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En la Portada

Las formulas dentales anormales se presentan con frecuencia en poblaciones naturales. Se han
reportado numerosos casos de anomalias dentales para muchos grupos de mamiferos, y los
murciélagos son el grupo con la mayoria de las anomalias dentales entre los mamiferos. Aqui se describe
la aparicion de un diastema en la posicién de los incisivos superiores en un individuo de Sturnira lilium
recolectado en el sur de Brasil. Este es el primer registro de un diastema para la especie.

(Imagen de Liposki-Biassi et al. 2020)

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 del mono arafa (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 pequerio, 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 piedrasy
palos. Su cara es casi como la de una persona, pero tienen mucho pelo.”
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The jaguar is the largest terrestrial carnivore in America. According to the International Union for the Conservation of Nature, its conserva-
tion status is “Near Threatened” in its distribution range. In Guatemala, the jaguar is mainly distributed in the Maya Biosphere Reserve (MBR).
In the years 2016 and 2018, camera-trapping studies were conducted in the San Miguel La Palotada-El Zotz Protected Biotopo (BPSMPZ) and in
Yaxha Nakum Naranjo National Park (PNYNN), respectively; both core zones of the MBR. Eight camera-trap stations were installed in BPSMPZ
and 5 in PNYNN during the dry season, with at least 90 trap-days/nights in each site. In BPSMPZ, one adult jaguar of undetermined sex was
recorded in one of the eight sampling stations installed; in PNYNN, there were 22 records (independent events) of at least 6 adult individuals
(1 female, 3 males, 2 of undetermined sex) in three of the five sampling stations installed. This work reports important records on the presence
of jaguars in core zones currently under pressure from human activities conducted within the southern limits of the MBR. Maintaining the
integrity of these two areas is imperative to preserve this species in the MBR.

Key words: Camera-traps; core zones; habitat loss; Selva Maya; threatened species.

El jaguar es el carnivoro terrestre de mayor talla en América. Segun la Unién Internacional para la Conservacion de la Naturaleza, su es-
tado de conservacion es “Casi Amenazado” en su area de distribucién. En Guatemala, el jaguar se distribuye principalmente en la Reserva de
la Biosfera Maya (RBM). En los afios 2016 y 2018, respectivamente, se realizaron estudios de fototrampeo en el Biotopo Protegido San Miguel
La Palotada-El Zotz (BPSMPZ) y el Parque Nacional Yaxha Nakum Naranjo (PNYNN), zonas nucleo de la RBM. Se emplearon 8 estaciones de
trampas-camara en el BPSMPZ y 5 en el PNYNN durante la época seca con al menos 90 noches-trampa en cada estacién. Se obtuvo el registro
de 1 individuo de jaguar adulto de sexo indeterminado para el BPSMPZ en una de las ocho estaciones de muestreo instaladas y 22 registros
(eventos independientes) en el PNYNN de al menos 6 individuos adultos (1 hembra, 3 machos y 2 de sexo indeterminado) en tres de las cinco
estaciones de muestreo. Se muestran registros importantes sobre la presencia actual de jaguares en zonas nucleo que estan bajo presion de
actividades humanas presentes dentro de los limites del sur de la RBM. Mantener la integridad de estas dos areas es urgente, para garantizar
el cumplimiento de conservacién para esta especie en la RBM.

Palabras clave: Especies amenazadas; pérdida de habitat; Selva Maya; trampas-cdmara; zonas nucleo.
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The jaguar, Panthera onca, is the largest terrestrial mammal
predator in continental America (Nowell and Jackson 1996;
Sollman 2010). Currently, the conservation status of the jag-
uar throughout its range (from northern Mexico to northern
Argentina) is “Near Threatened” (Quigley et al. 2017). Accord-
ing to Sanderson et al. (2002), the current global area of distri-
bution of this species is only 46 % of its historic range due to
the loss of forest cover over the past century. In Guatemala,
despite the still uncertain conservation status of the species,
Garcia-Anleu et al. (2016) estimated that the jaguar is distrib-
uted approximately across 58 % of the national territory. Cur-
rently, the main distribution area of the jaguar in Guatemala
is the Maya Biosphere Reserve (MBR), home for viable popu-
lations, and where major efforts have been made to the study
of this species (Garcia-Anleu et al. 2016; De la Torre et al. 2017).

The MBR includes 2,090,667 ha of the more than
4,000,000 hectares of the so-called Selva Maya (SM), a
territory shared with Mexico and Belize (CONAP 2015).
The SM represents the largest remnant of tropical forest
in Mesoamerica and the second largest in America, after
the Amazon rainforest in South America (Sanderson et al.
2002). The MBR includes zones in three categories: a Buf-
fer Zone (BZ), a Multiple-use Zone (MUZ), and many Core
Zones (CZ). The latter comprises a total of 817,206 ha and
consist of five National Parks (PN): PN Tikal (PANAT), PN
Yaxha Nakum Naranjo or PN Yaxha (PNYNN), PN Sierra del
Lacanddn (PNSL), PN Mirador-Rio Azul (PNMRA), and PN
Laguna del Tigre (PNLT); and four Protected Biotopos (BP):
BP San Miguel La Palotada-El Zotz or BP El Zotz (BPSMPZ),
BP Dos Lagunas (BPDL), BP Laguna del Tigre-Rio Escon-
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Jaguar in Guatemala

dido (BPLT), and BP Cerro Cahui (CONAP 2015). The MUZ
comprises mainly industrial and community forestry con-
cessions, and the BZ is a 15 km-wide strip in the southern
border of the reserve, where productive activities compat-
ible with conservation are allowed.

As regards their spatial arrangement, the CZ are dis-
tributed to the periphery of the MBR. As a result, BPSMPZ,
PANAT, and PNYNN are vulnerable areas that are vulnerable
due to the edge effect, for being located in the southern
limit of the forest cover in the MBR, adjacent to communi-
ties and farms in the BZ (CONAP 2015; Figure 1).

Various camera-trapping studies have confirmed the
presence of jaguar in CZ of the MBR such as PANAT (Garcia
etal. 2005; Ruano et al. 2010), BP and PN Laguna del Tigre
(Garcia and Radachowsky 2004; Marquez 2009; Moreira et
al. 2009b), PN Sierra del Lacandén (Soto 2003; Mérquez
2009), PN Mirador-Rio Azul (Moreira et al. 2008a; Moreira
et al. 2011; Gonzélez-Castillo et al. 2018), and in BP Dos
Lagunas (Moreira et al. 2008a; Gonzalez-Castillo et al. 2018).

The presence of the jaguar has also been confirmed in the
MUZ, specifically in the forestry concessions of Melchor
de Mencos (Moreira et al. 2009a), Carmelita (Moreira et al.
2008b), La Gloria-El Lechugal (Moreira et al. 2007), and in
other areas to the south of the MBR, such as the Montafias
Mayas-Chiquibul Biosphere Reserve (Garcia 2013). This
study reports important photographic records of jaguar for
BPSMPZ and PNYNN, both core zones of the MBR where no
camera-trapping studies had been conducted previously.

The BPSMPZ is located in northern Guatemala, west of
PANAT, in the Department of Petén (Figure 1). Its territorial
extension is 34.934 ha and is currently one of the CZ fac-
ing higher risks and threats due to the advance of the agri-
cultural frontier, extraction of precious woods, poaching,
and forest fires (CECON 1996; CONAP 2015). It is located in
the Neotropical Biogeographic Province in the upper part
of the San Pedro River basin, which in turn belongs to the
Usumacinta River basin draining into the Gulf of Mexico
(CECON 1996). The mean temperature ranges between 20
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Figure 1. Location and administrative boundaries of San Miguel La Palotada-El Zotz Protected Biotopo and Yaxha Nakum Naranjo National Park in the Maya Biosphere Reserve (MBR),
Guatemala. PNSL: Sierra del Lacanddn National Park; BPLT: Laguna del Tigre-Rio Escondido Protected Biotopo; PNLT: Laguna del Tigre National Park; PNMRA: Mirador-Rio Azul National

Park; BPDL: Dos Lagunas Protected Biotopo; PANAT: Tikal National Park.
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°C and 32 °C, with an average of 26 °C; the mean annual
precipitation ranges from 1,200 to 1,400 mm, and elevation
ranges from 50 to 300 m. Soils are calcareous, clayey, shal-
low, and of low fertility (CECON 1996). BPSMPZ is home to
at least 160 plant species, 223 species of vertebrates (not
including fish), fungi, and invertebrates (Ixcot et al. 2005).

PNYNN is located in northeastern Guatemala, to the
southeast of PANAT and west of the city of Melchor de Men-
cos (Figure 1). It stretches across 37,160 ha and is currently
one of the CZ most at risk of threats within the MBR (CONAP
2015). It encompasses two physiographic provinces, the
Lacandén Fold Belt and the Yucatan Platform (CECON 1996).
The physiography is typical of low lands, also including a
number of hills, which makes water to accumulate in lower
areas. The topsoil is shallow and mainly made of organic
matter, with a clayey subsoil on limestone rock; the sus-
ceptibility to erosion is 30 % (CECON 1996; CONAP 2015).
Hydrologically, PNYNN is a priority area for conservation,
as it includes important water bodies such as the Holmul
and Naranjo rivers, the Yaxha, Sacnab, and Lancaja lagoons,
along with numerous ponds and temporary water bodies,
locally known as aguadas (CECON 1996). The mean annual
temperature ranges between 11 and 39.7 °C, averaging
25.3 °C; the mean annual precipitation is 1,800 mm, and
the altitude varies between 50 and 400 m asl (CECON 1996;
CONAP 2006). This area has reported at least 62 tree spe-
cies and 22 species of fish, 14 of amphibians, 45 of reptiles,
99 of birds, and 42 of mammals (CONAP 2015).

As aresult of the promotion by the "Guatemala Baird's Tapir
Conservation Program" of the Centro de Estudios Conserva-
cionistas (CECON) of the Faculty of Chemical Sciences and
Pharmacy at Universidad de San Carlos, Guatemala, and the
Fundacién Defensores de la Naturaleza (FDN), several research
projects and initiatives for the monitoring and conservation
of fauna have been launched in various CZ of the MBR. For
BPSMPZ and PNYNN, these projects started in 2016 and 2018,
respectively. Annual sampling campaigns were conducted in
the dry season and early rainy season (March to August), using
camera-trapping stations according to the methodology pro-
posed by the CECON and FDN (2016) for the monitoring of the
Central-American tapir, Tapirella bairdii. For the above, prior-
ity was given in both areas to locating the sampling stations
in sites with a greater probability of tapir detection, mainly on
the banks of water bodies such as aguadas and rivers; cam-
era-traps were placed at approximately 40 cm above ground,
affixed to trees (Garcia et al. 2017; Garcia et al. 2019). In BPSMPZ,
in each of eight stations, we installed a Bushnell® Trophy Cam
automatic camera-trap with 8 MP resolution, set to take three
images per capture event, with a 15-second interval between
capture events. In PNYNN, camera-traps were installed in 5
sampling stations; we used Bushnell® Trophy Cam AGRESSOR
No-Glow automatic camera-traps with 14 MP resolution, tak-
ing one image per capture event, and with 1-second intervals
between capture events. All cameras were set to be activated
by a motion sensor 24 hours a day. All cameras were operating
for at least 90 trap-days/nights at each site.

Garcia et al.

One jaguar individual (adult, undetermined sex) was
recorded in 1 of the 8 sampling stations at BPSMPZ dur-
ing the 2016 dry season (10:26 h of 7 August 7; Figure 2a).
Twenty-two individual records or events were also recorded
(involving at least six adults: 1 female, 3 males, and 2 indi-
viduals of undetermined sex) in three of the five sampling
stations in PNYNN during the 2018 dry season (February to
August; Figure 2b).

In BPSMPZ, the sampling station where the jaguar indi-
vidual was captured is located in a secondary forest near
the southwestern border of the Biotopo, at approximately
8 km from the nearest town (Cruce Dos Aguadas town), and
22 km from the nearest jaguar camera-trapping record in
PANAT (Garcia et al. 2005; Ruano et al. 2010; Garcia-Anleu
et al. 2015). In PNYNN, the sampling stations where jag-
uar individuals were captured are located in two aguadas
(ponds) and a river, recording more than one event per site,
11 km away from the nearest town (Yaxha) and 15 km from
the nearest jaguar records reported for PANAT (Garcia et al.
2005; Ruano et al. 2010; Garcia-Anleu et al. 2015).

These photographic records of jaguars in BPSMPZ and
PNYNN represent a relevant event for both CZ, since this spe-
cies, along with the puma Puma concolor, the tapir Tapirella
bairdii, the white turtle Dermatemys mawii, the white-lipped
peccary Tayassu peccari, and the scarlet macaw Ara macao,
are conservation elements at the species level and, therefore,
they are conservation and management priorities across the
MBR according to its Master Plan (CONAP 2015).

The presence of jaguar in the MBR is well-documented,
and previous studies (Garcia et al. 2005; Ruano et al. 2010;
Garcia-Anleu et al. 2015) had reported the presence of jag-
uar in PANAT (Figure 1). The recent photographic records of
adults of both sexes reported herein suggest that jaguars
may reproduce in the southern portions of the MBR. These
new records are relevant given their proximity to human
settlements and the edge of the forest cover in the south of
the MBR. Also, these records confirm the presence of jag-
uars in areas subjected to a high degree of anthropic pres-
sure in southern MBR.

Both BPSMPZ and PNYNN are currently under pres-
sure from illegal logging, poaching, and livestock raising
(CECON 1996; CONAP 2015). In addition, along with PANAT
and Montahas Mayas-Chiquibul Biosphere Reserve, these
are protected areas bordering areas with a high incidence
of livestock-related conflicts within the BZ (CONAP 2015).
Therefore, the presence of jaguars in zones near the south-
ern border of BPSMPZ and PNYNN may trigger potential
conflicts between humans and jaguars in relation to human
settlements and farms (CONAP 2015; Garcia-Anleu et al.
2016). This possibility highlights the importance of imple-
menting programs aiming to reduce potential human-car-
nivore conflicts in these areas. The photographs captured
during the sampling in this study evidenced the presence
of poachers in sampling stations, which represent an addi-
tional threat related to the proximity to populated areas

(CONAP 2015).
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Figure 2. Photographic records of jaguar, Panthera onca, in a) San Miguel La Palota-
da-El Zotz Protected Biotopo, “Saulito’, and b) the Yaxha Nakum Naranjo National Park,
“Leonel,”Maya Biosphere Reserve, Guatemala.

In spite of alower sampling effortin PNYNN, we obtained
95 % more independent records of jaguars relative to those
captured in BPSMPZ. In 2019, we completed the fourth
year of regular sampling in BPSMPZ; however, only one
jaguar individual has been captured in a single sampling
event, namely the one described herein. This suggests that
the probability of recording jaguars in BPSMPZ is very low,
despite its primary forest cover (Figure 1). In this sense, it
can be assumed that the conservation of forest cover does
not warrant the sustainability of large mammal species such
as the jaguar and its main prey, nor the ecological integrity
of the protected areas, giving rise to negative phenomena
such as the empty forest syndrome or defaunation (Wilkie
etal. 2011; Young et al. 2014; Garcia et al. 2019).

There are currently no studies for the evaluation of jag-
uar populations in BPSMPZ and PNYNN; however, there are
several studies in other areas of the MBR, including those
by Garcia et al. (2005), Moreira et al. (2009b), Ruano et dl.
(2010), Garcia-Anleu et al. (2015), and Tobler et al. (2018).
The records reported herein highlight the need to conduct
sampling with an appropriate design and determine the con-
servation status of the jaguar in southern areas of the MBR

26 THERYANOTES Vol.1:23-28

under high risk of defaunation or with low ecological integ-
rity (Garcia et al. 201). We also recommended conducting
studies on activity patterns, prey availability, population den-
sity, and occupancy for the jaguar as a conservation element
of the MBR. This work highlights the importance of preserv-
ing the ecological integrity of the BPSMPZ-PANAT-PNYNN
complex, together with the Bio Itza Indigenous Community
Reserve, through the strengthening of its administration and
the development of integrated management programs, tak-
ing local communities into account.
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El jaguarundi (Herpailurus yagouaroundi) es una especie de félido neotropical con hébitos alimenticios diversos y presencia en distintos
tipos de habitat. El 6 de febrero de 2018 observamos y grabamos a un individuo de esta especie nadando en una zona con pastos marinos,
en Bahia la Graciosa, en el Refugio de Vida Silvestre Punta de Manabique, Izabal, Guatemala. En esta nota reportamos el primer registro de
comportamiento de nado en esta especie, el cual consideramos que puede ser atribuido a bisqueda de alimento en el drea. A pesar de que el
jaguarundi se considera una especie generalista, el conocimiento sobre su comportamiento y poblaciones en general, es escaso. Es por esto
que consideramos que este primer reporte es una valiosa contribuciéon al conocimiento y comprension de este félido neotropical.

Palabras clave: Carnivora; comportamiento animal; Felidae; Izabal; Refugio de Vida Silvestre Punta de Manabique.

The jaguarundi (Herpailurus yagouaroundi) is a species of neotropical felid with diverse eating habits and it is present in different types of
habitat. On February 6, 2018, we observed and recorded an individual of this species swimming in an area with seagrass, in Bahia la Graciosa,
in the Punta de Manabique Wildlife Refuge, Izabal, Guatemala. In this note, we report the first record of swimming behavior for this species,
which we believe can be attributed to the individual searching for food in the area. Although the jaguarundi is considered a generalist species,
knowledge about its behavior and populations, in general, is scarce. This is why we consider this first report to be a valuable contribution to

the knowledge of this neotropical felid.

Key words: Animal behavior; Carnivora; Felidae; Izabal; Punta de Manabique Wildlife Refuge.
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El jaguarundi (Herpailurus yagouaroundi) es un félido
neotropical de caracteristicas distintivas como cabeza
pequena, cuerpo delgadoy cola muy larga, lo cual le dauna
apariencia Unica (Sunquist y Sunquist 2002) con relacién a
otras especies de felinos. Su pelaje es corto, uniforme y los
individuos tienen tres variantes de coloracion: café-negro,
gris y amarillo-rojo (Cat Specialist Group 2019). Es la Gnica
especie del género Herpailurus y estd mas emparentada
filogenéticamente con el puma (Puma concolor) y la chita
(Acinonyx jubatus) que con otros felinos neotropicales,
compartiendo con estas dos especies algunas caracteris-
ticas como el no retraer completamente las garras de sus
patas traseras (Cat Specialist Group 2019).

Los jaguarundis se consideran generalistas, ya que se
alimentan de multiples presas (Bianchi et al. 2011; Silva-Pe-
reira et al. 2011) y viven en variedad de habitats (Nowell
y Jackson 1996). Sin embargo, buscan cobertura vegetal
densa y sitios con cierta proteccion en dreas abiertas (de
Oliveira 1994). A pesar de su amplia distribucion geografica
(desde el sur de Texas y Arizona en Estados Unidos, hasta
las provincias de Buenos Aires y Rio Negro en Argentina)
es probablemente, la especie de felino neotropical menos

estudiada (Grassman y Tewes 2004; Maffei et al. 2007; Téfoli
et al. 2009; Monterrubio-Rico et al. 2012).

La Unién Internacional para la Conservacion de la
Naturaleza (UICN) considera al jaguarundi en la categoria
de Preocupacion Menor (Caso et al. 2015), mientras que en
Guatemala se encuentra en el indice 2 del Listado de Espe-
cies Amenazadas (LEA; este indice incluye especies en peli-
gro de extincion por pérdida de habitat, comercio o con
poblaciones muy pequefas) y en el Apéndice | de la Con-
vencién sobre el Comercio Internacional de Especies Ame-
nazadas de Fauna y Flora Silvestres (CITES 2019; CONAP
2009). Sin embargo, es importante considerar que no hay
suficientes datos e informacién que permitan respaldar el
estado de las poblaciones de la especie en Guatemala.

