicales (CI-CVI) y la transicién directa a la primera vértebra toracica (T).
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Cuautitlan, registrada ante la Secretaria de Medio Ambiente
y Recursos Naturales (SEMARNAT) bajo el nimero DGVS-
CC-344-Mex/24. El ejemplar se encontraba conservado
en estado de congelacién como parte del acervo de la
coleccion museistica de la FES Cuautitlan. Al tratarse de
material institucional de larga data, los registros histéricos
disponibles no incluyen informacién detallada sobre el
sitio de procedencia, afio de colecta, tipo de vegetacion ni
condiciones ambientales originales.

El hallazgo objeto de estudio fue identificado previo al
procesamiento del ejemplar mediante la técnica de glicerina
fenolada, la cual consiste en conservar los tejidos blandos de
vertebrados mediante una solucién compuesta por gliceri-
nay fenol en proporcién 9:1. Posterior al descongelamiento,
y como parte de los procedimientos de rutina previos a la
preservacion, se realizd la toma de medidas morfométricas
utilizando cinta métrica y bascula digital.

Para el estudio radiolégico, se empled un equipo de
rayos X portatil Soyee modelo SY-31-90P, con potencia
maxima de entrada de 1.0 kVA, alimentacién AC 50/60
Hz y filtraciéon total equivalente a 2.0 mm Al, realizando
proyecciones latero-lateral y ventro-dorsal. Las imagenes
obtenidas fueron procesadas mediante un digitalizador FCR
Prima Il de Fujifilm, sistema de radiografia computarizada
(CR) utilizado para la digitalizacién y optimizacién de las
placas radiograficas para su analisis morfoldgico. El analisis
se efectué utilizando el visor de imagenes de Windows
y la edicién de las mismas se realiz6 con el programa
PowerPoint.

El ejemplar reportado correspondié a un macho
juvenil de Tamandua mexicana. Aunque la edad exacta
no pudo determinarse, su condicién juvenil se infirié por
la presencia de fisis abiertas en las epifisis de los huesos
largos, con lineas de crecimiento no osificadas, ademas
de una talla corporal reducida (Figura 1a). El largo total
del cuerpo fue de 83 cm con un peso de 888 g. El sexo
se corroboré mediante la observacion directa del pene
durante la revision externa del cadaver.

Durante el analisis de las imagenes digitales de las
placas radiograficas, se identificé una variacién numérica
en la regidon cervical, consistente en la presencia de seis
vértebras cervicales (CI-CVI), en lugar del nimero habitual
de siete descrito para la mayoria de mamiferos incluyendo
esta especie. La transicidn se produjo directamente hacia la
primera vértebra toracica (Tl), sin evidencias de elementos
transicionales o fusiones anémalas. La revisién de otros
ejemplares (Figura 2) procesados mediante la técnica de
glicerina fenolada no mostré esta condicién, lo que indica
que se trata de un hallazgo aislado. En la radiografia ventro-
dorsal de cuerpo completo (Figura 1b), se aprecian todas
las estructuras oseas, la diferenciaciéon de las regiones
vertebrales y una alineacién conservada de la columna
vertebral, sin desplazamientos ni deformaciones evidentes.

En el acercamiento radiografico de la regidon cérvico-
toracica (Figura 1c), se confirma la presencia de seis
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vértebras cervicales y la transicion directa hacia Tl, con
una morfologia conservada en los cuerpos vertebrales y
arcos neurales, y sin alteraciones en la articulacién atlanto-
occipital ni en las costillas de TI.

El conteo completo de las vértebras revelé la siguiente
distribucion: cervicales: seis (CI-CVI); toracicas: dieciocho
(TI-TXVIN), cada una con costillas bien diferenciadas;
lumbares: dos (LI-LIl); sacras: cinco (SI-SV), fusionadas
formandoelsacro;y caudales:treintay nueve (CdI-CdXXXIX),
articuladas en serie y con morfologia progresivamente
simplificada hacia el extremo distal de la cola.

La distribucién de las vértebras en el ejemplar de T.
mexicana del presente estudio difiere del patrén descrito
para la especie T. mexicana, que generalmente presenta
siete vértebras cervicales, diecisiete a dieciocho toracicas
y tres lumbares, manteniendo un ndmero similar de sacras
y caudales (Navarrete y Ortega 2011). La ausencia de una
vértebra cervical, en conjunto con la integridad de la
alineacion vertebral y la ausencia de signos radiograficos
de fractura, luxacién o remodelacién ésea, sugiere que esta
variacion numérica del esqueleto axial podria ser de origen
congénito y no estar asociada a procesos patoldgicos o
traumaticos detectables mediante radiografia.

El presente hallazgo constituye, hasta donde se tiene
conocimiento, el primer registro de una variaciéon en el
numero de vértebras cervicales en Tamandua mexicana
y, en general, en cualquier especie de la familia Myrme-
cophagidae. La constancia de siete vértebras cervicales en
mamiferos es un patrén morfolégico altamente conser-
vado, mantenido por fuertes restricciones evolutivas y de
desarrollo, estrechamente asociadas a la regulacién de los
genes Hox y a la segmentacion axial durante la embriogé-
nesis (Galis 1999; Deschamps y Duboule 2017; Béhmer et al.
2018). Alteraciones en este patrén suelen relacionarse con
defectos congénitos, incremento de la mortalidad neonatal
y mayor susceptibilidad a enfermedades, incluyendo cier-
tos tipos de cancer y disfunciones neuromusculares (Galis
1999; Bhatlekar et al. 2018). Entre los ejemplos documenta-
dos, se incluyen una mayor predisposicion a ciertos tipos de
cancer, como el cancer colorrectal y la leucemia mieloide,
trastornos del desarrollo hematopoyético y mesenquimal,
asi como alteraciones neuromusculares, entre ellas el sin-
drome del desfiladero toracico (Galis 1999; Buchholtz et al.
2012; Bhatlekar et al. 2018; Galis et al. 2022). Por ello, la apa-
ricién de variaciones cervicales en poblaciones naturales es
considerada un evento raro y, en la mayoria de los casos,
potencialmente deletéreo.

Galis et al. (2022) plantearon la hipétesis de que, en
mamiferos, la caracteristica conservadora de presentar
siete vértebras cervicales puede ser variable en especies de
metabolismo basal lento o con un estilo de vida pausado.
En tales casos, la relajacion de las presiones selectivas contra
mutaciones que afectan la morfologia axial, combinada con
adaptaciones funcionales especificas, parece permitir la
persistencia de estos rasgos en las poblaciones. La estrecha
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Figura 2. ay c) Imagenes radiograficas digitales en proyeccion ventro-dorsal de un par de ejemplares juveniles de Tamandua mexicana, con alineacién ésea conservada, sin variacion
numérica en ningun segmento de la columna vertebral y sin evidencias de alteraciones en el resto del esqueleto. b y d) Imagenes radiogréficas digitales en proyeccion ventro-dorsal con

acercamiento a la regién cérvico-toracica de los mismo ejemplares, evidenciando el patrén cervical normal de esta especie (CI-CVII).
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relacion filogenética entre T. mexicana y los perezosos
sugiere que podrian compartir, al menos parcialmente y a
nivel del esqueleto axial, esta plasticidad morfoldgica.

Adicionalmente, en el ejemplar analizado se documenté
variacion en el nimero de vértebras lumbares. El presente
estudio constituye el primer reporte de una disminucién en
el nimero de vértebras cervicales en T. mexicana, mientras
que la variaciéon en el nimero de vértebras lumbares ha
sido previamente documentada. Por ejemplo, Gaudin
(1999) describié ejemplares con dos vértebras lumbares,
concordantes con el presente reporte, y refirié reportes
previos de especimenes con tres vértebras lumbares,
condicién que también es considerada en el diagnéstico
anatdmico de la especie por Navarrete y Ortega (2011). A
diferencia de las vértebras cervicales, las variaciones en el
numero de vértebras lumbares no se han asociado a efectos
pleiotrépicos vinculados a genes del desarrollo, como los
documentados para la region cervical y los genes Hox.

En el ejemplar descrito, no fue posible determinar si la
reduccion a seis vértebras cervicales se debié a una fusién
congénita o a una transformacién homeética de la primera
vértebra tordcica en cervical, fendmenos documentados
en otros mamiferos (Béhmer et al. 2018; Galis et al. 2022).
En consecuencia, no es posible establecer si esta variacion
comprometioé la funcionalidad del individuo ni si estuvo
relacionada con su causa de muerte. La confirmacién del
origen de esta anomalia requeriria analisis osteoldgicos
detallados o estudios de imagen avanzada, como
tomografia computarizada.

Este hallazgo tiene implicaciones relevantes para la
anatomia comparada y la biologia del desarrollo de los xe-
nartros. Documentar estas excepciones contribuye a com-
prender la evolucién de la columna vertebral en mamiferos y
aidentificar los limites de la estabilidad morfoldgica en el eje
cervical. Asimismo, resalta la importancia de las colecciones
museisticas y de docencia como repositorios de informaciéon
bioldgica unica. El estudio minucioso de especimenes aloja-
dos en dichas colecciones mediante radiografia, tomografia
o andlisis osteoldgico puede revelar variaciones morfologi-
cas raras que, de otro modo, pasarian inadvertidas en estu-
dios de campo.

Se recomienda realizar una busqueda sistematica de
casos similares en colecciones osteoldgicas y ejemplares
preservados de Xenarthra, asi como la inclusién de
monitoreos radioldgicos en individuos vivos con el fin
de estimar la frecuencia y variabilidad de esta condicién,
identificar sus posibles bases genéticas y explorar su
relevancia adaptativa. Una limitacién del presente estudio
fue la imposibilidad de conservar y montar el esqueleto
del ejemplar, ya que cuando se detecté la variacion, el
espécimen ya habia sido preservado mediante la técnica de
glicerina fenolada. Futuras investigaciones podrian superar
estarestriccion y aportar datos osteoldgicos mas completos
que permitan esclarecer el origen y las implicaciones
funcionales de esta rara variacion cervical.
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The forest in the Alto Mayo River basin, located in the department of San Martin, has undergone rapid conversion from forest to agricultural
areas. Due to limited understanding of the effects of these anthropogenic changes on mammal diversity, we propose a rapid assessment of
their impacts. We employed a combination of standard capture methods (1,340 traps/night), acoustic detection (5 hours/detector), direct
observations (5 hours/observation), and free interviews (5 hours/interview). The degree of anthropogenic disturbance in the study area
(1.7Km2) was assessed using the modified Leopold matrix, considering the conservation status of forest fragments across three levels of
disturbance (low, moderate, and high). Our findings revealed that the study area, although having a moderate impact, hosts a highly diverse
mammal community comprising 29 species (2 marsupials, 2 primates, 7 rodents, 1 lagomorph, 15 bats, and 2 carnivores). This diversity includes
two endemic species for Peru, the cricetid rodent Rhipidomys modicus and the primate Callicebus oenanthe, and four new bat records for the
department of San Martin identified by bioacoustic methods. The fragmented forests of the Alto Mayo River basin are dominated by a high
diversity of small and medium-sized mammals. We suggest developing conservation plans to mitigate the loss of these species by integrating
them into educational and cultural objectives to promote regional identity and increase environmental awareness.

Keywords: anthropogenic impact; Callicebus oenanthe; conservation; fragmentation; Tonchima River

El bosque en la cuenca del rio Alto Mayo, en el departamento de San Martin, ha sufrido una rédpida conversién de bosques en dreas
agricolas. Debido al limitado conocimiento sobre los efectos que estos cambios antrépicos han tenido en la diversidad biolégica, proponemos
una evaluacion rapida de dicho impacto antropogénico sobre la diversidad de mamiferos. Se empled una combinacion de métodos de captura
estandar (1340 trampas/noche), deteccidn acustica (5 horas/detector), observaciones directas (5 horas/observacién) y entrevistas libres (5
horas/entrevista). El grado de perturbacién antrépica en el area de estudio (1.7 km2) se evalué mediante la matriz de Leopold modificada
considerando el estado de conservacion de los fragmentos de bosque mediante tres niveles de perturbacion (baja, moderada y alta). Nuestros
hallazgos revelaron que el area de estudio, aun presentando un impacto moderado, alberga una comunidad de mamiferos altamente diversa
compuesta por 29 especies (2 marsupiales, 2 primates, 7 roedores, 1 lagomorfo, 15 murciélagos y 2 carnivoros). Esta diversidad incluye a
dos especies endémicas, el roedor cricétido Rhipidomys modicus y el primate Callicebus oenanthe, y 4 nuevos registros de murciélagos para
el departamento de San Martin identificados por métodos bioacusticos.Los bosques fragmentados de la cuenca del rio Alto Mayo estan
dominados por una alta diversidad de mamiferos pequefios y medianos. Se sugiere desarrollar planes de conservacién para mitigar la pérdida
de estas especies integrandolas en objetivos educativos y culturales como un medio para fomentar la identidad regional y el aumento de la
conciencia ambiental.

Palabras clave: Callicebus oenanthe; conservacion; fragmentacion; impacto antropogénico; rio Tdnchima
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La expansion humana estd estrechamente vinculada
con la pérdida y fragmentacion de habitat, ocasionando
un deterioro significativo de los recursos naturales,
principalmente de los bosques, el suelo y la biodiversidad
(Sanchez et al. 2004). No obstante, los fragmentos de
bosque pueden albergar una considerable diversidad de
flora y fauna, con multiples beneficios para la humanidad

(Volenec y Dobson 2019). Estos pueden incluir servicios
biolégicos como la polinizacién, la reforestacion de bosques
y el control biolégico de plagas, asi como servicios culturales
que incluyen tanto la recreacién como el bienestar humano
(Volenec y Dobson 2019). Por ello, los fragmentos de
bosque constituyen pequefas e importantes reservas de
biodiversidad (Kendal et al. 2017; Larson y Sander 2024).
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Mamiferos en bosques fragmentados, San Martin, Peru

Para evaluar el estado de conservacion de los bosques
(o parches de bosque, ecosistemas fragmentados), se
emplean parametros ambientales y/o bioindicadores,
tales como invertebrados (Silva-Poma et al. 2021), anfibios
(Saber et al. 2017) y mamiferos (Pearce y Venier 2005). En
particular, los mamiferos representan componentes clave
en los ecosistemas debido a los servicios ecosistémicos
que brindan (p. e]. polinizadores, dispersores de semillas),
asi como su rol en enfermedades zoonéticas y probable
sensibilidad a la urbanizaciéon (Cavia et al. 2009; Larson
y Sander 2024; Rigacci et al. 2021). Ademas, la facil
capturabilidad de mamiferos mediante observaciones
directas y trampas convencionales (trampas de captura y
redes de niebla) o modernas (camaras trampa, detectores
acusticos, drones) (Lim y Pacheco 2016), los hace excelentes
objetos de estudio (bioindicadores). A pesar de ello, los
mamiferos pequefios en zonas fragmentadas o cercanas
a ciudades han recibido limitada atenciéon en la literatura
cientifica (Larson y Sander 2024; Pacheco et al. 2015; 2020).

En las ultimas décadas (2001-2014), el Perd ha
experimentado una reduccién del 2.1% de sus bosques
(MINAM 2015) y desde 2007 se han vuelto mas frecuentes
las areas de mayores extensiones (>500 ha) para la
agricultura industrializada, en particular para el aceite
de palmay el cacao en las regiones amazdnicas del norte
(Shanee et al. 2023). Una regién que sirve como ejemplo
de este fenomeno es el departamento de San Martin, que
ha desarrollado una agricultura intensiva, especialmente
en el cultivo de arroz, lo que ha provocado una pérdida
significativa de sus bosques nativos, los cuales se
encuentran altamente fragmentados (Heros Aguilar 2019).
No obstante, algunos estudios han documentado una alta
diversidad de mamiferos en dicho departamento (Aquino
y Encarnacién 2007; Velazco y Patterson 2019; Ruelas y
Pacheco 2021). Sin embargo, los bosques fragmentados
no reciben la atencién debida y, a la fecha, solo se cuenta
con algunos estudios en primates, como el endémico
para Peru Callicebus oenanthe, registrado en 45 parches
de bosque (>0.2 ha) (DeLuycker 2006; Shanee et al. 2023;
Rubio-Vargas et al. 2024). Después de ellos, poco se sabe
sobre el impacto antropogénico en la diversidad de otras
especies de mamiferos medianos y grandes, y mucho
menos sobre los mamiferos de menor tamafo, sean
terrestres o voladores.

En este contexto, el presente estudio analiza la diversidad
de especies de una comunidad de mamiferos en un bosque
fragmentado de la cuenca del rio Alto Mayo, San Martin.
Asimismo, se discute la importancia de la conservacién
de los bosques fragmentados cercanos a ciudades como
reservorios de diversidad, asi como su papel en mitigar el
impacto de la fragmentaciéon del habitat.

El estudio se llevé a cabo en la localidad de Shica, distrito
deHabana, provinciade Moyobamba, departamento de San
Martin. Esta localidad, de aproximadamente 1.7 km2 (area
calculada con Google Earth Pro), forma parte de la cuenca
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del rio Ténchima, uno de los principales afluentes del rio
Alto Mayo, y se encuentra a 10 km aproximadamente de la
zona de amortiguamiento del Bosque de Proteccion Alto
Mayo (BPAM) y a solo 2.5 km de la ciudad de Rioja (Figura 1).

Se ejecuté un disefio de muestreo no probabilistico
por conveniencia en lugares dptimos del area de estudio
entre el 24 y el 29 de setiembre de 2023 durante la época
seca siguiendo el disefio de previas evaluaciones rapidas
(Pacheco y Arias 2001; Patterson y Lopez-Wong 2014).
La evaluacion de la comunidad de mamiferos, terrestres
(incluyendo especies arboricolas) y voladores, se realizd
mediante una combinaciéon de técnicas estandarizadas
incluyendo trampas de captura, redes de niebla,
observaciones directas y entrevistas libres, siguiendo
las metodologias de Jones et al. (1996), Voss y Emmons
(1996), Woodman et al. (1996) y Lim y Pacheco (2016).
Adicionalmente, se empled la deteccién acustica para
el registro de murciélagos, identificandose las especies
con base en el patréon de llamadas de ecolocalizacién y
pardmetros acusticos (Arias-Aguilar et al. 2018; Pacheco
et al. 2015, 2020; Flores-Quispe et al. 2019; Ugarte-Nunez
et al. 2020). Se documentaron los tipos de habitat, las
coordenadas de los transectos, los tipos de trampas y los
registros fotograficos de los especimenes. Los métodos
para mamiferos pequenos terrestres, voladores y de mayor
tamaro se detallan en el Apéndice 1.

Los ejemplares colectados fueron sacrificados de
acuerdo con las normas éticas establecidas por la Sociedad
Americana de Mastozoologia (Sikes et al. 2016). Se tomaron
las medidas biométricas estandar en milimetros (longitud
total, de la cola, de la pata y de la oreja), el peso en gramos,
asi como datos de sexo y condicién. Los especimenes y las
muestras ancilarias fueron depositados en el departamento
de Mastozoologia del Museo de Historia Natural de la
Universidad Nacional Mayor de San Marcos, Lima (MUSM).
La identificacion taxondmica de los especimenes colectados
se realizé mediante la comparacién con ejemplares de la
coleccién del MUSM, siguiendo la nomenclatura taxondmica
propuesta por Pacheco et al. (2021) y cambios taxonémicos
recientes (p. ej. Claudio et al. 2023; Voss et al. 2024).

Se determiné la diversidad de mamiferos, expresada
como riqueza de especies, y el esfuerzo de muestreo
realizado (Pacheco et al. 2007b, 2020). Estos fueron
comparados con estudios similares mediante la evaluacion
de sus riquezas de especies y esfuerzos de muestreo, a
fin de contextualizar la composicién de la comunidad de
mamiferos en la zona de estudio (Tabla 1).

El grado de perturbacién antrépica se evalué mediante
la aplicacion de una matriz de Leopold modificada
(Leopold et al. 1971), que considera el estado de
conservacién de los fragmentos de bosque en funcién de
la presién antropogénica. Se establecieron tres niveles de
perturbaciéon: considerado, bajoaquellaarea que presentara
poca o casi ninguna alteraciéon (1-4 puntos); moderado,
cuando cerca de la mitad del area presentara afectaciones




producidas por el hombre (5-8 puntos); y alto, cuando
se aprecie una alta influencia antrépica (9-12 puntos)
(Apéndice 2). Adicionalmente, se determiné el estado de
conservacion de las especies que alberga de acuerdo con
la Lista Roja de la IUCN (https://www.iucnredlist.org) y la
Legislacién Peruana (DS N° 004-2014-MINAGRI).

