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En la Portada 
Ejemplar adulto hembra de Lasiurus arequipa. Se observan las características del pelaje, la coloración y 
las estructuras craneales. 
(Fotografía de Mamani-Contreras y Aragón-Alvarado 2021) 
 
El logo de la AMMAC: “Ozomatli” 
El nombre de “Ozomatli” proviene del náhuatl, se refiere al símbolo astrológico del mono en el 
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palos. Su cara es casi como la de una persona, pero tienen mucho pelo.” 
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Noteworthy records of abnormal coloration in Mexican bats
Registros notables de coloración anormal en murciélagos 

mexicanos
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Permanent atypical coloration in mammals can occur by a congenital condition or environmental causes, but it is expressed by defects in 
melanocytes (melanin-producing cells) number or function.  Around the world, bats have been reported with abnormal coloration, but only a 
handful of cases are from México.  We report records of chromatic disorders in several species captured from different locations in México.  Bats 
were captured with mist nets outside roosting sites or in trails with vegetation.  All individuals were released at the capture site.  We recorded 9 
individuals of Phyllostomidae and 3 of Molossidae with chromatic disorders: 11 white-spotted individuals and 1 with albinism.  White spotting 
is recorded for the first time in Mimon cozumelae and the first record for Leptonycteris yerbabuenae and Nyctinomops laticaudatus in México.  
Individuals with pigmentary disorders records are rare in nature and reporting the occurrence of these events in bats increases the knowledge 
of the natural history of species.

Key words: Albinism; Chiroptera; hypopigmentation; Molossidae; Phyllostomidae.

La coloración atípica permanente en mamíferos puede ocurrir por una condición congénita o por causas ambientales, pero se expresa por 
defectos en el número o función de los melanocitos (células productoras de melanina).  Alrededor del mundo, se han reportado murciélagos 
con coloración anormal en la piel, pero en México se conocen pocos casos.  Aquí, presentamos registros de trastornos cromáticos en varias es-
pecies capturadas en diferentes lugares de México.  Los murciélagos fueron capturados con redes de niebla afuera de los sitios de percha o en 
senderos con vegetación.  Todos los individuos fueron liberados en el sitio de captura.  Registramos 9 individuos de la familia Phyllostomidae y 
3 de Molossidae con trastornos cromáticos: 11 individuos con manchas blancas y 1 con albinismo.  El fenotipo de manchas blancas se reporta 
por primera vez en Mimon cozumelae y el primer registro para Leptonycteris yerbabuenae y Nyctinomops laticaudatus en México.  Los registros 
de individuos con trastornos pigmentarios son raros en la naturaleza, e informar la ocurrencia de estos eventos en murciélagos aumenta el 
conocimiento de la historia natural de las especies.

Palabras clave: Albinismo; Chiroptera; hipopigmentación; Molossidae; Phyllostomidae.

© 2021 Asociación Mexicana de Mastozoología, www.mastozoologiamexicana.org

Skin coloration in vertebrates is the result of pigments, an 
extremely varied group of large molecules that reflect light 
rays (Hoekstra 2006).  Melanin is one of the most important 
pigments and it is found in skin, hair, or fur, and eyes.  There 
are two types of melanin, pheomelanin and eumelanin 
(Solano 2014), which are produced in the cells called mela-
nocytes, located at the basal layer of the epidermis (Hick-
man et al. 2001; Cappai et al. 2015; Ali and Naaz 2018).  The 
pigmentation phenotypes derived from melanocytes are 
regulated by over 200 gene loci (Lamoreux et al. 2010).

However, sometimes the phenotype expressed differs 
from the chromatic patterns that characterize the species.  
Cases of atypical coloration can occur for various reasons.  
Some abnormal colorations could be the result of environ-

mental conditions (i.e., roost atmosphere; Constantine 
1958) or the diet (MacSwiney et al. 2012), but they are not 
permanent, and other phenotypes might be related to a 
genetic condition (Jackson 1997; Lamoreux et al. 2010).

Hypopigmentation in mammals is the result of pig-
ment-cell death or the failure in the development of these 
cells (Lamoreux et al. 2010) and includes white spotting, 
vitiligo, progressive graying, and albinism.  White spot-
ting is the congenital absence of viable melanocytes 
from some or all the areas where they would be regularly 
present, thus forming white spots among the normally 
colored skin, and is evident at the birth of the individual 
(Lamoreux et al. 2010).  Meanwhile, albinism is the con-
genital absence of melanin throughout the body due to 
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an inability of viable melanocytes to produce pigments 
(with the resulting phenotype of absence of integumen-
tary and retinal pigmentation; Lamoreux et al. 2010) result-
ing by several recessive genes interacting (Summers 2009).  
Both atypical colorations are the most frequently reported 
in bats (Uieda 2000; Gamba-Ríos 2010; Lucati and López-
Baucells 2016; Zalapa et al. 2016; Martínez-Coronel et al. 
2020).  To capture an animal with some condition of chro-
matic disorder has been always of special interest due to 
the rarity of which these specimens are registered.  Here, 
we present noteworthy mentioning records of abnormal 
coloration in several bat species captured during different 
field trips in México.

We compiled records of abnormal coloration in different 
bat species.  These are the results of field captures made 
by the authors, either by mist-netting in their habitat or 
recorded at their roost.  In all the captured individuals, we 
measured forearm length, weight, and determined the sex 
and reproductive status, before taking pictures of their skin 
condition.  We identified the individuals using the guide by 
Medellín et al. (2008).  After that, we released them.  Due to 
the lack of agreement in chromatic disorder terminology in 
bats, we used the terms suggested by Zalapa et al. (2016) 
to name the skin pigmentation abnormalities for this study.

We recorded 12 bats with chromatic disorders, from 9 
species. Of these, 7 species belong to the Phyllostomidae 
family and 2 species to the Molossidae family (Appendix):  
Artibeus jamaicensis, A. lituratus, Desmodus rotundus, Glos-
sophaga soricina, Leptonycteris yerbabuenae, Mimon cozu-
melae, Sturnira hondurensis (Phyllostomidae); Nyctinomops 
laticaudatus and Tadarida brasiliensis (Molossidae; Figures 
1A-1F, 2A-2E).  The bats were captured in the Mexican states 
of Guanajuato (1), Hidalgo (2), Oaxaca (2), Tlaxcala (1), Vera-
cruz (1), Quintana Roo (1), and Yucatán (4).

Of the records, 1 individual (a female pregnant D. rotun-
dus) was an albino (Figure 2B), while most of the individu-
als presented the phenotype of non-symmetrical or single 
“white spots” in their skin and fur, either in their back or 
shoulder (Figures 1A, 1D, 2A, 2C, 2E), the crown of the head 
(Figure 2D), or in their nose and lips (Figure 1C).  The mul-
tiple white spots presented in both wings of A. jamaicensis, 
L. yerbabuenae, and S. hondurensis (Figures 1B, 1E, 1F) were 
visible in the inner and upper face of the patagium.

Abnormal colorations have been widely reported in 
bats, and in México, so far 40 individuals from 15 species in 
Chiapas, Colima, Hidalgo, Jalisco, Oaxaca and Sonora (Caire 
and Thies 1988; Zalapa et al. 2016; Hernández-Aguilar and 
Santos-Moreno 2018; Martínez-Coronel et al. 2020).  Here, 
we added 11 individuals and 2 species to the previous stud-
ies, as well as the states of Guanajuato, Tlaxcala, Quintana 
Roo, Veracruz, and Yucatán.

There are several records about abnormal skin color-
ation in bats from around the world (i.e., Uieda 2000; López-
Baucells et al. 2013; Treitler et al. 2013; Zalapa et al. 2016; 
Fernández de Córdoba et al. 2017), and frequently reported 

in cave-dwelling species that conform big colonies or gre-
garious family groups, especially from the Phyllostomidae 
and Molossidae families (Lucati and López-Baucells 2016; 
Zalapa et al. 2016).  All the species here reported show 
these specific characteristics.  Atypical skin pigmentation 
has been considered problematic to conspecific com-
munication or to avoid predators, thus, impacting the fit-
ness of the individual (Uieda 2000; Caro 2005), but in bats, 
reproductive individuals with chromatic disorders have 
been frequently reported (Sánchez-Hernández et al. 2010; 
García-Morales et al. 2012; Zalapa et al. 2016; this study), 
and no behavioral changes associated to the condition are 
known so far (Harada et al. 1991; Uieda 2001; Moreno et al. 
2020).  Protected roost, such as caves, may be beneficial to 
the survival of bats with chromatic disorders, protecting 
them from sun burns and being easily spotted by predators 
(Uieda 2000; Barquez et al. 2003; Mantilla-Meluk and Jimé-
nez-Ortega 2011).  Also, the bat’s nocturnal habits should 
play a role in the low impact of abnormal pigmentation in 
their survival.

Figure 1.  A) Two adults of Artibeus jamaicensis with notorious white spots cov-
ering most of their back, individual 1 was not captured, individual 2 is an adult male 
(Photograph of J. Cruzado); B) Adult female of Artibeus jamaicensis with white spots at 
the middle and edge of the plagiopatagium and uropatagium (Photograph of C. Mac-
Swiney); C) Adult female of Artibeus lituratus with white spots in noseleaf and upper edge 
of dactylopatagium (Photograph of P. Aguilar-Rodríguez); D) Mimon cozumelae with no-
table white spot in the upper back (Photograph of Z. Vallado); E) Remarkable white spots 
in plagiopatagium, uropatagium and ears of Leptonycteris yerbabuenae (Photograph of 
M. Aguilar); F) Specimen of Sturnira hondurensis with multiple white spots in both wings 
(Photograph of M. Aguilar).  
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tus (reported as A. intermedius), D. rotundus, and G. soricina 
(Pozo and Escobedo-Cabrera 1998; García-Morales et al. 
2010; Sánchez-Hernández et al. 2010).  

Finally, we emphasize that individuals with pigmentary 
disorders records are rare in nature and reporting the occur-
rence of these events in bats increases the knowledge of 
the natural history of species.  Future research will improve 
our understanding about the causes and implications of 
these conditions.
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Appendix 
List of the captured bats with chromatic disorders.

Family Phyllostomidae
1) Artibeus jamaicensis

Locality: Hacienda Misnebalam, 10 km north of Mérida, 
Yucatán (21° 09’ 02.9’’ N, 89° 35’ 42.4’’ W, 6 m).  Colony inside 
an abandoned building, surrounded by low deciduous for-
est.

Date: December 14th, 2020.
Specimen: Adult male.  Forearm length 59 mm.
A second individual was registered in the same roost 

but not captured (individual 2 in the inset of Figure 1A).
Chromatic disorder: White spotting (Figure 1A).

2) Artibeus jamaicensis
Locality: 3.5 km from Felipe Carrillo Puerto, Quintana 

Roo (19° 36’ 23.3’’ N, 88° 03’ 50.3’’ W, 30 m).  Captured with 
a mist-net in a trail surrounded by medium semi-evergreen 
forest.

Date: February 5th, 2011.
Specimen: Adult female. Forearm length 57.8 mm, and 

weight 40 g.
Chromatic disorder: White spotting (Figure 1B).

3) Artibeus lituratus
Locality: Rancho Viejo, Tlalnelhuayocan, Veracruz (19° 

31’ 53.71’’ N, 96° 58’ 46.86’’ W, 1,460 m).  Captured in second-
ary growth of montane cloud forest, with a river nearby.

Date: March 27th, 2018.
Specimen: Adult female.  Forearm length 69.8 mm, and 

weight 54 g.
Chromatic disorder: White spotting (Figure 1C).