Por otro lado, existe poca informacion publicada sobre
la importancia de las fuentes de agua y su uso por parte
de los félidos. Algunos autores lo atribuyen a que la mayo-
ria de félidos no disfrutan esta actividad (Pitsko 2003). Sin
embargo, los jaguares tienen la capacidad de llevar una
presa grande mientras nadan, por lo que su emboscada
puede incluir saltar al agua y cazar en ella (Neto etal. 2011).
Algunos estudios en cautiverio también han documen-
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tado como algunas especies, especialmente tigres y jagua-
res, disfrutan del agua y de nadar (Shoemaker et al. 1997;
Bush et al. 2002), incluso se recomienda la disponibilidad
de piscinas dentro de los lineamientos para la recreacion de
félidos en cautiverio (Bush et al. 2002). El propésito de esta
nota es presentar el primer registro de comportamiento de
nado para una especie poco conocida como el jaguarundi
(Herpailurus yagouaroundi).

El Refugio de Vida Silvestre Punta de Manabique (RVSPM)
se ubica en el municipio de Puerto Barrios, departamento
de Izabal, Guatemala (15° 50’ N, 88° 28’ O) y tiene un area
total de 1,519 km?, de los cuales 492.96 km? son terrestres y
1,026.04 km” son zonas maritimas y aguas interiores (FUN-
DARY et al. 2006). El RVSPM constituye la Unica drea mari-
no-costera protegida del pais, con un importante humedal
que forma una peninsula que separa la Bahia de Amatique
del Golfo de Honduras (CONAP 2013). En el drea también
se conservan zonas de arrecife, pastos marinos, bosques
inundables, manglares, pantanos y otros cuerpos de agua
dulce y salobre, haciendo de éstos un refugio importante
para mamiferos amenazados como el manati (Trichechus
manatus), el tapir (Tapirus bairdii) y el jaguar (Panthera onca;
FUNDARY et al. 2006; CONAP 2013).

El RVSPM también es considerado como uno de los 7
humedales de importancia mundial en Guatemala, seguin
la Convencién Internacional de Sitios RAMSAR (CONAP
2013; The Ramsar Convention Secretariat 2014). EI RVSPM
también forma parte de un area clave para la conservacion
a nivel regional, considerada un hot spot de biodiversidad,
conocida como Sistema Arrecifal Mesoamericano (SAM),
que comprende la segunda barrera de coral mas larga del
mundo y brinda sustento a mas de 12 millones de personas
en México, Belice, Guatemala y Honduras, los cuatro paises
que la conforman (HRI 2015; WWF 2017).

Entre las mayores amenazas para el RVSPM estan el
avance de la frontera ganadera, la extraccion de madera,
el manejo inadecuado de la Cuenca del Rio Motagua y la
extraccion de fauna, actividades que constituyen un grave
riesgo para las poblaciones de fauna silvestre (FUNDARY et
al. 2006; GIMBOT 2014). Actualmente, en el RVSPM que-
dan 132.16 km? de cobertura forestal terrestre (MARN et
al. 2020). El area tiene una tasa de deforestacién anual del
1.54%, valor que corresponde a la mayor pérdida de cober-
tura boscosa en areas protegidas de la region norte-oriente
de Guatemala. De seguir asi el area podria haber perdido
toda la cobertura boscosa para el 2041 (CONAP 2013).

Personal del RVSPM que se transportaba en una embar-
cacion de fibra de vidrio de 15 pies, con un motor de 15 HP,
realizd una observacion que fue documentada a través de
un video de ocho segundos, resoluciéon 1920x1080y 30 fps
con un teléfono SAMSUNG GALAXY A3.

Durante un recorrido en lancha, el 6 de febrero de 2018
a las 14:01 horas, con el acompanamiento del guardapar-
ques del RVSPM, se realizd la observacién casual de un
individuo de H. yagouaroundi que se encontraba dentro
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del agua en la Bahia la Graciosa, en la RVSPM, municipio de
Puerto Barrios, Izabal, Guatemala (15°51"34" N, -88° 33" 48"
O; Figura 1; Figura 2; Apéndice 1). El drea donde se avisté al
individuo, tenia cobertura de pasto marino, donde suelen
encontrarse peces. Por el sitio donde se encontré el indivi-
duo, asi como la direccién que llevaba, consideramos que
es muy probable que se dirigiera hacia la parte boscosa en
el sur de la Comunidad La Graciosa.

Este reporte representa un avistamiento inusual en
el comportamiento del jaguarundi. Es posible que dicho
comportamiento sea frecuente en la especie, pero que no
haya sido documentado anteriormente. El jaguarundi es
una especie principalmente diurna (Reid 2009), por lo cual
tiende a ser observada mas facilmente que otras especies
de félidos, llevando a la falsa suposicién de que es comun
(Caso et al. 2015; Reid 2009). Es principalmente terrestre,
pero también considerado buen escalador (Reid 2009).

Otra explicaciéon de nuestra observacién, podria ser
gue la especie esta realizando comportamientos atipicos
debido a la presién por la fragmentacién de su habitat,
que lo obliga a buscar algunos recursos en donde antes
no lo hacia. Esta documentado para el area de Izabal, que
las areas con mayor cobertura de vegetacion acuatica pre-
sentan mayor biomasa de peces (Barrientos y Allen 2008).
Por lo que cabe la posibilidad de que el individuo avis-
tado se encontrara en busqueda de alimento. Toéfoli et al.
(2009) hicieron un estudio de los habitos alimenticios de
esta especie, en el cual consideraron nueve estudios reali-
zados en 4 paises (Belice, Brasil, México y Venezuela). Aun-
que determinaron que esta especie se alimenta principal-
mente de pequenos vertebrados como mamiferos, aves
y reptiles, también hay algunos registros de presencia de
peces en su dieta (Manzani y Monteiro-Filho 1989; Olmos
1993; Guerrero et al. 2002). El horario del avistamiento
coincide con el patrén de actividad de H. yagouaroundi,
pero el comportamiento de nado no estaba reportado
para esta especie.

§9°0.00 88°48.00 88°36.00 88°24.00
ol

0 5 15 25 30 km

N0

NOBFST
NO8hoST

NO9EST
NO9E-ST

* Jaguarundi

[ Limite Departamental

/7 Reserva VS Punta de Manabique
89°0.0'0 88°48.00 88°36.0'0 88°24.00 88°12.00

Figura 1. Ubicacion geografica del avistamiento de un jaguarundi (Hepailurus yag-
ouaroundi) nadando en Bahia la Graciosa, Refugio de Vida Silvestre Punta de Manabique,
Puerto Barrios, Izabal, Guatemala.



Figura 2. Individuo de Herpailurus yagouaroundi observado en Bahia la Graciosa,
Refugio de Vida Silvestre Punta de Manabique, Puerto Barrios, Izabal, Guatemala. Créditos
del video: Sergio Hernandez (Analista Marino costero RVSPM).

Esta nota es una contribucién importante al conoci-
miento del poco estudiado félido neotropical Herpailurus
yagouaroundi'y a su comportamiento. Nuestra observacion
permite que se generen preguntas como ;qué tan comun
es este comportamiento? ;jeste evento se relaciona con uso
de peces u otro recurso acuatico? ;podria ser respuesta a
alguna perturbacién del habitat? A pesar de ser un area
importante por la interconectividad con otras areas prote-
gidas de Izabal, Guatemala (Reserva Protectora de Manan-
tiales Cerro San Gil, Parque Nacional Rio Dulce, Reserva de
Usos Multiples Rio Sarstun), el Refugio de Vida Silvestre
Punta de Manabique es un area particularmente vulnerable
por su alta tasa de deforestacion, el manejo inadecuado de
la Cuenca del Rio Motagua y la extraccién de fauna (FUN-
DARY et al. 2006; IARNA-URL 2012; CONAP 2013).

Ademas, considerando que las tasas de deforestacién
en Guatemala y Honduras son las mas altas de Centroamé-
rica (Redo et al. 2012), la ubicacién geogréfica del RVSPM
también es importante para la conectividad con otras areas
colindantes con Honduras, como la Reserva Hidrica Fores-
tal Sierra Caral y el Parque Nacional Cuyamel-Omoa. Por
esto es necesario promover mas investigacion en campo en
Guatemala (Escobar-Anleu et al. 2018), asi como documen-
tar este tipo de observaciones, ya que consideramos que el
poco conocimiento sobre la biodiversidad puede agravar
las amenazas ya existentes en el drea, al impedirnos tomar
medidas de manejo y conservacién adecuadas.
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Apéndice 1

Video de un individuo de Herpailurus yagouaroundi
nadando en Bahia la Graciosa, Refugio de Vida Silvestre
Punta de Manabique, Puerto Barrios, Izabal, Guatemala.

Créditos del video: Sergio Hernandez (Analista Marino
costero RVSPM).

https://drive.google.com/file/d/1jZcNZIhL72zl a-
9-224uu96aD2DVYQYu/view?usp=sharing
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Broadening the distribution of the microendemic shrew Cryptotis
phillipsii (Eulipotyphla, Soricidae)

Ampliacion de la distribucion de la musarana microendémica
Cryptotis phillipsii (Eulipotyphla, Soricidae)
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The Phillips” small-eared shrew, Cryptotis phillipsii (Schaldach, 1966), is geographically restricted to a small patches of montane cloud for-
ests from southern Oaxaca, México. Distributional records and specimens of C. phillipsii are relatively scarce, so it still remains as poorly-known
species. Here, we provide 2 new localities based on the analyses of specimens that remained unidentified in a museum. We analyzed 5 speci-
mens from the Sierra Madre del Sur biogeographic province, southwestern Oaxaca, which were collected in 1-liter pitfall traps. We determined
the taxonomic identity of the specimens using specialized literature and by comparison with other shrew species potentially inhabiting the
region. The external and cranial morphology allowed us to determine that these 2 specimens belong to the species Cryptotis phillipsii. These
records extend the known distribution of C. phillipsii by about ca. 60 km west and provide additional information about their habitat preferenc-
es. The records presented here extend the range of C. phillipsii and corroborate predictions maps of current potential distributions suggesting
the existence of suitable conditions for the species in the region. We urge continuing support and funding for fieldwork and the updating of
scientific collections in order to accomplish the urgent task of completing the inventory of species and overcome the lack of their distributional
information.

Key words: Cloud forests; inventories; México; museum specimens; taxonomy.

La musarafa de orejas pequenias de Phillips, Cryptotis phillipsii (Schaldach, 1966), esta geograficamente restringida a pequefios parches de
bosques de niebla en el sur de Oaxaca, México. Los registros de distribucién y los especimenes de C. phillipsii son relativamente escasos, por lo
que sigue siendo una especie poco conocida. Proporcionamos 2 nuevas localidades basadas en el analisis de especimenes que permanecieron
sin identificar en un museo. Analizamos 5 especimenes de la provincia biogeografica de Sierra Madre del Sur, en el suroeste de Oaxaca, que
fueron recolectados en trampas de caida de 1 litro de capacidad. Determinamos la identidad taxondmica de los especimenes usando literatura
especializada y con la comparacién con especimenes de otras especies de musaraias que potencialmente habitan la regién. La morfologia
externa y craneal permitié determinar que estos 5 especimenes pertenecen a la especie Cryptotis phillipsii. Estos registros extienden la distri-
bucién geogréfica conocida de C. phillipsii unos ca. 60 km al oeste y brindan mds informacién sobre sus preferencias de habitat. Los registros
presentados aqui amplian la distribucién de C. phillipsii y corroboran las predicciones de mapas de distribuciones potenciales actuales que
sugieren la existencia de condiciones adecuadas para la especie en la regién. Instamos a continuar el trabajo de campo y la actualizacion de las
colecciones cientificas para realizar la tarea urgente de completar el inventario de especies y superar la falta de informacién de su distribucién
geografica.

Palabras clave: Bosques de niebla; especimenes de museos; inventarios; México; taxonomia.
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The lack of geographic information on species distributions
(i.e., the Wallacean shortfall; Whittaker et al. 2005) hinders
our ability to adequately manage and conserve the natural
resources of the planet. Although the scientific interest in
the study of mammals has grown over the time, baseline
data on the diversity and distribution of some taxonomic
groups are far from well known, because biological explora-
tions are insufficient, especially in tropical mountain regions
(Guevara and Sanchez-Cordero 2018; Mayén-Zaragoza et al.

2019). On the other hand, it has been observed that speci-
mens representing new records (or even new species) have
already been obtained but remain unidentified or misiden-

tified in natural history collections (Kemp 2015). Thus, it
is necessary to work from several fronts to achieve a mini-
mal knowledge on the geographical distribution of spe-
cies, particularly those secretive, elusive or rare species, for
which the use of inappropriate collecting methods, poor
sampling effort, and problems in taxonomic identification
prevent the completeness of inventories (Carraway 2007;
Lobo etal. 2018).

One of these groups are the shrews (Eulipotyphla, Soric-
idae), which comprise small-sized mammals that occupy
various ecological niches and modes of life (Berman et al.
2007). In México and the United States of America, where
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Range extension of Cryptotis phillipsii
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Figure 1. Specimen of the Phillips” small-eared shrew, Cryptotis phillipsii, collected in
San Miguel Panixtlahuaca, Oaxaca (OAX.MA 4263). Bar indicates 5 mm.

the greatest diversity of shrews in the Americas occurs, the
discovery and description of new species, rediscoveries,
and range extensions within this family are yet common
(Cervantes et al. 2008; Lorenzo et al. 2019). Of the 5 extant
genera of shrews in the Americas, small-eared shrews of
the genus Cryptotis have the widest distribution extending
from eastern North America to the north of South America
(Woodman 2019). The genus attains its greatest diversity
in the northern tropics of southern México, particularly in
the State of Oaxaca, including the presence of sympatric
and syntopic species (Guevara and Cervantes 2017). Most
of the species of Cryptotis in Oaxaca are relatively homo-
geneous in external and cranial morphology (Choate 1970;
Guevara and Cervantes 2017). It is therefore not unusual
to find species to be morphologically almost indistinguish-
able, and for which some specimens could remain uniden-
tified or misidentified in museums (Woodman and Timm
2000; Guevara and Sanchez-Cordero 2018).

Long-term field inventories of small mammals in the
Sierra Madre del Sur biogeographic province, southwest-
ern Oaxaca, have yielded various specimens of the genus
Cryptotis collected in 1-liter capacity pitfall traps (collecting

35 THERYANOTES Vol.1:34-38

permit FAUT-0037, SEMARNAT). However, some specimens
have remained unidentified. Therefore, we revised five
specimens from two localities to clarify their taxonomic sta-
tus using specialized literature (Carraway 2007; Woodman
and Timm 2000) and by comparison with specimens of C.
goldmani machetes, C. phillipsii, and C. pueblensis, which
correspond to shrew species potentially inhabiting the
same region (see Appendix I). The five specimens exam-
ined have a broad zygomatic plate and a well-developed
lower third molar compared to C. pueblensis; they are also
relatively smaller in head-and-body length and exhibit nar-
rower foreclaws compared to C. goldmani machetes. The
external and cranial morphology of the specimens exam-
ined allowed us to determine that these belong to the spe-
cies Cryptotis phillipsii (Figure 1).

Two specimens (Mammal Collection of the CIIDIR-Oax-
aca, OAX.MA 4268, 4269) were collected along a stream sur-
rounding by montane cloud forest and coffee plantations at
914 m in the municipality of San Agustin Chayuco, whereas
other 3 specimens (OAX.MA 4262, 4263, and 4264) were
collected in a very wet slope of cloud forests with arbores-
cent ferns at 1,654 m in the municipality of San Miguel Pan-
ixtlahuaca (Figure 2). In the same area where C. phillipsii
was collected in San Agustin Chayuco, some specimens of
Peromyscus aztecus were also obtained. In San Miguel Pan-
ixtlahuaca, also P. aztecus, plus P. melanurus, P. mexicanus,
Oryzomys fulgens, and Heteromys pictus were collected and
deposited at the OAX.MA.

The Phillips” small-eared shrew, Cryptotis phillipsii (Schal-
dach, 1966), is one of the less-known species in México. Ini-
tially described as Notiosorex phillipsii, was later included as
a population of C. mexicana peregrina (or most recently as C.
peregrinus); however, a morphological and molecular revi-
sion supports its status as species separated from C. peregri-
nus, a similar but not closely related species (Woodman and
Timm 2000). The revised specimens of southwestern Oax-
aca increase the number of specimens known of C. phillipsii
available in natural history museums, from 55 to 60 speci-
mens, of which just over half (51.6 %) are housed in Mexi-

98°W %W 94°W

*  New record 1
B New record 2
® Historical records

Figure 2. Map showing historical (dots) and new records (star, San Miguel Panixtla-
huaca; square, San Agustin Chayuco) of the Phillips”small-eared shrew, Cryptotis phillipsii, in
Oaxaca, southern México. New records extend its geographic range ca. 60 km to the west.
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Table 1. Records of the Phillips” small-eared shrew, Cryptotis phillipsii, in Oaxaca, México, indicating the month and year of collecting. American Museum of Natural History, New York,
New York (AMNH); California Academy of Sciences, San Francisco, California (CAS); Coleccion Nacional de Mamiferos, México City (CNMA); Escuela Nacional de Ciencias Bioldgicas, México
City, (ENCB); The University of Kansas Natural History Museum, Lawrence, Kansas (KU); Louisiana State University, Baton Rouge, Louisiana (LSUMZ); University of Michigan, Museum of
Zoology, Ann Arbor, Michigan (UMMZ); Coleccion Mastozooldgica del CIIDIR-Oaxaca, IPN (OAXMA).

Records

Month Year Locality

AMNH 178739
UMMZ 112572

CNMA 8444-8446, 8447; AMNH 213758-213759; 214152, 214803-214805; KU 114226

KU 121661

KU 124298-124299
LSUMZ 11915

KU 98728

CAS 14940-14941
AMNH 214806, 214808
CAS 14069, 14071-14072 CNMA 26552
CAS 15475

ENCB 3413-3414

CAS 14068

KU 124295-124296
CNMA 27517-27518
CNMA 26551

CAS 15478

CAS 15476

CAS 15474

CAS 15473

KU 124294

CNMA 44682, 44724-44736
CNMA 44723

CNMA 44699

OAXMA 4262-4264
OAXMA 4268-4269

August 1957 San Andres Lovene, San Juan Ozolotepec
July 1963 Near Campamento Rio Molino (Hwy 175), 7300 ft
December 1964 Rio Molino

December 1969 Rio Molino

April 1970 Rio Molino

July 1969 Rio Molino

July 1964 20 mi S, 5 mi E Sola De Vega
March 1965  Sinai, 10 km E Nopala

October 1967  San Miguel Suchixtepec
April 1968 Km 178, Rio Jalatengo, Puerto Angel Rd.
January 1970 Rio Jalatengo, Puerto Angel Rd.

January 1968 16 km SW San Miguel Suchixtepec

April 1968 Km 153, Rio Molino, Puerto Angel Rd.
November 1969 27.8 Km (By Road) N of San Gabriel Mixtepec
June 1970 Puerto Angel Road, Km 158

January 1970  Km 195 Oaxaca-Puerto Angel Rd.

January 1970 Lumber Camp, Km 158, Puerto Angel Rd.
January 1970 Km 195 Puerto Escondido Rd.

January 1970 Km 193 Puerto Escondido Rd.

January 1970 La Cima, Km 184-1/2 Puerto Escondido Rd.
May 1970 36 Km (By Road) N San Gabriel Mixtepec
October 2006 Campamento Rio Molino, 2 km SSW San Miguel Suchixtepec
October 2006  3.25 Km NE San Juan Lachao

October 2006 Santa Rosa, 1.5 km NE San Juan Lachao

March 2009 5.08 km'S, 3.32 km W San Miguel Panixtlahuaca
February ~ 2009 9 km E San Agustin Chayuco

can museums (Table 1). Cryptotis phillipsii inhabits tropical
montane cloud forests over an altitudinal range of 900 to
2,500 m, being geographically restricted to only 6,000 km?
in the Sierra Madre del Sur biogeographic province, within
the state of Oaxaca (Alvarez-Castafieda et al. 2018). The
records presented here fall in this habitat and elevational
range. Further research is necessary to assess how coffee
plantations affect their populations, in particular in San
Agustin Chayuco. A search in databases and literature indi-
cates that this species has been collected throughout the
year (Table 1; Sdnchez-Cordero and Guevara 2016; Wood-

man and Timm 2000).