Se registraron 29 especies de mamiferos distribuidas
en 6 ordenes, 14 familias y 26 géneros (Tabla 2). La mayor
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diversidad se encontré en el orden Chiroptera (Figura 2),
con 15 especies pertenecientes a las familias Molossidae
(7 especies), Phyllostomidae (5 especies), Vespertilionidae
(2 especies) y Thyropteridae (1 especie). El segundo
grupo mas diverso fue Rodentia, con 7 especies de las
familias Cricetidae (4 especies), Sciuridae (1 especie),
Cuniculidae (1 especie) y Dasyproctidae (1 especie). Los
ordenes Didelphimorphia, Primates y Carnivora estuvieron
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Figura 1. Mapa de la cuenca del rio Ténchima, departamento de San Martin. A) el rio Tonchima y alrededores. B) el area de estudio mostrando las lineas de trampas representadas
por cuadrados anaranjados: T1 (-6.0678, -77.1467, 828 m), T2 (-6.0686, -77.1467, 825 m), T3 (-6.0787, -77.1430, 807 m) y T4 (-6.0782, -77.1451, 828 m); redes de neblina representadas por
circulos fucsias: R1 (-6.0681, -77.1464, 827 m), R2 (-6.0683, -77.1466, 827 m), R3 (-6.0688, -77.1487, 825 m), R4 (-6.0766, -77.1444, 826 m) y R5 (-6.0766, -77.1438, 828 m); parches de bosque

(zonas oscuras) y cultivos (zonas claras).

Tabla 1. Esfuerzo de muestreo y riqueza de especies de mamiferos reportados en los estudios de diversidad en el departamento de San Martin. TN = trampas/noche, RN = redes/
noche, HD = horas/detector, HO = horas/observacién, HE = horas/entrevista, 1 = Este trabajo, 2 = Velazco and Patterson (2019), 3 = Ruelas and Pacheco (2021).

Rio Ténchima’ Rio Mayo? Rio Huallaga®
Tipo de muestreo Esfuerzo de mues- N° especies Esfuerzo de mues- N° especies Esfuerzo de mues- N° especies
treo treo treo

Lineas de trampas 1340TN 4 2933TN 16 3060 TN 8
Redes de neblina 20 RN 6 167 RN 31 104 RN 21
Bioacustica 5HD 9 - - - -
Observaciones directas 5HO 6 - - - -
Entrevistas 5HE 4 - - - -
Total de especies 29 47 29
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Tabla 2. Lista de especies de mamiferos registrados en la cuenca del rio Tonchima, departamento de San Martin. B, Bioacustica; E, encuesta; OD, observacion directa; C, colecta; DS,
DS N° 004-2014-MINAGRI. Las especies endémicas para el Pert estan sefialadas con un asterisco (*).

N° Nombre cientifico Nombre comin Tipo de registro Conservacion
B E oD C IUCN DS
Didelphimorphia (2)
Didelphidae (2)
1 Didelphis marsupialis Linnaeus, 1758 Zariglieya de orejas negras X LC
2 Philander canus (Osgood, 1913) Zariglieyita negra de cuatro ojos X NE
Primates (2)
Cebidae (1)
3 Saguinus (Leontocebus) leucogenys (Gray, 1866) Pichico comun X LC
Pitheciidae (1)
4 Callicebus oenanthe* Thomas, 1924 Tocén del rio Mayo X CR CR
Rodentia (7)
Sciuridae (1)
5 Sciurus (Hadrosciurus) igniventris (Wagner, 1842)  Ardilla de vientre rojo X LC
Cricetidae (4)
6 Akodon aerosus Thomas, 1913 Raton campestre cobrizo X LC
7 Neacomys amoenus Thomas, 1903 Ratén espinoso ameno X NE
8 Oligoryzomys microtis (J. A. Allen, 1916) Ratén arrozalero de oreja pequeia X LC
9 Rhipidomys modicus* Thomas, 1926 Rata trepadora peruana X LC VU
Dasyproctidae (1)
11 Dasyprocta fuliginosa Wagler, 1832 Afuje, chapana, cutpe X LC
Cuniculidae (1)
10 Cuniculus paca (Linnaeus, 1766) Majaz, picuro, zamafo X LC
Lagomorpha (1)
Leporidae (1)
12 Sylvilagus brasiliensis (Linnaeus, 1758) Conejo de monte X X NE
Chiroptera (15)
Phyllostomidae (5) LC
13 Anoura caudifer (E. Geoffroy St.-Hilaire, 1818) Murciélago longirostro menor X LC
14 Artibeus planirostris (Spix, 1823) Murciélago frutero de rostro plano X LC
15 Carollia brevicauda (Schinz, 1821) Murciélago frutero colicorto X LC
16 Sturnira giannae Velazco & Patterson 2019 Murciélago de charreteras de Gianna X NE
17 Uroderma bilobatum Peters, 1866 Murciélago toldero comun X LC
Thyropteridae (1)
18 Thyroptera tricolor Spix, 1823 Murciélago de ventosas de vientre blanco X LC
Molossidae (7)
19 Eumops cf. hansae Murciélago de bonete de Sanborn X LC
20 Eumops sp. X
21 Molossus molossus (Pallas, 1766) Murciélago mastin comun X LC
22 Molossus sp. X
23 Nyctinomops aurispinosus (Peale, 1848) Murciélago cola de ratén X LC
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24 Nyctinomops cf. laticaudatus (E. Geoffroy, 1805) Murciélago de labios arrugados X LC

25 Promops centralis Thomas, 1915 Murciélago mastin acanelado X LC
Vespertilionidae (2)

26 Myotis caucensis J. A. Allen, 1914 Murcielaguito del Cauca X LC

27 Neoeptesicus brasiliensis (Desmarest, 1819) Murciélago parduzco X LC

Carnivora (2)

Mustelidae (1)

28 Lontra longicaudis (Olfers, 1818) Lobo de rio pequeno, nutria X NT
Procyonidae (1)

29 Procyon cancrivorus (G. [Baron] Cuvier, 1798) Osito cangrejero, osito lavador X LC

L

Figura 2. Mamiferos voladores registrados en la cuenca del rio Ténchima, departamento de San Martin. a) Anoura caudifer, b) Artibeus planirostris, c) Carollia brevicauda, d) Sturnira

giannae, e) Uroderma bilobatum, f) Thyroptera tricolor. Fotos tomadas por Victor Pacheco.

representados por 2 especies cada uno, mientras que
Lagomorpha conté con solo 1 especie (Figura 3).

El muestreo acustico permitié registrar 351 llamadas
de ecolocacién en 22 grabaciones, identificandose 7
murciélagos molésidos con base en sus pardmetros
acusticos y llamadas de ecolocaciéon particulares:
Eumops cf. hansae, Eumops sp., Nyctinomops aurispinosus,
Nyctinomops cf. laticaudatus, Promops centralis, Molossus sp.
y Molossus molossus y 2 vespertiliénidos: Myotis caucensis

y Neoeptesicus brasiliensis (Apéndices 3 y 4), siendo E. cf.
hansae, N. aurispinosus, N. cf. laticaudatus y Promops centralis
nuevos registros para el departamento de San Martin. En
cuanto a mamiferos terrestres pequefos y medianos, los
registros del roedor Rhipidomys modicus y del mono tocén
Callicebus oenanthe son considerados notables por tratarse
de especies endémicas. Ademas, R. modicus se considera
una especie rara, con escasa representacion en colecciones
cientificas (Tribe 2015).
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Figura 3. Mamiferos terrestres registrados en la cuenca del rio Tonchima, departamento de San Martin. a) Philander canus, b) Saguinus (Leontocebus) leucogenys, c) Callicebus oenanthe,
d) Hadrosciurus igniventris, e) Akodon aerosus, f) Neacomys amoenus, g) Oligoryzomys microtis, h) Rhipidomys modicus. Escala = 20 mm. Fotos tomadas por Daniel Llancachahua-Tarqui (a,
d), Victor Pacheco (b, g), Natalie Nuevo (c), Silvia Diaz (e, f) y Ramiro Galoc Pinedo (h).
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Figura 4. Tipos de ambientes y habitats de la cuenca del rio Ténchima, departamento de San Martin mostrando el cambio de uso de suelos. a) arrozal, b) pastizal, c) platanal, d)
fragmento de bosque, €) bombonajal, f) ribera del rio Ténchima. Fotos tomadas por Victor Pacheco.

La evaluacion del grado de perturbacién antrépica en
los bosques de la cuenca del rio Ténchima determiné un
nivel de perturbacién en la categoria moderada (8 puntos)
segun la matriz de Leopold modificada (Apéndice 2). Entre
los principales factores de alteracién identificados se
encuentran: i) agricultura a mediana escala, ii) carreteras
con impacto moderado, iii) baja disponibilidad de servicios
publicos y iv) paisaje moderadamente fragmentado. Esto se
debe a las actividades antropogénicas que se realizan en el
area de estudio, principalmente a la practica de agricultura
a mediana escala que incluye la conversién del uso de
suelos para arrozales y la siembra de plantas frutales que ha
conllevado un paisaje fragmentado (Figura 4).

La cuenca del rio Tonchima presenta parches de
bosques secundarios de terraza baja, con pocos arboles
gruesos, sotobosque abierto y sustrato cubierto de materia
orgdnica. Se encuentra fragmentado por extensiones de
pastizal, canaverales y arrozales. La comunidad vegetal esta
representada por especies nativas de arboles que pueden
alcanzar hasta 35 m de altura, como el higuerén (Ficus sp.) y
la capirona (Calycophyllum spruceanum). Asimismo, alberga
otras especies de plantas, como el bombonaje (Carludovica
palmata), cafa brava (Gynerium sagittatum), platanillo
(Heliconia sp.) y cacao (Theobroma cacao), ademds de
algunas especies frutales como platano (Musa sp.) y coco
(Cocos nucifera).

El andlisis del estado de conservacién de las especies

reveld que dos de ellas se encuentran en alguna categoria
de amenaza y, ademas, son endémicas del Peru (Tabla 2).
La IUCN protege al mono tocén del rio Mayo (Callicebus
oenanthe) como especie En Peligro Critico (CR); mientras
que la Legislacién Peruana protege a la rata trepadora
peruana Rhipidomys modicus como especie Vulnerable
(VU). Ademas, la nutria Lontra longicaudis se encuentra
evaluada como especie Casi Amenazada (NT), mientras
que el resto de las especies registradas se encuentran
listadas como especies de Preocupacién Menor (LC) o No
Evaluadas (NE).

Este estudio representa la primera evaluacién de la
comunidad de mamiferos en la cuenca del rio Ténchima,
uno de los principales afluyentes del rio Alto Mayo, y revela
una notable riqueza de especies (29 especies, Tabla 2), a
pesar de la evidente fragmentacion de los bosques en el
area de estudio. Estos resultados, obtenidos mediante
una evaluacién de diversidad rapida, son comparables—
particularmente en el caso del uso de redes de neblina—a
los reportados en estudios de mayor duracién en la
cuenca del rio Mayo (Velazco y Patterson 2019) y del rio
Huallaga (Ruelas y Pacheco 2021) (Tabla 1). Esta elevada
diversidad se atribuye, en gran medida, a la inclusidn
de metodologias complementarias, como el monitoreo
bioacustico, las observaciones directas y las entrevistas,
que no se emplearon en los estudios previos mencionados.
Probablemente, con la incorporacién de otros métodos
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(p. ej., trampas camara, ADN ambiental, censos), un mayor
numero de especies serian descubiertas.

Siendo este el primer estudio en la zona, no se
conocen los factores que mantienen esta alta diversidad.
Sin embargo, los datos generados por avistamientos
y entrevistas resaltan que monos y ardillas se estan
adaptando a las nuevas fuentes de alimento, aunado a
que, por su menor tamafo, no son objeto de caceria. Por
ello, en este contexto, la cuenca del rio Tonchima ofrece un
escenario propicio para investigar con mayor profundidad
la adaptabilidad de las especies de mamiferos en bosques
fragmentados (p. ej. Mena et al. 2021; Gutiérrez-Granados
y Rodriguez-Zuhiga 2024). Se recomienda implementar
un sistema de monitoreo constante de la diversidad
biolégica, complementado con andlisis satelitales que
cuantifiquen los cambios en el uso y la cobertura del
suelo, y con un estudio de cuantificacién de los recursos
alimenticios disponibles.

Este trabajo complementa estudios previos sobre
la biodiversidad de la cuenca del rio Alto Mayo y de
los alrededores del BPAM (DelLuycker 2006; Aquino vy
Encarnacién 2007; Velazco y Patterson 2019). Todas
las especies de mamiferos medianos registradas en
este estudio eran esperadas para la regiéon (Mark 2003;
DelLuycker 2006; Aquino y Encarnacién 2007), mientras
que la mayoria de los pequefios mamiferos coincidian con
los reportados por Velazco y Patterson (2019). En cuanto
a los murciélagos, identificados mediante sus parametros
acusticos (Apéndices 3 y 4), cuatro especies representan
nuevos registros para el departamento de San Martin (Tabla
2). Ademads, nuestros registros de Molossus molossus, Myotis
caucensis y Neoeptesicus brasiliensis confirman su presencia
en el departamento de San Martin, previamente reportada
por Ruelas y Pacheco (2021). Estos resultados refuerzan la
importancia de incorporar métodos de deteccién acustica
en evaluaciones de biodiversidad, ya que murciélagos
moldsidos y vespertiliénidos no son siempre detectados
con técnicas tradicionales debido a sus habitos de vuelo
alto, generalmente sobre el dosel o en los bordes del
bosque (Kalko et al. 2008). En este sentido, los resultados
sugieren que la diversidad de mamiferos en la cuenca del
rio Tonchima podria ser ain mayor de lo registrado, lo cual
podrad corroborarse en estudios posteriores empleando
distintos métodos de muestreo.

A pesar de la proximidad de la cuenca del rio Tonchima
con la zona de amortiguamiento del BPAM, los esfuerzos
de conservacion son practicamente inexistentes. En
ausencia de estrategias locales de conservacion, la region
estd siendo rapidamente deforestada debido a intensas
actividades econémicas, como el cultivo de arroz y la
conversion de terrenos en pastizales (Heros Aguilar 2019).
Esto ha generado una marcada fragmentacién de los
habitats y una perturbacién antrépica de nivel moderado
(Apéndice 2). Aun en condiciones de fragmentacién, los
remanentes de bosque y sus especies aportan un alto valor
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ecosistémico para las ciudades cercanas como recursos
de aire y agua, mitigacion de enfermedades (hipdtesis de
difusion) y mejora de los valores culturales e identidad
regional (Volenec y Dobson 2019; Larson y Sander 2024).
Este estudio demuestra que los fragmentos de bosques de
la cuenca del rio Ténchima aun conservan componentes
importantes de la comunidad de mamiferos, con una
notable diversidad de especies que se han podido adaptar
a los cambios de paisaje y perturbacion del habitat (Tabla
2).No obstante, de intensificarse la deforestacion en el corto
o mediano plazo, la continuidad del proceso de alteracion
del habitat podria conducir a una pérdida irreversible de
biodiversidad en la cuenca (Seto et al. 2011).

El escenario de conservacion expuesto en la cuenca del
rio Tonchima refleja la escasez de estudios sobre mamiferos
en diversos ecosistemas del pais. Estos incluyen humedales
(Pacheco et al. 2015, 2020), bosques secos ecuatoriales (Pa-
checo et al. 2007a; Garcia-Olaechea et al. 2021), la selva baja
nororiental (Aquino y Encarnacién 2007; Velazco y Patter-
son 2019; Ruelas y Pacheco 2021) y otros poco conocidos.
En este contexto, se recomienda promover la creacion de
Areas de Conservacion Privadas (ACPs) en la cuenca del rio
Ténchima como una estrategia complementaria al BPAM,
con el objetivo de conservar la cobertura boscosa rema-
nente y evitar la pérdida de biodiversidad en la cuenca del
rio Alto Mayo y el departamento de San Martin, mds aun
por ser recientemente considerado un érea clave de diver-
sidad (Key Biodiversity Area Moyobamba, KBA 2025).

Aunque existen esfuerzos para priorizar sitios para
la conservacién de la biodiversidad en el departamento
de San Martin (Vecco-Giove et al. 2022), las iniciativas
actuales en el drea de estudio son aisladas y han surgido
principalmente de decisiones individuales de propietarios
locales que deciden no deforestar sus bosques y/o trabajar
pequenas chacras frutales. En este estudio se ha observado
que dichas chacras funcionan como habitats alternativos
para diversas especies de fauna, las cuales se alimentan
de los frutos cultivados. Esta alternativa, aunque al parecer
minima, debe ser bienvenida e impulsada, tanto por
gobiernos locales y la poblacién como complemento a
grandes areas de conservacion (p. ej., Parques o Reservas
nacionales). Ademas, esta estrategia impulsada cerca
de grandes ciudades como Rioja, Moyobamba y otras,
permitiria mantener una diversidad apreciable cerca
de dreas urbanas fomentando la identidad regional y
la conciencia ambiental. Por ello, es vital fomentar la
conservacion de los fragmentos de bosque de la cuenca
del rio Ténchima y asegurar su conectividad, de modo que
se mantenga la diversidad de mamiferos.
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First record of the northern ghost bat (Diclidurus albus) in the
Reserva de la Biosfera de Montes Azules

Primer registro del murciélago fantasma norteno (Diclidurus albus)
en la Reserva de la Bidsfera de Montes Azules, Chiapas, México
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Diclidurus albus, the northern ghost bat, belongs to the Emballonuridae family. The species range spans from Southeast Mexico in Nayarit
to Brazil and Bolivia in South America. However, his feeding and roosting habits make the species difficult to register by common sampling
methods, leading to knowledge gaps in the species. We conducted a trail inside the Reserva de la Bidsfera de Montes Azules (RBMA), State of
Chiapas, México. During the trail we observed and photographed an individual of Diclidurus albus roosting under a Sabal mexicana palm leaf.
This is the first report of the species for the RBMA and the third for the state of Chiapas. It highlights the importance of conservation areas for
conservation of species.

Keywords: Protected natural area, Emballonuridae, Lacandona tropical rainforest.

Diclidurus albus, el murciélago fantasma nortefio, es un murciélago de la familia Emballonuridae que se distribuye desde Nayarit en
México hasta Brasil y Bolivia en Sudamérica. Sin embargo, se trata de una especie con pocos registros debido a que sus habitos de perchay
alimentacion dificultan su captura con métodos convencionales. El 06 de abril de 2025 a las 7:30 am se realizd un recorrido dentro de la Reserva
de la Bi6sfera de Montes Azules (RBMA) en el estado de Chiapas, México. Durante el recorrido se observo y fotografié un individuo de Diclidurus
albus perchado bajo la hoja de una palma de la especie Sabal mexicana. Esta nota presenta el primer registro de la especie dentro de la RBMA y
el tercero para el estado de Chiapas. Dicho registro resalta la importancia de las areas de conservacién como la RBMA para especies como esta.

Palabras clave: Area natural protegida; Emballonuridae; Selva Lacandona.
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El murciélago fantasma nortefio, Diclidurus albus, es
una especie de murciélago insectivoro perteneciente
a la familia Emballonuridae. En México, es la Unica
representante del género Diclidurus (Simmons 2005). De
acuerdo con la IUCN, esta considerada como una especie
de preocupacion menor (least concern) (Bonaccorso 2019)
y en México no se considera en ninguna de las categorias de
proteccion de acuerdo con la NOM-059-SEMARNAT-2010
(SEMARNAT 2010). Presenta un tamafio mediano (68-82
mm de longitud de cuerpo, 63-69 mm de antebrazo y un
peso de entre 17-25 g) (Bonaccorso 2019), distinguiéndose
de entre los murciélagos neotropicales por su pelaje largo
y sedoso, predominantemente blanco en el vientre y dorso,

con una ligera tonalidad grisacea (Villa y Ramirez-Pulido
1968; Ceballos y Medellin 1988; Ceballos 2014). Su rostro

es simple, con orejas cortas y redondeadas; ojos grandes y
negros (Villa y Ramirez-Pulido 1968). A diferencia de otros
miembros de la familia Emballonuridae, D. albus no tiene
sacos alares; en cambio, posee una capsula de queratina
en el centro del uropatagio, la cual solo se desarrolla en los
machos y se muestra mas conspicua durante la época de
copula (Sdnchez-Hernandez et al. 2016). La funcién de esta
estructura es desconociday es necesaria mas investigacion
al respecto, pues se desconoce si se utiliza de forma
similar a los sacos glandulares del resto de embalonuridos
(Muioz-Romo et al. 2020).
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Figura 1. Registros historicos de Diclidurus albus en México (a), Chiapas (b) y el correspondiente a este estudio en la Reserva de la Bidsfera de Montes Azules (c).