4) Mimon cozumelae
Locality: Cave near Pixoy, Valladolid, Yucatán (20° 42’ 

1.07’’ N, 88° 17’ 30.4’’ W, 27 m).
Date: January 11th, 2021.  Captured during the emer-

gence from the roost.  The cave is surrounded by secondary 
growth of medium semi-evergreen forest.

Specimen: Adult male.  Forearm length 58.4 mm, and 
weight 25 g.

Chromatic disorder: White spotting (Figure 1D).
5) Leptonycteris yerbabuenae

Locality: La Ventosa, Juchitán, Oaxaca (16° 30’ 19.192’’ N, 
100° 57’ 06.405’’ W, 20 m). Captured in a vegetation patch 
with columnar cacti with water nearby. 

Date: May 17th, 2017.
Specimen: Adult female.  Forearm length 58 mm and 

weight 26 g.
Chromatic disorder: White spotting (Figure 1E).

6) Sturnira hondurensis
Locality: Durango, Zimapán, Hidalgo (20° 54’ 03.539’’ N, 

99° 14’ 26.444’’ W, 2,041 m). Captured in a mist-net over a 

temporal stream, close to a cabin, in a coniferous forest. 
Date: August 22th, 2017.
Specimen: Adult male.  Forearm length 42.8 mm and 

weight 20 g.
Chromatic disorder: White spotting (Figure 1F).

7) Glossophaga soricina
Locality: La Ventosa, Juchitán, Oaxaca (16° 30’ 19.192’’ N, 

100° 57’ 06.405’’ W, 20 m). Captured in a vegetation patch 
with columnar cacti with water nearby.

Date: October 11th, 2016.
Specimen: Adult male with scrotal testes.  Forearm 

length 36 mm and weight 10 g.
Chromatic disorder: White spotting (Figure 2A).

8) Desmodus rotundus
Locality: Paraje El Pinalito, El Carricillo, Atarjea, Guana-

juato (21° 13’ 00.192’’ N, 99° 49’ 52.557’’ W, 2,138 m).  Cap-
tured during the emergence from the roost.  The cave is 
surrounded by semi-arid vegetation.

Date: April 20th, 2021.
Specimen: Pregnant female.  Forearm length and weight 

not measured.
Chromatic disorder: Albinism (Figure 2B).
Family Molossidae

9) Nyctinomops laticaudatus
Locality: Cenote Homún, Yucatán (20° 44’ 47.68’’ N, 89° 

17’ 48.8’’ W, 14 m).
Date: October 24th, 2020.  Captured during the emer-

gence from the roost.  Secondary growth of low deciduous 
forest.

Specimen: Adult male.  Forearm length 43 mm and 
weight 12 g.

Chromatic disorder: White spotting (Figure 2C).
10) Tadarida brasiliensis

Locality: Vaquerías, Metztitlán, Hidalgo (20° 22’ 
08.987’’ N, 98° 33’ 25.113’’ W, 2,058 m).  Captured during the 
emergence from the roost, a non-active mine. The cave is 
surrounded by semi-arid vegetation.

Date: October 2nd, 2018.
Specimen: Adult male.  Forearm length 43.8 mm and 

weight 10.6 g.
Chromatic disorder: White spotting (Figure 2D).

11) Tadarida brasiliensis
Locality: Ex Hacienda Mazapa, Calpulalpan, Tlaxcala (19° 

32’ 21.49’’ N, 98° 33’ 27.49’’ W, 2,722 m).  Captured during the 
emergence from the roost.  Colony inside of an abandoned 
building.

Date: December 20nd, 2019.
Specimen: Adult male.  Forearm length 41.1 mm.

Chromatic disorder: White spotting (Figure 2E).
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There is little information about the mating process of Eira barbara (tayra or black cat, as it is known in Panamá),  reported only in captivity, 
by Poglayen-Neuwall (1975).  Two camera traps were placed, 220 m apart, within the Altos de Campana National Park, in the border area with 
the community of El Chileno.  The sounds emitted by individuals during the event were analyzed using the PREMIERE PRO-6.0.0 and Raven 
Pro1.5 software.  We describe stages of this process evidenced in a sequence of 8 videos of 10 seconds each, captured by one of our camera 
traps; we consider the event as a single mount.  Both individuals make sounds during the event, which we interpret as frequent clicks 3.19 KHz 
dominant and 3.23 KHz dominant frequency trills.  We compared this event with the one reported in captivity by Poglayen-Neuwall (1975).  
Both in captivity and in our report, the nuchal grasp and the occasional dragging of the female by the male are observed.  We also carried out 
the first bioacoustics analysis of the mating process of this species.

Key words:  Altos de Campana National Park; bioacoustics; camera trap; clicking calls; mating; trills.

Existe poca información acerca del proceso de apareamiento de Eira barbara (tayra o gato cutarro, como se le conoce en Panamá),  repor-
tado únicamente en cautiverio, por Poglayen-Neuwall (1975).  Se colocaron dos cámaras trampa, separadas 220 m, dentro del Parque Nacional 
Altos de Campana, en la zona limítrofe con la comunidad de El Chileno.  Se analizaron los sonidos emitidos por los individuos durante el evento 
mediante los programas PREMIERE PRO-6.0.0 y Raven Pro1.5.  Describimos etapas de este proceso evidenciado en una secuencia de 8 videos de 
10 segundos cada uno, captado por una de nuestras cámaras trampa; consideramos el evento como una sola monta. Ambos individuos hacen 
sonidos durante el evento, que interpretamos como clics con frecuencia dominante de 3.19 KHz y trinos frecuencia dominante de 3.23 KHz.  
Comparamos este evento con el reportado en cautiverio por Poglayen-Neuwall (1975).  Tanto en cautiverio como en nuestro reporte se obser-
va el agarre nucal y el arrastre ocasional de la hembra por parte del macho.  También realizamos el primer análisis bioacústico del proceso de 
apareamiento de esta especie.

Palabras clave: Apareamiento; bioacústica; cámara trampa; llamados en forma de clics; Parque Nacional Altos de Campana; trinos.
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Mammals are an essential part of the ecosystems in which 
they inhabit since they play critical roles in these environ-
ments (Wright 2003; Morrison et al. 2007); whether in their 
role as top predators (Sunquist and Sunquist 2002), plant 
consumers (Fragoso 1999), seed predators (Galetti et al. 
2015), or seed dispersers (O’Farrill et al. 2013), they exert a 
profound influence on their surroundings that goes beyond 
species interactions (Morrison et al. 2007).  Altered or dis-
turbed ecosystems often lack the large and medium-sized 
mammals’ populations that historically inhabited them 
(Morrison et al. 2007); their absence, in turn, could trigger 
negative cascading effects in the food web, as many of these 
mammals serve as keystone species in their environment 
(Bond 1994; Wright 2003).  Most of these species are elusive 
and their natural history is poorly known, so it is imperative 
to use tools that allow us to learn more about their life traits, 
population status and function within the ecological com-
munities of the environment (Grotta-Nieto et al. 2020).

 Camera traps have been one of the most novel and 
reliable methods for monitoring terrestrial mammal popu-
lations (Karanth et al. 2004), its main advantages are: the 
low stress generated to the individuals photographed 
(McCleery et al. 2014; Hobbs and Brehme 2017) and that 
they enable monitoring elusive species or ones that occur 
in low densities (Moruzzi et al. 2002), such as the neotropi-
cal mustelids (Yensen and Tafira 2003; Hernández-Sánchez 
et al. 2017; De Roux et al. 2019).  Although it is argued that 
its cost is high, it is more cost-effective in time and money 
when compared to the intensive field days required to 
obtain the same observational level (Cutler and Swan 
1999; Moruzzi et al. 2002); this is in addition to the recent 
emergence of increasingly cheaper reliable technologies 
(Rico-Guevara and Mickley 2017; Droissart et al. 2021).  This 
method allows important variables to be obtained, such 
as: relative abundance (Maffei et al. 2004), activity pat-
terns (Ávila-Nájera et al. 2016), density (Karanth and Nich-
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ols 1998; Silver et al. 2004; Sollmann et al. 2011), diversity 
(Aranda et al. 2012), and animal behavior (Monteza-Moreno 
et al. 2020).

In Panamá, this method has been applied in different 
ecosystems: tropical rainforest (Moreno and Bustamante 
2009); very humid premontane forest (Loria and Méndez-
Carvajal 2017); premontane tropical rainforest (González-
Hernández et al. 2020); dry forest (Méndez-Carvajal 2013); 
premontane forest and cloud forest (Méndez-Carvajal 2012) 
to obtain information regarding population status of mam-
malian umbrella species such as: felids (Moreno and Busta-
mante 2009), canids (Hody et al. 2019), ungulates (Moreno 
and Meyer 2014; Meyer et al. 2016) and to assess the status 
of large and medium-sized terrestrial mammal communi-
ties (Meyer et al. 2015).  Through the use of camera traps, 
records have been obtained that have allowed inferring the 
reproductive behavior of some species (Aranda et al. 2012; 
Mandujano 2019), this has been implemented in other 
groups such as birds, by placing cameras at nests or nest 
entrances (Hudson and Bird 2006). 

In mammals, reproductive behavior has been inferred 
through indirect observations, such as the presence of pups 
(Aranda et al. 2012; Ouboter and Kadosoe 2016; Appleton et 
al. 2018; Jansen et al. 2020) or pairs of individuals in solitary 
species (Morrow and Nicole 2009; Ouboter and Kadosoe 
2016; Appleton et al. 2018).  Whereas, direct observations 
of reproductive behavior in the wild are rare and anecdotal 
(Faller-Menéndez et al. 2007).

Reproductive studies on tayras (Eira barbara; or “gato 
cutarro” as it is known in Panamá) have been conducted 
in captivity, focusing on copulatory behavior, always 
highlighting their tendency to vocalize during the act 
(Poglayen-Neuwall 1975), gestation and care of the cubs 
(Poglayen-Neuwall 1978; Presley 2000), and analysis of the 
estrous cycles of the females (Poglayen-Neuwall et al. 1989).  
There are no reports of tayras reproducing in the wild, the 
closest being the suggestion of reproductive behavior in 
the Barro Colorado Biological Station, Panamá (Kaufman 
and Kaufman 1965), but this does not show conclusive 
evidence of the act and thus remains speculation.  The 
literature (Poglayen-Neuwall 1975, 1978; Poglayen-Neu-
wall and Poglayen-Neuwall 1976) establishes that E. bar-
bara is a diurnal polyestrous species; males are reproduc-
tive throughout the year and reach sexual maturity at 18 
months of age; females reach metabolic and reproductive 
maturity by 22 months of age, although adult size for the 
species is reached in only 6 months (Presley 2000).  Accord-
ing to Poglayen-Neuwall et al. (1989), females older than 8 
years have longer estrous cycles (72-163 days) compared 
to younger females (38-75 days).  Gestation may last a little 
more than 2 months, and they usually have 1 to 3 offspring 
that remain with the mother for 200 to 300 days (Poglayen-
Neuwall and Poglayen-Neuwall 1976).

The information generated in captivity can be influ-
enced by multiple factors, mainly by captivity per se (with-
out omitting changes in behavior as a result of breeding 

animals together, which are solitary in the wild), which can 
provide data and observations that do not correspond to 
behavior in the wild (e.g., Poglayen-Neuwall 1978).  There-
fore, gathering information from the natural environment 
that complements what is observed in captivity is one of 
the best tools for understanding the reproductive behavior 
of species.

The objective of this paper is to present data on the in 
situ reproduction of a pair of E. barbara in Altos de Campana 
National Park.  The event and its details are described: dura-
tion of each mating, movements and vocalizations emitted 
by each individual.