The two new localities presented here extend the distri-
bution by ca. 60 km to the west of the nearest localities in
the Sierra de Miahuatlan (Figure 2; Woodman and Timm

2000). In particular, the records of San Agustin Chayuco are
notables because they are located crossing Rio Verde, a large
watercourse running in northern-southern direction that
break the continuity of the mountains in the Sierra Madre
del Sur. Maps of current potential distributions have sug-
gested the existence of suitable conditions for cloud forest

shrews in that region, but so far there were no records that
corroborate its presence (Guevara et al. 2015; Guevara and
Sanchez-Cordero 2018). Therefore, the records analyzed
here contribute to the value of these studies by corroborat-
ing their predictions. Due to its estimated area of occupancy
and environmental threats within its distribution area, it is
cataloged as vulnerable according to the International Union
for Conservation of Nature (Alvarez-Castafieda et al. 2018);
however, it has not been considered of priority protection by
the Mexican government (SEMARNAT 2010, 2019).

Itis feasible that the lack of more records of C. phillipsii in
other predicted regions, such as southern Guerrero, is due
to insufficient fieldwork. We then invite the scientific com-
munity to continue long-term surveys in under-sampled
regions using proper methods for small mammals. In the
case of shrews from northern Neotropics, pitfall traps have
proven be highly efficient (Umetsu et al. 2006). On the other
hand, it is also possible that, as shown in this work, speci-
mens have already been collected but remain forgotten
or ignored in the drawers of the collections (Kemp 2015).
Therefore, we urge the constant updating of scientific col-
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lections, as well as the databases associated with voucher
specimens. Collaborative work between curators and spe-
cialist taxonomists should be the norm in order to accom-
plish the task of completing the inventory of species and
overcome the lack of distributional information (Johnson
2012). This accumulated knowledge will provide crucial
information for a better understanding of the evolutionary
history and conservation status of poorly-known species.
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Specimens examined

Cryptotis pueblensis (17). México: Oaxaca; 1.5 km NE Santa
Rosa, Santiago Jamiltepec (CNMA 44691, 44693, 44694,
44698, 44701); km 193 Oaxaca-Puerto Escondido Road,
2.25 km NE San Gabriel Mixtepec (CNMA 44704, 44705,
44707-44709, 44711, 44713, 44715-44717); 20 mi S, 5 mi
E Sola de Vega (KU 99547); 27 km (by road) S Juchatengo,
1850 m (KU 121662).

Cryptotis goldmani machetes (14). México: Oaxaca; Cam-
pamento Rio Molino, 2 km SSW San Miguel Suchixtepec
(CNMA 44675-44681, 44683-44689).

www.mastozoologiamexicana.org 38


http://www.mastozoologiamexicana.org

THERYA NOTES 2020, Vol. 1:39-42 DOI: 10.12933/therya_notes-20-10  ISSN 2954-3614

Fecal nitrogen of the white-tailed deer (Odocoileus virginianus) in
southern México

Nitrogeno fecal del venado cola blanca (Odocoileus virginianus) en
el sureste de México
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The seasonal changes of the plant species consumed by the white-tailed deer in wildlife influence the availability and quality of their diet
and is directly proportional to fecal nitrogen (FN). The objective is to evaluate the content of FN and the use of the fragmented habitat of the
white-tailed deer in the dry season when food is scarce. We installed 300 quadrants of 100 m2in different habitat types: agricultural, secondary
vegetation, and tropical forest in the drought season of 2011. Twenty-seven samples of fresh feces were selected and the FN was quantified
to relate it to the quality of food in the habitat fragments. The use of habitat fragments was determined by the distribution of tracks and feces
recorded in the quadrants. The levels of FN were of 2.495 + 0.580 mg/ml without significant differences between habitat fragments (P > 0.05).
In the use of habitat fragment there was no significant difference (P > 0.05). Deer ingest foods that contain a relatively high amount of protein,
regardless of habitat type, and they use habitat fragments to consume quality foods based on seasonal availability.

Key words: Feeding; foraging; habitat; quality; seasonality.

Los cambios estacionales de las especies vegetales consumidas por el venado cola blanca (Odocoileus virginianus) en vida silvestre influyen
en la disponibilidad y calidad de su dieta y son proporcionales al nitrégeno fecal (NF). El objetivo del presente trabajo fue evaluar el contenido
de NF y el uso del habitat del venado cola blanca en la estacién seca cuando el alimento es escaso. Se establecieron 300 cuadrantes de 100
m?, en fragmentos de habitat agricola, vegetacién secundaria y selva en la estacién seca de 2011. Se seleccionaron 27 excretas frescas y se
cuantificé el NF, para relacionarlo con la calidad de la alimentacion en los fragmentos del hdbitat. El uso del habitat se determiné por la distri-
bucion de huellas y excretas registradas en los cuadrantes. Los niveles de FN fueron de 2.495 + 0.580 mg/ml sin diferencias significativas entre
los fragmentos de habitat (P > 0.05). En el uso de habitat no hubo diferencias significativas (P > 0.05). Los venados ingieren alimentos que
contienen una cantidad relativamente alta de proteinas, independientemente del tipo de hébitat, y también usan los fragmentos de habitat
para consumir alimentos de calidad de acuerdo con la disponibilidad estacional.

Palabras clave: Alimentacion; calidad; forrajeo; habitat; temporalidad.
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The behavior of herbivory, habitat use and reproductive
success in wildlife of the white-tailed deer (WTD), Odocoi-
leus virginianus is usually linked to the quality and quantity
of food ingested. An indirect method to measure this qual-
ity is the fecal nitrogen index (FN). This method is relatively
inexpensive and it is not necessary to capture specimens
from the study population, the samples that are collected
are feces, therefore this type of sample, also, it serves to
carry out population studies (Mandujano 2014; Monteith et
al. 2014; Gallina et al. 2015).

Several studies have shown a strong correlation
between FN and diet quality attributes, including intake,
digestibility, changes in weight and phosphorus in the diet
of several of cervids such as Cervus elaphus, O. hemionus
and C. nippon (Holechek et al. 1982; Leslie and Starkey 1985;
Howery 1987; Osborn and Ginnet 2001; Ueno et al. 2007). In
WTD, relationships between FN and organic nitrogen have

been established in the plants it consumes (Howery and
Pfister 1990), reproductive status (Monteith et al. 2014)
and sexual segregation (Gallina et al. 2015).

The FN is usually influenced by the quality of the diet,
regardless of the physiological state of the animal. In addi-
tion, the seasonal changes in the plant species consumed
by the WTD, and which are available in the habitats, influ-
ence the availability and digestibility of the forage (Leslie
and Starkey 1985; Duncan and Gordon 1999). Brown et
al. (1995) demonstrated that low levels of FN were associ-
ated with low levels of protein and energy in the diet of
the deer. Other studies have linked high levels of FN with
high levels of tannins rather than high levels of nitrogen
in the diet or high digestibility rates, finding that the FN is
frequently high and variable in herbivores that consume
shrubs and herbaceous species (Howery 1987; Thomp-
son 1987; Osborn and Ginnet 2001). However, the saliva
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in members of the genus Odocoileus, like other deer of the
concentrate selector type, contains substances that bind to
tannins, neutralizing them for the most part, thereby man-
aging to digest the proteins in the food more efficiently
(Austin et al. 1989; Hofmann 1999).

The type of vegetation, its distribution and abundance
are proportionally linked to rainfall (Granados et al. 2014).
The sub-humid warm climate of Yucatén is characterized
by two seasons determined mainly by rainfall: rainy season
(from June to November) and dry season (from December to
May), so in the dry season there is little availability of plants
consumed by the WTD (Mardero et al. 2012). Our hypoth-
esis is that, due to the lower rainfall during the dry season
in Yucatan, the quality and abundance of vegetation are
affected negatively, and therefore expecting in low FN lev-
els. The habitat also influences the consumption behavior of
WTD, using areas with greater food availability, such as agri-
culture fields and secondary vegetation. This study aims to
evaluate the content of FN and the use of habitat fragments
of the WTD during the dry season, in Yucatan state, México.

The study was conducted in Tzucacab, municipality of
Yucatan, México, located between 19° 38" and 20° 09” N
and 88° 59” and 89° 14" W, and with 1,289 km? of which
302.16 km? corresponding of native vegetation (Wyman et
al. 2007). The climate is Aw1 (i /) g, corresponding to the
warm sub-humid with mostly summer rains, which has lit-
tle thermal oscillation (Duch 1988). The soil can be Lithosol
or Luvisol types, having mainly bare rocks, with an average
depth of 10 cm, although in some parts they can reach 60
cm. The vegetation cover or natural habitat corresponds to
the type of tropical medium subdeciduous forest, the habi-
tat is fragmented, especially for secondary vegetation with
different successional stages, agricultural and livestock sys-
tems (Wyman et al. 2007). From March to May (dry season)
six transects of 5,000 m long and 2 m wide, were installed
randomly located in the municipality of Tzucacab (Figure 1).

Three hundred square plots of 100 m? (10 x 10 m) were
installed, along these six transects, and the type of habitat
was identified in each plot. The number of tracks and feces
was recorded in each type of fragment. The chi-square test
(Byers et al. 1984) was used to test the use of each fragment or
habitat type according to them disponibility. The expected
number of observations in each habitat type was computed
by multiplying the relative area of the habitat type by the
total number of tracks registered. With these data the chi-
square goodness-of-fit test (x*> = 3(O, - E)*/E) was realized.

A single deposition of 10 or more pellets was consid-
ered as a fecal group, with equal characteristics of color-
ation, size, and humidity (Elbroch 2003). Fecal groups that
showed to be fresh were selected, because of its brightness
and humidity; the dried ones, with fungi or insect larvae
were discarded. The pellets were collected in the apical part
of the fecal cluster to avoid contamination by soil and litter
remains; they were placed in paper bags and transferred to
the laboratory. The samples were dried at 60 °C for 48 h
and then ground, as finely as possible, with a conventional
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Figure 1. Study area in the municipality of Tzucacab, Yucatan, México.

blender (Moulinex, model 4090). The fecal groups were
separated according to the habitat type where they were
collected: secondary vegetation (SV), agricultural (AG), and
tropical forest (T).

To contrast the food quality with that of animals in cap-
tivity, six samples were obtained in the Wildlife Manage-
ment Unit (WMU) “Xmatkuil” of the Campus of Biological
and Agricultural Sciences of the Autonomous University of
Yucatan, located in Mérida, Yucatan. These animals have ad
libitum diet based on fruits (papaya, cucumber and pump-
kin), tree fodder (Brosimum alicastrum and Leucaena leuco-
cephala), and supplemented with commercial feed for pigs,
with crude protein contents of 9 %.

The FN content of each sample was quantified in dupli-
cate by the Kjeldahl method (AOAC 1999) and expressed as a
percentage of dry matter using a micro-Kjeldahl device, (VELP
Scientifics brand, model DK-6). To find differences in the con-
tents of FN, the non-parametric Kruskal-Wallis test was per-
formed because it did not meet the normality requirements.

The plots in each habitat were distributed as follows: SV:
46, AG: 103 andT: 151. In these we found 6, 24 and 58 tracks
in SV, AG and T, respectively (Table 1). No significant differ-
ences (P > 0.05, x? = 5.616, df = 2) were found in the use of
habitat type by the WTD. One hundred fifty-three total tracks
were obtained and 65 samples of fecal groups of white-
tailed deer, 27 of which were taken as suitable for measur-
ing FN. The fecal samples for the NF analysis were classified
as follows: SV: 4, AG: 2, T: 21. The FN in each type of habitat
(average + standard deviation) was: SV = 2.198 + 0.577 mg/
ml, AG = 2.574 + 0.436 mg/ml and T = 2.543 + 0.597 mg/ml
and globally of 2,495 + 0.580 mg/ml. The concentrations of
FN did not have significant differences according to habitat
type (P > 0.05). For the samples obtained in the WMU, the
FN was 2,535 + 0.695. There were no significant differences
between wild habitats and the WMU (P > 0.05).



Table 1. Data used for each fecal plots by habitat type in Tzucacab, Yucatan, México.

X Expected Observed
Number Relative

Habitat usage usage
plots plots ; ;
(Ei) (0i)
Tropical forest (T) 151 0.50 443 58
Secondary vegetation (SV) 46 0.15 13.5 6
Agricultural (AG) 103 0.34 30.2 24

The wild NF values obtained show a high-quality diet
since they are similar to those recorded in captive animals
in the WMU with diets supplemented with 9 % protein
already found by Howery and Pfister (1990) when they are
provided with high levels of protein (foods with 16.5 %
crude protein, with a value of 2.26 mg/ml of FN) to females
of WTD. Massey et al. (1994) reported low FN values (1.92
mg/ml) in black-tailed deer (O. hemionus columbianus) in
the dry season when nutritious foods are scarce.

However, the highest levels of FN (2.495 mg/ml)
obtained from the WTD in wildlife in this research con-
firm that due to the type of foraging, the deer is selective,
ingesting foods that provide the nutrients it needs (Berteux
etal. 1998; Silva-Villalobos et al. 1999; Dostaler et al. 2011).

This food selection was also demonstrated by Granados
et al (2014) in a study of the WTD in the Yucatan Peninsula
where they found that the plant species consumedin the dry
season decreased (12 species against 29 in the rainy season)
and that the most consumed species in the dry season was
L. leucocephala, which has a crude protein content of 24.63
% dry matter (DM), a high digestibility rate (81 % DM) and
a low tannin content (2.09 % DM; Lépez-Cobd et al. 2007).
This behavior of maximizing the consumption of high-qual-
ity foods and minimizing that of secondary metabolites has
been mentioned by Duncan and Gordon (1999).

Although they have been reported that agricultural
areas in the dry season can serve as feeding areas to the
WTD, due to the availability of sprouts (Mandujano and
Rico-Gray 1991; Greenberg 1992; Meek et al. 2008), which
are more palatable and 20-30 % richer in organic nitrogen
(Robbins et al. 1975). However, the use for some type of
habitat can also be explained by the WTD's foraging strat-
egy, typical of an opportunistic concentrate selector to
feed in addition to woody material (Granados et al. 2014),
such as those found in shrubs, stems and tropical leaves
and secondary vegetation. These last sites can also pro-
vide them with shade and rest sites, an important factor in
hot weather, since it has been observed that herbivores at
this time increase their body temperature, heart rate, and
respiration rate, affecting their voluntary consumption
by reducing their foraging time while remaining in the
shade and increasing inactivity (Morillo 1994). These for-
aging strategies, applied by these herbivores, allow them
to ingest high-quality food, even if it is to a lesser extent,
given the limited availability (Duncan and Gordon 1999).

Lépez-Cobd et al.
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The red brocket deer (Mazama temama) is one of the least studied species of deer in Latin America. In México, little information is available
on this species in mountainous regions, particularly in mountain cloud forests (MCF) in the state of Hidalgo. Since red brocket deer and MCF are
threatened, mainly by anthropogenic activities, it is essential to carry out monitoring to corroborate the presence of this species in the MCF of
Hidalgo. Here we report new records of this species in MCF of northeastern Hidalgo, in a forest management unit. The study was carried out in
the 1302 Zacualtipan-Molango Forest Management Unit (UMAFOR) as part of the Strengthening of Social Organizations in the Forestry Sector
project of the 2016 National Forestry Program. Monthly walks were carried out in different locations (sites) within the area between January
2016 and February 2019. The presence of red brocket deer was inferred from evidence of scats, tracks, direct sightings, and photographic
records. For the latter, trap cameras were placed at sites identified as likely wildlife passes. We obtained 20 records (1 track, 2 scats, 1 sighting,
16 photographs) of red brocket deer. The sighting consisted of an adult individual being chased by seemingly feral dogs. These records pro-
vide up-to-date information on the distribution of red brocket deer in MCF in northeastern Hidalgo. To note, records were obtained in an area
subjected to forest use under sustained anthropogenic impact. However, owners dedicate their premises to conservation, specifically those
including MCF. Since red brocket deer thrives in conserved forests, the records reported here suggest positive effects of forest management on
this UMAFOR. Biological monitoring in the area should be continued and extended, also covering areas subject to forest exploitation, as feral
dogs may undermine red brocket deer populations. Finally, we recommend the development of research projects in the area, to contribute to
management plans aiming to preserve red brocket deer populations.

Key words: Anthropogenic impact; cervid species; feral dogs; forest management.

El venado temazate (Mazama temama) es una de las especies de cérvidos menos estudiados en América Latina. En México, se tiene poca
informacién de esta especie en regiones montafosas, particularmente en bosques mesoéfilos de montana (BMM) del estado de Hidalgo. Dado
que el venado temazate y los BMM se encuentran amenazados, principalmente por las actividades antropogénicas, es importante realizar
monitoreos para corroborar la presencia de esta especie en los BMM de la entidad. Presentamos nuevos registros de esta especie en bosques
mesofilos del noreste de Hidalgo, en una unidad de manejo forestal. El estudio se realizé en la Unidad de Manejo Forestal (UMAFOR) 1302
Zacualtipan-Molango, como parte del proyecto Fortalecimiento de las Organizaciones Sociales del Sector Forestal, del Programa Nacional
Forestal 2016. Se llevaron a cabo recorridos mensuales en diferentes localidades (predios) de la zona, entre enero de 2016 a febrero de 2019.
La presencia de venado temazate se verificé mediante el hallazgo de excretas, huellas, avistamientos directos y registros fotograficos. Para
esto Ultimo, se colocaron camaras trampa en sitios identificados como posibles pasos de fauna. Obtuvimos 20 registros (1 huella, 2 excretas, 1
avistamiento, 16 fotografias) de venado temazate. El avistamiento consistié en un individuo adulto que era perseguido por perros, aparente-
mente ferales. Estos registros aportan informacion actualizada acerca de la distribucion del venado temazate en BMM del noreste de Hidalgo.
Destacamos que los registros se obtuvieron en una zona de aprovechamiento forestal donde existe impacto antropogénico constante. Sin
embargo, las personas destinan en sus predios areas para conservacion, especificamente los BMM. Dado que esta especie es considerada
especialista de bosque conservado, los registros podrian indicar impactos positivos del manejo forestal en esta UMAFOR. Se deben continuar
y extender los monitoreos biolégicos en el drea, abarcando también las zonas sujetas a aprovechamiento forestal ya que se observaron perros
ferales que pueden vulnerar las poblaciones de venado temazate. Finalmente, exhortamos el desarrollo de proyectos de investigacién en el
darea, para contribuir a los planes de manejo con el objetivo de la persistencia de las poblaciones de venado temazate.

Palabras clave: Especies de cérvidos; impacto antropogénico; manejo forestal; perros ferales.
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Distribution of Mazama temama

The red brocket deer, Mazama temama (Kerr 1792), is one of
the least studied species of deer in Latin America in terms
of biology, ecology, distribution, and other aspects (Weber
and Gonzélez 2003; Mandujano 2004; Gallina 2005; Gallina
and Mandujano 2009; Mandujano 2011). As a result, the
International Union for the Conservation of Nature (IUCN)
lists this species as Data Deficient, indicating that it cannot
be included in the red list of threatened species until its
distribution range and other ecological aspects are better
defined (Bello et al. 2016). Similarly, the limited information
available for the species in México, particularly about its dis-
tribution, explains why it is currently not listed in any risk
category (SEMARNAT 2010) despite being considered a con-
servation priority (SEMARNAT 2014). Its historical distribu-
tion includes southern México, Belize, Guatemala, El Salva-
dor, Costa Rica, Nicaragua, Honduras, Panama, and western
Colombia (Bello et al. 2010, 2016); in México, it is reported in
the states of Tamaulipas, San Luis Potosi, Veracruz, Hidalgo,
Oaxaca, Chiapas, Tabasco, Campeche, and Quintana Roo
(Jones et al. 1983; Gallina 2005; Bello et al. 2016).

The red brocket deer inhabits mainly high evergreen
and medium subdeciduous tropical forests, and mountain
cloud forests (MCF); it has also been reported in temperate
pine-oak forests (Bello et al. 2010). It commonly thrives in
areas with dense vegetation coverage, high water availabil-
ity, and low anthropogenic pressure (Weber 2008). Its pres-
ence has also been reported in patches of secondary veg-
etation near to more conserved MCF fragments (Lira-Torres
and Naranjo 2003; Pérez-Solano et al. 2012, 2016).