Diclidurus albus se distribuye en las zonas tropicales del
continente americano, desde México hasta el noreste de
Perdy, el este de Brasil y laisla de Trinidad en el Caribe (Hood y
Gardner 2008). En México, se distribuye desde Nayarit hasta
Chiapas por la vertiente del Pacifico, y al sur de Veracruz
hasta Quintana Roo por el Golfo de México (Villa 1950; Villa
y Ramirez-Pulido 1968; Sanchez-Herndndez et al. 1985;
Ceballos 2014). Su rango altitudinal va desde los 0 hasta los
1500 msnm; sin embargo, en México sélo se ha reportado
hasta los ca. 200 msnm (Ceballos 2014). A pesar de su
amplio rango de distribucion, esta especie es considerada
rara debido a que cuenta con pocos registros (Goncalves et
al. 2023), y no ha sido posible evaluar las tendencias de la
poblacién de D. albus (JUCN 2025). En México solo se han
realizado 28 registros (Figura 1), habiéndose reportado
para los estados de Chiapas, Colima, Guerrero, Jalisco,
Michoacan, Nayarit, Oaxaca, Quintana Roo, Tabasco y
Veracruz (Sdnchez-Hernédndez 1978; Sanchez-Hernandez y
Romero-Almaraz 1995; Ceballos 2014; Sdnchez-Herndndez
et al. 2016; GBIF.org 2025; iNaturalist 2025). En el caso del
estado de Chiapas sélo existen dos registros previos, uno
del afio 1994 y el mas reciente en el 2023 (Vidal-Lépez y
Martinez-Coronel 1994; Juarez 2023).

La escasa cantidad de registros de D. albus podria
estar relacionada parcialmente a su comportamiento

solitario. Sélo durante la temporada de cépula (enero
a febrero) se ha documentado la presencia de varios
individuos perchados juntos (Morazan-Fernandez et
al. 2023). Ademads, sus habitos de forrajeo dificultan su
captura mediante métodos tradicionales, como las redes
de niebla, debido a que realiza vuelos al nivel de dosel,
en areas abiertas o sobre cuerpos de agua, donde caza
insectos, principalmente polillas (Ceballos 2014; Morazan-
Fernandez et al. 2023; Gongalves et al. 2023).

Esta especie se encuentra generalmente en bosques
tropicales humedos (Ceballos y Medellin 1988), aunque
también ha sido registrada en ambientes antropizados
(Eisenberg y Redford 1989). Se asocia con frecuencia a
habitats que presentan una alta densidad de palmas, ya
que suele utilizar como sitios de percha especies como
Attalea cohune, Astrocaryum mexicanum y Cocos nucifera
(Ceballos 2014).

La presente nota tiene como objetivo reportar el
primer avistamiento de D. albus dentro de la Reserva de
la Biésfera de Montes Azules (RBMA), ubicada en el estado
de Chiapas. Esta area natural protegida representa un
refugio critico para la conservacion de la biodiversidad de
México. Aunque su superficie representa menos del 1%
del territorio nacional, alberga aproximadamente el 24%
de las especies de mamiferos terrestres del pais (Carabias
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Figura 2. Ejemplar de D. albus perchado en hoja de guano redondo (Sabal mexicana), RBMA. Autor: Victor D. Rodriguez-Rosas.

et al. 2015), lo que la hace clave en la proteccion de
especies raras o poco conocidas. La RBMA no solo conserva
ecosistemas tropicales de alta productividad y diversidad,
sino que también ofrece hdabitats para especies raras como
el murciélago fantasma nortefo, D. albus.

La Reserva de la Biosfera Montes Azules se ubica al
noreste del estado de Chiapas, dentro de los municipios de
Ocosingo, Margaritas y Palenque (Figura 1). Cuenta con una
superficie de 330,000 ha, cubiertas en su mayor parte por
selva alta y mediana perennifolia. El clima en la region es
calido y humedo. La temperatura media anual presenta un
rango de entre 19.2y 26.7 °C,, y la precipitacién anual varia
entre 2,500 y 3,500 mm anuales (Carabias 2000; Carabias
2015; Soares 2017).

Se realizd una revisidn de los registros previos de D.
albus en México. Para ello, se consultaron y descargaron las
bases de datos digitales disponibles en Global Biodiversity
International Facility (GBIF 2025), en VertNet (VertNet 2025)
y en el portal de datos abiertos de las colecciones bioldgicas
de la Universidad Nacional Auténoma de México (Direccion
General de Repositorios Universitarios 2025). La busqueda
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de registros en base de datos digitales se complementé con
una revision bibliografica de los registros publicados de D.
albus. La revision se realizé en las bases de datos de JStor,
SpringerLink, BioOne, ScienceDirect, Redalyc y Google
Académico, utilizando las palabras clave “Diclidurus albus’,
"Registro”, “Distribucién”y “México”.

El dia 6 de abril de 2025, a las 7:30 hr, durante un
recorrido, se registré la presencia de un individuo de D.
albus (Figura 2) en uno de los senderos de investigacién de
la estacion bioldgica Chajul (16°08'20.0"N, 90°56'35.6"W,
GWS 84, 180 m), en la RBMA. El ejemplar fue fotografiado
con un camara digital Sony Alpha 6100 e identificado con
la ayuda de la guia de campo de Reid (2009). Durante el
tiempo de observacion no se logré determinar el sexo del
ejemplar ya que no fue capturado. El individuo se encontré
perchado debajo de una hoja de guano redondo (Sabal
mexicana) a una altura aproximada de 3 m sobre el nivel
del suelo, esto es consistente con lo reportado por Vidal-
Lépezy Martinez-Coronel (1995) quien reportd un ejemplar
colectado debajo de una palma de la misma especie. La
vegetacion de los alrededores corresponde a selva alta




perennifolia, y aproximadamente a 100 m al norte del
punto de observacion se localiza un arroyo.

Este registro representa el primero de la especie para
la RBMA. Su presencia dentro de la reserva habia sido
sugerida por Medellin (1994) hacia mas de 30 anos, ya
que las condiciones ambientales de la RBMA son similares
a las de sitios cercanos donde D. albus se habia registrado
previamente. Ademas, el habitat y sitio de percha son
consistentes con lo mencionado por Eisenberg y Redford
(1989), quienes describen la afinidad de la especie por
bosques tropicales humedos cercanos a cuerpos de
agua. De la misma manera, el que el individuo haya sido
reportado en abril pareciera aportar evidencia al patréon
migratorio sugerido por Dayaram (2014) quien propone un
desplazamiento al sur de México de mayo a octubre.

Con este registro aumenta a 65 el nimero de especies
de murciélagos reportadas para la RBMA (Medellin 1994),
lo que representa el 46.8% de la quiropterofauna del pais
(Ceballos 2014). Esto subraya la importancia de la RBMA
como una ANP altamente diversa, cuya conservacién
es prioritaria para la fauna de murciélagos de México
(Carabias et al. 2015).

El registro documentado en la presente nota
constituye el tercer reporte de D. albus para el estado
de Chiapas. El primer registro de la especie se realizé en
1994, cuando se colecté un ejemplar en el municipio
de Marqués de Comillas, a menos de 16 km de distancia
del sitio del presente registro, en un area dominada por
potreros y fragmentos de vegetacion natural (Vidal-Lépez
y Martinez-Coronel 1995). Al igual que en el presente
registro, el individuo se encontraba perchado entre
las hojas de un Sabal mexicana y fue colectado tras el
derribo de la planta. El segundo reporte corresponde a un
individuo perchado dentro de una zona arqueoldgica en
el municipio de Palenque (Judrez 2023).

Las condiciones antropizadas de los registros previos
contrastan con el registro aqui documentado, el cual fue
realizado en selva alta perennifolia conservada. Cabe
mencionar que Ceballos (2014) menciona la afinidad
de la especie por A. cohune y A. mexicana como sitios de
percha, ambas especies de palmas (Arecaceae) nativas se
encuentran presentes en la RBMA (INEC, 2000), asi como
Cocos nucifera, especie ampliamente cultivada en la region.
Sin embargo, tanto en el registro realizado por Vidal-Lépez
y Martinez-Coronel (1995) como en el presente estudio, los
individuos fueron encontrados perchados bajo las hojas de
S. mexicana, especie nativa de la regién. En este contexto,
la presencia de la palma S. mexicana en la regién podria
representar un recurso relevante para D. albus. Estudios
futuros enfocados en la seleccion y preferencia de sitios
de percha permitiran esclarecer las especies vegetales
utilizadas por la especie como refugio diurno.

Una caracteristica comun en los tres registros es la
presencia de un solo individuo, lo cual concuerda con el
comportamiento solitario descrito para la especie fuera de

Murillo-Graciano et al.

su temporada de cépula (Ceballos y Medellin 1988; Vidal-
Lopez y Martinez-Coronel 1995; Morazan et al. 2023). Si
bien el avistamiento documentado en Naturalista carece
de informacién adicional, en el primer registro reportado
para el estado Vidal-Lépez y Martinez-Coronel (1994)
destacaron la escasez de registros disponibles y sefalaron
que, al momento de su publicacién, el registro confirmado
mas cercano correspondia a Guatemala. En conjunto, estas
observaciones refuerzan la caracterizacion de D. albus
Ccomo una especie raramente registrada.

Debido a su dificil captura con métodos como las redes
de niebla, se deben considerar otros métodos de registro
como el uso de detectores ultrasénicos para obtener
informacién sobre su biologia y ecologia en la RBMA (Nery
et al. 2025). Ademas, son necesarios mas estudios para
determinar si D. albus se encuentra establecido en la RBMA
durante todo el afo o realiza migraciones como ha sido
sugerido por distintos autores (Ceballos y Medellin 1988;
Moscoso et al. 2012; Ceballos 2014). De ser una especie
migratoria, es necesario determinar si esta migracién se
debe a patrones reproductivos, disponibilidad de alimento,
u otros factores.
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First camera-trap records of Tlacuatzin insularis
(Didelphimorphia: Didelphidae) in the Islas Marias
Biosphere Reserve, Nayarit, México

Primeros registros mediante fototrampeo de Tlacuatzin insularis
(Didelphimorphia: Didelphidae) en la Reserva
de la Biosfera Islas Marias, Nayarit, México
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The mouse opossum of the Islas Marias (Tlacuatzin insularis), characterized by well-defined black eye-rings, light brown limbs, and a
uniformly brown tail, is an endemic species restricted to the Islas Marias Archipelago Biosphere Reserve, Mexico. Information on its biology,
ecology, and population status remains limited, highlighting the need to generate updated data to inform its conservation. On Maria Madre
Island, 17 camera-trap stations were installed along four non-systematically distributed trails, prioritizing sites with evidence of mammal
activity. Cameras operated continuously for an average of nine days each. With a total sampling effort of 160 trap-days, two independent
records of Tlacuatzin insularis were obtained, corresponding to a male individual and another of undetermined sex. Both records occurred
within a time window between 20:00 and 23:00 h. In parallel, cameras documented other endemic species of the reserve, such as the Islas
Marias rabbit (Sylvilagus graysoni) and the Islas Marias raccoon (Procyon lotor insularis). Additionally, invasive exotic species were recorded,
including the domestic cat (Felis catus) and the black rat (Rattus rattus). This finding is the first record of T. insularis through camera trapping,
which is a relevant step considering its endemic distribution and the limited information available on its ecology. Furthermore, the presence
of invasive species in the archipelago underscores the need to strengthen conservation actions aimed at mitigating their potential impacts on
this and other native species.

Keywords: Camera trapping; endemism; invasive species; Mouse opossum; Protected Natural Area.

El tlacuache ratén de las Islas Marias (Tlacuatzin insularis), caracterizado por anillos oculares negros bien definidos, patas marrén claro y cola
uniformemente parda, es una especie endémica con distribucién restringida al archipiélago de la Reserva de la Biosfera Islas Marias, México. La
informacién sobre su biologia, ecologia y estatus poblacional es auin limitada, lo que resalta la necesidad de generar datos actualizados para su
conservacion. Enlaisla Maria Madre se instalaron 17 estaciones de fototrampeo a lo largo de cuatro senderos con una disposicién no sistematica,
priorizando sitios con evidencia de actividad de mamiferos. Las camaras operaron de manera continua durante un promedio de nueve dias
cada una. Con un esfuerzo total de 160 dias-trampa, se obtuvieron dos registros independientes de Tlacuatzin insularis, correspondientes a
un individuo macho y otro de sexo no determinado. Ambos registros ocurrieron en un intervalo horario entre las 20:00 y 23:00 hr. De manera
paralela, las cdmaras documentaron la presencia de otras especies endémicas de la RBIM, como el conejo de las Islas Marias (Sylvilagus graysoni)
y el mapache de Islas Marias (Procyon lotor insularis). Asimismo, se registraron especies exéticas invasoras, entre ellas el gato doméstico (Felis
catus) y la rata negra (Rattus rattus). Este hallazgo constituye el primer registro de T. insularis mediante fototrampeo, lo cual representa un
avance relevante considerando su distribuciéon endémica y dada la limitada informacién sobre aspectos ecolégicos. Por otro lado, la presencia
de especies invasoras en el archipiélago resalta la necesidad de fortalecer acciones de conservacién orientadas a mitigar sus posibles impactos
sobre esta y otras especies nativas.

Palabras clave: Area Natural Protegida; fototrampeo; endemismo; especies invasoras; Tlacuache ratén.
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Camera-Trap records on Tlacuatzin insularis

El archipiélago Islas Marias estd compuesto por cuatro
islas principales: Maria Madre, Maria Magdalena, Maria
Cleofas y San Juanito (CONANP 2022). En el afio 2000
este archipiélago fue decretado como la Reserva de la
Biosfera Islas Marias (RBIM) (DOF 2000), al reconocerse
como un relicto del trépico seco mexicano que resguarda
ecosistemas terrestres y marinos en buen estado de
conservacion, asi como una elevada riqueza de especies
endémicas y en riesgo (CONANP 2022). Su posiciéon en
la zona de transicion entre las regiones biogeograficas
Nedrtica y Neotropical, junto con una historia geoldgica
vinculada a la apertura del Golfo de California (Garcia-
Navarrete et al. 2023), ha favorecido la conformacién de un
mosaico bidtico Unico que alberga especies endémicas de
mamiferos (CONANP 2022; Lépez-Cuamatzi 2024), como
el tlacuache ratén de las Islas Marias (Tlacuatzin insularis),
objeto del presente estudio.

El tlacuache ratén de las Islas Marias fue descrito
por primera vez como Marmosa insularis Merriam 1898,
posteriormente fue reclasificado en dos ocasiones: como
subespecie Marmosa canescens insularis (Tate 1933) y
como Tlacuatzin canescens insularis (Mittermeier y Wilson
2015). Actualmente, a partir de analisis morfoldgicos y
moleculares, la especie es reconocida como Tlacuatzin
insularis (Arcangeli et al. 2018). Esta especie presenta un
pelaje grisaceo con tonos canela en la region superior del
cuerpo, mientras que la regién ventral es de color crema
beige. Tiene orejas anchas, de forma redondeada, carentes
de pelaje de una tonalidad negruzca y anillos oculares
negros bien definidos. Las patas son marrones claras y la
cola totalmente parda. El craneo es alargado y angosto y los
huesos nasales son estrechos y prolongados. Sus medidas
corporales son: LT =260a 310 mm; LC=90a 154 mm; LP =
16222 mm; LO =18 a 30 mm;y pesa entre 20y 60 g (Zarza
et al. 2003; Arcangeli et al. 2018; Ceballos 2024).

Dentro del archipiélago, los registros de T. insularis se
concentran en la Isla Maria Madre, entre 365 y 600 m de
altitud, asociados a la selva baja caducifolia y a higueras
del género Ficus spp. (Nelson 1899; Voss y Jansa 2003). De
acuerdo con lo descrito para otras especies del género
Tlacuatzin, es probable que T. insularis sea una especie
solitaria y nocturna, de habitos omnivoros, terrestres y
escansoriales (Reid 1997; Ceballos y Miranda 2000; Zarza
et al. 2003). No obstante, aspectos clave de su biologia
como su ciclo reproductivo, comportamiento, longevidad y
estatus de conservacién permanecen poco estudiados.

A pesar de su singularidad biogeografica, el tlacuache
ratén de las Islas Marias no estd incluido dentro de ninguna
categoria de riesgo en las principales leyes ambientales
mexicanas como la NOM-059-SEMARNAT-2010 o en su
actualizacion en proceso PROY-NOM-059-SEMARNAT-2025
(SEMARNAT 2010; SEMARNAT 2025), y tampoco ha
sido evaluado de manera independiente en normas
internacionales como la Lista Roja de la Unién Internacional
para la Conservacion de la Naturaleza (IUCN 2025). Esta
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ausencia se podria deber a la escasa informaciéon disponible
en torno a esta especie, lo que resalta la necesidad de
obtenerdatos que permitan valorar susituacion poblacional
y sus amenazas potenciales (Gardner y Cortés-Calva 1999).

El objetivo de este estudio fue documentar la presencia
del tlacuache ratén (Tlacuatzin insularis) y otros mamiferos
en la Isla Maria Madre mediante fototrampeo, con el fin de
aportar informacién actualizada sobre su distribucion.

El monitoreo se desarrollé en la Isla Maria Madre,
localizada en la porcién centro-septentrional del archi-
piélago de las Islas Marias. Este archipiélago se ubica en el
Pacifico tropical mexicano a 132 km de San Blas, Nayarit, y
176 km de Mazatlan, Sinaloa. Sus coordenadas son: latitud
N 21° 37' 22.41" longitud O 106° 35' 0.05". La Isla Maria
Madre es la de mayor extensidon de la RBIM ya que tiene
una superficie de 141.38 km2 (CONANP 2022). Su relieve
es montafioso con elevaciones méaximas de 640 msnm
(Pompa-Mera et al. 2013). Su clima es seco muy calido con
lluvias en verano, con promedios anuales de precipitacion
y temperatura de 546.5 mm y 23.6°C, respectivamente
(CONAGUA 2024). La vegetacion predominante en la isla es
la selva baja caducifolia, acomparnada en menor proporcién
por matorral subinerme, selva mediana subcaducifolia, asi
como relictos de manglar y vegetacién de dunas costeras
(Miranday Hernandez 1963; CONANP 2022). Laisla presenta
asentamientos humanos abandonados desde el afio 2019,
vinculados a una antigua colonia penal, desincorporada
del Sistema Federal Penitenciario en 2019 (DOF 2019). En
la actualidad, la Isla Maria Madre forma parte del Centro
Turistico Islas Marias, cuyo modelo busca promover
el turismo de bajo impacto sustentado en la riqueza
biocultural de la Isla Maria Madre y el Pueblo Magico de
Balleto.

Se instalaron 17 estaciones de fototrampeo, 14 sencillas
y tres dobles, estas ultimas con el fin de obtener imagenes
de ambos flancos de los individuos registrados y facilitar
su identificacion. Las cdmaras trampa se colocaron en los
senderos ya establecidos para el manejo y vigilancia de la
RBIM; dos utilizados para actividades de ecoturismo y uno
sin actividad antropogénica desde el 2019. La disposicion
de las camaras no fue sistemdtica, pero en promedio
estuvieron separadas 1 km de distancia (Figura 1),
priorizando sitios con mayor probabilidad de deteccion, en
los que se identificaron indicios de fauna de forma directa
(observacion de ejemplares) o indirecta (presencia de pelos,
huellas y excretas). No se utilizaron cebos o atrayentes. Las
camaras (Shenzhen Xiaojia modelo 4k Solar-wifi) fueron
georreferenciadas con un receptor GPS empleando el
sistema de coordenadas WGS84 y se fijaron en arboles a
una altura de 30 a 50 cm del suelo, configuradas para tomar
un registro fotografico y video de 10 segundos con cada
activacion, tener sensibilidad alta y un intervalo entre cada
disparo de un minuto. Las 20 cdmaras trampa operaron de
manera continua durante 24 hr por un periodo de nueve
dias, conforme al permiso otorgado por la administracion
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Figura 1. Distribucidn espacial de las 17 estaciones de fototrampeo a lo largo de cuatro senderos en Isla Maria Madre. Con cruces rojas se marcan los sitios donde se obtuvieron los

registros de T. insularis.

de la RBIM para la realizacién del monitoreo, el cual se llevé
a cabo enjulio de 2025.

Los registros obtenidos se organizaron por especie y
por eventos independientes, definidos como capturas de
la misma especie tomados con una separaciéon = 60 min o
registros consecutivos de especies distintas. Se calculé la
tasa de captura por especie como el nimero de eventos
independientes dividido entre el esfuerzo de muestreo
(nimero de cdmaras x dias de monitoreo), estandarizado a
100 dias-trampa (Maffei et al., 2002; Briones-Salas et al., 2016).

Con un esfuerzo total de 160 dias-trampa se registraron
seis especies de mamiferos. Tres de estas corresponden a
especies endémicas de la isla: el tlacuache ratén de Islas
Marias (T. insularis) (Figura 2), el conejo de las Islas Marias
(Sylvilagus graysoni) y el mapache de Islas Marias (Procyon
lotor insularis); y tres a especies exéticas: la cabra doméstica
(Capra hircus), el gato doméstico (Felis catus) y la rata negra
(Rattus rattus) (Figura 3).