The study area is located in the northwest end of Altos 
de Campana National Park, with a humid tropical climate 
and average annual rainfall of more than 2,500 mm.  In addi-
tion, it is important to note the different forms of relief from 
valleys, rugged hills and steep slopes, ranging from 300 m 
to high points such as Cerro Campana at 1,030 m and Cerro 
La Cruz at 905 m, where there is a temperature oscillation 
between 15 to 22 °C (Ministerio de Ambiente 2021), limited 
to the northeast and northwest by farms with fragmented 
ecosystem and used for anthropogenic activities belonging 
to the community of El Chileno.

The cameras were installed due to interactions between 
cattle and jaguar reported by the inhabitants of El Chileno.  
Installation sites were selected using two criteria: 1) in 
places with defined trails (felines have been reported to 
use them with great frequency to patrol their action areas; 
Chávez et al. 2013), and 2) in places where there are no trails 
(to avoid decreasing the probability of capture of other spe-
cies such as ungulates and small mammals that do not fre-
quent trails as much; R. Moreno, pers. comm. 2019).

Two camera traps (Ancheer model RD 1006) were 
installed 220 m apart.  Each camera (C01PNAC: 8° 42’ 
21.48” N, 80° 0’ 2.61” W; and C02PNAC: 8° 42’ 28.97” N, 80° 
0’ 2.33” W; Figure 1) was placed in a tree 50 cm above the 
ground, to obtain records of small, medium and large mam-
mals (Noss et al. 2013), the undergrowth was removed with 
a machete just in front of the cameras, to clear the view, 
in an area of 15 m2, no olfactory attractants were used.  
The equipment was installed on March 25, 2018 and was 
removed on June 15 of the same year.

Sampling effort was quantified by the number of hours 
(24 each full day or its respective fraction if not completed) 
multiplied by the number of days that each camera trap was 
active.  For the total, both quantities were added together.

Bioacoustic analysis.  The PREMIERE PRO-6.0.0.0 software 
(Adobe CS6; https://www.adobe.com/es/; Vbroadcast Lim-
ited 2021) was used to extract the audio from each video, 
followed by the Raven Pro1.5 software (Center for Con-
servation Bioacustic 2014).  Determinant aspects for this 
type of analysis, mentioned below, were analyzed with fre-
quency graphs.

For each vocalization, we analyzed the duration, interval, 
maximum, minimum and dominant frequencies.  Spectral 

https://www.adobe.com/es/; Vbroadcast Limited 2021
https://www.adobe.com/es/; Vbroadcast Limited 2021


www.mastozoologiamexicana.org   119

Fuentes    et al.  

(fundamental frequency of 1.73 KHz), respectively.  The inter-
val between this series of clicks and trills was 3.1 s and 1.2 s 
between two measured cycles, and in one of the cases the 
click was separated from the trill by 0.57 s.   The male emitted 
a trill at a dominant frequency of 2.79 KHz with a duration of 
0.48 s, alternating between female calls (Figure 3).

The individuals present uniform coloration patterns 
(without spots) in the fur, on the head a dark brown hood 
up to the neck and the rest of the body black, only in the 
female, and only in the second video, it can be appreci-
ated the typical throat patch used to identify individuals 
of E. barbara (Villafañe-Trujillo et al. 2018).  The recorded 
event lasted 43 minutes; however, at the beginning of the 
first video the male was already mounting the female, so 
the exact duration of coitus is unknown, nor was courtship 
behavior recorded prior to copulation, it is possible that it 
occurred near the photo-trapping station but outside the 
camera’s range.  The whole event is considered as a single 
mount, since the male does not release the female from 
the first capture, it is possible that, at some point, while 
they are getting adjusted, the penetration was interrupted; 
however, it is a detail that is not perceptible in the videos.  
The number of mounts in captivity is variable with up to 13 
mounts per day (Poglayen-Neuwall 1975) and copulation 
both in captivity and in the wild occurs crouching, standing 
or lying on its side.  It should be noted that in captivity the 
presence of lordosis on the female’s back was not observed 
or mentioned (Poglayen-Neuwall 1975; Alves and Borstle-
mann 2010), a behavior that is visible in the videos filmed.

Breeding events reported in captivity (Poglayen-Neuwall 
1975) record average durations between 22 to 45 minutes, 
sometimes events where the male was unsuccessful (no 
penetration), a specific case of 45 minutes where the male 
mounted the female 10 times during this period, and a case 
of long duration copulation (86 minutes) where the male 
lost intravaginal contact once (Poglayen-Neuwall 1975), so 
the duration of our event is within the range reported by 
Poglayen-Neuwall (1975) in captivity.

The sexual act occurs in a similar way in both scenarios 
(captivity and wild); however, in the wild this type of events 
are recorded by chance, being the one reported in this 
work the first with videographic evidence captured by cam-
era trap, which allowed us to perform the first analysis of 
bioacoustics of the species during the sexual act in the wild.  
The video can be found on the youtube channel of Fun-
dación Los Naturalistas (https://youtu.be/v_kXBJEyMkc).

The event occurred during the month of June; captive 
reports (Poglayen-Neuwall 1975; Alves and Borstlemann 
2010) suggest that the activity is possible throughout the 
year.  Both in captivity and in our report, nuchal grasping and 
occasional dragging of the female by the male is observed.  
One aspect that was not possible to observe is whether 
the female maintained any rejection behavior towards the 
male during courtship, such as has been shown in captivity 
(Poglayen-Neuwall 1975; Alves and Borstlemann 2010) and 
which consists of agonistic vocalizations against the male.  

and temporal parameters (frequency) were analyzed, and 
power spectra were calculated in Raven Pro1.5 (Window: 
Blackman, Discrete Fourier transform DFT): 2,048 samples, 
3 dB filter bandwidth: 0.16 KHz; grid spacing 0.021  KHz; 
overlap 70.1 % (Charif et al. 2004).

Both cameras were active for 82 days 15 hours each, result-
ing in 3,942 effective camera hours of sampling.  On June 15, 
2018, at 8:34 am in the C01PNAC camera was recorded the 
first of 8 videos that captured the act of copulation between 
a pair of tayras (E. barbara), each video has a duration of 
10 seconds.  The sun rose at 5:59 am and the temperature 
recorded showed a variation of 1 °C (from 21 to 22 °C) in the 
43 minutes that the event lasted (Table 1; Figure 2).

Acoustic properties of the reproductive event.  During the 
reproductive act both individuals emitted tonal rhythmic 
sounds in the form of short clicking calls (clicking calls; 
Poglayen-Neuwall 1975) and trills (short, rhythmic series of 
noisy sounds; Poglayen-Neuwall 1975; Peters 1984).  The 
female emitted a click before the trill at a dominant fre-
quency of 3.19 KHz (fundamental frequency 2.44 KHz) with 
a duration of 0.06 s, immediately followed by a guttural 
trill at a dominant frequency of 3.23 KHz (fundamental fre-
quency of 2.34 KHz) and a duration of 0.54 s; a second series 
of clicks and trills were recorded at dominant frequencies of 
3.19 KHz (fundamental frequency of 2.39 KHz) and 2.44 KHz 

Figure 1.  Camera traps location map: shows the northwest limits of the Altos de 
Campana National Park (green line to the right), the location of the camera traps, C01P-
NAC (circle) and C02PNAC (triangle) and the producer farms community of El Chileno, 
where the inhabitants reported incidents with jaguars (orange polygons).

https://youtu.be/v_kXBJEyMkc
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Although, resistance from the female towards the male was 
observed and consisted of attempts to break free from the 
pelvic grasp, in captivity this behavior was accompanied by 
the release of musk from the female’s anal glands (Poglayen-
Neuwall 1975), the latter could not be confirmed due to the 
method employed for the observations (photo-trapping).

On seven occasions, the pair was observed lying on 
their left sides instead of the right side (once) to perform 
the behavior described as copulation (Granda-Serrano and 
Romo-Graniel 2004), where the male performs rapid pelvic 
movements, the male contracted his thigh muscles so fast 
that it gave the visual impression of vibration, a procedure 
that lasts between 5 and 8 seconds per repetition and can 
be seen in all the videos.  This behavior was also observed in 
captivity, although only once (Poglayen-Neuwall 1975), in 
neither case was it an obstacle to maintaining copulation.

The female showed resistance to the male on three occa-
sions; however, the fact of biting the nape of the female’s 
neck during the whole event allows the male to face this 
resistance and to have control to some extent during the 
act. In the fourth video (8:50 am) we can see the greater 
resistance of the female; however, the male takes advan-
tage of the above mentioned and manages to lie down 

next to his partner to continue with the copulation.
We note that the male tends to accommodate when 

they are partially crouched vertically just before lying on 
their sides and this is done by bending his pelvic area to the 
maximum and pressing it against the female forcefully, while 
hugging her at groin level with his forelimbs also with force, 
it is visually noticeable changes in the force exerted by the 
male against the female during the different stages of the 
event, the latter being where the use of greater force by the 
male is easily appreciated.  The mating pattern and sequence 
reported in this work is very similar to that reported in cap-
tivity in terms of male nuchal grasping and dragging the 
female to accommodate him, while the female vocalizes and 
tries to resist, until she is fully receptive and remains silent 
(Poglayen-Neuwall 1975, 1978).  Female vocalizations in 
captivity seem to occur before and at the end of copulation 
(Poglayen-Neuwall 1975), while the male vocalizes through-
out the act.  Whether in captivity (Poglayen-Neuwall 1975) 
or in the wild, both specimens tend to increase the intensity 
of the sounds at the end of the act.

In contrast to the above, cases have been reported in 
which the female takes the initiative by mounting the male 
without biting the nape of his neck and pushing his flanks 

Table 1.  Description of the mating event of Eira barbara in chronological order.

Video/Hour Description Figure 2

1) 8:34 am The male bites the nape of the female while riding her, arching his body to press his pelvic area against the female, keeping his 
forelimbs in the middle of the female’s body, a process known as copulation (Granda-Serrano and Romo-Graniel 2004), the female 
remains in a lordosis position (Granda-Serrano and Romo-Graniel 2004), after this she gets up with the male on top and moves 
some steps, a process known as walk (Granda-Serrano and Romo-Graniel 2004), they fall on their left sides and the male continues 
with the copulation.  During this first video the couple emits tenuous vocalizations (Granda-Serrano and Romo-Graniel 2004).

A, B, C

2) 8:39 am They change position and face the camera, this time the male continues with the mount.  However, he tries to accommodate 
himself and holds the female in the groin area and continues with the copulation, continuing to bite the nape of the female, 
which partially maintains the lordosis position and moves with difficulty at the time that the male tries to accommodate.  The 
vocalization produced by both increases, but is more noticeable in the male.

A

3) 8:44 am The couple keeps copulating lying on their left side, the male performs very fast pelvic movements (his back seems to tremble) 
for six seconds, then he lowers the intensity or frequency of the movement and they resume the initial riding position, finally 
both are placed in vertical position but the female with the body totally crouched.  In this video no one vocalizes.

A, C

4) 8:50 am Both are observed in the same position and activity as at 8:34 am.  However, after three seconds the female shows a remark-
able resistance to the male making a 180 degree turn from left to right; however, the mating is not interrupted, the male for his 
part makes pressure and after six seconds he manages to knock her down on his left side and copulation continues, during this 
process the male places his leg on the female’s thigh and knee and maintains a strong pelvic hug (groin area), on this occasion 
we can clearly appreciate the male genitalia and penetration.  The male vocalizes with greater intensity than the female who only 
emits a low growl.