MCF are recognized worldwide for their high biodiver-
sity levels and the hydrological services provided. In México,
these forests are considered one of the most threatened ter-
restrial ecosystems due to the small area covered (less than 1
%), and the constant anthropogenic impact associated with
changes in land use (Challenger and Soberén 2008; CONA-
BIO 2010; Ponce-Reyes et al. 2012; Lépez-Arce et al. 2019).

Particularly, mountain cloud forests located in the state
of Hidalgo are considered to be of high priority for con-
servation due to pressures related to extensive livestock,
agriculture, and selective logging (CONABIO 2010). Of the
two MCF subregions in the entity (CONABIO 2010), research
work on red brocket deer has been carried out and pub-
lished for the San Bartolo Tutotepec-Cuetzalan Cloud Forest
subregion (Mufoz and Gallina 2014; Mufoz-Vazquez and
Gallina-Tessaro 2016). In contrast, there are scarce research
projects and little knowledge about biodiversity for MCFs
in the other subregion, named Northeastern Hidalgo-Huay-
acocotla Cloud Forests (SERFORH 2017).

Since little is known about the current distribution of
red brocket deer in mountainous regions of México (Ortiz-
Garcia et al. 2012; Pérez-Solano et al. 2012; Ramirez-Bravo
and Herndndez-Santin 2012; Pérez-Solano and Mandujano
2013; Pérez-Solano et al. 2016), particularly in the state of
Hidalgo (Mufoz and Gallina 2014; Muhoz-Vazquez and
Gallina-Tessaro 2016), medium - and long - term monitor-
ing in MCF of this state is deemed essential. In this note,
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we report new records of red brocket deer in Northeast-
ern Hidalgo-Huayacocotla Cloud Forests, which supple-
ment records reported for the San Bartolo Tutotepec MCF
(Muhoz and Gallina 2014; Mufoz-Vazquez and Gallina-Tes-
saro 2016) and contribute with additional information on
the current distribution of this species. Particularly relevant
are the photographic records obtained in an area subjected
to forest exploitation, which is poorly researched despite it
represents an important site for biodiversity conservation.

The study was carried out in the 1302 Zacualtipan-Mol-
ango Forest Management Unit (UMAFOR), an area compris-
ing 228,341.94 ha (SERFORH 2011; Figure 1). Itis located to
the northeast of the state of Hidalgo (20° 58'34"-20° 23" 15"
N, 98°57'56"-98° 25’ 12"W) and encompasses 8 municipali-
ties: Calnali, Juarez Hidalgo, Metztitlan, Molango de Esca-
milla, San Agustin Metzquititlan, Tianguistengo, Xochicoat-
lan, and Zacualtipan de Angeles.

MCF is the most widely distributed vegetation type
in this UMAFOR, stretching across an area of 62,177.51 ha
(SERFORH 2011; Figure 1). On the other hand, the dominant
vegetation types in the localities studied within the UMA-
FOR (sites) are pine-oak and oak-pine forests subjected to
forestry management (SERFORH 2011). It is worth mention-
ing that the sites studied have been under this forest man-
agement scheme since the 1980s, and their forest zoning
programs consider MCFs as conservation and non-use zones
(SERFORH 2011). The mammal species recorded in MCFs
include lion mountain (Puma concolor), margay (Leopardus
wiedii), tayra (Eira barbara), white-tailed deer (Odocoileus
virginianus), and collared peccary (Pecari tajacu; SERFORH
2017). Some sites are currently managed under the pay-for-
environmental-services scheme, involving monitoring bri-
gades to prevent poaching; however, subsistence hunting is
practiced in forestry areas (SERFORH 2011, 2017).

As part of the field work of the Strengthening of Social
Organizations in the Forestry Sector project, 2016 National
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Figure 1. Study area and location of records of red brocket deer (Mazama temama)
in mountain cloud forests in northeastern Hidalgo, México. Known distribution of Maza-
ma temama (IUCN 2016), the two mountain cloud forest regions of Hidalgo: Northeast-
ern (NE)-Huayacocotla Cloud Forest and San Bartolo Tutotepec-Cuetzalan Cloud Forest
(CONABIO 2010), as well as the 1302 Zacualtipan-Molango Forest Management Unit
(UMAFOR) polygon are shown.



Forestry Program, monthly walks across different sites were
conducted for 3 years (January 2016 to February 2019). The
distance covered in each walk was 1 km minimum, depend-
ing on the orography of the site studied, with 2 walks per
month. Walks were carried out in the morning (8 am to 3
pm); the presence of red brocket deer was inferred from
indirect evidence, mainly scats and tracks, using illustrated
field guides to support each determination (Aranda-San-
chez 2012). The accuracy of records was further confirmed
by placing 7 camera traps model Bushnell’ Trophy® Cam HD
(Bushnell®) at sites previously identified as wildlife passes.
Camera traps were spaced about 500 m to 1 km apart, and
were set to capture 3 images per detection event; traps
operated 24 hours a day for 30 days in each location. The
camera-trap sampling period covered the dry and rainy
seasons of the year, with a total of 90 days trap per year.
Finally, the sampling effort was calculated by multiplying
the total number of camera traps by the total number of
sampling days (trap nights), as reported for medium- and
large - sized mammals (Hernandez-Pérez et al. 2015).

Manzanero-Barrera et al.

Camera traps were placed in forest trails, firewall gaps,
adjacent to streams, forestry areas, and conservation areas
(Table 1). From the photographic records obtained, red
brocket deers were identified based on the physical charac-
ters described for the species and applying quality filters to
photographs (Reid 1997; Gallina 2005; Lara-Diaz et al. 2011;
Aranda-Sanchez 2012).

We obtained 20 records of red brocket deer over the 3
years of sampling (2016:n=5,2017:n=3,2018:n=7,2019:
n=15), which correspond to scats (n = 2), tracks (n = 1), sight-
ings (n= 1), and photographic records (n = 16; Table 1). The
total sampling effort over the 3 years was at least 48 linear
kilometers (walks) and 1,890 trap-nights (camera traps).

One of the scats records was found in a trail within the
area dedicated to conservation in Ejido Olotla, municipality
of Metztitlan. The second scat was found in a forest trail
along the protection strip within the Apaxtitla site, which
is under forest management. The record corresponding
to the track was found in a trail within the Tetenatipa site,
which is under forest management, located 2 km from the

Table 1. Location of records of red brocket deer (Mazama temama) in mountain cloud forests located in the 1302 Zacualtipan-Molango Forest Management Unit, Hidalgo, México.

n: number of records.

Record Location Municipality  Latitude Longitude n Age Observations Month, year
Scat Predio Apaxtitla Zacualtipén de 20°38' 98°34' 1 Undefined In a forest trail within a conser- February, 2016
Angeles 21.52" 17.57" vation area, Apaxtitla private
premises.
Scat Ejido Olotla Metztitlan 20°37’ 98° 40’ 1 Undefined In a trail by a stream, within the March, 2016
48.40" 59.04" conservation area 5 km from
Olotla.
Sighting Predio Cruxtitla Zacualtipan de 20°39’ 98° 33’ 1 Adult Cruxtitla, land under forest use. August, 2016
Angeles 15.87" 17.45" Specimen chased by feral dogs
observed during a transect review.
Photo-record-4  Ejido Olotla Metztitlan 20°37' 98° 40’ 2 Adults (female 10 m from a stream, within the August, 2016
328" 54.5" and male) conservation area.
Photo-record-3  Ejido Olotla Metztitlan 20°38’ 98° 41’ 2 Fawnand On a firewall gap, within the areas ~ January and
25.88" 25.95" yearling under forest management, delim-  February, 2017
iting the area under recovery.
Photo-record-6  Ejido Santo Zacualtipan de 20°37' 98° 34’ 1 Adult (male) On a forest gap, within the areas August, 2017
Domingo Angeles 17.03" 48.36" under forest management.
Photo-record-5  Ejido Olotla Metztitlan 20°37' 98° 40’ 3 Adult (females) 10 m from a stream running across March, 2018
34.5" 57.5" the conservation area.
Photo-record-7  Ejido San Eloxochitlan 20° 42 98° 45’ 1 Adult (male) In a gap adjacent to the streamin  August, 2018
Agustin 53.46" 20.96" San Agustin Eloxochitlan, within
the conservation area.
Photo-record-1  Bienes Comu- Metztitlan 20° 37 98° 41’ Adults (1 On a firewall gap delimiting Olotla  November, 2018
nales Olotla 58.83" 34.11" female and 2 and Bienes Comunales Olotla.
males)
Photo-record-2  Bienes Comu- Metztitlan 20° 37 98°41.3' Adults (3 On a firewall gap, within the areas  February, 2019
nales Olotla 51.0" 30.0" females and 1 under forest management.
male)
Track Predio Tete- Zacualtipan de 20° 40’ 98° 39’ Undefined On a gap, in the Tetenatipa private  July, 2019
natipa Angeles 20.37" 14.80" premises subjected to forest man-

agement, 2 km from Zacualtipan
de Angeles.
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urban area in the municipality of Zacualtipdn de Angeles.
The sighting occurred within the Cruxtitla site, also under
forest management. During a survey walk of transects
across this site, an adult red brocket deer was observed
being chased by a pack of dogs (apparently unguarded by
people), which were after it until leaving the area.

The rest of records were photographic evidence. Two
adult individuals were recorded in August 2016, 1 female
and 1 male. In 2017, 3 specimens were recorded, corre-
sponding to one fawn, one yearling, and one adult, in Janu-
ary, February and August, respectively (Figure 2). In 2018, 7
records were obtained: 3 adult females in March, one adult
male in August, and 2 adult males plus one adult female
in November. Finally, 4 records were obtained in February
2019, corresponding to 3 adult females and 1 adult male.
Of the photographic records, 11 were captured during the
night (between 6:45 pm and 1 am) and 5 during the day
(between 8 am and 3 pm).

The records of red brocket deer reported in this note pro-
vide relevant information about its current distribution in the
state of Hidalgo, México, and contribute to the information
available on the conservation status of this cervid species
(SEMARNAT 2010; Bello et al. 2016). Our work is a contribu-

N =

tion to the few studies carried out on this species in the MCF
of Hidalgo (Mufoz and Gallina 2014; Munoz-Vazquez and
Gallina-Tessaro 2016), being among the early works covering
Northeastern Hidalgo-Huayacocotla Cloud Forest subregion.

The records were obtained in the UMAFOR's MCF, a
managed forest where the main anthropogenic impact is
the land use change for forest activities, including selective
logging (CONABIO 2010; SERFORH 2011). Regarding this,
habitat fragmentation and human presence have been
reported to adversely impact red brocket deer populations;
hence, this species is considered to be an inner-forest spe-
cialist in different regions of México (Reyna-Hurtado and
Tanner 2005; Ortiz-Garcia et al. 2012; Ramirez-Bravo and
Herndndez-Santin 2012; Garcia-Marmolejo et al. 2015; Con-
treras-Moreno et al. 2016; Pérez-Irineo and Santos-Moreno
2016), particularly in San Bartolo Tutotepec Mountain
Cloud Forest, Hidalgo (Mufoz and Gallina 2014; Mufoz-
Vazquez and Gallina-Tessaro 2016). In our study, carried out
on some MCF sites in the Northeastern Hidalgo-Huayaco-
cotla subregion, community companies classify these for-
ests as conservation areas exempted from any sort of forest
use (SERFORH 2011), resulting in areas of dense vegetation
cover surrounding disturbed sites. Thus, the presence of
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Figure 2. Photographic records of red brocket deer (Mazama temama) in the 1302 Zacualtipan-Molango Forest Management Unit, Hidalgo, México: a) fawn (small size, presence of
white spots along the back), b) yearling or adult female, c) male (small, unbranched antlers), d) yearling or adult female.
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red brocket deer in this UMAFOR could be associated with
the existence of MCF, as reported elsewhere (Lira-Torres
and Naranjo 2003; Reyna-Hurtado and Tanner 2007). Given
the above, MCFs in northeastern Hidalgo may represent
the northernmost shelters for red brocket deer popula-
tions, which could be connected with San Bartolo Tutote-
pec MCFs (Muhoz-Vazquez and Gallina-Tessaro 2016).

In this regard, community forests in México have been
documented as high species richness sites because own-
ers set limits on deforestation and degradation of the forest
cover, hence promoting biodiversity conservation (Bray et
al. 2007; CONAFOR 2016). Similarly, the adoption of a socio-
ecological approach where the use of natural resources
considers the interactions between the social and natural
environments, has been proposed as a successful manage-
ment approach for the conservation of wildlife species in
fragmented environments, particularly the red brocket
deer (Garcia-Marmolejo et al. 2015). Therefore, our results
suggest positive impacts of forest management on this
UMAFOR. This finding may be further confirmed through
additional monitoring in areas under forest exploitation,
using specific methods to estimate population abundance
and density (see Lara-Diaz et al. 2011), coupled with more
accurate assessments of the impact of forest management
on red brocket deer populations (Mufioz-Vazquez and Gal-
lina-Tessaro 2016). It is worth stressing that this forest man-
agement scheme has contributed to reducing the negative
impacts on mammalian diversity (Herndndez-Rodriguez
et al. 2019); therefore, this UMAFOR may be considered a
management scheme that is compatible with the conser-
vation of priority species.

On the other hand, the presence of seemingly feral
dogs in the study area demonstrates the importance of
continuing the monitoring efforts in this and other man-
agement units, since red brocket deer are preyed upon by
them (Weber and Gonzalez 2003; Mandujano 2011). UMA-
FOR units are areas with little published information about
the species they harbor, especially mammals (SERFORH
2017). Additionally, our photographic records suggest
that red brocket deer is particularly active at night in the
MCF located at this UMAFOR, which could be interpreted
as a strategy to evade humans and its activities, including
poaching (Reyna-Hurtado and Tanner 2005).

Our results suggest that UMAFORs may supplement the
protection provided by natural areas of high conservation
priority, including MCFs (Challenger and Soberén 2008;
CONABIO 2010), which harbor priority species such as red
brocket deer (SEMARNAT 2014). Finally, we encourage the
development of research projects at this UMAFOR specifi-
cally addressing the red brocket deer. These will contribute
to a better understanding on its ecology, ethnoecology,
ethology, and genetics (Weber and Gonzéalez 2003; Man-
dujano 2004; Reyna-Hurtado and Tanner 2005; Gallina and
Mandujano 2009; Escobedo-Morales et al. 2016), and will
set the groundwork for the development of management
and conservation plans for this species populations.

Manzanero-Barrera et al.
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The volcano rabbit, Romerolagus diazi, is endemic to a small region along the Trans-Mexican Volcanic Belt in central México. Although
its distribution in the volcanic fields of the Sierras Nevada and Chichinautzin is not debated, its occurrence in the Nevado de Toluca volcano
has been controversial. In this study, we used a species identification tool using DNA isolated from fecal pellets in order to corroborate the
occurrence of volcano rabbit in the Nevado de Toluca. Both PCR assays and phylogenetic analysis of fragments of cytochrome b and D-Loop
mitochondrial genes provide evidence that although the morphology of collected pellets resemble those of R. diazi, they instead correspond
to a Sylvilagus species. These results support the hypothesis that R. diazi is not currently distributed in the Nevado de Toluca.

Key words: DNA; Nevado de Toluca; species identification; volcano rabbit.

El conejo zacatuche es endémico de una pequefa regién de la Faja Volcanica Transmexicana en el centro de México. Aunque su distribu-
cioén en las Sierras Nevada y Chichinautzin no se debate, su presencia en el volcan Nevado de Toluca ha sido controvertida. En este estudio, uti-
lizamos una herramienta de identificacién de especies que utiliza fragmentos de los genes mitocondriales citocromo b y D-Loop amplificados
de muestras de excretas para corroborar la ocurrencia del conejo zacatuche en el Nevado de Toluca. Tanto los ensayos de PCR como el analisis
filogenético de ADN mitocondrial proporcionaron evidencia de que, aunque la morfologia de las excretas recolectadas se asemeja a la de las
excretas de R. diazi, en realidad corresponden a una especie de Sylvilagus. Estos resultados soportan la hipétesis de que el Nevado de Toluca

no forma parte de la distribucidn actual de R. diazi.

Palabras clave: ADN; conejo zacatuche; identificacién de especies; Nevado de Toluca.
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The volcano rabbit, Romerolagus diazi (Ferrari-Pérez, 1893),
known locally as zacatuche, is endemic to a small region
along the Trans-Mexican Volcanic Belt in central México
where it occupies a specialized habitat, in altitudes rang-
ing between 2,900 and 4,250 m (Rizo-Aguilar et al. 2016;
Veldzquez and Guerrero 2019). This range is becoming
increasingly fragmented and the area of suitable habitat is
decreasing gradually for agriculture, ranching and logging
and by forest fires (Uriostegui-Velarde et al. 2018). Popula-
tions of the volcano rabbit are now at risk and this species
is categorized as Endangered, both by the Mexican govern-
ment (SEMARNAT 2010) and on the IUCN Red List of Threat-
ened Species (Veldazquez and Guerrero 2019). The distri-
bution of R. diazi in Tlaloc, Pelado, Chichinautzin, Monte
Tlaloc, Iztaccihuatl and Popocatépetl volcanoes has been
documented by collecting, sightings, camera trapping and
indirect traces such as fecal pellets identified morphologi-

cally (Hoth et al. 1987; Veldzquez et al. 1996; Hunter and
Cresswell 2015; Rizo-Aquilar et al. 2015, 2016; Uriostegui-

Velarde et al. 2018). However, its occurrence in the Nevado

de Toluca volcano has been controversial (Hoth et al. 1987;
Cervantes et al. 1990; Ceballos et al. 1998; Veldzquez and
Guerrero 2019).

On the basis of such controversy, a recent study
attempted to confirm the presence of the volcano rabbit
in the Nevado de Toluca both by searching its fecal pellets
in 1,807 sites with habitat suitable for the species and by
camera trapping (Monroy-Vilchis et al. 2020). The authors
found fecal pellets attributable to R. diazi in only 41 sites
but failed to obtain a photographic record of the species.
Consequently, they suggest continuing with camera trap-
ping in order to verify the species occurrence in the zone.

Although camera trapping is highly reliable, this direct
method is not efficient because itis time consuming and costly,
making cameras difficult to deploy. In this study, we used a
species identification tool using DNA isolated from pellet
samples in order to corroborate the occurrence of the volcano
rabbit in the Nevado de Toluca. This non-invasive method has
been accomplished for several mammalian species, including
rabbits (Waits and Paetkau 2005; Adams et al. 2011).
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During June to October 2018, we conducted an exhaus-
tive search for pellets of R. diazi in 120 sites in the Nevado
de Toluca where we had previously identified the presence
of bunchgrasses through the analysis of Sentinel 2 satel-
lite images (Figure 1). It was possible to collect 77 pellet
samples with similar characteristics to those of the volcano
rabbit in only 15 sites. The pellets were put in plastic bags,
transported on ice to the laboratory, and stored at -20 °C
prior to DNA extraction.
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checked on 2.0 % agarose gel electrophoresis to confirm
the amplification of the desired product.

In the second approach, we amplified and sequenced
a 418 base pairs fragment of the control region (D-Loop)
in 17 samples that yielded DNA of adequate quality using
the primers Pro1 5"-CCACCATCAGCACCCAAAGCT-3 (Mou-
gle 1997) y NC4 5-AAGAATGGAGTCCCGGTA-3 (Ramirez
2009). PCR and sequencing conditions were described in
detail by Osuna et al. (2020). Bidirectional sequence reac-
tions were read with a 3500xI genetic analyzer (Life Tech-
nology) at the Laboratory of Genomic Sequencing of Biodi-
versity and Health at the Instituto de Biologia, UNAM. The
sequences were inspected to correct reading mistakes or
ambiguities and aligned with the software Bioedit 7.2.1
(Hall 1999). From the 17 sequenced samples, we obtained
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Figure 1. Map depicting the polygon of the Nevado de Toluca and sites surveyed for
volcano rabbit pellets.