Se obtuvieron dos registros independientes de T.
insularis en distintas estaciones de fototrampeo (Tabla
1). En ambos casos, los individuos fueron documentados
mediante fotografia y video, entre las 20:00 y las 23:00 hr. El

primer registro se presenté a las 22:31 hr en un arroyo seco
(Latitud: 21°38'39.48"N, Longitud: 106° 33' 33.75"0), a una
altitud de 163 m, donde se observé a un ejemplar adulto
cuyo sexo no pudo determinarse, desplazandose entre la
hojarasca y las ramas caidas. La vegetacidn presente en el
sitio correspondia a selva baja caducifolia y selva mediana
subcaducifolia, con predominancia de especies como
Bursera simaruba, Lysiloma divaricatum, Vachellia farnesiana
y Senna atomaria (Figura 2a).

El segundo evento fue a las 20:27 hr, en un sitio con
vegetacion secundaria de selva baja caducifolia (Latitud:
21° 37' 50.53" N, Longitud: 106° 35' 21.14" 0), a 364 m de
altitud y a 150 m de un campamento penitenciario en
desuso, con infraestructuras abandonadas y remanentes
de cultivos de Mangifera indica, Tamarindus indica y
Annona muricata (Figura 2b). En este caso, el individuo
fue identificado como un posible macho, ya que presenté
una prominencia con simetria ligeramente lobulada en la
regién ventro caudal, rasgo consistente con la descripcion
del escroto en otros didélfidos (Chase 1939; Renfree y Shaw
2018). Esta estructura es visible en el video registrado de
este ejemplar (Figura 2c).
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Figura 2. Ejemplares de T. insularis mediante fototrampeo en la Isla Madre: A) Primer registro en arroyo seco con bosque tropical caducifolio. B) Segundo registro cerca de un
campamento en desuso. C) Tlacuatzin insularis mostrando una prominencia en la regién ventro caudal (circulo), posiblemente correspondiente a la estructura escrotal.
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Figura 3. Registro de especies exoéticas invasoras mediante fototrampeo en la Isla Madre: A) Gato doméstico (Felis catus). B) Rata negra (Rattus rattus).
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Tabla 1. Registros de Tlacuatzin insularis obtenidos mediante fototrampeo en la Isla Maria Madre, Reserva de la Biosfera Islas Marias, Nayarit, México.

Fecha Hora Coordenadas Altitud Nombre del Sitio
09/07/2025 22:32:29 21°38'39.48"N 106°33'33.79"0 163 msnm Arroyo Rehilete
10/07/2025 20:27:57 21°37'50.50"N 106°35'21.14"0 364 msnm Campamento Zacatal

A partir de los dos registros de T. insularis se estimo
una tasa de captura fotografica de 1.25 registros/100 dias
trampa. Para S. graysoni con 30 fotografias independientes
se estimdé una tasa de 18.75 registros/100 dias trampa;
para el mapache de Islas Marias (P. lotor insularis) fueron
tres registros independientes y una tasa de captura de
1.88 registros/100 dias trampa. Asimismo, se documenté
para las tres especies exdticas invasoras sus registros
independientes y la tasa de captura. C. hircus fue la especie
que registré el mayor numero de registros independientes
(n =162) y la mayor tasa de captura fotografica con 101.25
registros/100 dias trampa; seguida por F. catus (n = 15) y R.
rattus (n = 2) con una tasa de captura de 9.38y 1.25 registros
/100 dias trampa respectivamente.

Si bien la Isla Maria Madre constituye un area natural
en buen estado de conservacion, uno de los registros de T.
insularis tuvo lugar en una zona con vegetacién secundaria,
resultado de la actividad humana histérica en la isla
(CONANP 2022). Esta observacién coincide con lo reportado
para otras especies del género Tlacuatzin, que suelen
aprovechar habitats perturbados y recursos alimenticios
introducidos, como 4rboles frutales (Ceballos y Miranda
2000; Kennedy et al. 2013; Islas-Flores et al. 2024). A pesar
de esta aparente tolerancia a la fragmentacién del habitat,
el caracter endémico e insular de T. insularis, junto con su
tamano poblacional potencialmente reducido, podrian
incrementar su vulnerabilidad frente a cambios drasticos
en el paisaje. Un ejemplo de esta susceptibilidad es el caso
de la rata arrocera de las Islas Marias (Oryzomys nelsoni),
especie restringida a la RBIM y de talla semejante a T.
insularis, catalogada en la NOM-059-SEMARNAT-2010 como
probablemente extinta en vida silvestre, posiblemente
como resultado de la introduccién de especies exdticas
invasoras en el archipiélago y a las modificaciones del
ecosistema derivadas del cambio de uso de suelo y a la
presencia del humano (Wilson 1991; Alvarez-Castafieda y
Méndez 2003).

La introduccion de especies exdticas invasoras (EEI) es
reconocida como una de las principales amenazas para la
integridad de los ecosistemas insulares (Atkinson y Atkinson
2000; Aguirre-Muioz et al. 2009), dado que actdan como
competidores de recursos que son limitados en estos sitios
o como depredadores de la fauna nativa. En este escenario,
de acuerdo con la informaciéon proporcionada por la
Direccion de CONANP (com. per. 2025) la existencia de cinco
mil cabras en la isla, asi como los gatos ferales (F. catus) y
roedores del género Rattus podria estar relacionada con la
escasez histérica de registros de T. insularis (Wilson 1991;
CONANP 2022), hecho que también pudiese representar
un riesgo latente para las demas especies endémicas del
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archipiélago. Esta problemdtica resulta particularmente
critica si se considera que en México el 67% de las
extinciones confirmadas de vertebrados terrestres han sido
especies endémicas de islas, ocasionadas directamente por
EEIl (Aguirre-Munoz et al. 2011).

El fototrampeo es una herramienta eficaz para el
estudio de fauna criptica y de habitos elusivos, cuyo uso
contribuye de manera significativa a la generacion del
conocimiento sobre su biologia, ecologia y conservacion
(Karanth et al. 2004; Chavez et al. 2013). Este trabajo
permitié registrar a T. insularis por primera vez mediante
esta técnica, logrando diferenciar incluso el sexo de
uno de los individuos, lo que representa un avance
importante considerando la escasa informacién reciente
sobre la especie. Casos similares de registros obtenidos
con camaras trampa que han permitido documentar
ampliaciones de distribucién se han reportado para T.
canescens en Sonoray T. balsasensis en el centro de México
(Gutiérrez-Gonzalez et al. 2022; Islas-Flores et al. 2024).

En la RBIM es necesario realizar un mayor esfuerzo de
muestreo en tiempo y espacio, ademas de utilizar otras
estrategias que posibiliten la detecciéon de un mayor nimero
deindividuos de T. insularis. En diversas regiones de México,
con especies del mismo género se han hecho esfuerzos para
conocer el estado poblacional y las condiciones de habitat
de ratones tlacuache. Aun con investigaciones a largo
plazo, en diversos habitats y con métodos distintos se han
obtenido abundancias y densidades relativamente bajas,
como lo sefala Kennedy et al. (2012) en su investigacion
realizada en Colima; con un esfuerzo de 48 mil noches en
seisanosy el uso de trampas Sherman con cebos, estimaron
densidades para T. canescens entre 0.7-9.8 individuos/ha,
mas del 80% de los individuos fueron registrados en las
trampas colocadas sobre los arboles. En tanto, Aztiaran et
al. (2021), calcularon una tasa de captura de 0.03 individuos
/ 100 dias trampa mediante fototrampeo. Ponderando
estos datos, sobre todo el Ultimo, en nuestra investigacion
obtuvimos una abundancia relativamente mayor, 1.25
individuos/100 dias trampa. Estos resultados sugieren
que, con un mayor esfuerzo de muestreo y la colocacion
de cdmaras a mayor altura sobre ramas y troncos, las
estimaciones de abundancia podrian incrementarse.

El uso de informacién generada por la ciencia ciudadana
también constituye una fuente valiosa para documentar la
presencia de especies y detectar posibles situaciones de
riesgo.Porejemplo, enlaplataformaiNaturalist (2026) se han
registrado cuatro individuos de T. insularis en la RBIM entre
2007 y 2009, correspondientes a observaciones directas,
incluyendo el registro de un ejemplar muerto. En este
sentido, la integracion de registros provenientes de ciencia




ciudadana con esfuerzos de monitoreos sistematicos y
técnicas como el fototrampeo puede contribuir a mejorar la
deteccion de la especie, ampliar la cobertura de los datos y
fortalecer la deteccién de amenazas en contextos insulares.

En conjunto, estos hallazgos evidencian la necesidad
de impulsar investigaciones orientadas a evaluar el estado
poblacional de T. insularis que permitan desarrollar las
pautas para su conservacion frente a las especies invasoras
en el archipiélago. La erradicacion de especies exoéticas
competidorasodepredadoras,comolaratanegraolosgatos,
es una medida urgente para la Isla Maria Madre. Iniciativas
de manejo de fauna en islas mexicanas del Golfo de México
han demostrado que la erradicacién de roedores exéticos
es viable en ambientes insulares (Samaniego-Herrera et al.
2018). El éxito de estas estrategias ha dependido de una
planeacion rigurosa y de la implementacién de acciones
coordinadas bajo el liderazgo de grupos especializados e
instituciones. Complementariamente, la implementacion
de programas de educacién ambiental puede contribuir a
fortalecer la conservacioén de la biodiversidad y a consolidar
un modelo de turismo de bajo impacto, como el promovido
en la RBIM, que favorezca el aprovechamiento sustentable
de su patrimonio biocultural.
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Understanding the natural history of species and their feeding habits is essential for their management and conservation. This note
documents mycophagy in the brown brocket deer (Mazama pandora) and provides evidence of boletoid mushroom consumption by a tropical
cervid. From April to July 2025, 20 passive-sensor camera traps were installed along wildlife trails, near watering holes and in areas covered by
fruit trees within the Uaymil Flora and Fauna Protected Area, with a total effort of 1820 camera-trap days. The ingestion of an ectomycorrhizal
macromycete by an M. pandora individual was opportunistically documented.To characterize the feeding behavior and mushroom morphology,
frames extracted from the camera-trap video were analyzed. An independent event was recorded on July 15, 2025, at 10:54 h, in which an adult
individual of M. pandora sniffed, bit, and consumed a boletoid basidioma. The observed characteristics of the pileus, poroid hymenium, and
stipe were consistent with species possibly belonging to the genus Neoboletus or Phlebopus, family Boletaceae, order Boletales. This record
documents mycophagy by M. pandora in a tropical forest and suggests that, as in temperate forests, cervids may contribute to spore dispersal
and ecosystem functioning. These findings highlight the need for further studies on the trophic and ecological importance of macromycetes
in the diet of the brown brocket deer.

Key words: Boletales; camera trapping; ectomycorrhizae; mycophagy; tropical rainforest; ungulate.

Comprender la historia natural de las especies y sus habitos alimenticios es esencial para su manejo y conservacion. Esta nota documenta
la micofagia del temazate café (Mazama pandora) y aporta evidencia sobre el consumo de hongos boletoides por un cérvido tropical. De abril
a julio de 2025 se instalaron 20 camaras trampa con sensor pasivo en senderos de fauna, abrevaderos y zonas con arboles frutales dentro del
Area de Proteccién de Flora y Fauna Uaymil, con un esfuerzo total de 1,820 dias-cdmara. De manera fortuita se documenté la ingesta de un
macromiceto ectomicorricico por un individuo de M. pandora. Para caracterizar la conducta alimenticia y la morfologia del macromiceto se
analizaron fotogramas extraidos del video de la cdmara trampa. Se registré un evento independiente el 15 de julio de 2025 a las 10:54 hr, donde
un individuo adulto de M. pandora olfated, mordié y consumié un basidioma boletoide. Las caracteristicas observadas del pileo, himenio
poroide y estipite fueron consistentes con especies del orden Boletales y la familia Boletaceae, posiblemente de los géneros Neoboletus o
Phlebopus. Este registro documenta micofagia por M. pandora en selva tropical y sugiere que, como en bosques templados, los cérvidos
podrian contribuir a la dispersién de esporas y al funcionamiento del ecosistema. Los resultados evidencian la necesidad de profundizar en la
importancia tréfica y ecoldgica de los macromicetos en la dieta del temazate café.

Palabras clave: camara trampa; ectomicorrizas; micofagia; selva tropical; ungulado.
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Fungi consumption by brown brocket

Today, the development of new wildlife monitoring
technologies has made it possible to document
ecological interactions, including trophic behavior, that
were previously difficult to record (Olea et al. 2019). For
example, Glebskiy et al. (2024) documented on video the
Mexican cottontail (Sylvilagus cunicularius) feeding on
eryngo (Eryngium proteiflorum), a feeding habit previously
inferred but lacking direct evidence. Similarly, Guimaraes-
Silva et al. (2021), using camera traps, documented on
video for the first time the predation of quail eggs by Azara
agouti (Dasyprocta azarae), a species usually described as
granivorous/frugivorous. This record evidenced a trophic
interaction that had been previously raised as a behavioral
hypothesis.

The feeding habits of wildlife are among the most
complex behaviors to document through video recording.
One of the most common techniques used in diet research
is microhistology (Arellano et al. 2019), which allows
the identification of plant species from the epidermis
found in feces (Lizcano 2003; Veselovska et al. 2021;
Peralta-Pardo et al. 2024). Although this technique has
allowed classifying hundreds of plant species consumed
by herbivores (Garnick et al. 2018) and has supported
hunting management and conservation policies
(Gonzalez and Briones-Salas 2012; Gastelum-Mendoza et
al. 2019), it has limitations in detecting ephemeral food
types, such as macromycetes, particularly in the case of
complex structures such as the pileus and the stipe. Some
mycofloristic groups can be identified from the spores,
but PCR analysis yields more accurate results in such cases
(Pareja et al. 2021).

In cervids, the diet has been widely studied (Serna-
Lagunes et al. 2024), mainly due to their importance
for hunting and conservation. However, records of
macromycete consumption by cervids in Mexico are scarce.
Flores-Vazquez (2021) reported mycophagy in Mazama
temama, a cervid species living in tropical forests, and this
behavior has been also documented in temperate deer,
such as reindeer (Rangifer tarandus) and moose (Alces alces)
(Launchbaugh and Urness 1992).

This note describes the trophic behavior of a specimen
of brown temazate (Mazama pandora), a species listed as
Vulnerable according to the IUCN Red List. The videotape
of the consumption of a boletoid macromycete by a
specimen was recorded fortuitously as part of a larger-scale
study. This finding indicates that mycophagy in cervids also
occurs in tropical ecosystems, as documented in temperate
zones, suggesting potential ecological implications and
highlighting the need for further research.

The study area is located in the Uaymil Flora and Fauna
Protection Area, Quintana Roo, Mexico (19°1'42.43" N,
87°37'34.41" W), characterized by floodable tropical forest
forest of Metopium brownei, Bursera simaruba, and Lysiloma
latisiliquum, as well as by mangrove patches of Rhizophora
mangle and Conocarpus erectus (Figure 1).
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From April to July 2025, a photo-trapping system was
installed as part of a larger-scale study focused on wildlife
monitoring, following Diaz-Pulido and Payan-Garrido
(2012) and Chavez et al. (2013). Twenty Bushnell Prime
Low Glow Trail cameras, with a 0.3-second trigger speed,
were installed 40-60 cm above the ground along wildlife
trails, near watering holes and in areas covered by fruiting
trees (Madhusudan and Karanth 2002; Macario-Cueyactle
etal. 2019).

The camera traps were in operation for 91 days, accumu-
lating a sampling effort of 1820 camera-days. They were re-
viewed monthly for record download, and were rotated to
new positions at 30-d intervals to cover a larger view of the
study area. To reduce bias, exposure to direct sunlight was
avoided and the equipment was covered with mud to min-
imize odor detection. It should be noted that the sampling
design was not specifically focused on the study of the diet
of M. pandora or the detection of mycophagia; in this con-
text, the reported record corresponds to a fortuitous event
recorded as part of the general monitoring of fauna.

An independent event was considered when more
than 30 minutes elapsed between two consecutive records
of the same specimen. After reviewing the videos, the
sequences corresponding to the event reported here were
identified; these sequences were processed using the
Filmora 12 software to extract the fragments showing the
trophic interaction with the macromycete.

Macromycetes were not collected because the record
was incidental within a protected natural area and due
to the ephemeral nature of fruiting bodies, which were
not observed during subsequent field inspections. The
consumed macromycetes recorded on video were identified
based on the macroscopic characters visible on the video,
following the taxonomic keys of Singer et al. (1990) and de
la Fuente et al. (2018).

During the sampling period, a mycophagy event
was recorded on July 15, 2025 at 10:54 hr at coordinates
19°1'42.43"N, 87°37'34.41"W by the camera trap installed
in station 21 (Figure 1). The record occurred during the
dry season; however, the area is characterized by high
humidity and precipitation due to the relative proximity
of the site to the coastline (~3.5 km).

The record corresponded to an adult individual of M.
pandora, identified based on its size, morphology, color,
distribution, and presence in the region (Sandoval et al.
2023).Thevisible absence of antlers and the presence of a
companion juvenile suggests that it was a reproductively
mature female. During the event, the individual sniffed
and subsequently consumed a boletoid macromycete
(Figure 2a-h). Likewise, traces of substrate removal
suggesting the search for other fruiting bodies were
identified in the vicinity.

The frames recorded a brown-ochre pileus, arobust stipe
and a yellow poroid hymenium (Figure 2c-d), consistent
with species in the order Boletales. Although it was not
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Figure 1. Study area within the Uaymil Flora and Fauna Protection Area, Quintana Roo, Mexico; detail of the observation area in the red box.

possible to make a specific taxonomic identification, the
observed features are compatible with taxa reported for
the region, such as Neoboletus antillanus or Phlebopus
brasiliensis (de la Fuente et al. 2018; Gelardi et al. 2019).

Throughout the study, M. pandora was recorded on
several occasions at different photo trapping stations,
suggesting a relatively constant presence in the study
area. In contrast, fruiting bodies of boletoid fungi were
recorded only occasionally, mainly associated with
periods of higher environmental humidity. This difference
could indicate that the recorded mycophagia event is
an opportunistic feeding habit favored by the temporal
availability of the fungal resource.

It should be noted that studies addressing the presence
and abundance of mammals in the state of Quintana Roo
are still limited. According to Sosa-Escalante et al. (2013)

Boletales and Amanitales are recurrent components of the
diet (Launchbaugh and Urness 1992; Elliott et al. 2022).
The record reported herein documents that mycophagy in
ungulates is not unique to temperate ecosystems.

Boletoid fungi play central ectomycorrhizal functions
in forest nutrient dynamics, and their spores can remain
viable after gastrointestinal transit, suggesting a potential
role of herbivores in fungus dispersal (Elliott et al. 2022). In
tropical ecosystems, this type of ecological interaction has
been poorly documented.

In tropical environments, macromycete availability is
usually associated with rainy seasons and the phenology
of host tree species, so opportunistic fungi consumption
could be a nutritional supplementation strategy in
periods of high humidity and fungus abundance (Cadotte
et al. 2021; Elliott et al. 2022). Similarly, various Boletales

and Sanchez-Zavalegui et al. (2024) there are at least seven
published works referring to the fauna of the state, of
which three correspond to technical reports developed in
protected natural areas. Likewise, the information available
specifically for the study area is still scarce.

Macromycete consumption by Mazama pandora is
consistentwith documented mycophagy patterns of cervids
inhabiting temperate regions, where species of the orders

species form ectomycorrhizal associations with dominant
trees in various forest types, favoring the resistance of
their hosts against diseases and environmental stress
(Ediriweera et al. 2020).

The existence of an ecological interaction homologous
to the one described here has been documented in tropical
forests, where macromycete genera such as Russulg,
Amanita, and Xerocomus establish mycorrhizal symbiosis
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Fungi consumption by brown brocket

Figure 2. (a) Mazama pandora, side view. b) Individual approaching the macromycetus. c-d) View of the boletoid fungus pileus and poroid hymenium. e-g) Basidiom chewing and
swallowing. h) Individual after having consumed the macromycete. The original camera trap footage is featured in an explanatory science communication video hosted on the Centro de
Investigacion de la Universidad Auténoma de Campeche Facebook page (https://www.facebook.com/reel/1297273865219541).
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with trees of the genus Coccoloba (Corrales et al. 2022;
Gelardi et al. 2023). The presence of these fungi in tropical
environments could facilitate trophic interactions with
herbivorous mammals. In this sense, the present record
suggests that tropical fungus species may be a food
resource for cervids, similarly to their documented role in
temperate ecosystems.