A, B, C,  D

5) 8:55 am They rise from their right side where copulation is appreciated, they remain completely crouched and the male generates pres-
sure on the female for eight seconds, then they take a few steps and fall on their left side.  Only the female vocalizes very faint.

A, C

6) 9:00 am They maintain the mount, the male accommodates himself twice, lifting and bending his back with that of the female, each time 
he bends down again the copulation is appreciated, generating pressure on the female, and finally forcing her to fall on her left 
side.  The hug is pelvic and vocalizes a single individual, a single note apparently.

B, C

7) 9:05 am The mount is kept with its back to the camera for three seconds, the male makes pelvic pressure on the female once and man-
ages to lay her down on her left side and continues the copulation until the end of the video. They do not vocalize.

D

8) 9:11 am Initially they are observed crouched in their entirety after two seconds both get up and settle down until they fall on their left 
side and the male, after the strong hug with the forelimbs, begins again.  Both individuals vocalize, producing a quite loud sound.

A, C

9) 9:17 am The male is seen leaving the place, in the opposite direction to the camera, the female had already left the scene. -
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with rhythmic movements of her waist, in addition to exces-
sive preening by both prior to the act (Poglayen-Neuwall 
1978).  Although this difference could be due to the fact 
that the specimens were in captivity.

Tayras are diurnal mustelids (Delgado-V. et al. 2011; 
González-Maya et al. 2015; Braga et al. 2020; Villafañe-Tru-
jillo et al. 2021) and this breeding event was recorded dur-
ing the day contradicting the “nocturnal mating” data sug-

gested by Kaufman and Kaufman (1965) and reinforcing 
that both captivity and breeding solitary animals together 
can generate behaviors that are not an accurate reflection 
of what occurs in free-living individuals.

Most studies on mustelid reproduction have been con-
ducted in captivity in zoos and on northern hemisphere 
species; for example: Neovison vison, Mustela lutreola, Mar-
tes martes, Mustela sibirica (Amstislavsky and Ternovskaya 

Figure 2.  Photographic evidence extracted from the videos: the selected images represent Eira barbara’s repetitive behaviors observed in the videos from 8:34 am (first video) to 9:11 
am (eighth video).  A) The male being on top of the female bites her neck (“Monta”), in a pelvic hug he puts pressure on the female (“Copula”).  B) Both the male and the female acquire a 
position of lordosis, displacement, only a few steps, of the female with the male on top.  C) Both individuals lying on their left sides, continue to mount and copulate.  D) The testicles of the 
male are appreciated at the moment that he exerts pressure on the female (copulation) during the mating.
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2000).  As a group they possess a wide variety of reproduc-
tive strategies from which tayras differ in the absence of sea-
sonality (Amstislavsky and Ternovskaya 2000; Presley 2000).  
Therefore, studies of this type (in the tropics and in the wild) 
become even more relevant, considering the rapid loss of 
habitat and diversity in the tropics (Meyer et al. 2020).

Field observations (Barro Colorado Island, Panamá) 
suggest the existence of competitive agonistic behavior 
between males to copulate with the female (Kaufmann and 
Kaufmann 1965).  Although our records did not capture 
pre-copulation activity, there is a possibility that the males 
have to chase the female in the wild until she is subdued 
before proceeding with the reproductive act.  

Little is known about the acoustic behavior of E. barbara 
(Mumm and Knörnschild 2018), although vocalizations of 
a series of noisy clicks known as clicking calls have been 
reported (Poglayen-Neuwall 1976).  There are data on the 
vocalizations of neonates or juveniles, in which a series 
of vocalizations such as squeaks, clicks, grunts, or snorts 
are reported depending on the state or circumstances 
(Poglayen-Neuwall 1978); however, during the repro-
ductive act, we report a sequence of vocalizations never 
recorded before, the trills.  The trills emitted during mat-
ing and copulation may more closely resemble trill songs 
reported for other mustelids, although the trill reported in 
this study appears to be faster with fewer spaces between 
notes than those reported for another mustelid species in 
another context, a free-roaming female Mustela erminea 
with her young (see Figure 3b in Peters 1984).

During mating and copulation both individuals produce 
short clicks and trills, the latter are emitted mainly by the 
male during mating, at the moment when he presses against 
the female; during the copulation stage when they are lying 
on their sides neither of the individuals produces vocalization, 

when the couple settles down, they produce clicks and trills 
with a lower intensity (volume) compared to the moment 
when the male presses against the female (copulation).

The recording of the vocalization of E. barbara during 
mating is the first reported for the species, as well as the 
recording of video in the wild through camera traps, pro-
viding important data on the reproductive biology of this 
species.
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The bobcat, Lynx rufus, is one of the six wild cats that inhabit México.  It is distributed from sea level up to 3,600 m, occupying a wide va-
riety of habitats including deserts, mountain ecosystems and wetlands.  However, to date, there is no ecological information on the species in 
coastal wetlands.  The general objective of this work is to provide the first ecological information systematically obtained on the bobcat in the 
Coastal Plain of Nayarit (NCP).  We evaluated their historical and current presence, relative abundance, and activity patterns.  We determined 
the historical presence of the bobcat in the NCP through a search of the words using the keywords “Lynx”, “rufus”, “lince”, “bobcat” and “Naya-
rit” in electronic databases.  We implemented the protocol of the National Jaguar Census using camera traps in a 72 km2 area to document 
the bobcat’s presence, relative abundance, and activity patterns.  Through the database search we find 23 bobcat’s records in area of at least 
3,000 km2 of the NCP.  From our fieldwork we obtained 30 independent records with a relative abundance of 1.28 bobcat photographs / 100 
camera days.  We documented the presence of at least 10 different individuals, including adults of both sexes, and possibly a pregnant female.  
Its activity is nocturnal; 40 % of the records occurred between 00:00 - 06:00 hr.  The bobcat inhabits the coastal wetlands of Nayarit.  The high 
values of relative abundance suggest a stable population in the NCP with respect to what has been reported in suitable habitats such as tem-
perate forests and scrubs.  Its nocturnal activity coincides with other studies on the species.  Although, in general, the bobcat adapts well to 
disturbance generated by human activities, the impacts that these have on their populations in tropical wetlands are unknown.  To ensure the 
permanence of the species, future work is recommended to know in depth its diet, reproduction, home range and genetic connectivity of this 
species in the tropical wetlands of western México.

Key words: Lynx rufus; presence; species distribution models.

El gato montés, Lynx rufus, es una de las seis especies de felinos silvestres que habitan en México.  Se distribuye desde el nivel del mar hasta 
los 3,600 m, ocupando una gran variedad de hábitats entre los que se encuentran los desiertos, ecosistemas de montaña y humedales.  Sin em-
bargo, a la fecha, no existe información ecológica de la especie en humedales costeros.  El objetivo general de este trabajo es proveer la primera 
información ecológica obtenida de forma sistemática sobre el gato montés en la Planicie Costera de Nayarit (PCN).  Evaluamos su presencia 
histórica y actual, su abundancia relativa y patrones de actividad.  Determinamos la presencia histórica del gato montés en la PCN mediante 
una búsqueda en bases de datos electrónicas utilizando las palabras: “Lynx”, “rufus”, “lince”, “bobcat” y “Nayarit”.  Implementamos el protocolo 
del Censo Nacional del Jaguar usando cámaras trampa en un área de 72 km2 para documentar la presencia, distribución, abundancia relativa 
y patrones de actividad del gato montés.  A través de la búsqueda en bases de datos encontramos 23 registros de gato montés en un área de 
al menos 3,000 km2 de la PCN.   A partir de nuestro trabajo de campo obtuvimos 30 registros independientes con una abundancia relativa de 
1.28 fotografías de gato montés / 100 días cámara.  Documentamos la presencia de al menos 10 individuos diferentes, incluyendo adultos de 
ambos sexos y una hembra presuntamente embarazada.  Su actividad es nocturna; 40 % de los registros ocurrieron entre las 00:00-06:00 hr.  
El gato montés habita los ecosistemas costeros de Nayarit.  Los valores elevados de abundancia relativa sugieren una población estable en la 
PCN con respecto a lo que ha sido reportada en hábitat ideales para la especie tales como los matorrales y bosques templados.  Su actividad 
nocturna coincide con lo que reportan otros trabajos para la especie.  Aunque, en general, el gato montés se adapta bien al disturbio generado 
por actividades humanas, los impactos que estas tienen sobre sus poblaciones en los humedales costeros aún se desconocen.  Para asegurar la 
permanencia de sus poblaciones es necesario realizar futuros estudios sobre su dieta, reproducción, ámbito hogareño y conectividad genética 
de la especie en los ecosistemas costeros del occidente de México.

Palabras clave: Lynx rufus; modelos de distribución; presencia.
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The bobcat (Lynx rufus) is one of the 6 wild cats that inhabit 
México (Ceballos and Oliva 2005).  Its geographical distribu-
tion extends from the border of the United States of Amer-
ica, including the Baja California Península, both slopes 
(Pacific and Gulf of México), narrowing towards the Mexican 
Central Highlands with its southern limit being the state of 
Oaxaca (Hall 1981; Lariviere and Walton 1997; Phillips et 
al. 2004; Ceballos et al. 2006; Sánchez-Cordero et al. 2008; 
Roberts and Crimmins 2010; Monroy-Vilchis et al. 2019).  
Bobcats are extant in México from sea level up to 3,600 m, 
occupying a wide variety of habitats including wetlands, 
deserts and mountain ecosystems (Romero 2005).  In all 
these ecosystems the bobcat is considered a mesopredator 
(Conner et al. 2001) and therefore are essential for the main-
tenance of biodiversity and proper-functioning ecosystems 
(Ripple et al. 2014).  Due to the bobcat’s wide distribution, 
abundance, and adaptability, it is not listed in any threaten 
category, international or nationally.  However, some pop-
ulations in México are experiencing genetic isolation as a 
result of habitat fragmentation resulting from human activ-
ities that may eventually result in local extinctions (López-
González et al. 2015). 

Previous studies of bobcats in México have documented 
diet, abundance and density in desert, semi-desert and 
temperate ecosystems at intermediate elevations (Delibes 
et al. 1997; Aranda et al. 2002; Burton et al. 2003; Medellín 
and Bárcenas 2010; Elizalde-Arellano et al. 2012; López-Vidal 
et al. 2014; López-González et al. 2015; Sánchez-González et 
al. 2018), but nothing about coastal wetland populations in 
the tropics.

In 1903, Allen described a new subspecies of bobcat 
(L. r. escuinapae) whose type locality is Escuinapa, Sinaloa, 
located in the Pacific Coastal Plain ecoregion, an extensive 
area of floodplains and marshes that extend from southern 
Sinaloa to central Nayarit on the Pacific Coast of México 
(INEGI 1991).  Later, Leopold (1959) included bobcats in a 
mapped range distribution that included the entire state 
of Nayarit, with no supporting observational information.  
Similarly, Hall (1981), included the state of Nayarit within 
the bobcat’s range.  Prior to this study, there has been no 
data published on bobcats inhabiting the Pacific Coastal 
Plain.  Therefore, our aim in this work was to provide the 
first ecological information systematically obtained on the 
bobcat in the Coastal Plain of Nayarit, confirming its pres-
ence along this area.  We evaluated their historical and cur-
rent presence, relative abundance, and activity patterns.