We attemptedtoisolate totalgenomic DNAforall 77 sam-
ples with the “ZR Fecal DNA MiniPrep” kit (Zymo research,
Irvine, CA, U.S.A), following manufacturer’s instructions,
however 17 samples failed to yield quantifiable DNA. Two
approaches were then implemented to assess the species
identity of the 60 samples that yielded DNA. In the first
one, we used the PCR technique as an identification tool
of DNA isolated from putative volcano rabbit pellets using
a combination of primers that only amplify a 467 base pair
fragment of the cytochrome b gene for R. diazi (see Osuna
et al. 2020 for details of primers used). Each PCR reaction
contained 1 pl of each 10 uM primer, 12.5 pl of PCR master
mix 2X (Promega), 4 ul of DNA extract and 6.5 pl of bidis-
tilled water. PCR amplification was performed in an Eppen-
dorf thermocycler using the following program: a first step
of 5 min at 94 °C followed by 34 cycles of 1Tmin at 94 °C, 35
sec at 50 °C, and 40 sec at 72 °C, and a final extension of 10
min at 72 °C. We included two positive controls in all PCR
amplification tests. One was obtained from extracted DNA
from liver tissue of a road-killed volcano rabbit collected
in National Park Iztaccihuatl-Popocatépetl and the second
one was from DNA extracted from a fecal sample of R. diazi
collected in the locality of Coajomulco, Morelos. These
controls had similar conditions (DNA quality and quantity)
with respect to the rest of the DNA samples. Negative con-
trols (no template added) were also included to monitor for
contamination. All PCR products (25 ul each sample) were
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only four different haplotypes, which were included in a
data matrix containing 31 D-Loop sequences of volcano
rabbit obtained from Osuna et al. (2020). In addition, we
downloaded homologous D-Loop sequences from Gene-
Bank of Sylvilagus floridanus (accession number KC923350)
and one of Lepus californicus (accession number KJ397614)
as outgroup. With this matrix, we performed a phyloge-
netic analysis with the Bayesian inference method using
the program MrBayes 3.2.6 (Ronquist et al. 2011). The pro-
gram was run for 1 x 107 generations sampling every 10,000
generations and applying a burn-in of 10 %. The molecular
evolution model was selected in the program JModelTest
2.1.7 (Posada 2008) using the Akaike information criterion.

PCR profiles of cytochrome b gene showed that none of
the 60 putative volcano rabbit samples tested yielded PCR
products. Moreover, all positive controls always yielded PCR
products of the expected fragment size (Figure 2). Because
this reaction is designed to only amplify a 467 bp fragment of
cytochrome b if the DNA came from a volcano rabbit, these
results suggest that pellets collected in the Nevado de Toluca
do not correspond to R. diazi. It has been documented that
failures in PCR amplifications may occur due to the amount
of time the sample is exposed to the environment (Brinkman
et al. 2010). However, we are certain that DNA degradation
is not the reason for the lack of success in obtaining ampli-
cons from pellets collected in the Nevado de Toluca, as the
fecal positive control used in all the assays always yielded
PCR products of the appropriate size (Figure 2). In addition,
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Figure 2. Image of an agarose gel showing resulting PCR assay to identify amplicons
of Romerolagus diazi. 1-10 correspond to putative volcano rabbit pellet samples, 11-12
are R. diazi positive controls.



all the amplifications performed with the D-Loop primers for
17 of the same samples also resulted in amplicons, thus cor-
roborating that the failed cytochrome b PCR amplifications
were not due to DNA degradation or a PCR artifact.

The resulting phylogenetic tree showed that the four
D-Loop haplotypes of samples attributable to R. diazi from
the Nevado de Toluca volcano were grouped with the Gen-
Bank S. floridanus haplotype instead of grouping with any
of the 31 previously published haplotypes of R. diazi (Figure
3). The haplogroups recovered were strongly supported
with posterior probabilities of 1. This result indicates that
the pellets are not from R. diazi, but from a Sylvilagus spe-
cies. However, we could not definitively assign the identity
of the pellets to a particular species of Sylvilagus because
both S. floridanus and S. cunicularius are known to occur in
the area and there are no available cytochrome b sequences
for S. cunicularius in GenBank.
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Figure. 3. Bayesian phylogenetic tree of haplotypes of Romerolagus diazi and ha-
plotypes obtained from putative samples of R. diazi? Numbers in branches represent
posterior probabilities.
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PCR assays and the phylogenetic analysis based on a
fragment of mitochondrial DNA of fecal pellets provide evi-
dence that R. diazi does not occur in the Nevado de Toluca.
According to Veldzquez and Guerrero (2019), native popu-
lations of this species have never existed in the Nevado de
Toluca. However, at the beginning of the 1970s, a group of
volcano rabbits that was confiscated by the General Direc-
tion of Flora and Fauna was released in a locality situated
at the foothills of the volcano, called “Raices” (A. Veldzquez,
personal communication). A few years later, an individual
was collected in the same locality and deposited in the

Murga-Cortés et al.

mammalian collection of the Instituto Politécnico Nacional
(Cervantes etal. 1990; Ceballos et al. 1998). Since then, there
is only indirect evidence where similar pellets to those of the
volcano rabbit were adjudicated to the species (Ceballos et
al. 1998; Monroy-Vilchis et al. 2020). Our molecular analy-
sis suggests that fecal pellets that resemble those of R. diazi
(Cervantes etal. 1990) correspond indeed to a Sylvilagus spe-
cies. Consequently, our results support the hypothesis that
R. diazi is not currently distributed in the Nevado de Toluca
(Veldzquez and Guerrero 2019). However, more studies are
needed in order to confirm our results. Specially because
several studies have shown that the use of fecal pellets has
been a reliable tool for monitoring the volcano rabbit.

The fact that pellets collected in the Nevado de Toluca
were previously misidentified as R. diazi pellets is notable,
given that in other areas where the species is distributed,
the use of pellets has been a reliable tool for monitoring
volcano rabbit, as well as to document aspects of habitat
use (Veldzquez and Heil 1996; Hunter and Cresswell 2015;
Rizo-Aquilar_et al. 2015), diet (Cervantes and Martinez
1992; Martinez-Garcia et al. 2012) and physiological stress
(Rizo-Aguilar et al. 2014), even though S. cunicularius and
S. floridanus are present. Further studies are needed to
understand why pellets of Sylvilagus converged to the mor-
phology of pellets of R. diazi in the Nevado de Toluca.
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Confirmation of the presence of Dasyprocta azarae in the
Paraguayan Chaco
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Azara’s Agouti (Dasyprocta azarae) was included within the mastofauna of Paraguay’s Chaco until 2016. Later literature exclude it from the
region, since no published records include a concrete evidence like museum specimens, DNA sequences or photos. The objective of this note
is to provide evidence of the distribution of D. azarae in the Paraguayan Chaco to help understand its distribution in Paraguay. The distribution
of D. azarae was re-evaluated by a review of literature, museum specimens, and photograph analysis from the Zoological Collection of the
Faculty of Exact and Natural Sciences (ZCENS) to update the species’ geographic range. The photographs were captured via camera trapping
methods. We provide new records of Azara’s Agouti at three locations, two of them located in the transition zone between the Dry Chaco and
Pantanal ecoregions, and one in the Dry Chaco ecoregion of the Paraguayan Chaco. Recent literature also confirms the presence of the species
in the Humid Chaco ecoregion. Along with other recently published records, we confirm the presence of the species in three ecoregions of the
Paraguayan Chaco. With these documented records, its distribution is expanded to more than 270 km west into the region.

Key words: Azara’s Agouti; camera trapping; distribution; geographic range; monitoring fauna.

Dasyprocta azarae fue considerada dentro de la mastofauna de la regiéon occidental del Paraguay hasta el afo 2016. Literatura posterior
excluye a la especie de la regién ya que no existe ningun registro publicado que incluya evidencia concreta como ejemplares de museo, se-
cuencias de ADN, o fotografias. El objetivo de esta nota es demostrar evidencia de la distribucién de D. azarae en el Chaco Paraguayo para
aportar al conocimiento de su distribucién en Paraguay. La distribucion actual de la especie fue re-evaluada mediante una revision de litera-
tura, ejemplares de museo, y fotografias de la fototeca de la Coleccién Zooldgica de la Facultad de Ciencias Exactas y Naturales (CZCEN) para
actualizar la misma. Las fotografias provienen de métodos de foto trampeo. Demostramos registros de Agouti de Azara en tres localidades,
dos de ellos en la zona de transicion entre las ecorregiones Chaco Seco y Pantanal y uno en el Chaco Seco del Chaco Paraguayo. Literatura
reciente también confirma la presencia de la especie en el Chaco Himedo. En conjunto con otros registros que fueron recientemente publi-
cados, confirmamos la presencia de la especie en tres ecorregiones del Chaco Paraguayo. Con estos registros, su distribucién se amplia mas
de 270 km al oeste dentro de la region.

Palabras clave: Agouti; distribucidn; fototrampeo; monitoreo de fauna; rango geografico.
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Azara’s Agouti, Dasyprocta azarae, is a member of the family
Dasyproctidae which includes two genera and 13 spe-
cies (Wilson and Reeder 2005). It is a frugivorous rodent
that stores uneaten fruits and nuts by burying them in the
ground. In doing so, it plays an important role as a seed dis-
perser for fruit bearing trees (Redford and Eisenberg 1992).
It is also preyed upon by carnivorous mammals such as
Leopardus wiedii which is currently listed as Near Threatened
by the IUCN (de Oliveira et al. 2015), making D. azarae an
important prey species.

According to IUCN'’s Red List, it is present in south-
western and south-central Brazil, from Mato Grosso and
Goias states to the coast in Rio Grande do Sul and Sao Paul
States, in Bolivia south of the Rio Beni, eastern Paraguay
and northeastern Argentina (Catzeflis et al. 2016). Myers et

al. (2002) describes the distribution of the species extend-
ing to the Oriental and Occidental regions of Paraguay.
Rumbo (2010) also places the species in the Occiden-
tal region, but this was based mostly on a previous list
(Gamarra de Fox and Martin 1996) and not on concrete
evidence. Most recently, Patton and Emmons (2015) and
de La Sancha and Ortiz (2017) only place the species in the
oriental region due to the lack of evidence supporting its
presence in Paraguay’s occidental region.

The species has been recently confirmed in Corrien-
tes, Argentina (Chatellenaz et al. 2015), which is evidence
that its distribution is still poorly known. This supports
its categorization as a Data deficient species in IUCN’s
Red List (Catzeflis et al. 2016), even though it is considered
a Least concern species at the national level (Asociacion
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Paraguaya de Mastozoologia and Secretaria del Ambiente
2017). The objective of this note is to provide evidence of

the distribution of D. azarae in the Paraguayan Chaco to
help understand its distribution in Paraguay.

The current distribution of D. azarae was re-evaluated
and updated via a review of literature, museum specimens,
and photographs from the Zoological Collection of the Fac-
ulty of Exact and Natural Sciences (ZCENS) at Universidad
Nacional de Asuncién that had not previously been consid-
ered. These photographs were obtained through camera
trapping methods developed in a series of projects that
monitor biodiversity at cattle ranches in all three depart-
ments of the Paraguayan Chaco. The projects beganin 2017
and are still underway. In all projects, photographs were
considered to be independent records if they were captured
atleast one hour apart. All photographs obtained were con-
sidered, but only those from camera traps at Estancia San
Juan (21°08’13.27"S, 60° 27 47.91" W), Estancia Cerro Cora
(20° 16'29.2" S, 58° 15’ 54.6” W) and Estancia Santa Teresita
(20°24'12.5" S, 58° 26" 09.4" W) provided data on D. azarae.
Camera traps were active for 720, 124, and 234 days respec-
tively. The first ranch lies in the Dry Chaco ecoregion and
the last two are located in the transition zone between the
Pantanal and Dry Chaco ecoregions (Mereles et al. 2013).
Museum specimens were searched for through literature

r =Ly
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and museums with D. azarae specimens collected in eastern
Paraguay were contacted to request further information.

Through our studies, we have obtained a total of 38
independent photographs and one video of the species
via camera traps between 2017 and 2019 at the three cattle
ranches; San Juan (one record) in the Dry Chaco ecoregion,
and Cerro Cora (27 records) and Santa Teresa (ten records)
in the transition zone between the Dry Chaco and Pantanal
ecoregions.

One existing museum specimen (FMNH 64200) was
located in the zoological collection of the Field Museum of
Natural History in Chicago. It was collected in Orloff (22°
18'59.4"S, 59° 54’ 17.64" W), in the Boquerdn Department
in 1946 by J. Unger (Londofo-Gaviria et al. 2018). Although
it was collected in Paraguay’s occidental region, this speci-
men was not considered by de La Sancha and Ortiz (2017)
or Patton and Emmons (2015), possibly due to its age.

Additionally, GonZzéles et al. (2019) provides new photo-
graphic records of the species captured via camera traps at
Estacion Los Tres Gigantes (20° 4'42.44” S, 58° 9'39.06” W),
which is located in the Pantanal ecoregion. Finally, Caballe-

ro-Gini et al. (2020) provides records of the species at cattle
ranch Estancia Playada (24° 57’ 59.88" S, 57° 21' 56.12" W),
located in the Humid Chaco ecoregion.

Figure 1. Photographs of Dasyprocta azarae from the Zoological Collection of the Faculty of Exact and Natural Sciences captured at three new locations in the Dry Chaco and Dry
Chacho/Pantanal transition zone: a) Estancia San Juan, b) Estancia Santa Teresa, c) Estancia Cerro Cor4, d) Estancia Cerro Cora.
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Figure 2. A comparison of the IUCN distribution maps of Dasyprocta azarae before and after 2016 along with newly considered records of the species in Paraguay’s occidental region.

Together, these records confirm the presence of the
species in all three ecoregions in the occidental region
and serve as evidence that its distribution expands west
of the Paraguay River as was thought until 2016 (Figure 2).
Twenty-seven individuals were photographed at Estancia
Cerro Cora and 10 were photographed at Estancia Santa
Teresa. These locations are close to each other and are in
the northeastern area of the Dry Chaco in transition to the
Pantanal. Caballero-Gini et al. (2020) reports a total of 15
records at Estancia Playada, which is ~532 km southeast
of Estancias Cerro Cora and Santa Teresa and is next to the
Paraguay River. Only one individual was photographed at
Estancia San Juan, which lies to the west of the other three
and is further away from the Paraguay River and its adja-
cent humid environments. This suggests that Estancia San
Juan lies on the range margin of the species, possibly due
to the low availability of water in the region as compared to
Estancias Santa Teresa, Cerro Cora and Playada.

Literature cited

AsociAcioN PARAGUAYA DE MIASTOZOOLOGIA AND SECRETARIA DEL AMBIENTE.
2017. Libro rojo de los mamiferos del Paraguay: Especies amen-
azadas de extincion. Editorial CREATIO. Asuncién, Paraguay.

CaBALLERO-GINI, A., D. Bueno-ViLLAFARE, R. LaiNo, AND K. MusALEM.
2020. Diversity of mammals and birds recorded with camera-
traps in the Paraguayan Humid Chaco. Boletin del Museo Na-
cional de Historia Natural del Paraguay 24:5-14.

Carzerus, F., J. PatTon, A. PErceEQuILLO, AND M. WEKSLER. 2016. Das-
yprocta azarae. In: [IUCN 2016.The IUCN Red List of Threatened
Species. www.iucnredlist.org. Downloaded on 22 April 2020.

CHATELLENAZ, M., G. ViLLorDO, AND J. L. AncHeTTI. 2015. Confir-
macion de la presencia del aguti bayo, Dasyprocta azarae
(Rodentia: Dasyproctidae) en Corrientes, Argentina. Acta
Zooldgica Lilloana 59:155-158.

DE LA SancHA, N.U., anp M. L. Ortiz. 2017. An annotated check-
list of the mammals of Paraguay. Therya 8:241-260.

DE OLIVEIRA, T., A. PAavioLo, J., SCHIPPER, R. BiancHI, E. PAYAN, AND S.
V. CarvAJAL. 2015. Leopardus wiedii. In: IUCN 2015. The IUCN
Red List of Threatened Species. www.iucnredlist.org. Down-
loaded on 22 April 2020.

GAMARRA DE Fox, L., AND A. MARTIN (eds.). 1996. Colecciones de flo-
ra y fauna del Museo de Historia Natural del Paraguay. Museo
Nacional de Historia Natural del Paraguay. Asuncién, Paraguay.

GonzALEs, A. R., C. Benitez, M. FerrelrA, N. CANTERO, A. ARIAs, L.
Martosso, AND V. Rosas Bonzi. 2019. Mamiferos medianos y
grandes de la Reserva Pantanal: Estacion Los Tres Gigantes,
Alto Paraguay, Paraguay. Paraquaria Natural 7:8-18.

Lonpofo-GAviria, M., P.TeTa, S. D. Rios, AND B. D. PATTERSON. 2018.
Redescription and phylogenetic position of Ctenomys dorsalis
Thomas 1900, an enigmatic tuco tuco (Rodentia, Ctenomy-
idae) from the Paraguayan Chaco. Mammalia 83:227-236.

MEereLEs, F., J. L. CArTES, R. P. CLAy, P. CacciaLl, C. PARADEDA, O. Ro-
DAs, AND A. YaNosky. 2013. Andlisis cualitativo para la defin-
icion de las ecorregiones de Paraguay Occidental. Paraquaria
Natural 6:12-20.

www.mastozoologiamexicana.org 56


http://www.iucnredlist.org

Distribution of Dasyprocta azarae

Myers, P., A. TaBer, AND |. GAMARRA DE Fox. 2002. Mamiferos de
Paraguay. Pp. 453-502 in Diversidad y Conservacién de los
Mamiferos Neotropicales (Ceballos, G., and J. A. Simonetti,
eds.). CONABIO-UNAM. México City, Mexico.

Parron, J. L., anp L. H. Emmons (eds.). 2015. Mammals of South
America, Volume 2, Rodents. The University of Chicago Press.
Chicago, US.A.

Reprorp, K. H., anp J. F. EisenBerc. 1992. Mammals of the Neo-
tropics, Volume 2, The Southern Cone: Chile, Argentina, Uru-
guay, Paraguay. The University of Chicago Press. Chicago,
US.A.

Rumeo, M. 2010. Andlisis biogeografico de los mamiferos de
Paraguay. Boletin del Museo Nacional de Historia Natural del
Paraguay 16:18-29.

WiLson, D. E., anp D. M. Reeper (eds). 2005. Mammal Species of
the World, a Taxonomic and Geographic Reference, 3rd edi-
tion. Johns Hopkins Press. Baltimore, U.S.A.

Associated editor: Beatriz Bolivar-Cimé
Submitted: May 6, 2020; Reviewed: June 16, 2020.
Accepted: June 17, 2020; Published on line: June 25, 2020.

57 THERYANOTES Vol.1:54-57



THERYA NOTES 2020, Vol. 1:58-61 DOI: 10.12933/therya_notes-20-14  ISSN 2954-3614

Dental anomaly in the yellow-shouldered bat, Sturnira lilium

Anomalia dental en el murciélago de hombros amarillos,
Sturnira lilium
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Abnormal dental formulas occur frequently in natural populations. Numerous cases of dental anomalies have been reported for many
groups of mammals, and bats are the group with most dental anomalies among mammals. Here we describe the occurrence of a diastema
in the position of the upper incisors in an individual of Sturnira lilium collected in southern Brazil. This is the first record of a diastema for the
species. The dental anomaly reported here may be an isolated case present in this one individual, and without a permanent presence in the
population since no other specimens with this type of anomaly were found in the region.

Keywords: Anomaly; Brazil; Chiroptera; Neotropical mammals; skull of bats.

Las férmulas dentales anormales ocurren con frecuencia en poblaciones naturales. Se han reportado numerosos casos de anomalias den-
tales para muchos grupos de mamiferos, y los murciélagos son el grupo con la mayoria de las anomalias dentales entre los mamiferos. Aqui
describimos la aparicion de un diastema en la posicién de los incisivos superiores en un individuo de Sturnira lilium recolectado en el sur de
Brasil. Este es el primer registro de un diastema para la especie. La anomalia dental reportada aqui puede ser un caso aislado presente en este
individuo, y sin una presencia permanente en la poblacién ya que no se encontraron otros especimenes con este tipo de anomalia en la regién.