The recurrent presence of Mazama pandora in different
photo-trapping stations, together with the occasional
availability of fruiting bodies during high-humidity
periods, suggests that mycophagy could be part of under-
recorded trophic interactions in tropical ecosystems. The
scarce documentation of this type of event is probably
related to methodological limitations and the ephemeral
nature of macromycetes.

Audio-visual documentation contributes to mitigate
the limitations of indirect dietary analysis methods and
provides direct information on poorly recorded trophic
interactions. It is recommended to involve molecular
analysis of feces and systematic fungus sampling to assess
the trophic importance of macromycetes in the diet of
M. pandora and its ecological implications related to fungus
dispersal and forest dynamics.
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Notable records of Caluromys derbianus in Quintana Roo, Mexico:
evidence of reproduction zone in a high-value ecological area

Registros notables de Caluromys derbianus en Quintana Roo,
México: evidencia de zona de reproduccion
en un area con alto valor ecolégico
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Caluromys derbianus is an arboreal and nocturnal opossum, considered rare and poorly documented in Mexico, particularly in the Yucatan
Peninsula. The objective of this note is to update the knowledge of its distribution in Quintana Roo through recent records obtained in the K'u’
Aayin Nature Reserve, evaluating its potential use as a functional habitat. Surveys were conducted between 2024 and 2025 in the K'u’ Aayin
Nature Reserve. Photographic evidence and geographic coordinates of sightings were collected using the Geo Tracker app. Records were
compared with historical data from GBIF, and a distribution map was created including both previous and new records to contextualize the
findings. Seven records of C. derbianus were documented: six adults observed in the tree canopy and one juvenile found in critical condition
on the ground. All sightings occurred within a small area of the reserve, suggesting a potential site for reproduction or stable residence for the
species. These records confirm the current presence of C. derbianus in Felipe Carrillo Puerto and expand its known distribution in Quintana Roo.
The observation of a juvenile indicates reproductive activity. These findings highlight the ecological value of K'u’ Aayin as a functional habitat
and support its inclusion in regional conservation strategies. The K'u’ Aayin Reserve serves as a potential refuge for C. derbianus and other hard-
to-detect arboreal species. We recommend implementing a systematic biological monitoring program to better understand its local ecology
and guide conservation actions focused on protecting its habitat in the region.

Key words: Arboreal marsupial, Distribution range extension, monitoring, Private reserve, Quintana Roo

Caluromys derbianus una zariglieya arboricola y nocturna, considerada rara y poco documentada en México, especialmente en la peninsula
de Yucatan. El objetivo de esta nota es actualizar el conocimiento sobre su distribucién en el estado de Quintana Roo, mediante registros
recientes obtenidos en la Reserva Natural K'u’ Aayin, evaluando la posibilidad de que exista una poblacién establecida en la zona. Se realizaron
recorridos entre 2024y 2025 en laReserva Natural K'u’Aayin. Se obtuvieron fotografias y coordenadas geograficas de los avistamientos utilizando
la aplicaciéon Geo Tracker. Los registros se compararon con datos histdricos del GBIF y se elaboré un mapa de distribucién con registros previos
y actuales para contextualizar los hallazgos. Se obtuvieron siete registros de C. derbianus: seis adultos observados en la copa de los arboles y
una cria en estado de salud critico hallada en el suelo. Los avistamientos ocurrieron en un éarea reducida dentro de la reserva, lo que sugiere un
posible sitio de reproduccién o residencia estable para la especie. Los registros confirman la presencia actual de C. derbianus en el municipio de
Felipe Carrillo Puerto y amplian su distribucién conocida en Quintana Roo. El hallazgo de un neonato indica actividad reproductiva. Estos datos
resaltan el valor ecolégico de K'u’ Aayin como habitat funcional y justifican su inclusién en estrategias de conservacién regional. La Reserva
K'u’ Aayin actia como refugio potencial para C. derbianus y otras especies arboricolas de dificil deteccién como Marmosa mexicana mayensis,
Coendou mexicanus y Potos flavus. Se recomienda implementar un programa de monitoreo bioldgico para profundizar en su ecologia local y
desarrollar acciones de conservacion enfocadas en proteger su hébitat en la region.

Palabras clave: Ampliacién de distribucién; marsupial arboricola, Reserva privada; monitoreo; Quintana Roo
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México alberga 12 especies de marsupiales (Didelphidae;
Medina-Romero et al. 2012; Arcangeli et al. 2018; Luna-
Jiménez et al. 2021), un grupo ancestral de gran relevancia
para comprender la evolucién de los mamiferos (Luna-
Jiménez et al. 2021). Las especies de marsupiales suelen
estar asociadas con selvas tropicales, aunque también se

han registrado en otros habitats, incluidos los perturbados
y fragmentados (Medina-Romero et al. 2012; Contreras-
Calvario et al. 2024).

Caluromys derbianus, cominmente conocido como
tlacuachillo dorado, zariglieya lanuda de Derby o
zariglieya lanuda de Centroamérica (Bassa-Hernandez
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et al. 2016; Pérez-Gracida y Serna-Lagunes 2021), es un
mamifero omnivoro nocturno, arboéreo, solitario y de
tamano mediano. La longitud del cuerpo varia entre 250 a
350 mm y la longitud de la cola entre 300 a 400 mm y con
un peso entre los 200 y 400 g. La coloracion de la cabeza
es gris palido con una franja rojiza en la frente y el dorso
del cuerpo es suave, denso y lanudo, de color rojizo o
dorado con vientre claro, las orejas son grandes y desnudas
de tonalidades rosadas, las extremidades delanteras son
blancas con tonos rojizos. La cola es larga y presenta pelo
en la base entre el 30 y 50% de la longitud (Gémez-Nisino
2006; Pérez-Gracida y Serna-Lagunes 2021).

La distribucion de C. derbianus abarca desde el centro de
México hasta Sudamérica, incluyendo paises como Belice,
Guatemala, Honduras, Nicaragua, Costa Rica, Panamaj,
Colombia y Ecuador (Emmons y Feer 1997; Pérez-Gracida
y Serna-Lagunes 2021; Solari y Lew 2015). En México, se ha
registrado su presencia en los estados de Veracruz, Puebla,
Oaxaca, Chiapas, Tabasco, Campeche y Quintana Roo,
aunque en esta ultima entidad los registros son escasos
(Pérez-Gracida y Serna-Lagunes, 2021; Solari y Lew 2015).

A nivel global, la Unién para la Conservacién de la
Naturaleza (IUCN, por sus siglas en inglés) considera a C.
derbianus como una especie de “preocupacién menor’, ya
que no hay evidencia de una disminucién en el tamafo
de su poblaciéon a lo largo de su drea de distribucion
geografica, aunque se sabe que sus poblaciones estan en
declive (Pérez-Gracida y Serna-Lagunes 2021; Solari y Lew
2015). En el caso de México, de acuerdo con la Lista de
especies en riesgo de la Norma Oficial Mexicana (NOM-059-
SEMARNAT-2010), la especie se encuentra en la categoria
de Amenazada (A).

Los registros reportados en esta nota se localizan en la
Reserva Natural K'u’ Aayin, que es una reserva privada y se
encuentra ubicada en la localidad de Nueva Loria, Felipe
Carrillo Puerto, Quintana Roo, México. Esta reserva, ante-
riormente conocida como “El Corozo’, abarca 1,000 ha y
forma parte de una regién prioritaria para la conservacion
dentro del Corredor Biolégico Mesoamericano (CBM), una
red de ecosistemas interconectados que promueve el man-
tenimiento de procesos ecolégicos y el desplazamiento de
especies a gran escala. K'u’ Aayin se encuentra estratégi-
camente situada entre dos Areas Naturales Protegidas de
gran relevancia: el Area de Proteccién de Flora y Fauna Ba-
la'an K'aax y la Reserva de la Biésfera Sian Ka'an, lo que la
convierte en un importante corredor biolégico para espe-
cies de amplia distribucién y especialistas de habitat, como
el jaguar (Panthera onca), el tapir centroamericano (Tapirus
bairdii) y el mono arafa (Ateles geoffroyi). La vegetacion
dominante en la reserva corresponde a selva mediana
subperennifolia en buen estado de conservacion, y abarca
aproximadamente 714 hectareas. Algunas especies repre-
sentativas de este tipo de vegetacion son la caoba (Swiete-
nia macrophylla), cedro (Cedrela odorata), zapote (Manilka-
ra zapota), ramén (Brosimum alicastrum), etc.
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Los avistamientos reportados se obtuvieron durante
recorridos de campo realizados el 15 de septiembre y el 28
de noviembre de 2024, asi como el 6 de junio, 9 de agosto,
8 de noviembre y el 15 de noviembre de 2025. En todos
los casos, los individuos fueron observados en su habitat
natural y se obtuvo evidencia fotografica. Las coordenadas
geograficas de cada registro fueron documentadas con
la aplicacién movil Geo Tracker, utilizando la funcion de
geolocalizacion satelital.

Posteriormente, los registros fueron comparados con
datos histéricos de distribucion de C. derbianus disponibles
en la base de datos del Global Biodiversity Information
Facility (GBIF, 2025). Los avistamientos documentados
corresponden a dos municipios: Felipe Carrillo Puerto,
con registros en 1985 y 1988, y Solidaridad, con un
registro en 1985. Para esta comparacion se elaboré un
mapa de distribuciéon (Figura 1) que incluye tanto los
registros previamente reportados para la region, como los
documentados en esta nota.

Se obtuvieron siete registros directos de C. derbianus
en la Reserva Natural K'u’ Aayin entre 2024 y 2025 (Figura
2). Seis registros correspondieron a individuos adultos
observados en la copa de los arboles, mientras que una
cria en estado critico fue encontrada en el suelo. El primer
avistamiento ocurrié durante un recorrido nocturno el 15
de septiembre de 2024. El ejemplar fue observado activo
y desplazdndose entre las ramas altas de un arbol, a una
altura estimada de 12 metros, en la zona central de la
reserva. El segundo registro tuvo lugar el 28 de noviembre
de 2024, durante un recorrido diurno. En esta ocasion, el
individuo se encontraba descansando en la copa de una
palmera de coco (Cocos nucifera) y, tras un breve periodo de
observacion, comenzé a desplazarse lentamente hacia una
rama adyacente. El tercer registro se realizé el 6 de junio de
2025. Se localizé una cria en el suelo, bajo el dosel forestal,
en un estado critico (respiracion débil y movimientos
limitados). El ejemplar falleci6 minutos después, a pesar
de no presentar heridas visibles externas; probablemente
debido al trauma causado por una caida accidental desde
la copa, presumiblemente mientras era transportado por

Tabla 1. Registros de avistamientos de Caluromys derbianus en Quintana Roo.

Municipio Coordenadas :2?5:’:) Fuente

Solidaridad 20°21'47.00'N  87°19'58.00"0 1985 GBIF
Felipe Carrillo Puerto 19°13'26.00"N 88°62.00"0 1985 GBIF
Felipe Carrillo Puerto 19°23'23.00"N  88°4'27.00"0 1988 GBIF

Felipe Carrillo Puerto 19°16'20.10"N  88°29'59.50"0 2024 Esta nota

Felipe Carrillo Puerto 19°16'0.87"N 88°30'6.33"0 2024 Esta nota
Felipe Carrillo Puerto 19°15'57.95"N  88°30'5.46"0 2025 Esta nota
Felipe Carrillo Puerto 19°16'18.11"N  88°30'0.07"0 2025 Esta nota
Felipe Carrillo Puerto 19°16'9.63"N 88°30'4.06"0 2025 Esta nota
Felipe Carrillo Puerto 19°16'16.59"N 88°30'0.41"0 2025 Esta nota
Felipe Carrillo Puerto 19°16'2.42"N 88°30'7.06"0 2025 Esta nota
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Figura 1. Mapa de la Peninsula de Yucatén con la ubicacion de registros de Caluromys derbianus: histéricos (puntos azules) y los registros reportados en esta nota (puntos naranjas).
Los registros previos fueron obtenidos de Global Biodiversity Information Facility (GBIF, 2025).

Figura 2. Avistamientos de Caluromys derbianus en la Reserva Natural K'u’ Aayin, Quintana Roo: a) individuo adulto observado el 15 de septiembre de 2024, b) individuo adulto
observado el 28 de noviembre de 2024, c) cria observada el 6 de junio de 2025, d) individuo observado el 9 de agosto de 2025; e) individuo adulto observado el 8 de noviembre de 2025
y f) individuo adulto observado el 15 de noviembre de 2025.
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su madre. El cuarto registro se obtuvo el 9 de agosto de
2025 durante un recorrido nocturno, cuando se observé
a un ejemplar activo desplazandose entre la copa de
los arboles aproximadamente a 10 m de altura. El quinto
registro, obtenido el 8 de noviembre de 2025, correspondio
a un individuo que también estaba activo en el dosel, a
una altura similar. El ultimo registro se documenté el 15
de noviembre de 2025, en donde se observaron dos
ejemplares en la copa de los arboles (Tabla 1).

Todos los ejemplares, a excepcién de la cria, fueron
identificados visualmente como adultos por su tamafo y
complexion, y se obtuvo evidencia fotografica clara en cada
uno de los casos.

Aunque los registros no pueden observarse con
precision en el mapa de distribucién (Figura 1) debido
a la escala utilizada, todos ocurrieron dentro de un area
reducida, a menos de 700 m. Esta cercania espacial,
sumada a la observacidon de un neonato, sugiere que el
sitio podria estar funcionando como una zona de actividad
reproductiva y de refugio para la especie. Estos indicios
resaltan el valor ecolégico del drea para C. derbianus y
refuerzan la necesidad de continuar con los esfuerzos de
monitoreo para confirmar patrones de uso del habitat y
posibles dinamicas poblacionales.

Los registros presentados en esta nota contribuyen
a ampliar el conocimiento sobre la distribucion de C
derbianus en la peninsula de Yucatan, una regiéon donde su
presencia ha sido escasamente documentada. De acuerdo
con Medellin (2005), la biologia de esta especie sigue siendo
poco conocida, en parte debido a sus habitos estrictamente
nocturnos y su preferencia por el dosel arbéreo, lo que
dificulta su deteccién mediante métodos convencionales
de muestreo como son los avistamientos directos o
fototrampeo. A diferencia de especies escansoriales como
Didelphis marsupialis, C. derbianus rara vez desciende al
suelo, lo que ha limitado considerablemente la frecuencia
de registros en campo (Steiner 1981; McClearn et al. 1994;
Voss y Jansa 2009; Aranda-Sanchez 2012; Ortega et dl.
2021). Los registros histéricos disponibles en GBIF indican
dos avistamientos en 1985 —en los municipios de Felipe
Carrillo Puerto y Solidaridad— y un registro en Quintana
Roo en 1988, también en Felipe Carrillo Puerto. Los nuevos
registros reportados en esta nota, todos en Felipe Carrillo
Puerto, no solo confirman la presencia de la especie en
esta drea, sino que amplian su distribuciéon conocida. Cabe
destacar que en la plataforma iNaturalist no se encontraron
registros de C. derbianus para Quintana Roo; los Unicos
avistamientos en la Peninsula de Yucatan corresponden al
estado de Campeche.

En este contexto, la observacién de individuos adultos
activos en la copa de los arboles coincide con su ecologia
arboricola y reafirma la importancia de realizar recorridos
dirigidos con un enfoque estratificado que contemple
los distintos niveles verticales del bosque. Adun mas
significativo es el hallazgo de una cria viva, que, aunque no
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logrd sobrevivir, representa un fuerte indicio de actividad
reproductiva reciente en la zona. Este tipo de evidencia,
poco comun en registros para la especie, sugiere la posible
presencia de al menos una pareja reproductiva y refuerza la
hipotesis de que el drea actiia como sitio de refugio, crianza
o residencia estable.

La Reserva Natural K'u’ Aayin, estd estratégicamente
ubicada entre dos Areas Naturales Protegidas relevantes:
el Area de Proteccién de Flora y Fauna Bala’an K'aax y la
Reserva de la Biosfera Sian Ka'an. Su ubicacién fortalece
su funcién como corredor bioldgico dentro del Corredor
Bioldégico Mesoamericano, facilitando la conectividad
entre poblaciones de fauna con altos requerimientos de
cobertura forestal continua. En este sentido, la presencia
repetida de C. derbianus en un periodo corto y en un
area relativamente reducida resalta el valor ecolégico de
la reserva, no solo para esta especie poco comun, sino
potencialmente para otras especies con habitos similares y
escasa detectabilidad.

Dado lo anterior, se recomienda establecer un
programa sistemético de monitoreo biolégico en K'u’ Aayin
para evaluar la presencia de especies poco conocidas
y documentar aspectos clave de su ecologia, como
reproduccién, uso del hdbitat y estacionalidad. Estos
esfuerzos son esenciales para disefar estrategias locales
de conservacién que aseguren la permanencia de especies
vulnerables en el paisaje selvético de la region.

Agradecimientos

A la familia Garcia-Sanchez por darnos todas las facilidades
para entrar a K'u’ Aayin, asi como por su hospitalidad y
apoyo durante el desarrollo del trabajo de campo. t En
memoria de nuestro querido coautor, maestro, amigo y
reconocido mastozoologo (M.A.), quien fallecié en abril de
este ano. Dedicamos esta nota a su memoria y legado.

Literatura citada

ARANDA-SANCHEZ, J. M. 2012. Manual para el rastreo de
mamiferos de México. Comisién Nacional Para el
Conocimiento y Uso de la Biodiversidad. México, D.F.

Arcancel, J., J. E. Light, Y F. A. Cervantes. 2018. Molecular
and morphological evidence of the diversification
in the gray mouse opossum, Tlacuatzin canescens
(Didelphimorphia), with description of a new species.
Journal of Mammalogy 99:138-158.

Bassa-HernANDEZ, D., eT AL 2016. Actualizaciéon de la
distribucion de Caluromys derbianus (Didelphiomorphia:
Didelphidae) en Colombia. Revista de la Asociacién
Colombiana de Ciencias Biol6gicas 28:182.

ConTRERAS-CALVARIO, A., ET AL. 2024. New records of two marsu-
pials (Didelphimorphia, Didelphidae) and conservation
notes from southern Mexico. Neotropical Biology and
Conservation 19:29-36.

Emmons, L., v Feer, F. 1997. Neotropical Rainforest Mammals: A
Field Guide. Segunda edicion. The University of Chicago



Press. Chicago, EE.UU.

Gomez-NisiNo, A. 2006. Ficha técnica de Caluromys derbianus.
En: Medellin, R. (compilador). Los mamiferos mexicanos
en riesgo de extincion segun el PROY-NOM-059-
ECOL-2000. Instituto de Ecologia, Universidad Nacional
Autéonoma de México. Bases de datos SNIB-CONABIO.
Proyecto No.W005. México. D.F.

Luna-JiMENez, F., eTAL. 2021. Notes on the behavior of opossum
(Didelphis sp.) in the wild in Usumacinta Canyon, México.
Therya Notes 2:132-139.

MebpiNna-RomERo, M., GovenecHEA, I., v CasTiLo-CerON, J. 2012.
Phylogenetic measures applied to the conservation of
Mexican marsupials. Revista Mexicana de Biodiversidad
83:1215-1226.

McCLeArN, D., e7 AL. 1994, Arboreal and Terrestrial Mammal
Trapping on Gigante Peninsula, Barro Colorado Nature
Monument, Panama. Biotropica 26:208-213.

MEepeLLiN, R. 2005. Tlacuache lanudo. Pp 102-103 in Los ma-
miferos silvestres de México (Ceballos, G.y G. Oliva. eds.),
Fondo de Cultura Econédmica y CONABIO. México. D. F.

ORTEGA, J., ET AL. 2021. Central American woolly opossum
(Caluromys derbianus): distribution, ecology and
conservation threats in Panama. Therya Notes 2:15-19.

Perez-GRACIDA, L. D. v R, SERNA-LAGUNES. 2021. A new locality
record and distribution of Caluromys derbianus in
México. Therya Notes 2:94-98.

SoLar, S. Y Lew, D. 2015. Caluromys derbianus. The IUCN Red
List of Threatened Species 2015: e.T3650A22175821.
STeINER, K. E. 1981. Nectarivory and Potential Pollination by a
Neotropical Marsupial. Annals of the Missouri Botanical

Garden 68:505-513.

Voss, R. S. v Jansa, S. A. 2009. Phylogenetic relationships
and classification of didelphid marsupials, an extant
radiation of new world metatherian mammals. Bulletin
of the American Museum of Natural History Number
322:1-177.