The Pacific Coastal Plain is an elongated and narrow 
plain (it covers a strip of up to 65 km wide), which extends 
along the coast from Sonora to Nayarit in western México.  
It is characterized by being an almost flat relief formed by 
large flood plains, lakes and swamps aligned parallel to 
the coast (INEGI 1991).  Our study area is located within 
the Nayarit Coastal Plain (NCP), delimited from the north 
of Nayarit (Municipality of Tecuala) to the Rio Grande de 
Santiago (Municipalities of Santiago Ixcuintla and San Blas; 
Figure 1).  The camera trapping study was carried out in 72 

km2 within the sub-province called “Delta of the Rio Grande 
de Santiago” (INEGI 1991; Figure 2).  The northern limit of 
the study area was the town of Los Corchos (21° 43’ 57’’ 
N, 105° 28’ 12’’ W, 3 m; Municipality of Santiago Ixcuintla), 
south of the mouth of the estuary called “La Boca Cegada” 
(21° 35’ 46’’ N, 105° 24’ 0’’ W, 0 m; Municipality of San Blas), 
to the west the Pacific Ocean and to the east the boundary 
was established at a distance of approximately 6 kilome-
tres from the coastline (Figure 1).  The climate is warm and 
humid with an average annual temperature of 31.7 °C.  The 
predominant native vegetation is the mangrove (Avicen-
nia germinans and Conocarpus erectus) with patches of low 
deciduous forest, palapar, secondary vegetation, farmland, 
and livestock land (CONAFOR 2015).

We determined the historical presence of the bobcat in 
the NCP through an electronic search using the keywords 
“Lynx”, “rufus”, “lince”, “bobcat” and “Nayarit” in the following 
databases: Open Data Portal of the Biological Collections of 
the National Autonomous University of México (IBUNAM 
2020); Community of Natural History Collections of Verte-
brates (VertNet 2020); and the Citizen science portal of the 
National Commission for the Knowledge and Use of Biodi-
versity (Naturalista 2020).  Only georeferenced records and 
those confirmed by experts (in the case of Naturalista) were 
considered as credible records.  Finally, we estimated the 
total area with a presence of bobcat in the NCP as a convex 
polygon.

To determine the abundance of the bobcat we used 
camera trapping methodologies that have previously been 
applied to other felines (e. g., National Jaguar Census, CEN-
JAGUAR; Chávez et al. 2013).  In October 2018, using Google 
Earth Pro®, a grid was applied to our study area covering an 
area of 72 km2, which was subsequently then divided into 
8 quadrants of 9 km2 each.  In each 9 km2 quadrant, 3 sites 
were selected where a camera trap would potentially be 
placed.  Each site selected was separated by a minimum of 
1 km.  Between November and December 2018, the previ-
ously chosen sites were verified in the field while looking 
for evidence of feline sign (footprints, scrapes).  A total of 
24 sites (stations) were selected where camera traps were 
then placed (Figure 2).  We used Cuddeback® Model Color 
C1 (Non Typical, Inc., Park Falls, WI) camera traps.  We placed 
17 single-camera stations and 7 double-camera (2 cameras 
at the same point, 1 on the opposite side of the other) sta-
tions.  Cameras were attached to trees 35 to 50 cm above 
ground level and were placed perpendicular to wildlife pas-
sages (Chávez et al. 2013).  Cameras remained active for 60 
days during each sampling session (February-March, 2019 
and February-March, 2020).

The resulting images were stored and classified using 
the methodology proposed by Harris et al. (2010).  Relative 
abundance was calculated using the Relative Abundance 
Index (RAI) using the formula proposed by Maffei et al. 
(2004) and Jenks et al. (2011): RAI = (C / SE) x 100 where C 
= number of photographic captures, SE = sampling effort 
(number of cameras per monitoring day) per unit of time 
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records, including those obtained in this study during 2019 
and 2020. 

The sampling effort during this study was 2,740 camera 
days (2019: 1,367; 2020: 1,373).  A total of 43 bobcat photo-
graphs were obtained derived of our fieldwork (Figure 2).  
Of these, 30 were determined to be independent records 
(photographs of the same species in the same station within 
a period greater than 60 minutes) and were used in the 
abundance and activity analysis.  Bobcats were recorded 
in 8 of 25 stations, with a naïve occupancy of 0.32 (32 %) 
and a relative abundance of 1.28 bobcat photographs / 100 
camera days.  It was possible to identify at least 10 differ-
ent individuals (6 females, 1 male and 3 unidentified).  Of 
the 30 independent records obtained, 12 (40 %) occurred 
between 00:00-06:00 hr, 9 (30 %) between 06:00-18:00 hr, 
and 9 (30 %) between 18:00-00:00 hr (Figure 3).

Having reliable information to understand the distri-
bution patterns of a species at different scales is useful for 

and per 100 camera days (standard correction factor).  
Naïve occupancy was calculated, which is defined as the 
proportion of cameras in which a species is registered in 
relation to the total number of cameras used during moni-
toring (O’Connell and Bailey 2011).  The minimum number 
of individuals was determined from the identification of 
each individual by comparing their spot patterns, scars, sex 
and body sizes (Heilbrun et al. 2006).  In all cases, at least 
three natural characteristics were used for the recognition 
of the same animal (comparing, for example, tail stripes, 
scars or facial marks on the same flank).  Finally, the daily 
activity patterns were obtained using the Overlap package 
(Ridout and Linkie 2009) of the computational language R 
(R Core Team 2013).

We obtained 23 bobcats reported records for the NCP; 
all records come from CONABIO’s Naturalist citizen sci-
ence portal.  The oldest record is from 2009 and the most 
recent from 2019.  Table 1 presents the data from all bobcat 

Figure 1.  A) Map showing the layer generated by Comisión Nacional para el Conocimiento y uso de la Biodiversidad (CONABIO) with the potential distribution of the bobcat (1-2 low; 
8-10 high presence probability), excluding the Nayarit Coastal Plain (blue line), México.  The coordinates with the historical records (yellow triangles) and the location of the camera traps 
(green stars) where the bobcat was photographed in 2019 and 2020 for this study are shown.  B) Location of the 24 camera trap stations in the Nayarit Coastal Plain used for monitoring 
in January-February 2019 and 2020.  The red triangles show the presence of bobcat in the Nayarit Coastal Plains, México.
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both biogeography and conservation (Chefaoui and Lobo 
2008).  Our results confirmed what was proposed histori-
cally by Allen (1903), Leopold (1959) and Hall (1981), who 
all stated the range of the bobcat included the NCP, where 
it is rather a common species.

Using a camera trap methodology, we documented for 
the first time the presence of at least 10 different individu-
als, including adults of both sexes, and possibly a pregnant 
female in a coastal wetland located in Nayarit.  The relative 
abundance index obtained in this work (1.28 bobcat pho-
tographs / 100 camera days), is similar, for example, to that 
reported for the bobcat in coniferous forests in Virginia, 
USA (1.36; Kelly and Holub 2008), and in Tlaxcala, México 
(1.27; Flores-Morales et al. 2019).  It is even higher than at 
sites defined in the species distribution models as ideal eco-
system for the species, such as Sierra Gorda in Guanajuato, 

where relative abundance values of 0.15 were reported in 
submontane scrub and 0.09 in pine-oak forest (Charre-
Medellín et al. 2016).  The high values of relative abundance 
are indicative of a stable population of the bobcat in the NCP 
with respect to what has been reported in suitable habitats 
for the species, such as temperate forests and scrubs.  Our 
records are remarkable since the study area is highly frag-
mented and with patches of mangroves of different sizes 
connected by secondary vegetation.  It is known the bob-
cat is tolerant and adaptable to some man-made environ-
ments, especially males and young bobcats as females had 
low levels of modified association which posteriorly affects 
the population viability (Riley et al. 2003).  In addition, the 
threshold on habitat loss and fragmentation is in general 
unknown for the species although a study found that bob-
cats may occur in fragmented sites but not in small and iso-

Table 1. Bobcat (Lynx rufus) records obtained from electronic database searches.  All the records were found on the Citizen science portal of the National Commission for the Knowl-
edge and Use of Biodiversity (Naturalista 2020).  The records product of the field work of the present study are presented in bold.

Source Collection type Date (year/month/day) Geographical coordinates

This study Camera trap photo 2020/03/18 21° 43’ 57.73” N, 105° 26’ 50.77” W

This study Camera trap photo 2020/02/27 21° 41’ 59.65” N, 105° 26’ 25.85” W

This study Camera trap photo 2020/02/24 21° 40’ 51.57” N, 105° 27’ 09.99” W

This study Camera trap photo 2020/02/02 21° 42’ 45.98” N, 105° 26’ 51.34” W

This study Camera trap photo 2020/01/29 21° 43’ 19.89” N, 105° 26’ 42.49” W

Naturalista Footprint photo 2019/11/07 22° 12’ 31.43” N, 105° 27’ 22.60” W

Naturalista Footprint photo 2019/11/07 22° 12’ 28.28” N, 105° 27’ 10.24” W

This study Camera trap photo 2019/03/25 21° 40’ 19.28” N, 105° 26’ 52.42” W

This study Camera trap photo 2019/03/17 21° 42’ 31.76” N, 105° 28’ 10.94” W

This study Camera trap photo 2019/02/04 21° 42’ 17.61” N, 105° 26’ 49.51” W

Naturalista Lynx in wildlife photo 2015/11/24 21° 55’ 00.94” N, 105° 17’ 54.44” W

Naturalista Camera trap photo 2011/11/26 22° 09’ 25.12” N, 105° 29’ 24.19” W

Naturalista Camera trap photo 2011/11/16 22° 20’ 43.09” N, 105° 24’ 58.65” W

Naturalista Camera trap photo 2011/10/13 22° 17’ 16.10” N, 105° 25’ 57.92” W

Naturalista Camera trap photo 2011/08/25 22° 01’ 08.43” N, 105° 32’ 45.09” W

Naturalista Camera trap photo 2011/08/13 22° 02’ 16.31” N, 105° 34’ 07.29” W

Naturalista Camera trap photo 2011/07/31 22° 02’ 13.71” N, 105° 35’ 56.63” W

Naturalista Camera trap photo 2011/07/30 22° 03’ 08.74” N, 105° 25’ 31.73” W

Naturalista Camera trap photo 2011/07/30 22° 19’ 07.80” N, 105° 32’ 57.93” W

Naturalista Camera trap photo 2011/07/30 22° 14’ 24.04” N, 105° 32’ 13.72” W

Naturalista Camera trap photo 2011/07/11 22° 13’ 06.40” N, 105° 33’ 41.17” W

Naturalista Camera trap photo 2011/05/03 21° 42’ 45.18” N, 105° 28’ 28.07” W

Naturalista Camera trap photo 2010/03/23 21° 47’ 36.65” N, 105° 27’ 44.68” W

Naturalista Camera trap photo 2010/01/23 22° 17’ 41.65” N, 105° 28’ 29.14” W

Naturalista Camera trap photo 2010/01/10 22° 22’ 09.35” N, 105° 35’ 21.21” W

Naturalista Camera trap photo 2009/11/16 22° 24’ 00.21” N, 105° 28’ 33.12” W

Naturalista Camera trap photo 2009/12/20 22° 23’ 39.66” N, 105° 39’ 12.04” W

Naturalista Camera trap photo 2009/11/02 22° 16’ 15.23” N, 105° 24’ 19.30” W

Naturalista Camera trap photo 2009/08/24 21° 54’ 39.89” N, 105° 18’ 16.49” W

Naturalista Camera trap photo 2009/08/22 21° 57’ 00.93” N, 105° 31’ 00.46” W

Naturalista Fecal sample photo 2009/06/03 21° 44’ 38.80” N, 105° 27’ 02.08” W
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lated sites (Crooks 2002) while others found this mammal 
can show a higher degree of adaptation (Riley et al. 2003).  It 
is strongly recommended to accounting for landscape con-
nectivity as it is key for management of bobcat populations 
across fragmented landscapes (Jacques et al. 2019).