Palabras clave: Anomalia; Brasil; Chiroptera; craneo de murciélago; mamiferos neotropicales.
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Mammalian teeth are similar in basic components, they
exhibit great diversity in number, size, and shape, and they
have much to contribute to the study of ecology, paleon-
tology, functional morphology, and systematics. Dental
formulas are widely used in taxonomy studies for the diag-
nosis of mammalian genera and species (Bergqvist 2003).
However, abnormal dental formulas occur frequently in
natural populations. Numerous cases of dental anomalies
have been reported for many groups of mammals (Azorit
et al. 2002; Martin 2007; Loch et al. 2010; Libardi and Per-
cequillo 2014), and bats are the group with most dental
anomalies among mammals (Lopez-Aguirre 2014; Esquivel-
Melo et al. 2017). In bats, different types of cranial anoma-
lies involving dental formulas may occur. These anomalies
are usually related to numerical, morphological, positional,
occlusion, or eruption of teeth (Hoff and Hoff 1996). At
the Neotropic, the frugivorous bat Artibeus lituratus (Phyl-
lostomidae) is the bat species with the highest number of
records of dental anomalies. According to Lopez-Aguirre
(2014), after deep bibliographical research, compiled data
from the last 50 years, the list of bat species with cases of
dental anomalies rise to 64 species.

Among frugivorous phyllostomids, bats of the genus
Sturnira have the largest number of known species. The

genus includes at least 23 monophyletic clades of fru-
givorous bats that are all endemic to the Neotropics
(Velazco and Patterson 2013). The diversity of Sturnira
has grown substantially from recent revision studies
(Velazco and Patterson 2013). It has a broad distribu-
tion and occurs from México to northern Argentina,
including the Lesser Antilles (Simmons 2005; Velazco
and Patterson 2013).

The vyellow-shouldered bat, Sturnira lilium (Chirop-
tera, Phyllostomidae) is a widespread species and often
represents one of the most abundant frugivorous bat in
neotropical communities (Simmons 2005; Velazco and
Patterson 2013). The yellow-shouldered bat is an inter-
mediate-sized species, with an average weight of 21 g and
forearm length measuring about 41 mm (Gannon et al.
1989; Gardner 2008; Reis et al. 2017). Like most species of
Sturnira, S. lilium has a dental formula of 12/2, C1/1, P2/2,
M3/3 = 32 teeth. The internal upper incisors are sickle-
shaped, the upper molars have a longitudinal notch and
poorly developed cusps, and the second lower molar has
prominent parallel and prominent longitudinal notch
(Gardner 2008). Here we describe the occurrence of a dia-
stema in the position of the upper incisors in an individual
of S. lilium collected in southern Brazil.
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The specimen was collected in a fragment of mixed
ombrophilous forest (MOF) of about 20 ha located in
Chapeco, Santa Catarina, southern Brazil (27°05'S, 52°39'W;
Figure 1). It was captured using mist nets (9 x 3 m), disposed
at 0.5 meters from the ground and preserved as dry skin and
skull in the Colecdo de Mamiferos da Universidade Comu-
nitaria da Regidao de Chapecd, Chapecd, Brazil (CMUCO0133).
All handling procedures and field activity were approved
by the Animal Use Ethics Committee of the Universidade
Comunitaria da Regidao de Chapecé (CEUA-Unochapecd,
protocol 006/17). The study area is situated in a transition
between MOF and seasonal deciduous forest (SDF). MOF
has a complex structure and several types of plant com-
munities within its distribution, with Araucaria angustifolia
(Bertol.) Kuntze as dominant species. SDF comprises forests
characterized by the predominance of deciduous trees, with
more than 50 % of plant species shedding all their leaves
during unfavorable seasons (Gasper et al. 2013).

The specimen with a diastema is an adult male (weight
23 g,43.62 mm, body length 50.63 mm, ear 12.84 mm, and
leaf height of 8.18 mm), collected by Fernanda W. Oliveira
and Denyelle H. Cord on 5 January 2018 (Figure 2). Fif-
teen skull measurements were taken from the specimen
(for more details see Moratelli et al. 2011). All measure-
ments were taken using a digital caliper (0.01 millime-
ters).

Selected cranial measurements (in millimeters) of

CMUCO0133 were: greatest length of skull (GLS) = 23.7; con-
dylo-canine length (CCL) = 18.12; condylo-incisive length
(CIL) = 18.66; basal length (BL) = 19.80; zygomatic breadth
(ZB) = 14.03; mastoid breadth (MAB) = 12.70; braincase
breadth (BCB) = 10.92; inter-orbital breadth (I0B) = 6.70;
postorbital breadth (POB) = 6.41; breadth across canines
(BAC) = 6.08; breadth across molars (BAM) = 8.10; maxil-
lary tooth row length (MTL) = 6.96; molariform tooth row
length (M3) = 3.27; mandibular length (MAL) = 15.02; man-
dibular toothrow length (MAN) = 7.70. We compared the
skin and dentition of this specimen (CMUC0133) with other
63 individuals of the same species collected in the same
fragment and nearby populations. From all analyzed speci-
mens, CMUCO0133 matches the description of S. lilium and
fits the morphological pattern, except for the anomaly here
described (Figure 2). The identification of morphological
diagnostics characters was based on Giannini and Barquez
(2003) and Reis et al. (2017).

Although it is relatively easy to distinguish among some
species of Sturnira, there is considerable intraspecific varia-
tion in color, size, and skull shape. Additionally, multilocus
molecular analyses of the genus showed S. lilium to be a
paraphyletic complex of species, including new species
(Velazco and Patterson 2013). However, most authors (Davis
1980; ludica 2000) agree that the dentition provides some
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Figure 2. Lateral (a1-c1), dorsal (a2-c2) and ventral (a3-c3) views of the skulls; lateral view of the mandibles (a4-c4); and frontal view of the skulls (a5-c5) from individuals of Sturnira
lilium collected in Chapecd, Santa Catarina state, southern Brazil. a1-a5: Sturnira lilium adult male CMUC0133 with the presence of the diastema. Skulls from other two individuals of S.
lilium are also displayed (CMUCO0115: adult male - b1-b5; and CMUC0088: adult female - c1-c5, respectively). The scale bar (in white) represents 5 mm.

separation of species (Davis 1980; Giannini and Barquez
2003). To our knowledge, from all recognized species of
Sturnira, there is no record in the literature of a diastema
between the upper incisors to the moment, although dia-
stemas might occur naturally in some species of insectivo-
rous, frugivorous and nectarivorous bats (Reis et al. 2017).

The causes of dental anomalies reported in bats have
been attributed to multiple causes, including genetic, nutri-
tional, pathogenic, or developmental disorders (Hoff and
Hoff 1996). Cranial anomalies in bats are mainly recorded
for variation in the number of teeth (Rui and Drehmer 2004;
Lopez-Aguirre 2014; Esquivel-Melo et al. 2017), and pheno-
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typic plasticity regarding the abnormal variation in teeth
spacing of the upper incisors is little known. The dental
anomaly reported here may be an isolated case present in
this one individual, and without a permanent presence in
the population since no other specimens with this type of
anomaly were found in the region. The collection and prep-
aration of specimens with similar characteristics are essen-
tial to help understand the possible processes involved in
such anomalies.
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First records of leucism in small rodents for Argentina

Primeros registros de leucismo en pequenos roedores para
Argentina

VERONICA A. BENINATO'*, GusTavo A. Rivero-CasTro !, Mauricio A. Perez', CarLos E. BoraHi ™2, AND STELLA M. GIANNONI 23

'CIGEOBIO (Centro de Investigaciones de la Gedsfera y Bidsfera), CONICET (Consejo Nacional de Investigaciones Cientificas y
Técnicas), Universidad Nacional de San Juan. Av. |. de la Roza 590 (0), CP. J5402DCS, Rivadavia, San Juan, Argentina. Email:
vbeninato@unsj-cuim.edu.ar (VAB), riverogustavo90@gmail.com (GAR-C), elcodorniz81@gmail.com (MAP), cborghi@unsj-
cuim.edu.ar (CEB), sgiannoni@unsj-cuim.edu.ar (SMG).

’Departamento de Biologia, Facultad Ciencias Exactas, Fisicas y Naturales, Universidad Nacional de San Juan. Av. . de la Roza 590
(0), CP. J5402DCS, Rivadavia, San Juan, Argentina.

3Instituto y Museo de Ciencias Naturales, Facultad de Ciencias Exactas Fisicas y Naturales, Universidad Nacional de San Juan. Av.
Espana 400 (N), CP. 5400, San Juan, Argentina.

* Corresponding author

Leucism appears in various groups of vertebrates, although it is rare in mammals. For Argentina, we do not know of any documented
registry for small rodents. The objective of our work is to report the first cases of leucism in cricetid rodents in the Puna Desert of Argentina.
Field work was carried out in the Multiple Use Provincial Reserve Don Carmelo (San Juan, Argentina), located in the Puna Desert. The animals
were captured in 9 grids formed by 36 Sherman-type traps, established in plots located between 3.100 and 3.300 m, in the years 2013-2014.
We recorded 6 cases of leucism in 3 species of cricetids: Eligmodontia sp. (n = 3), Abrothrix andina (n = 2), and Phyllotis xanthopygus (n = 1). This
work represents the first report of cases of leucism in small mammals from Argentina. The cases in the studied population could be due to the
low gene flow imposed by the high environmental severity of an extreme desert, probably related to genetic causes derived from climatic and
ecological factors, as these are non-anthropized environments.

Key words: Cricetids; leucism; pigment disorder; Puna Desert; rodents.

El leucismo aparece en varios grupos de vertebrados, aunque es menos frecuente en mamiferos. Para Argentina no conocemos ningun re-
gistro documentado para roedores pequefios. El objetivo de nuestro trabajo es informar los primeros casos de leucismo en roedores cricétidos
en la Puna Desértica de Argentina. El trabajo de campo se llevé a cabo en la Reserva Provincial de Uso Multiple Don Carmelo (San Juan, Argen-
tina), ubicada en la Puna Desértica. Los animales fueron capturados en 9 cuadriculas formadas por 36 trampas tipo Sherman, establecidas en
parcelas situadas entre los 3,100 y 3,300 m, en los afios 2013-2014. Registramos 6 casos de leucismo en 3 especies de cricétidos: Eligmodontia
sp. (n = 3), Abrothrix andina (n = 2) y Phyllotis xanthopygus (n = 1). Este trabajo representa el primer reporte de casos de leucismo en mamiferos
pequenos para Argentina. Los casos en la poblacion estudiada podrian deberse al bajo flujo génico impuesto por la alta rigurosidad ambien-
tal de un desierto extremo, probablemente relaciondndose con causas genéticas derivadas de factores climaticos y ecoldgicos, al tratarse de
ambientes no antropizados.

Palabras clave: Cricétidos; desorden pigmentario; leucismo; Puna Desértica; roedores.
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Genetic abnormalities that affect color expression are
known as albinism, leucism, and melanism. Albinism is the

Pigmentation abnormalities associated with albinism,
such as leucism, appear in various vertebrate groups

condition defined by the total absence of melanin pigment
in the eyes, skin and hair (Lamoreux et al. 2010). In leucism,
animals have a lighter color or are stained, with pigmented
eyes (Miller 2005; Garcia-Morales et al. 2012; Liu et al. 2019).
In melanism, animals are overproduced with melanin, result-
ing in completely black fur (Jimbow et al. 1976; Silvers 2012).

although they are less frequent in mammals (Dunlop et al.
2019). Cases were reported in fish (Mena-Valenzuela and
Valdiviezo-Riveira 2016; Nugra et al. 2018; Liu et al. 2019);
amphibians and reptiles (Krecsdk 2008; Lépez and Ghirardi
2011; Escoriza 2012), and birds (Comisso 2012; Chiale and
Gerardo 2014; Atauchi 2015; Cadena-Ortiz et al. 2015).

In natural populations, these pigmentation abnormali-
ties often occur in isolated and small populations, reflect-

In mammals, the leucism was found in various species
such as bats (Artibeus fraterculus; Fernandez de Cérdova et

ing low levels of genetic diversity (Holyoak 1978; Bensch
et al. 2000; Brito and Valdivieso-Bermeo 2016; Rubio and

al. 2017), agouti (Dasyprocta azarae and D. fuliginosa; Vil-
ges de Olivera 2009; Mejia-Valenzuela 2019), two-furred

Simonetti 2018). They have also been related to contami-
nation in urban areas (lI'enko 1960) and radioactive con-
tamination, as in the case of areas near Chernobyl (Mgller
and Mousseasu 2001).

fur sea wolf (Arctocephalus australis; Abreu et al. 2013),
opossum (Didelphis albiventris; Abreu et al. 2013), squir-
rel (Funambulus palmarum; Samson et al. 2017), guanaco
(Lama guanicoe; Puig et al. 2017), among other.
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Likewise, in several genera of small rodents such as
Reithrodontomys (Egoscue 1958), Otomys (Pirlot 1958), Mus
musculus (Winston and Lindzey 1964), Perognathus (Egos-
cue and Lewis 1968), Microtus (Brewer et al. 1993; Peles et
al. 1995), Myodes (Steen and Sonerud 2012), Peromyscus
(Camargo et al. 2014), Akodon, Nephelomys, Transandinomys,
Thomasomys and Mesomys (Brito and Valdivieso-Bermeo
2016), Akodon (Montoya- Bustamante et al. 2017), and Abro-
thrix (Rubio and Simonetti 2018). Currently for Argentina, we
do not know of any documented record for small rodents.
Thus, the objective of this work is to report the first cases of
leucism in small rodents in the Argentine Puna Desert.
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The study site is located in the Multiple Use Provin-
cial Reserve Don Carmelo, at the southernmost tip of the
Argentina Puna Desert. The protected area is located in
the west center of Ullum department, in the province of
San Juan-Argentina (31° 10’S, 69° 46’ W; Figure 1), with an
altitude that ranges from 3,000 to 3,800 m. It has an aver-
age annual temperature of 8.15 °C, an absolute maximum
temperature of 26 °C, and an absolute minimum tem-
perature of -22 °C (Andino and Borghi 2017). The vegeta-
tion consists of low xerophilous shrubs and grasses, with
immature, stony or sandy soils (Martinez-Carretero 1995;
Beninato et al. 2019).
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Figure 1. Location of the study area located in the Argentina Puna Desert, province of San Juan, Argentina. a) South America (in gray Argentina); b) San Juan; c) Don Carmelo Multiple

Use Reserve, d) Study sites.
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The work was carried out in the 3 dominant environ-
ments of this sector of the Puna: rocky outcrop, hillside and
plain, in plots located between 3,100 and 3,300 m, between
the years 2013-2014. Sampling was carried out on 9 fixed
grids, separated by a minimum of 500 m, made up of 36
Sherman-type traps 15 m apart (more details in Beninato
etal 2019). The captures were carried out during the 4 sta-
tions. The sampling effort was 2,592 traps nights.

From a total of 309 captured individuals, 6 individuals
with leucism were registered, belonging to 3 species of cri-
cetid rodents, thus representing 2 % of the total captured
animals. There were 3 adult individuals of Eligmodontia sp.
(15 %; n = 20), 1 juvenile and 1 adult individual of Abrothrix
andina (2.1 %; n=93) and 1 adult individual of Phyllotis xan-
thopygus (0.51 %; n = 196; Figure 2a-f; Table 1). The individ-
uals presented small spots of white coloration on the back
and / or lateral parts, with the pigmentation of the retinas
and normal eyelids. The individuals of Eligmodontia sp. had
spots on the back, head and sides; that of P. xanthopygus
spots on the head; and that of A. andina spots on one of the
ears and one of the flanks (Figure 2a-f).

Coloring patterns in wildlife are fundamental ecologi-
cal adaptations for species survival because they facilitate
camouflage, mimicry, sexual selection, and thermoregula-
tion (Caro 2005; Mullen and Hoekstra 2008; Protas and Patel
2008; Hubbard et al. 2010). In individuals with pigmentation
abnormalities, such as leucism, the condition is considered
a disadvantage because they are more likely to be detected
by predators than individuals with normal coloration (Owen
and Shimmings 1992; Vignieri et al. 2010).

In South America, so far there are few records of leucism
in small rodents and all have been associated with anthro-
pogenic effects. In Ecuador, leucism was recorded in an
anthropized environment of the Cordillera in the genera
Akodon, Nephelomys, Transandinomys, Thomasomys and
Mesomys (Brito and Valdivieso-Bermeo 2016) and in a valley
near Quito (Reithrodontomys mexicanus; Ramirez-Jaramillo
etal. 2019). In Colombia, leucism was found in specimens of
Akodon affinis (Montoya- Bustamante et al. 2017) which was
associated with possible inbreeding effects due to discon-
tinuous distribution and habitat fragmentation in the Andes.
In Chile, the presence of specimens with leucism in Abrothrix
hirta and A. olivacea was associated with a possible decrease
in genetic diversity due to the effect of human disturbances

Beninato et al.

.. - /. AL TN ishlf “.'.".‘f v -
Figure 2. Leucism in 3 species of small rodents in the Argentina Puna Desert, prov-
ince of San Juan Argentina. Eligmodontia sp. (a, b, c), Phyllotis xanthopygus (d) and Abroth-
rix andina (e, f). Photography: V. A. Beninato.

(Rubio and Simonetti 2018). For the genus Eligmodontia
so far there is no documentation of any pigment disorder,
while for Phyllotis andium there is a record of albinism in
the coastal desert of Perd (Ramirez and Arana 2005). With
respect to Argentina, total melanism, another pigmentary
disorder, had previously only been registered in two species
of small mammals (Scapteromys tumidus and Oligoryzomys
flavescens) from the Parana Delta (Massoia 1978).

The cases of leucism reported in this work for P. xan-
thopygus, A. andina and Eligmodontia sp. in the Argentina
Puna Desert, could have an origin in low genetic variabil-
ity, as has been suggested for other vertebrates (OQwen and
Shimmings 1992; Bensch et al. 2000), and other small mam-
mals (Brito and Valdivieso-Bermeo 2016; Rubio and Sim-
onetti 2018). The Argentina Puna Desert presents extreme
climatic conditions, with scarce vegetation cover, except
in the rocky outcrops, which appear as patchy and scarce
environments (Beninato et al. 2019), in addition to the pres-
ence of air and land predators. Beninato et al. (2019) found

Table 1. Cases of leucism in 3 species of small rodents in the Argentina Puna Desert, province of San Juan Argentina.

Species Latitude Longitude Altitude Environment Sex Season Photography
Eligmodontia sp. 30°57'26.8" 69°5'15.8" 3.115 Plain Female Spring a
Eligmodontia sp. 30°56'26.2" 69°5'12.7" 3.096 Plain Male Winter b
Eligmodontia sp. 30°56'26.3" 69°5'12.1" 3.120 Hillside Male Winter c
Phyllotis xanthopygus 30°57'2.4" 69°4'50.04" 3.096 Rock Male Autumn d
Abrothrix andina 30°57'0.0" 69°4'50.7" 3.165 Rock - Summer e
Abrothrix andina 30°56'56.8" 69°4'48.2" 3.175 Rock - Summer f
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that P. xanthopygus and A. andina, restricted their distribu-
tion almost exclusively to the rocky areas and Eligmodontia
sp. to the plains. The cases of leucism in the studied popu-
lation could be due to the low gene flow imposed by the
high environmental rigor.