Associate editor: José Fernando Moreira Ramirez
Submitted: September 10, 2025; Reviewed: February 5, 2026
Accepted: July 09, 2026; Published on line: August 19, 2026

Méndez Saint Martin et al.

www.mastozoologiamexicana.org

161



THERYA NOTES 2026, Vol. 7:162-165 DOI: 10.12933/therya_notes-25-247  ISSN 2954-3614

First record of melanism in the white-tailed antelope squirrel
Ammospermophilus leucurus (Mammalia: Sciuridae)

Primer registro de melanismo en la ardilla antilope de cola blanca
Ammospermophilus leucurus (Mammalia: Sciuridae)
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The white-tailed antelope squirrel Ammospermophilus leucurus is a rodent species distributed from northwestern Mexico to southwestern
United States. It is characterized by its small size and a light brown coloration with two white stripes on its back. It usually inhabits arid zones,
from plains with xerophilous vegetation to mountainous cliffs. A field visit was carried out during midday on May 11th, 2023, in the volcanic
area of Las Tres Virgenes within the El Vizcaino Biosphere Reserve, Baja California, Mexico. Specifically, the transect walked was within Del Azufre
canyon, characterized by rocky walls and cliffs, as well as small caves. During the field walk, a melanistic individual of A. leucurus was observed
between rocky substrates on the walls and debris of the canyon. The individual measured approximately 20 cm and exhibited vigilance in
both horizontal and vertical positions. This observation represents the first documented case of melanism within the antelope squirrel genus
Ammospermophilus. Further research, such as genetic or ecological analyses, can determine the frequency of melanism in this species as well
as its influence on behaviour and survival.

Keywords: Melanistic; natural protected area; Rodentia; squirrels.

La ardilla antilope de cola blanca o juancito Ammospermophilus leucurus es una especie de roedor distribuida desde el noroeste de México
hasta el suroeste de Estados Unidos. Se caracteriza por su tamafo pequefio y una coloracién café claro con dos franjas blancas en el dorso.
Habita generalmente zonas aridas, desde planicies con vegetacion xerdfila hasta acantilados montafiosos. Se realizé una visita de campo al
mediodia del 11 de mayo de 2023 en la zona volcénica de Las Tres Virgenes, dentro de la Reserva de la Biosfera El Vizcaino, Baja California,
México. Especificamente, el transecto recorrido se localizd en el Cafidn del Azufre, el cual se caracteriza por presentar paredes y acantilados
rocosos, asi como pequenas cuevas. Durante el recorrido de campo se observé un individuo meldnico de A. leucurus entre sustratos rocosos
en las paredes y entre los detritos del Caiidn del Azufre. El individuo presenté una longitud aproximada de 20 cm y mostré comportamiento
vigilante tanto en posicion horizontal como vertical. Esta observacién constituye el primer caso documentado de melanismo dentro del género
de ardillas antilope Ammospermophilus. Investigaciones adicionales, como andlisis genéticos o ecoldgicos, podrian determinar la frecuencia
del melanismo en esta especie y evaluar su influencia tanto en el comportamiento como en su supervivencia.

Palabras clave: Ardillas; area natural protegida; melanismo; Rodentia.
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The antelope squirrels of the genus Ammospermophilus
(Sciuridae) evidence adaptive physiological and behavioral
responses to extreme climate with low water availability
(Hudson 1962; Belk and Smith 1991). These capacities
are evident in the five species that constitute this genus,
displaying resistance to hyperthermia and developed
social skills for survival (DeCoursey et al. 1997; DeCoursey
2014). Among these, the white-tailed antelope squirrel,
Ammospermophilus leucurus, isamodel species for studying
natural selection in the wild due to its various responses
across different environments (DeCoursey 2014).

The white-tailed antelope squirrel is a diurnal
omnivorous species that does not hibernate (Hall 1946).

Its average lifespan is unknown, although individuals
reproduce at approximately one year of age, and one
individual lived up to five years and ten months in captivity
(Kenagy and Bartholomew 1985). Ammospermophilus
leucurus inhabits diverse environments, from plains with
xerophilous vegetation to mountainous cliffs in the Neartic
region, primarily in arid zones from southwest Oregon,
United States, to the Baja California Peninsula, Mexico
(Belk and Smith 1991). This squirrel is characterized by
its greyish-brown and light-reddish coloration and two
white lateral stripes on each side that extend from the
shoulders to the anterior portion of the tail, which is long
and flattened (Belk and Smith 1991; Alvarez-Romero and
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Figure 1. Location of “El Azufre” canyon (red diamond) in the volcanic complex“Las Tres Virgenes” where observations of the melanistic variant of Ammospermophilus leucurus occurred.

Medellin 2005).

The distribution of antelope squirrels in North America’s
Nearctic region is influenced by diverse selective forces,
including plate tectonic subduction and sea-level
fluctuations, which shape the landscape and habitats where
these squirrels are found (Belk and Smith 1991; Morrone
2019). In the volcanic complex of Las Tres Virgenes (27° 28’
11" N, 112° 35" 28" W), southern and northern population
haplotypes are present in A. leucurus, setting them apart
from other populations found in the Baja California
Peninsula (Alvarez-Castafieda 2007).

Melanism is a genetic condition resulting in dark
phenotypic pigmentation of the fur (Majerus and Mundy
2003; Kingsley et al. 2009). Although melanistic variants
are conspicuous (Kingsley et al. 2009), the phenotype
expression in rodents such as A. leucurus might be linked
to multiple genes, including Agouti signalling protein
(Agouti), attractin (Atrn), melanocortin-1 receptor (Mc1r),
and mahogunin (Mgrn; Robbins et al. 1993; Bultman et
al. 1994). Related ecological and physiological factors
include higher thermoregulation capacities and protection
from UV radiation, as observed in diverse species from
arid environments (Best and James 1984, Belk and Smith
1991, Ward et al. 2002). The expression of melanism or any

other abnormal pigmentation has not been documented
across A. leucurus distribution or in any species of its genus
(Thorington and Ferrell 2006; Medina and Medina 2019).
Here, we report the first record of a melanistic variant within
the geographical intersection of southern and northern
populations of A. leucurus in Northwestern Mexico.

The record occurred in Del Azufre canyon (27° 32 36.66"
N, 112° 34 26.12"W) in the Baja California Peninsula, Mexi-
co (Southern Nearctic region; Morrone 2019; Figure 1). The
study area is characterized by dry environments, low plu-
vial precipitation, xerophilous vegetation, and an average
annual temperature of 18-22 °C (INEGI 2024). Del Azufre
canyon forms part of the Las Tres Virgenes volcanic complex,
located within the limits of El Vizcaino Biosphere Reserve at
720 meters above sea level (Avellan et al. 2019).

On May 11th, 2023, between 11:42 and 11:45 hr, a
melanistic variant of A. leucurus was observed between
rocky substrates on the walls and debris of Del Azufre canyon
(Figure 1). Digital photographs and videos were obtained
using Nikon D7100 (Nikon 55-350 mm lens) and D5600
(Tamron 18-400 mm lens) cameras. The weather conditions
included a clear sky, high solar radiation, and a temperature
of 28 °C. Estimated distance between the observers and the
individual was 15 m. Camera settings for the Nikon D7100
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Melanism in Ammospermophilus leucurus

Figure 2. Right (a) and left (b,c) side of the melanistic individual of Ammospermophilus
leucurus recorded in Las Tres Virgenes, Baja California Sur, Mexico, May 2023. Comparison
with and individual with normal pigmentation (d); Arrows indicate characteristic dorsal
white line of the species.

included an exposure time of 1/640 s, f/5.6, 1S0-400, and
a focal length of 300 mm. Camera settings for the Nikon
D5600 included an exposure time of 1/500 s, f/6.3, 1S0-400,
and a focal length of 400 mm.

The identification of A. leucurus was confirmed by
the observation of distinct morphometric traits, such as
two light lateral lines diagnostic of the species, as well as
a comparison between photographs of the melanistic
squirrel and individuals with normal pigmentation (Belk and
Smith 1991; Alvarez-Romero and Medellin 2005; Figure 2).
The melanistic individual, which measured approximately
20 cm, exhibited vigilance in both horizontal and vertical
positions, possibly indicating heightened alertness when
standing on its hind legs (Figure 2). No alarm calls or
distinct, audible vocalizations were detected.

Among mammals, the Rodentia class exhibits the
highest incidence of melanism (50 out of 113 species;
Medina and Medina 2019; Bounaceur et al. 2023). Notably,
this phenomenon is most prevalent in the Sciuridae family,
particularly in species such as Sciurus carolinensis and
Sciurus vulgaris (Medina and Medina 2019). In this context,
the observation of melanism in A. leucurus opens a pathway
to explore melanistic expression within Ammospermophilus
squirrels, which could provide insights into the selective
forces and evolutionary implications influencing the
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survival of this species (Riddle et al. 2000; Alvarez-Castafieda
2007; Whorley and Kenagy 2007). Identifying the molecular
basis of phenotypic variation will also help elucidate
the mechanisms underlying melanistic expression in A.
leucurus (DeCoursey et al. 1997; DeCoursey 2014; Majerus
and Mundy 2003; Kingsley et al. 2009).

Melanism has been reported in canyon areas where
white and black bedrock converge (Majerus and Mundy
2003; Singaravelan et al. 2010), including the black-tailed
rattlesnake (Crotalus molossus Prieto and Jacobson,
1968), pigeons (Columbidae; Obukhova 2001), whip-
poor-wills (Antrostomus arizonae; Stager 1954), Albert’s
squirrels (Sciurus aberti; Cahalane 1947), rock squirrels
(Otospermophilus variegatus), black jackrabbits (Lepus
insularis; Alvarez-Castafieda and Lorenzo, 2017), and
jaguars (Panthera onca;_Dinets and Polechla 2005). In
arid canyon environments with volcanic activity, such
as Del Azufre, melanism in A. leucurus may be favored by
several ecological factors, including predation pressure,
shelter availability provided by sediment and debris, and
the presence of shadows that enhance cryptic behavior
(Hudson 1962; Whorley and Kenagy 2007; Avellan et al.
2019). Since A. leucurus does not undergo hibernation,
a dark colouration could provide a survival advantage
regarding metabolic heat retention during winter (Belk
and Smith 1991).

Melanism in A. leucurus may reflect a broader genetic
pool arising from admixture between the northern and
southern populations, coupled with the unique ecological
conditions of the region (Riddle et al, 2000; Alvarez-
Castarieda, 2007; DeCoursey, 2014). However, given that
melanism was observed in only a single individual, it
remains unclear whether this represents a rare, stochastic
occurrence or reflects broader evolutionary processes
influencing the expression and frequency of melanism in
this species. Further work integrating genetic analyses,
ecological monitoring, and broader sampling across the
species’ range will be essential to clarify the drivers of this
observed phenotype, its frequency, and its evolutionary
significance, if any.

We registered the first case of melanism in A. leucurus in
a canyon characterized by rocky substrates and surrounded
by volcanoes located in Baja California, Mexico. This
observation may relate to the canyon’s shady environments
and the mixing of northern and southern populations.
However, given that melanism was documented in only a
single individual, further studies — such as camera trapping
or genetic analyses — are needed to determine whether
this phenotype occurs at appreciable frequencies and
whether it is associated with differential survival relative to
normally pigmented individuals.
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Diclidurus albus (Chiroptera: Emballonuridae) in Panama: new
records and comments on its geographic distribution

Diclidurus albus (Chiroptera: Emballonuridae) en Panama: nuevos
registros y comentarios sobre su distribucion geografica
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Diclidurus albus is a medium-sized insectivorous bat species, easily distinguishable by its white to grayish fur. It is considered an uncommon
to rare species, with few documented records in Panama, which has historically limited knowledge about its geographic distribution in the
country. Through direct observations and the systematic collection of information, available historical records are compiled and analyzed, as
well as the updated distribution of the species within the national territory. On December 27, 2025, two individuals of D. albus were recorded
under the external roof of a bohio-type dwelling, at a height of approximately 3 m above ground level, constituting the eleventh record
in Panama. Records of D. albus in Panama have historically been concentrated in Colén, Panama, and Chiriqui, with one report from the
island of Coiba. This study documents the first record close to the central region, in tropical dry forest. The scarcity of records is attributed to
methodological limitations rather than the actual absence of the species.

Key words: Central Panama, Diclidurus albus, North ghost bat, Tropical dry forest, Western Panama.

Diclidurus albus es un murciélago insectivoro de tamafio mediano, facilmente distinguible por su pelaje blanco a griséceo. Se considera
una especie poco comun a rara, con escasos registros documentados en Panamd, lo que ha limitado histéricamente el conocimiento sobre
su distribucion geogréfica en el pais. Mediante observaciones directas y la recopilacion sistematica de informacién, se compilan y analizan
los registros histéricos disponibles, asi como la distribucién actualizada de la especie en el territorio nacional. El 27 de diciembre de 2025 se
registré la presencia de dos individuos de D. albus bajo el tejado externo de una vivienda tipo bohio, a una altura aproximada de 3 m sobre
el nivel del suelo, constituyendo el undécimo registro en Panama. Los registros de D. albus en Panama se han concentrado histéricamente en
Colén, Panama y Chiriqui, con un reporte insular en Coiba. Este estudio documenta el primer registro cercano a la regién central, en bosque
tropical seco. La escasez de registros se atribuye a limitaciones metodoldgicas mas que a la ausencia real de la especie.

Palabras clave: Diclidurus albus, Bosque tropical seco, Murciélago fantasma del norte, Panama Central, Panama Oeste.
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Diclidurus albus Wied-Neuwied, 1820 (Emballonuridae),
commonly known as the Northern ghost bat, is a medium-
sized insectivorous bat (total length 68-82 mm; forearm
length 63-69 mm; weight 17-24 g), easily recognized by its
white to grayish pelage, pinkish wing membranes, absence
of wing sacs, and the presence of a conspicuous glandular
sac located at the center of the uropatagium (Reid 2009). It
is a species exclusive to the Neotropical region, distributed
from Nayarit, Mexico, to eastern Brazil, from sea level up to
approximately 1,700 m above sea level (Bonaccorso 2019).

This bat species is primarily associated with humid
environments such as riparian forests and tropical
rainforests, although it has also been recorded in modified

landscapes, including plantations, forest clearings,
and human settlements (Taylor and Tuttle 2019). It is
generally observed solitarily or in small groups of up to
four individuals during the reproductive season, roosting
beneath palm leaves at heights ranging from 2 to 25 m
(Ceballos and Medellin 1998). Although considered an
uncommon to rare species, it is currently categorized as
Least Concern by the IUCN, with a yet unknown population
trend (Lim et al. 2016).

In Panama, D. albus is one of the least documented
chiropteran species, with only seven confirmed records
compiled by Tejera et al. (1999), mainly concentrated
in the Panama Canal area and, to a lesser extent, in the
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Figure 1. Historical records of Diclidurus albus in Panama. 1) Boquete-Chiriqui, 2) Tole-Chiriqui, 3) Barro Colorado Island, 4) Albrook-Panama, 5) Fort Gulick, 6) Colon-Gamboa, 7)
Chiriqui-David, 8) Panama-Road Naval Station, 9) Colon-Gamboa, 10) Veraguas-Coiba National Park, 11) Cocle-El Espino.

province of Chiriqui. This lack of records hinders an accurate
assessment of its current distribution within the country. In
this note, we present a new record of D. albus for Panama
and provide an updated synthesis of available historical
records, with emphasis on its ecology and national-scale
geographical distribution pattern.

The record was obtained in the community of El
Espino, San Carlos District, West Panama Province,
Panama (8°29'11.9” N, 80°02'26.4" W; Figure 1). According
to ANAM (2010), the region is embedded within a human-
modified landscape with less than 10% natural forest
cover, categorized as a productive land-use system.
The capture site consisted of a previously deforested
area historically used for cattle ranching. Vegetation is
dominated by Poaceae grasslands interspersed with
patches of early secondary growth, scattered shrubs, and
open habitats. Additional plant assemblages included
species of Asteraceae, several non-poaceous monocots,
and cultivated plots of banana (Musaceae), citrus
(Rutaceae), and legumes (Fabaceae). The local climate is
classified as tropical, characterized by a pronounced dry
season and mean annual temperatures ranging from 27
to 28 °C (ANAM 2010).

To provide historical context for the occurrence of
D. albus within the study region and across Panama, we
conducted a comprehensive review of published and
unpublished records. Historical literature was examined
through the holdings of the Simén Bolivar Library at the
University of Panama and complemented with systematic
searches of the scientific literature using combinations
of the keywords “Diclidurus albus”, “Panama’, “specimen’,
and “record”. Only peer-reviewed studies published in
indexed scientific journals were considered. Additionally,
we examined specimens and associated records housed
in the Vertebrate Museum of the University of Panama
(MUVP) and consulted records of bats collected in Panama
and deposited in the National Museum of Natural History,
Smithsonian Institution (USNM) and Natural History
Museum, United Kingdom (NHMUK). These data were
used to verify voucher specimens, validate historical
records, and assess the spatial distribution of the species
throughout the country.

On December 27, 2025, at 12:40 hr, two individuals of
D. albus were observed roosting beneath the external
roof of a traditional bohio-type dwelling, approximately
3 m above ground level (Figure 2). Both individuals were
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Figure 2. Individuals of Diclidurus albus observed in the District of San Carlos, Province of West Panama, Panama. a) and b) represent different individuals.

photographed using a Canon Rebel T6 camera equipped
with a 75-300 mm zoom lens over a period of 35 minutes.
The individuals were not captured to avoid disturbance, as
residents indicated that the bats had been using the site as
a roost for approximately two months, suggesting a high
tolerance to human presence. Identification was based
on direct observation and photographic comparison of a
conspicuously white pelage and pinkish wing membranes,
diagnostic characters that distinguish D. albus as the only
species of the genus recorded in Panama.

In addition, there are ten other reported sightings of D.
albus in Panama. Most of these involve individuals observed
at their roosting sites (four locations) or detected through
acoustic echolocation recordings (three locations). Only
three reports involve collected specimens. However, in the
latter cases, the capture method was not specified (Table 1).

According to Tejera et al. (1999), most historical records
of D. albus in Panama are concentrated in the Panama
Canal area (provinces of Colén and Panama) and in the
province of Chiriqui, regions dominated by humid tropical
forests with semideciduous vegetation (ANAM 2010).

Although available records originate primarily from
forested matrices, they are frequently located in landscapes
with varying degrees of anthropogenic disturbance and in
proximity to human settlements. In this context, D. albus
has been reported using modified environments, including
plantations, clearings, and urbanized areas, suggesting
that habitat alteration does not necessarily constitute
a limiting factor for its presence (Bonaccorso 2019). In
contrast, the lack of records in Panama appears to be
more closely related to methodological biases associated
with its ecological behavior, particularly its high-altitude
foraging activity, both within and above the forest canopy,
reaching heights of over 25 m (Gdmez-Corea et al. 2020).
This behavior significantly reduces its detectability using
conventional mist nets (LaVal and Rodriguez-Herrera 2002;
Loza et al. 2018).

Although the species is expected to be widely
distributed throughout the country, its presence has
historically been underestimated due to limitations in both
conventional and acoustic sampling methods (Denzinger
et al. 2018). The integration of complementary strategies,

These data are complemented by a single island record
from Coiba Island, while the present study represents the
first confirmed report near the central region of Panama,
between the provinces of Coclé and West Panama, a region
characterized by climatic and vegetation conditions typical
of tropical dry forests, according to ANAM (2010).

168 THERYA NOTES Vol. 7 :166-169

such as daytime roost searches (Rengifo et al. 2012) and
non-invasive photographic documentation of individuals
with conspicuous diagnostic characters (Loeb et al. 2015),
represents an effective alternative for improving detection
and enhancing knowledge of the geographical distribution
of D. albus in Panama.
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Table 1. Historical records of Diclidurus albus in Panama, in chronological order. Museums acronyms are provided in the text.