In general, the activity of the bobcat in the NCP is con-
sistent with the activity that has been registered in popula-
tions from other ecosystems where they are extant: 30 % 
of the records correspond to daytime activity, and 70 % 
to twilight-night activity (Anderson and Lovallo 2003; 
Elizalde-Arellano et al. 2014; Flores-Morales et al. 2019; 
Serna-Lagunes et al. 2019). 

The wetlands of the Coastal Plain of Nayarit face serious 
threats that endanger the permanence of the wildlife that 
inhabits them (Luja et al. 2017), among which is the bobcat.  
Deforestation for agriculture, livestock and, more recently, 
the boom in the establishment of shrimp farms, fragment 
the habitat and generate unfavourable encounters with 
humans.  Although, in general, the bobcat adapts well to 
disturbance generated by human activities, the impacts 
that these have on their populations in tropical wetlands 
are unknown.  To ensure the permanence of the species, 
future work is recommended to know in depth its diet, 
reproduction, home range and genetic connectivity of this 
species in the tropical wetlands of western México. 
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Figure 2.  A bobcat, Lynx rufus, photographed on March 18, 2020 in a mangrove-tropical deciduous forest-farmlands ecotone in the Nayarit Coastal Plains, México.

Figure 3.  Histogram that shows the activity patterns, from 30 independent photo-
graphs, of the bobcat, Lynx rufus, in the Nayarit Coastal Plains, México.
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Opossums are nocturnal, generalist, and opportunistic animals; however, little is known about their behavior in the wild, as most of the stu-
dies currently available have been conducted in captive individuals.  This note reports the behavior of Didelphis sp. living in the wild as captured 
from camera trap photos and videos, highlighting the use of the tail to carry materials.  The study was conducted in the Usumacinta Canyon, 
state of Tabasco, México.  One camera trap was placed on 8 April 2020; it was left operating and set to capture photographs and videos.  It was 
reviewed on 2 May 2020, identifying and sorting out the files corresponding to Didelphis sp.  The behavior observed was identified, considering 
the time of capture and the sex of each individual identified.  A total of 209 wildlife records were obtained, with 55 pertaining to Didelphis sp.; 
all were captured during the night.  Five main types of behavior were identified, including carrying the young on the back and transporting 
plant material with the tail, mostly leaves of hackberry shrub (Celtis iguanaea) to build the nest.  Most of the behaviors observed correspond 
to foraging; however, the behavior of transporting plant material with the tail, presumably to build the nest, is reported for the first time for 
México.  Also, three nighttime peaks of activity are reported, as well as a female carrying the young in the marsupium and later on her back.

Key words: Behavior; camera trap; reproduction; time of activity; use of the tail.

Los tlacuaches son animales nocturnos, generalistas y oportunistas; no obstante, se conoce poco de su conducta en vida silvestre, ya que 
la mayoría de los estudios existentes son en cautiverio.  En esta nota se reporta la conducta de Didelphis sp. en vida silvestre utilizando fotos y 
videos de una cámara trampa, resaltando el uso de la cola para transportar material.  En el Cañón del Usumacinta, Estado de Tabasco, México, 
se colocó una cámara trampa el 8 de abril de 2020; se dejó funcionando y programada para tomar fotografías y videos.  Se revisó el 2 de mayo 
del mismo año, identificando y separando los archivos correspondientes a Didelphis sp.  Se identificó la conducta observada, considerando la 
hora y el sexo de cada individuo identificado.  Se obtuvieron 209 registros de fauna silvestre, de los cuales 55 correspondieron a Didelphis sp., 
todos capturados durante la noche.  Se identificaron 5 conductas principales dentro de las que destacan el tránsito con crías en el lomo y el 
transporte de material vegetal con la cola, probablemente hojas de garabato (Celtis iguanaea) para la construcción del nido.  La mayoría de 
las conductas observadas corresponden al forrajeo; sin embargo, se reporta, por primera vez para México, el comportamiento de transportar 
material vegetal con la cola, presumiblemente para construir su nido.  También, se reportan 3 picos de actividad durante la noche y se observa 
a una hembra con crías en el marsupio y posteriormente en su lomo.

Palabras clave: Cámara trampa; comportamiento; horario de actividad; reproducción; uso de cola.
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México is home to 12 species of marsupials (Didelphidae; 
Medina-Romero et al. 2012; Arcangeli et al. 2018), an ances-
tral group of great relevance for understanding the evo-
lution of mammals.  Two of these species are commonly 
known as opossum; these are very similar to each other.  
The southern opossum (Didelphis marsupialis) is found 
exclusively in the Mexican southeast, while the northern 
opossum (D. virginiana) is distributed throughout the Mexi-
can territory, except the northwest region (Astua de Moraes 

et al. 2016; Pérez-Hernandez et al. 2016); therefore, these 
two species are sympatric over an extensive region. 

Opossums are nocturnal, generalist, and opportunistic 
animals.  They thrive in various habitats, even in areas with 
severe anthropogenic disturbance, and move across long 
distances in search of resources (McManus 1974; Kimble 
1997; Oceguera-González and González-Romero 2008; 
Coronel-Arellano et al. 2021).  Behavioral studies on these 
species are scarce and old; most of them were carried out 
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in individuals observed in captivity or semi-captivity (Pray 
1921; Layne 1951; Holmes 1991; Kimble 1997).  Opossums 
have been described as mostly solitary animals with ago-
nist interactions, except during mating and parental care; 
however, neutral and friendly interactions have also been 
reported (Holmes 1991; Kimble 1997).

The reproductive biology has been described in more 
detail for D. virginiana (e.g., McManus 1974) than for D. mar-
supialis.  Gestation in D. virginiana lasts approximately 13 
days; the offspring remain in the marsupium for 65 days, 
attached to a nipple.  For this reason, although litters from 
18 to 21 individuals have been observed, only 13 survive 
on average, matching the number of nipples in females.  
Similar data have been reported for D. marsupialis, except 
for the number of nipples, which are approximately 9, 
although litters of 10.7 offspring have been reported in 
captivity (Tyndale-Biscoe and MacKenzie 1976; Dezonne-
Motta et al. 1983).  

The breeding seasons, number of offspring per litter, 
and number of litters per year vary according to the geo-
graphic location.  Only a single study has been carried out 
in México on the reproduction of these species in coffee 
plantations of central Veracruz (Oceguera-González and 
González-Romero 2008), reporting that opossums mate at 
the end of January and produce litters of 7 offspring in both 
species.  A Venezuelan study (Cabello 2006) reported that 
precipitation determines the reproductive season (in the 
driest months) for both species, resulting in 3 litters of 3 to 9 
offspring per year.  In contrast, Tyndale-Biscoe and MacKen-
zie (1976) suggest that photoperiod is the factor regulating 
the onset of reproduction in D. marsupialis, with 2 large lit-
ters (6.5 offspring) or 3 small litters (4.5 offspring) per year.

Similar to other mammal species, opossums build nests 
in burrows or tree holes to protect their offspring from 
the environment and other animals.  There are specific 
reports about this behavior for D. virginiana, but only one 
for D. marsupialis.  The detailed behavior of how D. virgin-
iana collects and carries materials to build a nest is as fol-
lows.  First, it takes a piece of building material with the 
mouth, then uses the front legs to pass it under the abdo-
men and places it on the curved tail under its body; last, 
using the hind legs, it pushes the material to the curve of 
its tail, which is then rolled over to hold the material during 
the trip to the nesting site (Smith 1941; Layne 1951).  This 
behavior seems to be the same in D. marsupialis, except 
that when the tail is full, females also use the marsupium to 
carry the material; the latter may be an exceptional report 
(Delgado-Velez et al. 2014).

The material used to build their nests is not clearly iden-
tified, and it may vary depending on the particular ecosys-
tem they inhabit.  For instance, a male opossum (D. virgin-
iana) in captivity used dry leaves, feathers, and strips of 
newspaper (Layne 1951).  In contrast, the only report on 
D. virginiana in the wild (Smith 1941) mentions the collec-
tion of dry leaves from the ground.  In a separate report (the 
oldest mentioning this behavior), the researcher provided 

the material used (autumn leaves; Pray 1921).  Also, a study 
on the gray short-tailed opossum (Monodelphis domestica) 
has reported that females build nests of better quality than 
males and that temperature influences nest construction 
(Fadem et al. 1986).

This study reports very interesting data on the reproduc-
tion and behavior of Didelphis sp. in the wild, obtained from 
photographs and videos captured during the participatory 
monitoring program of the Usumacinta Canyon Flora and 
Fauna Protection Area (APFFCU, for its name in Spanish), 
which aims to document the species diversity of wild ter-
restrial vertebrates.

The APFFCU is located in the municipality of Tenosique, 
state of Tabasco, México.  It is bordered by the state of Chi-
apas, México, to the east and by Guatemala to the south, 
where the Sierra del Lacandón National Park is located.  It 
comprises 46,128.49 ha, including human settlements, 
water bodies, induced grasslands, crops, high evergreen 
rainforest, low thorny sub-deciduous rainforest, high ever-
green rainforest with secondary vegetation, and tular veg-
etation (SEMARNAT 2015).

The daily activities of APFFCU staff include a participa-
tory monitoring program with committees from different 
localities within the protected area.  As part of this program, 
in the Niños Héroes de Chapultepec ejido on 8 April 2020, 
the community brigadier Vicente López Moreno placed one 
Bushnell Model 119975C 12 megapixels (mp) camera trap 
at geographic coordinates 17° 16’ 18.4’’ N, 91° 25’ 10.2” W 
(Figure 1) and 564 m, corresponding to a high evergreen 
rainforest.  The camera trap was set to capture one photo-
graph followed by one 15-second video, with a 30-second 
activation interval in case of motion detection; it was left 
operating until 2 May 2020, for a total of 25 camera trap 
days.  A sardine can was used as bait only once at the start 
of the camera trapping period. 

The photographs and videos captured were reviewed, 
sorting out all the captures corresponding to Didelphis 
sp.  Didelphis virginiana and D. marsupialis were differenti-
ated based on the tail coloration: less than half of the tail is 
black in the northern opossum (D. virginiana) while more 
than half is black in the southern opossum (D. marsupialis), 
according to Aranda-Sánchez (2012).  However, we con-
sidered that this character alone is insufficient for reliable 
identification.  

The number of photographs and videos was counted, 
as well as the effective capture time, defined as the period 
of time that an individual is observed within the 15-sec-
ond total duration of each video.  The time of capture was 
recorded for all photographs; the sex (female or male) and 
life stage (adult or young) of each specimen were noted, and 
an identification key was assigned in each case (Table  1).  
Whenever possible, the sex was determined from the visu-
alization of the scrotum in males and the marsupium or by 
carrying offspring, either in the marsupium or on the back, 
in females.
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A total of 56 captures of opossum were obtained; 2 
individuals were observed in a single video, and 5 differ-
ent individuals were identified.  43 records correspond to 
female opossum, 5 to male opossum, 1 to a young, and 7 to 
individuals that could not be identified or sexed (Table 1).  
One female, Th1, was observed with offspring: first, in the 
marsupium (Figure 3a); later, on her back (Figure 3b).  In 
two captures of Th1, only 5 offspring were observed on the 
back; in a third capture, 7 offspring were recorded.  