This work represents the first report of cases of leucism
in small rodents for Argentina. In this case, the presence of
leucism is probably related to the effect of natural ecologi-
cal factors in these extreme non-anthropic environments.
However, genetic studies are required to advance the cau-
sality that this type of condition is generating in the wild
fauna of the small mammal of the arid end of the Argentina
Puna Desert.
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New record of Nyctinomops aurispinosus with an update of its
known distribution
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Nyctinomops aurispinosus is one of four species of the genus Nyctinomops (Molossidae) and is considered monotypic. This insectivorous
species has a wide but poorly known neotropical distribution. This study documents the first record of the species for the Sama Valley, Tacna
department, Perd. In addition, a current distribution map of the species is presented together with facts concerning its dietary composition.
The specimen was collected using mist nets during a local bat study and compared with N. aurispinosus individuals in the scientific collection
of the Museo de Historia Natural Javier Prado, Universidad Nacional Mayor de San Marcos. The distribution map was made of published records
and the diet of the specimen was analyzed by stereoscopy of the contents of its digestive tract. The collected specimen was identified as an
adult male N. aurispinosus in reproductive condition. Analysis of the digestive tract contents showed that its diet was composed of lepidopte-
rans. The current distribution map of the species consisted of a total of 78 published records. This new record for Tacna department expands
the distribution of N. aurispinosus ca. 270 km to the south of Camang, Arequipa department, becoming the southernmost record for the Pacific
coast. The lepidopteran remains in the digestive tract show that its diet is similar to those reported for other molossids. This finding extends
the known distribution of this species to the southwest of South America and increases to ten the number of bat species known from Tacna
department. The proximity of this Peruvian record to Chilean territory and regional habitat continuity suggests the probable presence of N.
aurispinosus in that country.

Keys words: Desert; diet; molossids; range; Tacna; valley.

Nyctinomops aurispinosus es una de las cuatro especies del género Nyctinomops (Molossidae), monotipica e insectivora de amplia distri-
bucién Neotropical, pero muy poco conocida. El presente estudio documenta el primer registro de la especie para el valle de Sama, departa-
mento de Tacna, Peru, ademas se elabora el mapa de distribucién actual de la especie y brinda aportes sobre la composicion de su dieta. El
ejemplar fue colectado en un estudio de quiropterofauna local utilizando redes niebla y comparado con individuos de N. aurispinosus de la
coleccion cientifica del Museo de Historia Natural de la Universidad Nacional Mayor de San Marcos. El mapa de distribucion se realizé mediante
registros publicados y la dieta del ejemplar se analizé por estereoscopia del contenido de su tracto digestivo. El ejemplar colectado fue iden-
tificado como un individuo de N. aurispinosus, macho, adulto y en etapa reproductiva. El analisis del contenido del tracto digestivo reveld que
su dieta estuvo compuesta de lepiddpteros. La elaboracion del mapa de distribucién actual de la especie comprendié un total de 78 registros
publicados. Este nuevo registro para el departamento de Tacna expande la distribucién de N. aurispinosus en aproximadamente 270 km al
sur de Camang, departamento de Arequipa, convirtiéndose en el mas austral para la costa del Pacifico. Las estructuras de lepidépteros en el
contenido del tracto digestivo del ejemplar revelan que la dieta de la especie es similar a la reportada en otros molésidos. Este hallazgo incre-
menta la distribucion conocida de esta especie hacia el suroeste de Sudamérica, ademas de elevar a diez el nimero de especies de murciélagos
conocidas para el departamento de Tacna. Debido a la proximidad del registro y similitud de héabitats entre el sur del Pert y el norte de Chile
se sugiere la presencia de N. aurispinosus en este uUltimo pais.

Palabras clave: Desierto; dieta; molésidos; rango; Tacna; valle.

© 2020 Asociacion Mexicana de Mastozoologia, www.mastozoologiamexicana.org

The insectivorous bat family Molossidae has a pantropi-
cal distribution (Simmons 2005; Peracchi et al. 2011) and is
represented by 11 genera and 50 species in the Neotropics
(Solari and Martinez-Arias 2014; Medina et al. 2014; Loureiro

etal. 2018; Moras et al. 2018), being 29 the species that have
been reported for Peru (Pacheco et al. 2009; Gregorin and

Chiquito 2010; Diaz 2011; Medina et al. 2012, 2014). In this
family, the genus Nyctinomops Miller 1902 is distributed

widely in the Western Hemisphere: from Canadd, United
States, México, Belize, El Salvador, Cuba, Jamaica, Haiti,
Honduras, Nicaragua, Guatemala, Dominican Republic,
Panam4, Guyana, French Guyana, Surinam, Colombia, Ven-
ezuela, Ecuador, Trinidad and Tobago, Brazil, Peru, Bolivia,
Paraguay, to Argentina, and Uruguay (Silva-Taboada and
Koopman 1964; McCarthy et al. 1987; McCarthy et al.

1993; Nowak 1994; Simmons 2005; Eger 2008; Owen and
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Girén 2012; Medina-Fitoria et al. 2015; Kraker-Castafieda et
al. 2016; Soto-Centeno et al. 2017). The individuals docu-
mented in Canada (British Columbia) and the United States
(states of lowa and Kansas) are considered as vagrants or
extralimital records (Milner et al. 1990). There are four spe-
cies of Nyctinomops: N. laticaudatus (E. Geoffroy St.-Hilaire
1805), N. macrotis (Gray 1839), N. aurispinosus (T.R. Peale
1848), and N. femorosaccus (Merriam 1889).

Peale’s free-tailed bat, N. aurispinosus was described as
Dysopes aurispinosus, with a type locality south of Cape St.
Roque, Estado do Rio Grande do Norte, Brazil (Peale 1848).
Later, Cassin (1858) used the name Molossus aurispinosus
for the specimen described by Peale because of its similar-
ity to M. rugosus d'Orbigny, 1837 (a synonym of Tadarida
brasiliensis brasiliensis 1. Geoffroy St. Hilaire 1824) but differ-
ing in the color of the fur. Moreover, this author questioned
the use of the specific epithet “aurispinosus”, which trans-
lated from the Latin means“thorny ear” (an external charac-
teristic of N. aurispinosus) because of its resemblance to the
translation “golden ear”.

Afterwards, Miller (1902) described the genus Nyctino-
mops conformed by eight species, designating N. femoro-
saccus as type species. This author also argued that Nycti-
nomops members were intermediate in body size between
the genera Promops and Tadarida, distinguished from Pro-
mops by narrowly separated premaxillaries anteriorly and
from Tadarida by its possession of parallel upper incisors
that are sometimes in contact with each other.

Shamel (1931) synonymized Nyctinomops with the
genus Tadarida, but recognized two groups; the first with
nine smallish species (the brasiliensis group) and the sec-
ond with six larger species (the macrotis group), including
Tadarida aurispinosa, T. europs, T. femorosacca, T. laticau-
data, T. macrotis, and T. yucatanica. Later, T. europs and T.
yucatanica were recognized as T. laticaudata europs (Jones
and Alvarez 1962) and T. /. yucatanica (Silva-Taboada and
Koopman 1964), respectively, leaving the macrotis group
conformed by four species. Through a phenetic analysis
of the family Molossidae, Freeman (1981) found similarities
among these four species of the macrotis group, grouping
them in the genus Nyctinomops with the names of their
original descriptions (N. aurispinosus, N. femorosaccus, N.
laticaudatus and N. macrotis).

Nyctinomops aurispinosus is distributed in México, Hon-
duras, Colombia, Venezuela, Brazil, Bolivia, and Perd from
sea level to 3,115 m (Peale 1848; Sanborn 1941; Ortiz de la
Puente 1951; Carter and Davis 1961; Ochoa 1984; |bafez
and Ochoa 1989; Espinal et al. 2016), being most frequently
reported below 1,000 m (Jones and Arroyo-Cabrales 1990).
In México, it is found in tropical deciduous forest and trees
of the genus Cupresus, around rivers and thorny decidu-
ous riparian forests (Gardner 1963; Jones and Alvarez 1964;
Baker and Jones 1972; Wang et al. 2003), as well as in tropical
vegetation, thorny bushes, cacti, oak, grasslands, and mes-
quites (Baker et al. 1967; Wilson 1985; Lépez-Gonzalez and
Garcia-Mendoza 2006). In Honduras, it was reported in pine-
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oak forests with pastures converted for livestock (Espinal et
al. 2016); in Venezuela, in very humid pre-montane forest
(Ochoa 1984); in Bolivia, it was reported in spiny trees along
the edges of fresh water sources (Ilbédiez and Ochoa 1989);
in Brazil, it has been recorded in the Cerrado, Caatinga, and
Atlantic Forest biomes (Taddei and Garutti 1981; Bredt 2003;
Eger 2008; Bianconi et al. 2009; Tavares et al. 2010; Aguiar et
al. 2012; Garbino 2016; Oliveira et al. 2019); whereas in Peru,
N. aurispinosus is distributed in the Dry equatorial forest
(characterized by flora of the families Capparaceae, Cassu-
arinaceae, Fabaceae, and Loranthaceae), Pacific coastal des-
ert, and Subtropical puna (Ortiz de la Puente 1951; Sanborn
1951; Eger 2008; Velazco et al. 2013; Pari et al. 2015).

The holotype of N. aurispinosus is deposited in the
Smithsonian National Museum of Natural History (USNM
3726, collected by Peale on November 18™, 1848) and is
an adult male preserved in alcohol with removed skull that
was subsequently misplaced (Shamel 1931). From the reg-
istration of the holotype to today, the wide distribution of
N. aurispinosus stands in contrast to the few specimens in
scientific collections around the world; this relates to the
fact that molossids represent about 11.7 % of the bat speci-
mens in museums, because their flight characteristics and
echolocation make them difficult to capture by conven-
tional methods (Ammerman et al. 2012).

Ortiz de la Puente (1951) reported the first Peruvian
record of N. aurispinosus from Lima department (Museo
de Historia Natural de la Universidad Nacional Mayor
de San Marcos — MUSM 235, 6051). Sanborn (1941)
and Carter and Davis (1961) referred a specimen (Field
Museum of Natural History - FMNH 68561) collected
in Marcapata, Huajyumbe in Cuzco department to this
species. Later, Eger (2008) and Dolman and Ammer-
man (2015) reported N. aurispinosus (Louisiana State
University Museum of Zoology, Baton Rouge, Louisiana,
USA - LSUMZ 25011, 25012, 25013, 25014, 25021, 25022,
25029) 12 km from Olmos in Lambayeque department.
Velazco et al. (2013) reported two specimens (American
Museum of Natural History - AMNH 278527 and Colec-
cion de Mastozoologia, Centro de Ecologia y Biodiver-
sidad, Lima, Pert - CEBIOMAS 228) from La Brea, Talara
in Piura department, and Pari et al. (2015) reported a
specimen (without catalogue information) collected in
Camand, Arequipa department. Recent research has
documented an important diversity of insectivorous
bats in the south of Perd (molossids and vespertilionids;
Medina et al. 2014; Flores-Quispe et al. 2015; Mélaga et al.
2020); however, the difficulty of catching individuals has
hampered learning about their natural history.

In this study, we present the first record of N. aurispi-
nosus for Tacna department in the extreme south of Peru,
which extends its known geographical distribution, and
consider this in the context of the currently known distribu-
tion of the species. Additionally, we offer the first contri-
butions about the diet of these bats through microscopic
examination of its digestive tract contents.



The capture location (-17° 49’ 58.23" S, -70° 30’ 41.07"
W; 464 m) of the N. aurispinosus specimen was 1 km to the
north of the locality of Tomasiri, Inclan district, Tacna prov-
ince in Tacna department, Perd on August 1%, 2015, during
the wet season in a study about the diversity of bats in the
Sama valley. The research involved a total of six sampling
stations, each with seven mist-nets open 11 hours (from
18:00 to 5:00 hours) during four nights per station and sea-
son of evaluation (wet and dry), with a cumulative sampling
effort of 3,696 hours/net/night. The research was autho-
rized through permit R.D. N°246-2017-SERFOR/DGGSPFFS
and authorization code with purposes of scientific research
AUT-IFS-2017-057.

The specimen was an adult male in reproductive con-
dition captured in a mist-net placed perpendicular to the
main course of Sama river, which was found drowned due
to the low flight of Anas georgica at the moment of the
collection. The sampling station was close to a hillside of
semi-consolidated gravel with coarse river sand and clay
that reaches 50 m of height with regard to the ground. The
riparian forest to the riversides is narrow and for the right
presents a wide extension of agricultural crops.

The specimen was identified preliminarily as N. aurispi-
nosus because of its external characteristics and measure-
ment of the forearm using the taxonomic key of Diaz et
al. (2016), being later preserved in alcohol with the skull
removed. Following Freeman (1981) and Velazco and Solari
(2003), the following external and cranio-dental measure-
ments were taken with a digital vernier (= 0.01 mm) for the
accurate identification of the species: total body length,
TL; tail length, T; length of hind foot, HF; ear length, E; total
weight, Wt (in grams); greatest length of skull, GLS; con-
dyloincisive length, CIL; postorbital breadth, POB; max-
illary toothrow length, CM; upper molar breadth, MM;
upper canine breadth, CC; zygomatic breadth, ZB; mastoid
breadth, MAB; braincase breadth, BCB; greatest length of
mandible, GLM; lower toothrow length, Cm; length of fore-
arm, FA; length of third metacarpal, Il MET; total length of
fourth metacarpal, IV MET; total length of fifth metacarpal,
V MET. These morphological characteristics were compared
with other specimens of N. aurispinosus (MUSM 235 and
MUSM 6051) deposited in the Museo de Historia Natural de
la Universidad Nacional Mayor de San Marcos (Table 1).

In order to elaborate the current distribution of the
species, we reviewed 78 records covered in other studies
(Peale 1848; Sanborn 1941; Ortiz de la Puente 1951; Carter
and Davis 1961; Gardner 1962a, 1962b; Alvarez 1963; Gard-
ner 1963; Alvarez and Avifa 1964; Jones and Alvarez 1964;
Baker et al. 1967; Linares 1969; Baker and Jones 1972; Taddei
and Garutti 1981; Ochoa 1984; Ibaiez and Ochoa 1989; Silva
et al. 1996; Anderson 1997; Pedro et al. 2001; Bredt 2003;
Lopez-Gonzalez and Garcia-Mendoza 2006; Eger 2008;
Bianconi et al. 2009; Tavares et al. 2010; Velazco et al. 2013;
Dolman and Ammerman 2015; Pari et al. 2015; Espinal et
al. 2016; Garbino 2016; Oliveira et al. 2019), which reported
specimens deposited in the following scientific collections:

Potugal-Zegarra et al.

American Museum of Natural History (AMNH), Coleccién de
Mastozoologia, Centro de Ecologia y Biodiversidad, Lima,
Peru (CEBIOMAS), Colecdo de Chiroptera do Departamento
de Zoologia da Universidade Estadual Paulista, Sao José do
Rio Preto (DZSJRP), Colecao de Mamiferos, Universidade
Federal de Lavras (UFLA), Colecdo de Mamiferos, Univer-
sidade Federal de Minas Gerais (UFMG), Coleccién Privada
de Omar Linares (OL), Collection of Recent Mammals,
Museum of Texas Tech University (TTU), Estacion Bioldgica
de Donana (EBD_MAM), Field Museum of Natural History
(FMNH), Instituto de Biologia de la Universidad Auténoma
de México (IB), Instituto Politécnico Nacional, Coleccion
Regional de Durango (CRD), Louisiana State University
Museum of Zoology, Baton Rouge, Louisiana, USA (LSUMZ),
Mammial Collection, University of Arizona Museum of Natu-
ral History (UAZ), Museo de Biologia de la Universidad Cen-
tral de Venezuela (MBUCV), Museo de Historia Natural de la
Universidad Nacional Mayor de San Marcos (MUSM), Museo
de la Estacion Biologica de Rancho Grande (EBRG), Museum
of Zoology of the University of Sdo Paulo / Museu de Zoo-
logia da Universidade de Sao Paulo (MZUSP), University of
Kansas, Natural History Museum and Biodiversity Research
Center (KU), United States National Museum of Natural His-
tory (USNM), Texas A&M University, Texas Cooperative Wild-
life Collections (TCWC), The Field Museum of Natural History
(FMNH), and Michigan State University (MSU; Appendix I).

In addition, to characterize the digestive tract contents,
a ventral incision was made to open the digestive tube and
separate it in small portions. Its contents were placed over
Petri plates and scattered in distilled water with help of sti-
lettos, the samples of interest were preserved in alcohol of
96° (Shiel et al. 1997; Vidal-Martinez et al. 2002; Caspeta-
Mandujano et al. 2007). Finally, the keys of Whitaker et al.
(2009) and Whitaker and Castor (2010) were used for iden-
tification under a stereomicroscope at 40 and 100X magni-
fications in the Laboratory of Genetics of the Universidad
Nacional Jorge Basadre Grohmann.

The study area of the new record of N. aurispinosus
located in the Sama valley is surrounded by great desertic
areas, cracks, and riverbeds of scarce flow with xeric veg-
etation (families Anacardiaceae, Asteraceae, Cupressaceae,
Fabaceae, and Poaceae). It is geographically located where
the Coastal Desert of Peru finishes, and the Atacama Des-
ert begins in Chile. This valley is one of the most important
of Tacna department, principally dedicated to agricultural
(crops of alfalfa, peppers, onion, corn, and olive) and livestock
activities (caprine, equine, porcine, ovine, and bovine cattle).

After external and cranial comparisons with MUSM 235
and MUSM 6051 and based on the original description of
N. aurispinosus (Peale 1848) and its subsequent re-descrip-
tion (Casssin 1858), our specimen (GPZ 001) presented the
diagnostic characters for the species, which are described as
follows: at external level, the dorsal and ventral fur is short,
dense, fine and of chestnut brown color lighter in the base
of the hair with tips that give it a silver appearance under
the light, wing membranes are brown-violet, ears are big
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Table 1. Measurements (and intervals) of the new record from Peru of Nyctinomops aurispinosus (MUSM 48232), specimens reviewed in this study, and specimens from Peru, México,
Colombia, Venezuela, Brazil, and Bolivia. The abbreviations are specified in the text.

Measurement MUSM - MUSM Peru”® México® ¢ D EF G H 1 Colombia’ VenezuelaX Brazil-™N Bolivia®
48232 6051
Sex M M F M F M M F M M M M F
204 20.02 21.6
GLS 19.45 19.38 20 20.8 (18.7-21.6) (17.9-20.8) 20.7 21.7 (21.7-21.4)
17 12 2
18.47 17.7 18.9 19.6
o 18.43 188 19.1 (17.6-20) (169-19.1) 188 19.9 (187-19.2)  (19-20.5)
14 1 4 4
3.73 3.67 4.4 3.8 3.9
POB 3.72 3.64 3.7 3.6 (3.5-4) (3.4-3.8) 3.9 4.7 (4.5-4.2) 3.6 (3.7-3.9) (3.9-4)
16 11 2 4 4
7.65 7.46 8.4 7.9 8
M 7.40 7.30 7.8 7.8 (6.8-8.2) (6.9-7.8) 7.8 8.5 (8.4-8.3) 8.1 8.1 7.9 (7.8-8) (79-8.1)
17 13 2 4 4
8.17 8.2 9.1 8.4 8.7
MM 7.83 7.96 8.06 8.4 (7.3-8.5) (7.2-8.6) 9.4 (9.1-9) 8.2 8.3 (8.3-8.6) (8.6-8.7)
17 1 2 4 4
447 4.55 5.1
CcC 4.71 4.58 458 438 (4.1-4.8) (4.2-4.9) 4.7 53 (5.1-5) 4.7 4.7
6 4 2
11.59 11.43 12.1 11.7 12
ZB 11.16 11.2 1.2 117 (11.1-12) (11-11.8) 11.6 127 (121-12) 11.9 (11.5-11.8) (11.7-12.1)
14 12 2 4 4
10.85 11.05 11.1
MAB 9.60 9.59 109 (10.2-11.3) (11-11.1) 104 11.7 (11.1-11) 11.1
6 2 2
9.37 9.22 9.6
BCB 9.52 9 9.5 (9.1-9.7) (8.9-9.5) 9.3 10.4 (9.6 -9.5) 9.3
13 11 2
GLM 14.15 13.79 136 15 15.5 141
8.33 8.1
Cm 8.1 8.22 85 89 (7.7-9.4) (75-9) 8.5 8.7 86 86
11 10
48.23 47.67 549 49.7 51
FA 50 48 514 (47.1-504) (42.4-49.8) 495 553 (55.7-54.2) 515 534 516 (48.7-503) (50.3-52.8)
16 13 2 4 4
48.76 47.6 543
I MET 50 48 484 (47.9-49.9) (46.2-48.6) 49 56.5 (54.6-54) 51 516 494
9 10 2
47.32 46.16 53.3
IV MET 49 463 468 (46.7-485) (449-477) 462 542 (53-526) 506 50.7 47.8
9 9 2
27.88 27.32 29.8
V MET 28.5 26 269 (26.6-29.2) (26-28.5) 27.5 31.7 (30.4-29.1) 31 289 273
9 9 2

A: Ortiz de la Puente (1951), B: Carter and Davis (1961), C: Gardner (1962a, 1962b), D: Gardner (1963), E: Alvarez and Aviia (1964), F: Baker et al. (1967), G: Baker and
Jones (1972), H: Anderson (1997), I: Lopez-Gonzalez and Garcia-Mendoza (2006), J: Sanborn (1941), K: Ochoa (1984), L: Taddei and Garutti (1981), M: Bianconi et al
(2009), N: Oliveira et al. (2019), O: Ibafiez and Ochoa (1989). M = Male, F = Female.
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and united to the front with presence of small thorn-shape
protuberances (from 6 to 8) in their anterior margin, the
upper lips wrinkled, the nostrils rounded of lengthened
edges with small stiff bristles and the feet with large vibrissa
(Figure 1a-f). The skull is large and narrow with a rounded
dorsal contour and bulky frontal region, upper incisors are
parallel and divided by a narrow emargination of the palate,
the posterior margin of which is at the level of the posterior
border of the third molars (Shamel 1931; Gardner 1963). The
basisphenoid pits are moderately deep (Eger 2008; Gregorin
and Ciranello 2015) and the sagittal crest is slightly devel-
oped (Jones and Arroyo-Cabrales 1990; Figure 2).