Record method Locality

Geographic coordinate Source

Collected specimen Chiriqui province, Boquete

Direct observation Chiriqui province, Tole, Pueblo Nuevo

Ultrasonic detector Colon province, Barro Colorado Island

Direct observation Panama province, Albrook

Direct observation Colon province, Fuerte Gulick

Direct observation Colon province, Gamboa

Museum specimens Chiriqui province, David
Museum specimens Panama province, Rodman Naval Station, Panama Canal Zone
Ultrasonic detector Colon province, Gamboa
Ultrasonic detector Veraguas province, Coiba National Park

Direct observation West Panama Province, San Carlos, El Espino

8°50'00.0" N, 82°30'00.0"W Thomas (1903), NHMUK:3846313 (1903.3.3.2)

8°04'00.0"N, 81°41°00.0"W Thomas (1903

9°09'00.0”N, 79°51°00.0"W Kalko (1995

8°59'00.0” N, 79°33’00.0"W Handley (1966

9°19'00.0”N, 79°52'00.0" W Handley (1966), USNM 317572

9°07'00.0"N, 79°42'00.0" W Handley (1966), USNM 317573

8°30'00.0"N, 82°35'00.0" W Tejera et al. (1999), MVUP 1073
8°57'00.0"N, 79°35’00.0" W Tejera et al. (1999), MVUP 1130
Jung and Kalko (2010), recorded in 2004

Not registered

Not registered Estrada-Villegas et al. (2018), recorded in 2015

8°29'11.9"N, 80°02'26.4"W This study
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First documented record of Bassariscus astutus
visiting Agave inflorescences in Mexico

Primer registro de Bassariscus astutus visitando
inflorescencias de Agave en México
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Floral visitors of Agave species have traditionally been considered to consist primarily of insects, bats, and birds; however, recent studies
suggest that non-flying mammals play a more frequent role in pollination than previously recognized. The objective of this study was to
document the visit of Bassariscus astutus to agave inflorescences and evaluate the behaviors performed during those visits. Camera trapping
was used to record floral visitors to different species of agaves in the IB-UNAM Botanical Garden, Mexico City. Between May 2024 and July 2025,
nine individuals of six Agave species were monitored, accumulating a total of 1,512 h of recording. Visits of B. astutus were recorded on three
species (A. americana, A. inaequidens, and A. salmiana), visitation events lasted from 20 s to 10 min. Individuals moved across the panicles,
consumed nectar directly from the flowers, and captured associated moths, without causing apparent damage to reproductive structures. The
results suggest that B. astutus uses Agave inflorescences as an opportunistic resource, exploiting both nectar and flower-associated insects.
Together with previous observations, these observations are consistent with a dual-resource foraging strategy. Although its role as a pollinator
cannot be confirmed, its behavior indicates potential incidental pollen transfer. This study constitutes the first documented record in Mexico
of B. astutus consuming Agave nectar, expanding knowledge of its diet and highlighting the importance of non-flying mammals within Agave
plant-animal interaction networks.

Key words: Asparagaceae; botanical garden; diet; entomophagy; ringtailed cat; therophily.

Los visitantes florales del género Agave han sido atribuidos principalmente a insectos, murciélagos y aves; sin embargo, estudios recientes
sugieren que los mamiferos no voladores podrian participar con mayor frecuencia de lo previamente reconocido en la polinizacién. El objetivo
de este estudio fue documentar la visita de Bassariscus astutus a inflorescencias de agave y evaluar qué actividades realizaba en las mismas.
Se utilizé fototrampeo para registrar visitantes florales a diferentes especies de Agave en el Jardin Botanico IB-UNAM, Ciudad de México. Entre
mayo de 2024 y julio de 2025 se monitorearon nueve individuos de seis especies de Agave, acumulando 1,512 h de grabacion. Se registraron
visitas de B. astutus en tres especies (A. americana, A. inaequidens y A. salmiana), la duracién de cada visita varié de 20 s hasta 10 min. Los
individuos se desplazaron sobre las paniculas, consumieron néctar directamente de las flores y capturaron polillas asociadas, sin causar
dafo aparente a las estructuras reproductivas. Los resultados sugieren que B. astutus utiliza las inflorescencias de Agave como un recurso
oportunista, aprovechando tanto el néctar como los insectos asociados a las flores. En conjunto con observaciones previas, estos registros
son consistentes con una estrategia de aprovechamiento dual. Aunque su papel como polinizador no puede confirmarse, su comportamiento
indica un potencial de transferencia incidental de polen. Este estudio constituye el primer registro documentado en México del consumo de
néctar de Agave por B. astutus, lo que amplia el conocimiento sobre su dieta y resalta la importancia de los mamiferos no voladores en las redes
de interaccidn planta-animal del género Agave.

Palabras clave: Asparagaceae; cacomixtle; dieta; entomofagia; jardin boténico; terofilia.
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Among the pollinators and floral visitors of Agave
species, insects such as bees and moths, as well as flying
vertebrates (birds and bats), have traditionally been

visits, could play a relevant role as pollinators (Arreola-
Gomez and Mendoza 2020).

In addition to these records, Kuban and Schwartz
(1985) reported the observation of a ringtail (Bassariscus

regarded as the main pollen vectors in this group (Trejo-
Salazar et al. 2015; Ortega-Garcia et al. 2026). However, in
recent years, it has been recognized that pollination by
non-flying mammals (therophily) is more common than
previously thought (Kobayashi et al. 2019; Lai et al. 2024).
Recently, visits by marsupials such as Didelphis virginiana
and Tlacuatzin canescens to agaves have been recorded,
which, due to the amount of pollen they can transport
relative to their larger body size and the duration of their

astutus) visiting the inflorescence of Agave havardiana
within Big Bend National Park, Texas, USA. In that note,
the authors reported that the observed female moved
among the panicles, apparently feeding on insects
associated with flowers and, on repeated occasions,
licked nectar from the inflorescences. To our knowledge,
this constitutes the only published report of visits by B.
astutus to Agave inflorescences.
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Bassariscus astutus is a medium-sized, nocturnal, and
climbing mammal. It is considered omnivorous; studies
of its diet indicate that, although animal remains—
mainly insects—constitute an important component of
its feeding, plant elements also show high diversity and
frequency (Nava-Vargas et al. 1999). The presence of floral
material in stomach contents suggests that this species
may intentionally consume nectar and pollen, which may
represent an additional source of energy and protein.

During a study on the pollination of Agave salmiana in
the central valleys of Mexico (Ortega-Garcia et al. 2026), we
recorded, through camera trapping, the visit of B. astutus
to the inflorescence of this agave. However, the images
obtained did not allow us to clearly determine the activity
carried out by the animal, and no additional records were
obtained to evaluate its behavior on the flowers. To clarify
the possible role of B. astutus on Agave inflorescences, we
conducted a targeted sampling in the Botanical Garden
of the Institute of Biology of the National Autonomous
University of Mexico (JB-IBUNAM), which houses an
important living collection of Agave species and functions
as a refuge for various species of wildlife, including B.
astutus. The objective of this study was to document visits
of B. astutus to Agave inflorescences and describe the
behaviors performed during those visits, with particular
attention to nectar feeding, insect predation, and potential
interactions with floral reproductive structures.

The JB-IBUNAM is part of the Pedregal de San Angel
Ecological Reserve (REPSA), in the Coyoacan borough,
southwest of Mexico City, Mexico (19°18'44"N, 99°11'46"W;
2,250 m asl).

To determine the activities carried out by B. astutus on
agaveinflorescences, weekly surveys were conducted in the
living collections of the JB-IBUNAM, to locate individuals of
the genus Agave that presented paniculate inflorescences
in anthesis.

Once a flowering individual was identified, one
camera trap (HC-801A model) was installed in front of the
inflorescence and positioned to maximize the likelihood
of recording floral visits. The camera trap was mounted
on an extendable aluminum pole (2.67-7.20 m in length;
BYP Model SKU 160565), which was secured to the ground
using ropes (Figure 1). The height of the pole was adjusted
according to the height of each inflorescence. Depending
on terrain characteristics and the architecture of each plant,
cameras were positioned approximately 1-3 m from the
inflorescence.

Camera traps were programmed in video-only mode
to record 20-s videos upon activation, with a 5-s interval
between consecutive recordings. Infrared illumination
was enabled to allow recording during nighttime periods.
Each inflorescence was monitored for a minimum of five
consecutive days.

Surveys were carried out between May 2024 and July
2025, during which nine flowering individuals representing
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six Agave species were monitored: A. salmiana (n = 3), A.
americana (n = 1), A. inaequidens (n = 1), A. bovicornuta (n
= 1), A. titanota (n = 1), and A. marmorata (n = 2). Agaves
in which visits by B. astutus were recorded were spatially
separated across living collections, with distances between
visited individuals ranging from approximately 65 to 125 m.

The monitored agaves produced tall paniculate
inflorescences (2.5-9 m in height; Torres-Garcia et al. 2022),
characterized by massive flowering displays in which
dozens of flowers may open simultaneously on a single
panicle. These floral displays provide abundant rewards for
flower visitors, with reported nectar volumes ranging from
0.2 to 2.8 ml per flower and nectar concentrations ranging
from 9 to 37 °Brix (Ornelas et al. 2002; Estrella Ruiz 2005;
Rodriguez et al. 2015; Ortega-Garcia et al. 2026), making
flowering agaves an important food resource for a variety
of nectar-feeding animals. Although agaves can reproduce
vegetatively, sexual reproduction contributes to gene
flow and depends largely on animal-mediated pollination,
which is generally more effective than autonomous self-
pollination (Estrella Ruiz 2005; Garcia-Mendoza 2007).
Therefore, follow-up observations were conducted after
flowering in individuals visited by B. astutus to determine
whether fruits developed and whether feeding activities
caused apparent damage to reproductive structures.

From a total of 1,512 hr of recording, B. astutus was
recorded during three independent visitation events (A.
americana, A. inaequidens, and A. salmiana), accumulating
a total of 11 min 20 s of video footage. Individual visitation
events ranged from 20 s to 10 min in duration. Nectar
feeding was recorded on A. americana and A. inaequidens,
whereas predation on sphingid moths was observed on A.
salmiana (Figure 2, https://youtu.be/TVUE1IGpgZk).

In subsequent weeks, the three inflorescences visited by
B. astutus were revisited after flowering. In all cases, fruits
developed on the visited panicles. One fruiting panicle of
A. americana was examined to verify the presence of seeds.
After opening several capsules, both white and black seeds
were observed; the latter are considered viable (Trejo et al.
2024; Figure 3). These observations suggest that nectar-
feeding by B. astutus does not appear to damage floral
reproductive structures or prevent fruit development.

The present study provides the first documented
record in Mexico of B. astutus consuming nectar from
Agave inflorescences and capturing moths associated
with the flowers. Although Kuban and Schwartz (1985)
previously described a similar interaction involving A.
havardiana in Texas, published records of this behavior
remain extremely scarce. Nevertheless, the occurrence of
nectar feeding on Agave flowers in geographically distinct
regions and involving different Agave species suggests
that this behavior may not be restricted to a single locality
or plant species. This possibility is further supported by
the broad geographic overlap between the distribution
of B. astutus and numerous species of Agave. Bassariscus
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Ringtailed cat-Agave interaction

s

Figure 1. Camera-trap installation used to monitor Agave inflorescences. The camera was mounted on an extendable aluminum pole and stabilized with ropes anchored to the
ground, allowing continuous recording of floral visitors on inflorescences located several meters above ground level.
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Figure 2. Camera-trap images of Bassariscus astutus visiting Agave inflorescences. (a) Individual feeding on nectar from the flowers of Agave americana. (b) Individual feeding on a

hawkmoth (Lepidoptera: Sphingidae) associated with the flowers of Agave salmiana.

Figure 3. Fruits (a) and seeds (b) of Agave americana are shown, including viable (black) and non-viable (white) seeds, from an individual where Bassariscus astutus fed on nectar. Photo

(a): Stephanie Ortega-G.; Photo (b): Oswaldo Flores M.

astutus occurs from the southwestern USA through most
of Mexico, whereas the species in which nectar feeding
has been documented (A. havardiana, A. americana, A.
inaequidens, and A. salmiana) are distributed across regions
that fall within its range (IUCN 2025). Furthermore, the
currently available records originate from contrasting
environments, including a protected natural area in Texas
(Kuban and Schwartz 1985) and an urban ecological reserve
in central Mexico. Together, these observations suggest

that opportunities for interaction between ringtails and
flowering agaves may be widespread in both natural and
human-modified habitats, even though they remain rarely
documented. The apparent scarcity of records may reflect
the nocturnal and elusive habits of B. astutus, as well as the
logistical challenges associated with monitoring tall agave
inflorescences.

The low frequency of visits detected relative to the
sampling effort indicates that Agave inflorescences
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are unlikely to constitute a major component of the
diet of B. astutus, but rather a seasonal resource used
opportunistically. This pattern agrees with previous dietary
studies describing B. astutus as a flexible omnivore capable
of adjusting its diet according to local and temporal
resource availability. In insular populations of the Gulf of
California, for example, it has been observed to consume
more intensively the most abundant resources of each
season, including insects and fruits (Rodriguez-Estrella et
al. 2000). Similarly, Nava-Vargas et al. (1999) documented
a diverse diet composed of arthropods, small vertebrates,
and plant material. From this perspective, agave flowering
may represent a temporary pulse of high-energy resources.

Nectar provides a readily available source of sugars
and water, which may be especially valuable for nocturnal
mammals in seasonal environments, where liquid
resources are not always constant. In other groups of non-
flying mammals, nectar consumption has been proposed
to function as a rapidly assimilated energy supplement
rather than as an exclusive food source (Wiens et al. 1983).

attributable to its visits. Fruit production and the presence
of viable seeds in visited inflorescences indicate that these
visits did not appear to interfere with plant reproduction,
but they do not allow causal attribution, since bats, birds,
and insects may have acted simultaneously.

The results also have implications for understanding
interaction networksin urban and peri-urban environments.
The Botanical Garden and the REPSA function as refuges
for native fauna within an urban matrix, where generalist
species such as B. astutus can take advantage of floral
resources offered by living collections of nectar-producing
plants. This suggests that urban green spaces not only
conserve species but also ecological interactions that
frequently remain undocumented. Because similar
resources and habitat conditions occur elsewhere in the
city, the relevance of this interaction may extend beyond
the JB-IBUNAM and REPSA. Because agaves are present in
a variety of urban green spaces in Mexico City, including
publicly accessible interstitial spaces (Hare and Pefia del
Valle Isla 2021), floral resources from flowering agaves may

For B. astutus, a species with high mobility and nocturnal
activity, nectar could complement a diet based mainly on
animal prey and fruits, reducing foraging effort during
flowering periods.

In addition to direct nectar consumption, our obser-
vations show that agave inflorescences function as
sites of insect concentration, particularly nocturnal
lepidopterans. Together with the observations of Kuban
and Schwartz (1985), who reported nectar feeding and
insect capture during the same visitation event, these
records suggest that flowering agaves may provide
multiple resources that can be exploited by B. astutus,
including both carbohydrate-rich nectar and protein-rich
insect prey. This possibility has received little attention in
studies of floral ecology, where visitors are often classified
solely as mutualists or antagonists, without considering
that a single visitor may exploit multiple resources within
the same reproductive structure.

From a pollination standpoint, various studies have
shown that non-flying mammals can play relevant roles
as pollen vectors when their body size, mobility, and
duration of visits favor contact with reproductive structures
(Goldingay 1990; Carthew and Goldingay 1997). In Agave,
Arreola-Goémez and Mendoza (2020) recorded marsupials
visiting inflorescences with potential for pollen transfer. In
our study, B. astutus actively moved among floral branches,
inserting its snout into flowers and repeatedly brushing
against anthers and stigmas, behavior consistent with
incidental pollen transfer.

However, it is important to distinguish between a floral
visitor and an effective pollinator. Mere presence on flowers
or contact with anthers does not demonstrate reproductive
contribution. Demonstrating such a role would require
quantifying pollen loads and viability, movement patterns
among compatible individuals, and reproductive success
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be available in habitats beyond the study area. In Mexico
City, agaves are also promoted as part of urban revegetation
planting initiatives (SEDEMA 2025), increasing their
presence in parks, gardens, ecological reserves, and other
green spaces. Likewise, B. astutus has been documented in
multiple natural areas embedded within the urban matrix
of Mexico City (Herndndez Romero et al. 2024). Because
this species can persist in human-modified environments,
flowering agaves established in urban green spaces may
provide similar foraging opportunities. Although the
frequency of these interactions outside the study area
remains unknown, their occurrence in other urban habitats
deserves further investigation.

Finally, the apparent rarity of these records likely
reflects both observational limitations and gaps in natural
history knowledge. Many nocturnal interactions between
mammals and flowers remain poorly documented due
to the lack of continuous monitoring. Future studies
integrating systematic camera trapping, pollen analysis
on fur, and spatial tracking of individuals will allow a more
precise evaluation of whether B. astutus acts solely as an
opportunistic consumer or also as an occasional pollinator
of Agave species.
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Exotic prey and anthropogenic trophic subsidies
in the diet of Puma concolor in Chile
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| analyzed how the invasion of exotic species is reshaping the diet of the puma (Puma concolor) across different ecosystems in Chile. | explored
whether, due to its trophic plasticity, the puma is incorporating exotic prey and anthropogenic trophic subsidies, potentially altering traditional
ecological relationships. | conducted a review of the scientific literature on puma diet in Chile, identifying records of exotic prey consumption,
including lagomorphs, livestock, wild boar, invasive rodents, and salmonids, and analyzed studies addressing hyperpredation and trophic subsidies.
Evidence showed that pumas have incorporated exotic species into their diet, including lagomorphs in central Chile, wild boar in southern Chile,
and salmon in Argentine Patagonia near the Chilean border. The use of food resources associated with human-modified environments was
documented, along with a potential ecological scenario compatible with hyperpredation. The trophic plasticity of pumas in Chile reflects the
reconfiguration of food webs driven by biological invasions and anthropogenic subsidies. These processes could alter predator-prey dynamics and
increase human-wildlife conflicts, although they may also contribute to the partial regulation of some invasive species. This study highlights the
importance of understanding these emerging interactions for wildlife management and conservation and recommends continued monitoring to
evaluate future ecological changes.

Key words: adaptive management; biological invasions; hyperpredation; native fauna; trophic subsidies.

Se analizé cédmo la invasién de especies exdticas esta reconfigurando la dieta del puma (Puma concolor) en distintos ecosistemas de Chile. Se
exploré como el puma, debido a su plasticidad tréfica, estaria incorporando presas exoticas y subsidios tréficos antropogénicos, lo que podria
alterar las relaciones ecoldgicas tradicionales. Se realizd una revision de la literatura cientifica sobre la dieta del puma en Chile, identificando
registros de consumo de especies exdticas como lagomorfos, ganado, jabalies y salmones, y se analizaron estudios sobre hiperdepredacién y
subsidios tréficos. Se evidencié que el puma ha incorporado especies exdticas a su dieta, como lagomorfos en Chile central, jabalies en el sur de
Chile y salmones en la Patagonia argentina, cerca de la frontera con Chile. Se documentd el uso de recursos alimentarios asociados con ambientes
intervenidos y se identificé un escenario ecoldgico potencialmente compatible con procesos de hiperdepredacion. La plasticidad tréfica del puma
en Chile refleja la reconfiguracion de las redes alimentarias debido a la invasion bioldgica y a subsidios antropicos. Esto podria generar cambios
en las dindmicas depredador-presa y aumentar conflictos con humanos, aunque también podria contribuir a regular algunas especies invasoras.
El estudio destaca la importancia de comprender estas interacciones emergentes para el manejo de fauna silvestre y recomienda monitoreos
continuos ante posibles cambios futuros.

Palabras clave: fauna nativa; hiperdepredacion; invasiones biolégicas; manejo adaptativo; subsidios tréficos.
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Large carnivores play fundamental ecological roles species, spanning mammals, birds, reptiles, and other

in regulating ecosystems through direct and indirect
effects on their prey and trophic networks (Ripple et al.
2014). In Chile, the puma (Puma concolor) is the country’s
most widely distributed terrestrial predator and exhibits
remarkable ecological adaptability, allowing it to persist
in both natural environments and heavily modified
landscapes (Iriarte and Jaksic 2017).

Across its distribution in the Americas, the puma is
an opportunistic predator characterized by considerable
dietary breadth and geographic variation in prey use.
A range-wide meta-analysis identified at least 232 prey

vertebrates (Karandikar et al. 2022). Although medium-
and large-sized mammals, particularly ungulates, generally
provide most of the consumed biomass, pumas tend to
rely on larger prey in temperate regions and on a broader
diversity of smaller prey toward tropical latitudes (Iriarte et
al. 1990; Karandikar et al. 2022). This continental variability
illustrates the species’ capacity to adjust its diet according
to local prey availability and environmental conditions.

In Chile, native mammals such as guanacos
(Lama guanicoe), vicuias (Vicugna vicugna), huemuls
(Hippocamelus bisulcus), pudus (Pudu puda), and several
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rodent species have historically formed part of the puma
diet, with marked geographic variation among ecosystems.
However, landscape fragmentation, habitat loss, declines in
native wildlife populations, and the expansion of invasive
exotic species have profoundly altered trophic resource
availability across different ecosystems of the country
(Vallejos-Garrido et al. 2024).

Recent evidence suggests that pumas may be partially
reorganizing their trophic niche in response to a new food
supply increasingly dominated, in several systems, by
introduced species and subsidies associated with human
activities. In this context, the question arises as to whether
biological invasions and anthropogenic trophic subsidies are
partially reshaping the trophic ecology of pumas in Chile.

Between January and April 2026, we prepared a
narrative commentary based on published evidence
concerning the diet and trophic ecology of P. concolor in
Chile and adjacent southern South American ecosystems.
Scientific articles, books, and short communications
indexed in Google Scholar, Scopus, and Web of Science
were reviewed using combinations of the following

"nu

keywords in English and Spanish:“Puma concolor’,“puma”,

" nu

“diet”, “trophic ecology”, “exotic species”, “invasive species’,
“biological invasions’, “livestock”, “wild boar”, “salmonids”,
“lagomorphs’, and “Chile”.