Five different types of behavior were identified (Table 2). 
(1) Grooming: the animal licked its front legs or it cleaned 
its face with a front leg or it scraped its head with a hind 
leg or all of the above.  (2) Search: the opossum walked 
slowly, sniffing with the snout directed to the substrate.  (3) 
Substrate manipulation: the animal was removing the sub-
strate with its snout slightly buried in the surface (some-
times with the help of the front legs) and possibly feeding.  
(4) Passing: the opossum only passed in front of the camera 
either running, walking, carrying material in its tail or car-
rying offspring on its back (Figure 3b, 3c, 3d).  (5) Arboreal 
behaviors: climbing up a tree, i.e., the animal was observed 
climbing up in a vertical position, holding the trunk with 

Aspects such as size, sex, color patterns, and tail shape 
were considered to characterize each individual, consider-
ing the latter two aspects as natural marks that uniquely 
identify each individual, similar to the identification 
approach applied for other species such as the ocelote 
(Leopardus pardalis; Gómez-Ramírez et al. 2017), leop-
ard (Panthera pardus; Webb et al. 2020), and chimpanzee 
(Pongo  spp.; Spehar et al. 2015).  The observed behaviors 
were classified as described in McManus (1974), Holmes 
(1991), and Kimble (1997). 

A total of 209 wildlife records were captured, with 55 
pertaining to Didelphis sp.: 45 photographs with their 
respective 15-second video, 5 photographs with no video, 
and 5 videos with no previous photograph.  All captures 
where the complete tail was observed corresponded to 
D.  virginiana, including all the individuals identified.  In 
total, 12 min 30 s of video was filmed, of which 9 min 28 s 
was the effective capture time during which the animal is 
observed.  All records were captured during the night, with 
peaks of activity from 01:00 to 02:00 hr, 04:00 to 06:00 hr, 
and 19:00 to 21:00 hr, with less activity from 21:00 to 
24:00 hr (Figure 2). 

Figure 1.  Geographic location of the camera trap (red star) placed in the Usumacinta Canyon Flora and Fauna Protection Area (APFFCU), Tenosique, Tabasco, México.
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the digits of the four legs (Figure 3e), and climbing off a 
tree, when the opossum was descending toward the sub-
strate in an almost vertical position, with its tail around the 
trunk (Figure 3f ).

Unfortunately, this study did neither visualize nests nor 
clearly identify the leaves transported.  However, based 
on the shape and coloration of leaves, the occurrence at 
the study site, and the local knowledge of one of the co-
authors (VL-M) living in the locality, it is suggested that 
the leaves transported could be from the hackberry shrub, 
Celtis iguanaea.

We decided to identify the opossums observed as 
Didelphis sp. only, since two very similar species of this 
genus co-inhabit the APFFCU, D. virginiana and D. marsu-
pialis (SEMARNAT 2015).  Although there are morphologi-
cal features that are unique to each of them, such as those 
described in Aranda-Sánchez (2012), these were difficult 
to observe clearly in the black-and-white photographs and 
videos captured.  For the above, we consider that the taxo-
nomic identification based solely on the coloration of the 
tail is not sufficiently robust.  Nonetheless, the individuals 
captured likely correspond to D. virginiana.  

Table 1.  Individuals of Didelphis sp. identified in the Usumacinta Canyon Flora and Fauna Protection Area (APFFCU), Tenosique, Tabasco, México, including the number of captures 
and duration of capture.

Individuals identified No. of captures Percentage of captures (%) Duration of capture time (s)* Percentage of duration of capture (%)

Females** 43 76.79 496 86.56

     Th1 33 58.93 399 69.63

          Offspring on the back 3 5.36 23 4.01

          Offspring in the marsupium 16 28.57 203 35.43

     Th2 9 16.07 82 14.31

Males 5 8.93 50 8.73

     Tm1 1 1.79 15 2.62

     Tm2 4 7.14 35 6.11

Juveniles 1 1.79 15 2.62

     Tj1 1 1.79 15 2.62

NI 7 12.50 12 2.09
NI: Unidentified
*Includes photograph-only records (1 photo = 1 second)
**Includes one record where the individual was not identified. 

Figure 2.  Hours of activity of Didelphis sp., according to the number of captures per hour in the Usumacinta Canyon Flora and Fauna Protection Area (APFFCU), Tenosique, Tabasco, 
México.
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This study reports that in APFFCU, Didelphis sp. displays 
3 peaks of activity in April–May (Figure 2): 01:00–02:00 hr, 
04:00–06:00 hr, and 19:00–21:00 hr.  This differs from the 
activity described by McManus (1971) for D. virginiana, who 
reported a peak from 21:00 to 02:00 hr in spring in semi-cap-
tive specimens in Ithaca, New York, based on direct obser-
vations.  This discrepancy may be due to methodological or 
environmental differences, since a separate study of D. vir-
giniana in the wild over nearly a year using a methodology 
similar to the one in the present study (camera traps) and 
in a study site closer to ours (México City, México) reported 
two peaks of activity: one around 04:00 hr and another at 
about 22:00 hr (Coronel-Arellano et al. 2021), which are con-
sistent with the findings reported in this note.  Although 

the studies mentioned coincide in describing nocturnal 
habits, we suggest that the peaks of activity vary according 
to the latitude and ecosystem because temperature and 
lighting are different.

Most of our captures were of females, especially Th1 
(58.93 %, Table 1).  Th1 was observed with their offspring 
from the time they were in the marsupium to the moment 
when they were carried on the back (Figure 3a, 3b); the 
young observed at the end of the camera trapping period 
belongs to this litter, although there is no assurance that Tj1 
is an offspring of Th1.  The number of offspring observed 
in this litter (7) is consistent with the litter size reported in 
the literature (McManus 1974; Tyndale-Biscoe and MacKen-
zie 1976; Cabello 2006; Oceguera-González and González-

Figure 3.  Photographs captured with the camera trap that illustrate some of the behaviors observed in Didelphis sp. in the Flora and Fauna Protection Area of the Usumacinta Canyon 
(APFFCU), Tenosique, Tabasco, México.  (a) Opossum Th1 (Didelphis sp.) carrying offspring in the marsupium.  (b) Opossum Th1 (Didelphis sp.) carrying offspring on the back.  (c and d) 
Opossum Th2 (Didelphis sp.) carrying material with its tail.  (e) Opossum Th1 (Didelphis sp.) climbing up a tree.  (f ) Opossum Th1 (Didelphis sp.) climbing down a tree.



137    THERYA NOTES    Vol. 2 :132-139

Didelphis sp. in the wild

Romero 2008); however, we first captured 5 young and then 
7.  The latter could be due to the position of the offspring 
on the back, which prevented observing all of them; alter-
natively, they may have not left the marsupium when the 
images were captured. 

Most of the behaviors observed are consistent with 
foraging: search (65.49 %) and substrate manipulation 
(16.02  %, Table 2).  Didelphis sp. is considered a general-
ist and opportunistic genus; however, there are no studies 
focused on its foraging behavior, particularly in the wild.  
Although the passing behavior occurred only in 11.62 % of 
captures, it provided information that was last reported by 
Hopkins (1977) for D. virginiana and by Delgado-Velez et al. 
(2014) for D. marsupialis.  Finally, arboreal behaviors (2.82 %), 
i.e., climbing up (1.76 %) and down a tree (1.06 %), where the 
less observed behaviors and offer an indication about these 
habits in this species and its locomotion when climbing. 

In captures where an opossum is observed climbing up 
or off a tree (Figure 3e, 3f ), the behavior is very similar to 
the one observed in Caluromys philander (Dalloz et al. 2012), 
especially as regards the use of the tail.  When climbing up 
a tree, the tail is stretched or moved to a position relative 
to the body so as to maintain balance.  In contrast, when 
an individual is climbing down a tree, the tail is wrapped 
around the trunk for quick anchoring, if needed; this obser-
vation is consistent with Dalloz et al. (2012). 

Two images captured a female of Didelphis sp. (Th2) 
using the tail to carry material to its nest (Figure 3c, 3d; 
Table 2); this is the first report of this behavior for México.  
This behavior has also been reported in other didelphids: 
Monodelphis domestica (Unger 1982; Fadem et al. 1986), 
M. dimidiata (González and Claramunt 2000), C. philander 
(Dalloz et al. 2012), and Metachirus nudicaudatus (Delgado-
Velez et al. 2014); and in males of D. virginiana (Layne 1951; 
Hopkins 1977) and individuals of D. marsupialis (Delgado-

Velez et al. 2014).  Nests of Marmosa canescens (Ceballos 
1990) have also been reported and described, but the way 
they carry the material for nest construction is unknown.  

Whether the use of the tail to carry material is a learned 
or an innate behavior is currently unknown; however, this 
behavior has been reported in young of D. virginiana of 
88 to 97 days of age with no apparent learning involved 
(Hopkins 1977).  The behavior observed in this study and 
described above, which has also been reported for other 
species of the family Didelphidae, may be an ancestral trait 
typical of didelphids.  Further studies are needed, which 
may be challenging as these organisms are rare and diffi-
cult to observe in the wild. 

Although in M. domestica both males and females 
are known to build nests, with females being better at it 
(Fadem et al. 1986), it is not clear whether the same holds 
true for D. virginiana or D. marsupialis.  Unfortunately, nests 
of Didelphis sp. were not observed in this study, although 
they may be similar to those described for other didelphids.  
The nests described are spherical or globe-shaped (Unger 
1982; Loretto et al. 2005).  The nests of M. domestica have 
three levels: the first is the base, the second is an inner 
chamber with thick walls, and the third forms the vaulted 
ceiling (Unger 1982). 

In the present study, the leaves transported could not 
be clearly identified; however, they probably correspond 
to the hackberry shrub (Celtis iguanaea).  The material used 
by D. virginiana and D. marsupialis for the construction of 
their nests consists mainly of dry leaves according to stud-
ies conducted in the wild (Smith 1941; Dalloz et al. 2012; 
Delgado-Velez et al. 2014), although herbs and plant fibers 
(Ceballos 1990) or pieces of roots have also been reported 
(Loretto et al. 2005) for other didelphids.  In studies under 
captivity, the material for nest building has been provided, 
being mostly paper strips (Hopkins 1977; Unger 1982; 

Table 2.  Behaviors identified in Didelphis sp. and their variations, observed in the Usumacinta Canyon Flora and Fauna Protection Area (APFFCU), Tenosique, Tabasco, México, includ-
ing the number of sightings and duration of capture.

Behavior identified No. of sightings Percentage of sightings (%) Duration of capture (s) Percentage of duration of capture (%)

Grooming 3 4.92 23 4.05

Search 32 52.46 372 65.49

Substrate manipulation 10 16.39 91 16.02

Passing through 11 18.03 66 11.62

     Running 1 1.64 1 0.18

     Walking 10 16.39 65 11.44

          Alone 5 8.20 40 7.04

          Carrying material 2 3.28 2 0.35

          Carrying offspring 3 4.92 23 4.05

Arboreal behaviors 5 8.20 16 2.82

     Climbing up a tree 3 4.92 10 1.76

     Climbing off a tree 2 3.28 6 1.06

s = seconds 
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Fadem et al. 1986; González and Claramunt 2000), and in 
one case, dried leaves, feathers, and pieces of newspaper 
(Layne 1951).  An experimental study (Unger 1982) sug-
gests that M. domestica chooses any materials suitable 
for construction; however, no other experimental studies 
explored how other didelphids choose the materials they 
use for nest building.    

The nest-building site varies according to whether nests 
are on trees, semi-arboreal, or built on the ground, as nests 
can be found in holes of trees and shrubs, between tree 
roots, or under the leaf litter layer (Ceballos 1990; Dalloz 
et al. 2012).  In addition, opossums have been observed to 
change their nesting sites within two months (Loretto et al. 
2005).  Didelphis sp. is mostly terrestrial, but this does not 
exclude all the potential nesting sites mentioned above.