The specimen has the following external measure-
ments: TL=106 mm, T=48 mm, HF =8 mm, E=21 mm, and
Wt = 14.5 g. Moreover, the forearm has a length of 50 mm
and a total length of the skull of 19.45 mm and other mea-
surements that were compared with the reported for the
records of N. aurispinosus of Ortiz de la Puente (1951) and
Carter and Davis (1961) for Pery; Carter and Davis (1961),
Gardner (1962a, 1962b), Gardner (1963), Alvarez and Avifa
(1964), Baker et al. (1967), Baker and Jones (1972), Anderson
(1997), and Lopez-Gonzales and Garcia-Mendoza (2006)
for México; Sanborn (1941) for Colombia; Ochoa (1984) for
Venezuela; Taddei and Garutti (1981), Bianconi et al. (2009),
and Oliveira et al. (2019) for Bolivia, evidencing that is inside

Figure 1. Male adult specimen of N. aurispinosus (MUSM 48232), fur characteris-
tics are observed. a) Lateral view of the specimen. b) Dorsal view of the specimen. c)
Presence of spine-shaped bumps on the anterior margin of the ears. d) Presence of big
ears joined to the front. e) Presence of small stiff bristles at the edge of the nostrils. f)
Presence of vibrissa in the hind legs. Scale bar: 5 mm.

Potugal-Zegarra et al.

Figure 2. Ventral, dorsal, and lateral views of the skull of Nyctinomops aurispinosus
(MUSM 48232). Scale bar: 5 mm.

the range of size of the species. Our specimen was depos-
ited as MUSM 48232 in the scientific collection of the Mam-
malogy department of the Museo de Historia Natural de la
Universidad Nacional Mayor de San Marcos.

The current distribution map of N. aurispinosus in the
Neotropics was elaborated from 78 records referred in
scientific publications (Figure 3). On the other hand, the
digestive tract content analysis uncovered remains of
insects corresponding to 100 % lepidopterans, consisting
of antennas, scales, legs, and proboscis (galeas that com-
pounds the proboscis; Figure 4 a-f).

Nyctinomops aurispinosus is considered a rare species
due to the relatively few specimens in scientific collections
(Bianconi et al. 2009) and infrequent captures related to its
sophisticated system of echolocation and flight at high alti-
tudes; these characteristics of most molossids make their
capture difficult with mist-nets (Norberg and Rayner 1987;
Kalko et al. 1996; Voss and Emmons 1996).

In this study, we present the current distribution and
the first record of N. aurispinosus for Tacna department,
Perd. This finding represents the southernmost report for
the Pacific coast, extending the geographical distribution
of N. aurispinosus ca. 270 km to the south, from the previ-
ous record of the species in Arequipa department (Pari et al.
2015). The presence of N. aurispinosus in the extreme south
of Peru is consistent with other records of the species along
the American tropics and sub-tropics (Eger 2008; Bianconi
etal. 2009; Espinal et al. 2016).
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Figure 3. Geographic distribution of Nyctinomops aurispinosus in México, Honduras,
Colombia, Venezuela, Brazil, Bolivia, and Pert (A); type locality (A ); including the new
southernmost record from Pert () (MUSM 48232).

The record of N. aurispinosus over the course of Sama river
is consistent with reports of the species near freshwater bod-
ies, such as streams, puddles, and rivers in México and Bolivia
(Gardner 1962a, 1962b, 1963 ; Baker et al. 1967; Baker et al.
1972; Wilson 1985; Ibanez and Ochoa 1989); these may relate
to the foraging behavior of molossids at great height, but
they are also captured with mist-nets over fresh water sources
when descending to drink (Voss and Emmons 1996). The
majority of the records of the species are associated to coastal
places at low altitude (Alvarez and Avifa 1964; Wilson 1985),
suggesting that it prefers low and warm zones, again in agree-
ment with the zone of the new record.

The roosts that N. aurispinosus probably uses in the Sama
valley are rock cracks in steep slopes, as has been observed
for Mormopterus kalinowskii, Promops davisoni, and Tadarida
brasiliensis in nearby valleys (Aragéon and Agquirre 2014;
Flores-Quispe et al. 2019). Previous reports referred to its
occupation of cracks and caves with other molossids (Ortiz
de la Puente 1951; Sanborn 1951; Carter and Davis 1961;
Alvarez 1963), as well as high-rise human constructions
(Taddei and Garutti 1981; Ochoa 1984; Bianconi et al. 2009).

The specimen (MUSM 48232), as shown in Table 1, has
external and cranial measurements slightly smaller than
reported by other studies. Additional studies are needed to
determine whether size variation in the species is significant.

The analysis of the digestive tract contents showed the
remains of lepidopterans, as occurs for N. macrotis and N.
femorosaccus in studies about their diets (Ross 1967; East-
erla and Whitaker 1972; Sparks and Valdez 2003; Debelica
et al. 2006; Matthews et al. 2010). Molossids with long thin
teeth, which are characteristic of the genus Nyctinomops,
have a wide gape and can feed on large flying insects, pro-
vided that they have a soft consistency (Freeman 1979).

Previously, nine bat species were reported for Tacna
department (Amorphochilus schnablii, Desmodus rotundus,
Histiotus macrotus, H. montanus, Mormopterus kalinowskii,
Myotis atacamensis, Platalina genovensium, Promops davi-
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Figure 4. Remains of lepidoptera found in the digestive tract of the specimen
MUSM 48232. a) Scales and leg. b) and c) Tibia. d) Section of the flagellum of an antenna
and portion of proboscis. e) Proboscis: galeas that compound the proboscis. f) Scale.

-
. -

soni and Tadarida brasiliensis; Aragéon and Aguirre 2014;
Flores-Quispe et al. 2015). The new record of N. aurispi-
nosus (MUSM 48232) brings to ten the number of species
recorded in the department. In the same way, the proxim-
ity of the record and the similarity among the habitats of
the Peruvian south and the Chilean north suggests that N.
aurispinosus may also occur in Chile, similarly to the pro-
posal by Flores-Quispe et al. (2015) for Promops davisoni,
which was recently confirmed by Ossa et al. (2018).

The new record and range extension presented in this
work fill information gaps about the distribution and ecology
of N. aurispinosus. Therefore, we recommend the develop-
ment of more studies in order to obtain a better approxima-
tion about the diversity of bats in the extreme south of Peru.
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Distribution of Nyctii ps aurispi

Appendix |
Records of Nyctinomops aurispinosus used in the map of the
update of its distribution (Figure 3). Las letters in parenthe-
sis indicate the records of the specimens used in the table
of measurements (Table 1). Names of the corresponding
collections to the abbreviations are described in Materials
and Methods.

Nyctinomops aurispinosus

Peru: (A) Lima, Cerro Agustino, 12° 06' S, 77° 00’ W
(MUSM 235, 6051); (B) Cusco, Huajyumbe, 13° 15’S, 70° 30’
W (FMNH 68561); Lambayeque, 12 Km al N de Olmos, 5° 50°
S, 79° 47" W (LSUMZ 25010, 25011, 25012, 25013, 25014,
25015, 26016, 25017, 25018, 25021, 25022, 25025, 25029);
Piura, Talara, 4° 46’S, 80° 59'W (AMNH 278527, CEBIOMAS
228); Arequipa, Camand, 16° 37'S, 72° 43'W; Tacna, Inclan,
17°49'S, 70° 30'W (MUSM 48232). México: (C) Tamaulipas,
Cueva de Abra, 22° 36’ N - 99° 01' W (TCWC 6573, 6474, IB
4838, 4839, 4841) (KU KUM 90542, 90543, 90544, 90545);
(D) Colima, Pueblo Juarez, 19° 10'N - 103° 55'W (UAZ 7943);
Colima, Las Juntas, 5 Km al SE de Pueblo Juarez, 19° 08’
N, 103° 54" W (UAZ 8553, 8554, 8555, 8556, 8583); Colima,
Cuastecomatdan, 19° 7'N, 103° 54'W (UAZ 8894, 8895, 8896,
8897, 8898, 8899, 8900, 8901, 8943); (E) Nayarit, 21° 44'N,
104° 51" W ; San Luis Potosi, Cueva en El Salto, 22° 09" E,
100° 59 W (KUM 91774); (F) Michoacén, Coahuayana, 18°
45'N, 103° 38'W (IB 6241, 6269); Oaxaca, Juchitlan, 16° 26’
N, 95°01'W (IB 4592, 1547); (G) Zacatecas, Juchipila, 21°
25" N, 103° 07" W (MSU 10273); (H) Sonora, rio Cuchaha-
qui, 26° 52" N, 108° 55' W (TTU 62969, 62970); (I) Sonora,
Comanito, 25° 10N, 107° 40'W (AMNH 244353); (J) Chihua-
hua, Morelos, 26° 47’ N, 107° 41’ W, (CRD 4550). Honduras:
San Marcos de Colén, 53 Km al NE de Choluteca, 13° 27°
N, 86° 55" W. Colombia: (K) Bogotd, 04° 36" N, 74° 05’ W
(FNMH 48560). Venezuela: (L) Aragua, Estacién Bioldgica
de Rancho Grande, 10°21°N, 67°40°W (MBUCV 1067, EBRG
1856, 2691, 2693); Miranda, Cueva de los Carraos, 10° 26°
N, 66° 47" W (OL 1065 SVE). Brazil: (M) Sao Paulo, Sdo José
do Rio Preto, 20° 49" N, 49° 23" W (DZSJRP 4786); Sao Paulo,
Ribeirdo Preto, 21° 10” S, 47° 49" W (MZUSP 15463); Sao
Paulo, Estacion Ecolégica Caetetus, 22° 25'S, 49° 42'W; Sao
Paulo, Sao Paulo, 23° 32'S, 46° 37' W, (N) Parana, Curitiba,
25°25’'S,49° 15'"W (RA 24116); Rio Grande do Norte, 160 Km
al S de Cabo San Roque, 5° 29’S, 35° 26" W (USNM 3726);
Minas Gerais, Lavras, 21°07’S, 45° 56'W (UFLA 4049); Minas
Gerais, Uberlandia, 18° 55° S, 48° 16" W (UFMG 6940); Dis-
trito Federal, Brasilia, 15° 45" S, 47° 45° W; Piaui, Paulistana,
08°09°S, 41°09"W; Bolivia: (0O) Santa Cruz, Haciendo Cerro
Colorado, 19° 27' S, 56° 21" W (EBD_MAM 14047, 14280,
14281, 14282, 14283, 14284, 14285, 14286, 14378); La Paz,
La Reserva, 15°44’S,67° 31'W.
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The brown hairy dwarf porcupine Coendou vestitus is an endemic species to Colombia. Is one of the least studied mammals at the national
level, is only known from a small area in the Eastern Cordillera, and is considered data deficient globally by the International Union for Conser-
vation of Nature (IUCN) and threatened at the national level (Vulnerable, VU). During a bird inventory, three records of C. vestitus were occasio-
nally found on the branch of a gaque and roble tree in a fragment of a secondary growth forest in the municipality of Santa Sofia, Department
of Boyaca, Colombia. The new records for the species represent the seventh locality from where it is known to occur, and contribute to a better
understanding of its distribution and natural history, information that ultimately is indispensable for further conservation actions.

Key words: Eastern Cordillera; geographic distribution; mammals; rodents.

El puercoespin enano pardo y peludo Coendou vestitus es una especie endémica de Colombia. Es uno de los mamiferos menos estudiados
a nivel nacional, solo se conoce de una pequefa area en la Cordillera Oriental, y es considerada con datos deficientes a nivel mundial segun
la Union Internacional para la Conservacion de la Naturaleza (UICN) y amenazada a nivel nacional (Vulnerable, VU). Durante un inventario de
aves, se encontraron ocasionalmente tres registros de C. vestitus, en la rama de un érbol de gaque y roble en un fragmento de un bosque secun-
dario en el municipio de Santa Sofia, departamento de Boyacd, Colombia. Los nuevos registros de la especie representan la séptima localidad
desde donde se conoce su presencia y contribuyen a una mejor comprensién de su distribucién e historia natural, informacién que en ultima

instancia es indispensable para futuras acciones de conservacién.

Palabras clave: Cordillera Oriental; distribucion geogréfica; mamiferos; roedores.
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The genus Coendou comprises 15 species (Barthelmess
2016), that range from México to Uruguay and north-
ern Argentina. Fourteen species occur in South America,
except for Coendou mexicanus. These species inhabit tropi-
cal and subtropical moist and dry forests from 0-3,500 m
(Voss 2015). In Colombia, the genus Coendou its distrib-
uted along the three Andean Cordilleras and trans-Andean
valleys, as well as in mountains, foothills, and adjacent
lowlands from 0-3,1700 m (Solari et al. 2013). According to
Ramirez-Chaves et al. (2016), six species have been recog-
nized for Colombia: C. ichillus, C. prehenisilis, C. pruinosus, C.
quichua, C. rufescens, and C. vestitus.

The brown hairy dwarf porcupine, C. vestitus (Thomas
1899) is a rare mammal, which is restricted to a small area
of montane ecosystem from the Eastern Cordillera on Andes
of central Colombia, in an elevation range from 1,250 to
2,890 m (Ramirez-Chaves et al. 2019). The species is found
in Andean and sub-Andean forests which is characterized by
lower montane moist forest vegetation (Emmons and Feer
1997; Voss and Da Silva 2001; Alberico and Moreno 2006;
Barthelmess 2016). The International Union for Conservation
of Nature (IUCN) has listed this species as “Data Deficient”
(DD) given the absence of recent information on its status
and ecological requirements (Weksler et al. 2016). In Colom-

bia, the species has been categorized as “Vulnerable” (VU)
due the reduced geographical range and habitat destruc-
tion (Alberico and Moreno 2006; Ministerio del Ambiente y
Desarrollo Sostenible 2017). According to Ramirez-Chaves
etal. (2019), C. vestitus is one of the least studied porcupines,
and it has the most restricted distribution in America, which
makes it the rarest species within the genus. Research is
urgent to understand different aspects of its natural history,
ecology, conservation, and distribution. To contribute to
filling the lack of information for this rare species, herein, |
report a new record for the species in Colombia as well as
natural history observations.

On April and June 2020 during a bird inventory, three
records of C. vestitus were occasionally found in the same
place and photographed between 9:35 and 10:01 hours,
in the Lower Montane Moist Forest life zone (Corpoboyaca
2015) in a farm called El Rocio located in the Vereda Soro-
cota, municipality of Santa Sofia, department of Boyaca (5°
45'32.42"N,-73°36'17.97"W, 2,300 m; Figure 1). This area
is located in the Magdalena Valley montane forests Ecore-
gion which is part of the Tropical and Subtropical Moist
Broadleaf Forests Biome (Olson et al. 2001; Dinerstein et
al. 2017). The specimens were recorded in a temperature
transition zone in the middle of a warm and cool-season
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Figure 1. Coendou vestitus known distribution (blue dots) in the Eastern Cordillera
of the Andes and new record (yellow star) in Boyaca department in Colombia.

(April-June), with an average between April (10 °C-20 °C)
and June (11 °C-19 °C; WeatherSpark 2020). Observations
were also recorded during a precipitation wet season with
rainfall increased in April (150-188 mm) and decrease in
June (104-98 mm; WeatherSpark 2020).

. T

The specimens were not captured, the reason why it
was not possible to know if the three records were only
one or the same individual, and were simply identified
through their external morphology following Voss (2015)
and Ramirez-Chaves et al. (2019); small size (average); very
short tail (about 50 % of head and body length); dorsal pel-
age with long blackish fur that partially conceals defensive
quills; bristle- quills -bicolored (whitish and dark brown or
blackish distally; Figure 3a, b, ¢, d, e, f).

The three subadults/adults records of unknown sex were
found resting in trees of secondary growth forest fragment
next to an area recently affected by a fire caused in 2019, and
that is currently in a process of ecological succession (Figure
2a). The first record was found at 1.70 m above the ground on
a branch of a gaque or cucharo (Clusia multiflora: Clusiaceae;
April 8,2020; Figure 3e, f)), and the second and third record at
about 4 m above the ground on a branch of a roble (Quercus
humboldtii: Fagaceae; June 7, 2020 and June 8, 2020; Figure
3a, b, ¢, d). The roble tree is situated about 10 meters inside
the forest from the edge outside the farm, a lotic body of
water locally known as Quebrada de Piedras (Figure 2b). This
section of the forest fragment is surrounded by human activi-
ties such as livestock and agriculture (Figure 2¢, d).

Figure 2. Coendou vestitus habitat and anthropic activities around. a) Habitat characteristics of the first record. b) Habitat characteristics of the second and third records. c) Livestock

next to the Quebrada de Piedras. d) Agriculture activities.
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Figure 3. Photographic records from Santa Sofia, Boyacd, Colombia (first record e, f; second record c, d; third record a, b), showing dorsal pelage with long blackish fur that partially
conceals defensive quills and relative tail size concerning head and body length (b, ¢, e). Details of whitish basally and dark brown distally bristle quills in the face (a, ¢, f).
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This is the first record of C. vestitus for the municipality
of Santa Sofia in Boyaca and extends the distribution of the
species 16.5 km in a straight line from the closest known
locality at the municipality of Villa de Leyva in Boyacd
(Ramirez-Chaves et al. 2019).

Coendou vestitus was recorded between a temperature
transition zone (warm to cool season) during the rainy
season (WeatherSpark 2020). In this life zone, the climatic
conditions may be associated to exceptional topographic
characteristics that facilitate the natural regeneration of
forest native species due to moisture in the soil (Holdridge
1987; Kessler and Kluge 2008), as well as the occurrence of
endemic species with specific habitat requirements (Kes-
sler and Kluge 2008), such as C. vestitus. Although, its occur-
rence may be also related to a possible edge effect (Lépez-
Barrera 2004), concerning its association to disturbed
ecosystems such as the secondary growth forest fragment,
and the probability for the species to move through other
suitable habitats nearby, like biological corridors such as
the Quebrada de Piedras (Concejo Municipal de Santa Sofia
2019), that allows the species to reach these or other for-
est fragments as climatic conditions changes and favors the
availability of resources (Kessler and Kluge 2008).

According to Weksler et al. (2016), agriculture and live-
stock activities might be considered as possible threats for
C. vestitus habitat, although this might also indicate some
kind of ability for the species to adapt to disturbed Andean
ecosystems; consider as the most impacted areas of Colom-
bia due to deforestation and agriculture (Harden 2006;
Rodriguez et al. 2013). The Andean Region contains more
than 60 % of the mammal endemic species of Colombia,
but some species such as C. vestitus, are only known from
a few localities over 1,500 m of elevation (Solari et al. 2013),
which suggests further monitoring activities along the East-
ern Cordillera of the Andes, in order to fill these information
gaps and define other conservation actions for the species.
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