Published records documenting the consumption of
exotic prey or anthropogenic trophic subsidies by pumas
in Chile and adjacent Argentine Patagonia were compiled,
including introduced lagomorphs, domestic livestock,
invasive rodents, wild boar, and salmonids. Additional
studies addressing hyperpredation, trophic subsidies, and
ecological responses of large carnivores in human-modified
landscapes were also incorporated to provide ecological
context for the observed interactions.

Only peer-reviewed publications and formally published
academic sources directly related to Chile or adjacent
southern South American ecosystems were considered. Due
to the limited number of available records, the objective
of this commentary was not to perform a systematic
quantitative synthesis, but rather to provide an updated
conceptual overview of emerging trophic interactions
associated with biological invasions and anthropogenic
landscape transformation.

In central Chile, the European rabbit (Oryctolagus
cuniculus) and the European hare (Lepus europaeus) have
become important components of the puma diet for
decades (Iriarte et al. 1990). The high abundance of these
introducedlagomorphslikely contributed tothe persistence
of pumas in highly fragmented Mediterranean landscapes,
acting as relatively permanent energetic subsidies within
altered ecosystems.

In the highlands of northern Chile, recent studies
have shown a strong dependence on domestic livestock,
particularly alpacas (Vicugna pacos) and sheep, whereas
native species such as the mountain viscacha (Lagidium
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viscacia) continue to function as relevant complementary
prey (Leichtle and Bonacic 2025). These findings illustrate
how high-Andean pastoral systems may become
anthropogenically subsidized ecosystems, where a
substantial proportion of the biomass available to predators
originates directly or indirectly from human activities.

Invasive rodents of the genus Rattus have also been
occasionally recorded in the puma diet in Chile. Zdhiga
and Munoz-Pedreros (2014) documented the presence of
Rattus rattus in feces collected from fragmented forests
in southern Chile, specifically in the La Araucania Region.
However, its dietary representation was low, accounting
for only 2.32 % of the total prey recorded, suggesting
occasional consumption associated with anthropogenic
environments.

In southern Chile, the expansion of wild boar (Sus
scrofa) has generated potentially important new ecological
interactions. Skewes et al. (2012) documented, for the first
time, the European wild boar as prey of the puma in Chile
based on fecal analyses and carcass surveys conducted in
the Los Rios Region. These authors reported that pumas
preyed primarily upon juvenile individuals, suggesting
an emerging trophic interaction between a native apex
predator and one of the most problematic invasive species
in southern Chile.

More recently, camera-trap records from southern
Argentine Patagonia, near the Chilean border, documented
active predation on Chinook salmon (Oncorhynchus
tshawytscha) by pumas in fluvial ecosystems (Ciancio
and Quinn 2026). This finding represents one of the first
documented records of direct exploitation of invasive
salmonids by a large terrestrial carnivore in South America
and demonstrates the capacity of pumas to incorporate
aquatic-derived resources into their diet. However, no
published studies have yet formally documented this
interaction in Chile.

Collectively, these findings suggest that biological
invasions and anthropogenic trophic subsidies are partially
reshaping the trophic networks used by pumas across
different ecosystems of Chile and adjacent Argentine
Patagonia (Figure 1).

The incorporation of multiple exotic species into the
puma diet could generate important modifications in the
ecological dynamics of Chilean ecosystems. The abundance
of introduced prey may partially decouple predators from
the historical fluctuations of native fauna, allowing puma
populations to persist or even increase in highly disturbed
environments (Vallejos-Garrido et al. 2024).

Anthropogenic trophic subsidies, such as domestic
livestock, introduced salmonids, and invasive wild
boar, may also promote behavioral and spatial changes
in pumas, favoring a greater use of human-modified
environments and potentially increasing conflicts with
productive activities. Likewise, these emerging interactions
may facilitate hyperpredation processes. The abundance of
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Figure 1. Conceptual framework illustrating how biological invasions and anthropogenic factors modity the diet of the puma (P. concolor) in Chile. Native prey, exotic species, and
trophic subsidies are represented, together with the potential ecological consequences derived from these emerging interactions, including hyperpredation, increased use of human-

modified environments, and the potential regulation of some invasive species.

exotic prey could sustain relatively high predator densities,
indirectly increasing predation pressure on low-abundance
native species such as the southern pudu (Pudu puda) and
the huemul (H. bisulcus; Courchamp et al. 2000).

A well-documented empirical example consistent with
this mechanism occurred in the California Channel Islands,
where introduced feral pigs provided an abundant food
resource for colonizing golden eagles, indirectly increasing
predation pressure on native island foxes and contributing
to their population decline (Roemer et al. 2001). However,
a recent assessment of the available literature concluded
that no published case has yet tested all the assumptions
and predictions required to demonstrate hyperpredation
unequivocally, because alternative mechanisms cannot
generally be excluded (Cassini and Rivas 2024). Therefore,
the Chilean cases described here should be regarded as
potential scenarios compatible with hyperpredation rather
than as evidence that the process is already occurring.

Conversely, the consumption of invasive species may
also represent an indirect ecosystem service. Predation
upon wild boar, rabbits, or salmonids could partially
contribute to regulating some exotic populations,
although the actual magnitude of this effect remains
poorly understood in Chile.
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In conclusion, the trophic ecology of pumas in Chile
appears to be progressively reshaped by biological
invasions and anthropogenic landscape transformation.
The use of multiple exotic species within the puma diet
reflects not only remarkable ecological plasticity, but also
the emergence of novel trophic networks associated with
human-dominated landscapes. Understanding these
interactions is essential for interpreting the contemporary
ecological role of pumas and for developing conservation
strategies that integrate the effects of biological invasions,
landscape transformation, and the changing dynamics
among predators, native fauna, and human activities.
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Use of artificial drinking containers by mammals in a semi-arid
area of Central Veracruz, Mexico

Uso de bebederos artificiales por mamiferos en una area
semiarida del Centro de Veracruz, México
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In arid and semi-arid environments, water scarcity is a constant challenge faced by wild vertebrates. To mitigate this, the strategy of install-
ing artificial waterholes has been used. We hypothesize that wild mammals visit the artificial waterholes more frequently in the warmer than
in the colder months in the Valle de Perote. The main goal of this study is registered mammals’ species that use artificial drinking containers
in xerophytic scrubland within semi-arid zone at center of Veracruz, Mexico. Between April and July, October and November 2025, 12 artifi-
cial water containers were installed with a camera trap to record the date, time, number of occurrences, sighting coordinates and species of
mammal individuals that drank water. Subsequently, the Photograph Visit Index (PVI) was calculated. Seven species belonging to six families
and three orders of mammals were photographed. The species with the highest number of records was Mephitis macroura (PVI = 4.44). May
and October were the months with the most species recorded by the camera traps. The installation of artificial water containers throughout
warmest months can be a fundamental strategy for wild fauna maintenance, which could be useful as a platform for the conservation of these
vertebrates in the Perote Valley, a site where water scarcity prevails.

Key words: Camara-traps; habits; scarcity of resources; water; xerophytic scrubland.

En ambientes aridos y semiaridos la escasez de agua es un factor constante que enfrentan los vertebrados silvestres. Para mitigarla se ha
usado la estrategia de la instalacién de bebederos artificiales. Hipotetizamos que los mamiferos silvestres visitan los bebederos artificiales
con mayor frecuencia en los meses mas calurosos que en los meses mas frios en el Valle de Perote. Nuestro objetivo fue registrar especies
de mamiferos que usan bebederos artificiales en el matorral xeréfilo del Valle de Perote, Veracruz, México. Se colocaron 12 bebederos acom-
panados de camaras trampa, entre los meses de Abril y Julio, Octubre y Noviembre de 2025. Se registré la fecha, hora, nimero de aparicion,
coordenada de avistamiento y especie. Posteriormente, se obtuvo el indice de registros por fotografia (IRF). Se fotografiaron siete especies per-
tenecientes a seis familias y tres érdenes. La especie con mayor nimero de registros fue Mephitis macroura (IRF = 4.44). Mayo y octubre fueron
los meses con mas especies captadas por las cdmaras trampa. La instalacién de bebederos artificiales durante los meses mas calurosos podria
ser una estrategia fundamental para el mantenimiento de la fauna silvestre, que a la postre podria servir de plataforma para la conservacion de
estos vertebrados en el Valle de Perote, un sitio donde impera la escasez de agua.

Palabras clave: Agua; cdmaras-trampas; escasez de recursos; habitos; matorral xerdfilo.
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Approximately 60 % of Mexico territory is represented by
arid and semi-arid zones (Challenger and Soberén 2008),

high biological value and endemism (Ellis and Martinez-
Bello 2010; Garrido et al. 2017; Rivera-Hernandez et al.

in which the dominant vegetation are natural grasslands
and scrublands (Rzedowski 1978; Medrano 2012). At the
center of Veracruz state, particularly at the Valle de Perote-
Alchichica, even though other vegetation types could be
found, such as grassland, pine forest, oyamel fir forest,
among others, the xerophytic scrubland is considered of

2019), since is located between Cofre de Perote and Sierra
Norte de Puebla mountains (Medina and Angulo 1990).
The Valle de Perote presents extreme environmental
conditions, temperature could reach up 34 °C at spring
(from March to May) and -13 °C at winter (from December
to February) (Pedn 2017), while precipitation is markedly by
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Figure 1. Study area of mammals’ species records by camara traps in artificial drinking containers between April and November 2025 in the Valle de Perote, Veracruz, Mexico. a)
Localization of Valle de Perote, b) sampling area of xerophytic scrubland vegetation, and in detail, c and d) artificial drinking containers installed in the sampling area.

rain scarcity between July and August, or oscillates below
20 mm between November and April (Peén 2017). These
characteristics force local mammals to an evolutionary
adjustment to semi-arid environment, especially for
obtaining and storing water, which includes behavioral,
morphological and physiological changes (Rymer et al.
2016); nevertheless, water scarcity could be a stress factor
for animals altering their ecological dynamics (Hernandez-
Gomez et al. 2020; Chen et al. 2024; Schmied et al. 2025).
To mitigate the effects of scarcity of water on local fauna
many strategies have been proposed by researchers like the
use of artificial drinking containers (Fuller et al. 2014; Torre et
al. 2019; Schmied et al. 2025). In addition to benefiting the
local wildlife, the use of artificial drinking containers is also
useful to obtain information about conservation actions on
protected areas (Epaphras et al. 2008), maintenance and
monitoring of animal populations (Sutherland et al. 2018),

within semi-arid zone at center of Veracruz, Mexico. Our
hypothesis is that in the Valle de Perote, mammals visit
artificial ponds more frequently in the warmer months
(April and May) than in the colder months (June, July,
October and November).

Field sampling was conducted at ejido of Frijol Colorado
(19°34'54"N, -97° 21" 55" W), located at the Valle de Perote,
Veracruz (Figure 1a), a transition zone between the Sierra
Madre Oriental and the Mexican Plateau, at an altitude of
2,300 to 2,700 m above sea level (Garrido et al. 2017). The
climate is temperate sub-humid, with an average annual
temperature of 12 °C, being April and May more warm
(mean average of 23.75 °C and 24.22 °C, respectively) and
more cold between June-July (mean average of 20.01 °C
and 20.70 °C, respectively) and October - November (mean
average of 18.82 °C and 18.5 °C, respectively; CONAGUA
2025), and annual precipitation between 600 and 800 mm

synergetic activities (Mandujano and Herndndez-Gémez

(Garrido et al. 2017; Pe6n 2017). Sampling was conducted

2019), determine the distance traveled by the animals in
search of water (Schmied et al. 2025), among others. The
main goal of this study is to register mammals’ species that
use artificial drinking containers in xerophytic scrubland

in xerophytic scrubland zone (Figure 1b) characterized
by presence of native arid vegetation, such as cactus of
Opuntia and Yuca genus, typical of Valle de Perote biome
(Medrano 2012).
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Figure 2. Mammals' records by camara traps in artificial drinking containers between April and November 2025 in the Valle de Perote, Veracruz, Mexico. Records of a) bobcat (Lynx
rufus), b) skunk (Mephitis macroura), c) ringtail (Bassariscus astutus), d) rabbit (Sylvilagus sp.), e) coyote (Canis latrans), f) Mexican woodrat (Neotoma mexicana), g) co-occurrence between
mice (Peromyscus sp.) and h) co-occurrence between mouse (Peromyscus sp.) and Mexican woodrat (Neotoma mexicana).

Between April and July and October and November
(totaling 6 months) of 2025, 12 artificial drinking containers
were installed (Figure 1c and 1d), at variable distances,
since in August and September data were lost due to
cameras mechanicals failure. Pond consists of polyethylene
containers of 52 cm in diameter, 42 cm deep and 110 | in
capacity. Each container was filled with water and natural
stones simulating steps to prevent small animals from
drowning if they eventually fall into the container. Every
five days per month, the artificial waterhole was drained
for the removal of stagnant water, internal cleaning, rocks
cleaning, and renewal of potable water (Figure 2).

A camera trap (Cuddebak IR-20 and MOULTRIE A-30) was
installed 1 m away from each artificial pond, programmed
to take photographs 24 hr a day with 5-s intervals
between recordings, remaining in field for 10 days per
month, totalizing 60 days of sampling. For each recording,
the following information was obtained: geographical
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location, date, time, frequency of records and species. To
identify mammal species, we used the guide of_Aranda
(2012) and personal experience based on morphological
characteristics. In this study animals were not captured,
nevertheless, field work was approved by Secretaria de
Medio Ambiente y Recursos Naturales (SEMARNAT, SBRA/
DGVS/02048/25).

The Photograph Visit Index (PVI) was calculated with
the formula PVl = C/EM*100 trap-days, where C = number
of captures or independent events photographed, EM =
sampling effort (number of camera traps per monitoring
day) and 100 trap days (Contreras-Moreno et al. 2024). Only
independent records, defined here as consecutive photo-
graphs of different species and photographs of individuals
of same species when the delay between two consecutive
images exceeded 1 hr (Bautista-Ramirez et al. 2025).

From 720 days/trap of sampling effort, we obtained
56 records of seven species of medium terrestrial wild
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Table 1. Mammals’ species records by camara traps in artificial drinking containers between April and November 2025 in the Valle de Perote, Veracruz, Mexico.

Time of record

Number of records

Taxa Dietary groups (range) Total PVI
Apr May Jun Jul Oct Nov

CARNIVORA

Procyonidae

Bassariscus astutus Carnivorous 23:00 hr 1 0 0 0 0 0 1 0.13

Canidae

Canis latrans Carnivorous 17:00-05:00 hr 2 0 1 0 4 1 8 1.1

Felidae

Lynx rufus Carnivorous 20:00-01:00 hr 3 4 0 1 1 0 9 1.25

Mephitidae

Mephitis macroura Carnivorous 19:00-05:00 hr 4 16 2 0 8 2 32 444

RODENTIA

Cricetidae

Peromyscus sp. Omnivore 21:00-04:00 hr 3 0 0 0 0 0 3 0.41

Neotoma mexicana Omnivore 21:00-22:00 hr 0 0 0 0 2 0 2 0.27

LAGOMORPHA

Leporidae

Sylvilagus sp. Herbivorous 07:00 hr 0 0 0 0 1 0 1 0.13

Total 13 20 3 1 16 3 56

PVI 10.8 16.6 25 0.8 133 25

mammals, representing three orders and six families (Table
1). The species with the highest number of records was the
skunk (Mephitis macroura, PVl = 4.44) and the lowest were
ringtail (Bassariscus astutus) and rabbit (Sylvilagus sp.) with
PVI = 0.13, respectively (Table 1).

Most of the records showed only one individual of one
species using drinking containers. But records in October
showed two events of rodents’ species co-ocurrence,
one between two individuals of Neotoma mexicana, and
another between individuals of Peromyscus sp. and N.
mexicana (Figure 2).

Among sampling months, April and October have a
greater number of species registered (N = 5), with 13 and 16
records, which provides the highest PVl of 10.8 and 13.3, res-
pectively (Table 1). July was the only month with one species
recorded (Table 1). The skunk was the species recorded
throughout all months, except in July (Table 1). Most species
were recorded between twilight and night, approximately
between 17:00 and 05:00 hr, and only the rabbit (Sylvilagus)
was recorded in the morning (07:00 hr, Table 1).

In this study we recorded for the first time the use
of artificial drinking containers in Valle de Perote. Our
hypothesis was partially accepted since we observed a
difference of mammals” records between months. Our
data indicates the ecological value of artificial drinking
containers for wild mammals” biodiversity in Valle de
Perote ecosystem.

Semi-arid zones, as Valle de Perote, usually have
high solar radiation with wide temperature variations

and water scarcity (Challenger and Soberén 2008), for
which wild mammals have developed physiological or
behavioral strategies to feed and hydrate (Fuller et al.
2014). Some of these strategies are nocturnal habits, such
forage and moves, to avoid high temperatures, reducing
energetic losses, and starvation or dehydration during the
day (Fuller et al. 2014; Harris et al. 2015). This agrees with
our data that show mammals species registered in Valle de
Perote are mostly nocturnal (Aranda 2012; Monroy-Vilchis
et al. 2011) and explains why most records were made
during the dark hours. Also, such nocturnal habits were
clearer during the warmest months of the year, April and
May, when water scarcity was higher (Ochoa-Martinez et
al. 2017; CONAGUA, 2025).

We recorded two events of co-occurrence of rodents
at drinking containers. It has been documented that
mammals” co-occurrence at artificial drinking ponds is
a rare event, even more between rodent species (Lopez-
Téllez et al. 2021). This is because usually rodents do not
use drinking containers since they may actually obtain
water from food (Cortés et al. 2000). Nevertheless, rodent
co-occurrence could reflect the ability of wild fauna to take
advantage of the presence of water reservoirs installed
nearby shelter sites used by these animals, like rocks or
agave plants (Schweiger et al. 2021). Moreover, water
reservoirs could increase invertebrates prey variety and
availability compensating for the low availability of food
with high concentration of water, such as succulent or
fruits of Opuntia genus (Picazo and Garcia-Collazo 2019).
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All these suggestions should be taken with precaution
since they are based on reduced records of rodent species.

In this study we recorded prey and predator species
of mammals, in some cases, drinking from the same
waterhole at different times. This coincidence could be
related to predator behavior, such as bobcat, skunk,
ringtail, and coyote, in their search for preys as rodents
and rabbits, considered their primarily food (Grajales-Tam
and Gonzdlez-Romero 2014; Picazo and Garcia-Collazo
2019; Draper et al. 2022; Martinez-Calderas and Colima
2026). For example, coyote is a species that has adapted to
climatic variations and has expanded its distribution range
in order to obtain food (Gier 2009), whereas the bobcat
presents a variable home range, reaching approximately
25 km2, depending on the availability and competition
of resources (Monroy and Briones-Salas 2012; Elizalde-
Arellano et al. 2012). Thus, we suppose that coyote and
bobcat recorded in this sampling first detected the
prey, mostly rodents, near drinking containers and then
hydrated themselves in said containers.

The skunk (M. macroura) was the species with greater
number of records using drinking containers, particularly
in most warmer months (April = 4 and May = 16 records),
which coincided with previous study that analyzed fauna
visits to a natural well, conducted in a dry tropical forest
in the center of Mexico (Lopez-Tellez et al. 2021). Because
of their omnivorous habit (mainly based on seeds and
insects; Briones-Salas et al. 2023) skunks could find more
available food nearby drinking containers which could
explain a great number of records at the same waterhole.

We highlight the ecological importance of drinking
fountains since they increase food availability and fauna
interaction (Vinueza-Hidalgo et al. 2024). Because of
this, it is important to choose well the site for drinking
containers installation to avoid people encountering and
hunting areas (Perez-Flores et al. 2021; Contreras-Moreno
etal. 2025); to choose durable and good quality recipients
with permanent maintenance to avoid ingestion of
microplastics and zoonosis by wild fauna (Kolenda et
al. 2022); and finally, to assurance local setting with
natural materials, preferably, stones and logs to increase
the probability of use by many species and to avoid
eventual deaths by drowning, especially of small animals
(Herndndez-Gémez et al. 2020; Ovalle-Rivera et al. 2020).

The installation of artificial drinking containers in semi-
arid zones like Valle de Perote could be an alternative for
the maintenance and conservation of many wild fauna
species, being a useful tool for evaluating vertebrate
diversity, and thus, understanding more specific aspects
of mammals” ecology, behavior and physiology. These are
essential to understanding the individual’s response to
local environmental factors, such as temperature that in
Valle de Perote could vary significantly between seasons,
months or even between day and night.
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