Nests are assumed to provide protection from environ-
mental conditions and predation; however, not many stud-
ies have evaluated this assumption.  Unger (1982) reported 
that M. domestica built nests when days were sunny, sug-
gesting that nests are used to get protection from warm 
weather.  Conversely, Fadem et al. (1986) evaluated the 
effect of temperature, finding that lower ambient tem-
peratures are related to nests built using more material, 
suggesting that these nests protect from cold weather and 
contribute to thermoregulation. 

In our opinion, further studies on D. virginiana and D. 
marsupialis in the wild are needed, for which camera traps 
are very useful.  These studies should include a detailed 
description of the nests built in the wild and investigate 
how opposums choose the materials to build their nests, 
how and where nests are built, whether there are factors 
affecting nest construction or prompting the relocation of 
nesting sites, or whether this occurs regularly.  These stud-
ies will enable us to understand the importance of nesting 
and its role in reproduction and survival in these species. 

Although opossums of the genus Didelphis are common, 
this research reports for the first time for México their behav-
ior regarding the transport of plant material with the tail, 
presumably to build a nest, and the presence of several indi-
viduals at the same site.  In addition, this study confirmed the 
nocturnal habits of Didelphis sp., recording 3 peaks of activity 
during April and May in the APFFCU area.  Other behaviors of 
opossums, such as females carrying their young in the mar-
supium and on the back, are also reported. 
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The remarkable discovery of Neotropical round-eared bats (Phyllostomidae, Lophostoma) actively hollowing out cavities in termite nests 
for roosting sites has enabled researchers to explore several aspects of their previously unknown behavior.  We now know that round-eared 
bats excavate cavities in Nasutitermes nests that are actively used by the termites and the bats roost only in these cavities, as well as a number 
of other aspects of the bats’ behavior.  In the early 1800s, a British naturalist, Charles Waterton, observed and published that bats “clear out” and 
roost in termite nests, and how he was able to ascertain if a termite nest was being used by bats.  Waterton’s descriptions of this behavior have 
long been overlooked and now provide us with additional insights on the distribution and ecology of these poorly known bats.

Key words:  Lophostoma; Nasutitermes; Neotropics; Phyllostomidae; roosting behavior; round-eared bats.

El notable descubrimiento de murciélagos de orejas redondeadas neotropicales (Phyllostomidae, Lophostoma) que habitan las cavidades 
en los nidos de termitas como sitios de anidamiento, ha permitido a los investigadores explorar varios aspectos desconocidos de su compor-
tamiento.  Ahora sabemos que los murciélagos de orejas redondeadas excavan cavidades en los nidos de Nasutitermes que son utilizados 
activamente por las termitas y que los murciélagos anidan exclusivamente en esas cavidades, entre otros aspectos de su comportamiento de 
los quirópteros.  A principios de la década de 1800, un naturalista británico, Charles Waterton, publicó la observación de que los murciélagos 
hacen agujeros y se posan en nidos de termitas y cómo fue capaz de comprobar si un nido de termitas estaba siendo utilizado por murciélagos.  
La descripción por parte de Waterton de este comportamiento se ha obviado durante mucho tiempo y ahora nos proporciona información 
adicional sobre la distribución y la ecología de estos quirópteros poco conocidos.

Palabras clave: Anidamiento; Lophostoma; Nasutitermes; Neotrópicos; Phyllostomidae; murciélagos de orejas redondeadas.
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One of the remarkable discoveries on roosting behavior in 
bats is that the Neotropical round-eared bats of the genus 
Lophostoma (Chiroptera: Phyllostomidae) hollow out the 
nests of the termite genus Nasutitermes (Isoptera: Termi-
tidae) for roosting sites.  Nasutitermes termitaria are large, 
often 0.5 m or more in length and width, and often 2 or 
more meters off the ground on the trunks of trees.  These 
nests provide both the termites and bats with a water-
proof and warm refuge with a stable temperature regime, 
as well as providing the bats with a well-camouflaged day-
time roost and maternity site.  It is currently believed that 
at least three species of round-eared bats (Lophostoma 
brasiliense, L. carrikeri, and L. silvicola) roost exclusively in 
these arboreal termite nest cavities they have excavated.  
Recent authors have documented that round-eared bats 
roost only in active Nasutitermes termitaria that they regu-
larly modify.  Males excavate the cavities, cavity use is tied 
to social organization, associations stay together year-
round, and perhaps the chemical defenses used by the 
termites contribute to reduced parasite load in the bats 
(Dechmann et al. 2004, 2005; Kalko et al. 2006; Dechmann 
et al. 2007; Timm and McClearn 2007; Dechmann and 
Kerth 2008; York et al. 2008).

Round-eared bats historically had been considered 
uncommon or rare and little was known about their 
behavior or ecology.  Although it was reported that round-
eared bats were occasionally found in termite nests, it was 
believed that they were roosting in cavities excavated by 
birds.  In the first modern study of these bats, Kalko et 
al. (1999:349) wrote, “Possibly, the bats use termite nests 
opened by nesting birds such as trogons (Trogon sp.) or 
orange-chinned parakeets (Brotogeris sp.)”.  The discovery 
in the early 2000s that round-eared bats hollow out arbo-
real termite nests for roosting sites was a breakthrough 
in unraveling the behavioral ecology of these species 
because they could be observed at the roost site and cap-
tured unharmed (Dechmann et al. 2004, 2005).

This roosting behavior and that round-eared bats actu-
ally modify the termite nests however, was first observed 
in the early 1800s and recent researchers seemingly were 
unaware of these observations.  Charles Waterton (born 
1785, died 1865), British aristocrat, explorer, and natural-
ist, described his observations of bats roosting in termi-
taria: “Independent of the hollow trees, the Vampires have 
another hiding-place.  They clear out the inside of the 
large ants’ nests, and then take possession of the shell . 
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. . we stopped under an ants’ nest; and, by the dirt below, 
conjectured that it had got new tenants . . . an Indian boy 
ascended the tree; but, before he reached the nest, out flew 
above a dozen Vampires” (Waterton 1879:319–320).

To Waterton, all bats were called vampires.  He did know 
what true vampires (= Desmodus rotundus) were because 
he tried in vain to get them to feed on him (they frequently 
feed upon other members of his traveling party, especially 
younger people, but were disinclined to choose him).  In 
the explanatory notes later in the book, “the large ant’s 
nest” he discusses were correctly attributed to termite ter-
mitaria; today we know this is the genus Nasutitermes.

Wateron traveled extensively throughout Guiana in 
1812, 1816, 1820, and 1824 as well as in Brazil.  His descrip-
tion of bats roosting in termite nests was presented as part 
of a chapter on his travels in 1824 although he seems to 
be summarizing observations from his earlier travels also.  
Now, two centuries later, we can more fully appreciate the 
observations of this early naturalist and note that he should 
be attributed with the discovery that Nasutitermes termi-
taria are actively modified and are an effective roost site for 
Neotropical round-eared bats.

The nearly two centuries between Waterton’s obser-
vations and the recent “rediscovery” of round-eared bats 
actively modified Nasutitermes nests highlights how cryptic 
the roost sites can be.  When investigators develop a search 
image and with diligent searching of Nasutitermes nests, 
the cavities created by round-eared bats are visible.  There is 
only a single opening of the cavity and it is always ventrally 
directed (Figure 1; Figure 2A, B).  Not all cavities observed 
are occupied by a colony or singleton bat but bats are only 
found in active termite nests.  Much remains to be learned 
about the roosting ecology, social behavior, and relation-
ships among individuals that are found within a cavity; but 

Figure 1.  An adult female pygmy round-eared bat, Lophostoma brasiliense, that was 
observed as part of the roosting colony in the Nasutitermes nest illustrated in Figure 2.

Figure 2.  A) Nest of Nasutitermes in the melastome Loreya mespiloides, at the Bi-
jagual Ecological Reserve in the Caribbean lowlands of northeastern Costa Rica, contain-
ing a roosting colony of pygmy round-eared bats (Lophostoma brasiliense).  Note the roost 
cavity opening on the underside of the nest.  Foliage from a living epiphyte is incorporat-
ed into the termite nest.  B) Four round-eared bats hanging in the roost cavity are visible 
from below.  Fresh chewing on the termite nest is visible as the dark rough areas.  See York 
et al. (2008) for additional details.  All photographs courtesy of H. A. York.
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Charles Waterton and more recent investigators provide us 
a route to explore this fascinating behavior.
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First record of Lasiurus arequipae in the Department of Tacna, Perú
Primer registro de Lasiurus arequipae para el departamento de 
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Lasiurus arequipae was recently described in the Department of Arequipa as a new species endemic to Perú, and its geographic distribution 
is poorly known.  The presence of this species is reported in Lomas de Sama Grande, Department of Tacna, Perú.  The specimen was collected 
during a study on the local fauna of bats, identified with the taxonomic key of Málaga et al. (2020), and compared with the holotype and pa-
ratypes deposited in the Scientific Collection of the Museum of Natural History at Universidad Nacional de San Agustín, Arequipa, Perú.  The 
specimen is an adult female, preserved as skin, skull, and skeleton (not cleaned).  One map of the current distribution of L. arequipae and infor-
mation on the ecology of the species are included.  We observed a potential shelter associated with the olive tree.  This new record is located 
287 km southwest of the town of Huatiapa, which is the closest record site where the first study took place in the Department of Arequipa.  
This finding brings to 11 the number of species of bats for the Department of Tacna.  We recommend further sampling using supplementary 
methods to expand our knowledge of the natural history and ecology of this species and set conservation actions.

Key words: Atacama Desert; Chiroptera; Lomas de Sama Grande; shelter.

Lasiurus arequipae fue descrita recientemente en el departamento de Arequipa como especie nueva y endémica para Perú, con distribu-
ción geográfica poco conocida.  Se reporta la especie en Lomas de Sama Grande, departamento de Tacna, Perú.  El espécimen fue recolectado 
durante un estudio sobre la fauna local de murciélagos, identificado con la clave taxonómica de Málaga et al. (2020), y comparado con el holo-
tipo y paratipos depositados en la Colección Científica del Museo de Historia Natural de la Universidad Nacional de San Agustín, Arequipa, Perú.  
Se trata de una hembra, adulto, conservado como piel, cráneo y esqueleto (sin limpiar).  Además, se presenta un mapa de distribución actual 
de la especie y contribuciones sobre su ecología.  Destaca la observación de un refugio potencial asociado con el árbol de olivo.  Este nuevo 
registro se ubica a 287 km al suroeste de la localidad de Huatiapa, que es el sitio más cercano de registro en donde se llevó a cabo el primer 
estudio en el departamento de Arequipa.  Este hallazgo eleva a 11 las especies de murciélagos para el departamento de Tacna.  Se sugieren 
esfuerzos de muestreo con métodos complementarios para generar un mayor conocimiento de la historia natural y ecología de esta especie, 
y establecer acciones de conservación.

Palabras clave: Chiroptera; Desierto de Atacama; Lomas de Sama Grande; refugio.
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The genus Lasiurus Gray, 1831 belongs to the family Ves-
pertilionidae.  It is distributed throughout America, includ-
ing Hawaii and the Caribbean islands (Baird et al. 2015), 
and has been reported in various habitats ranging from sea 
level to 3,300 m (Graham 1983).  Currently, at least 20 spe-
cies of Lasiurus are recognized, nine of which inhabit South 
America (Gardner 2008; Baird et al. 2015; Baird et al. 2017; 
Málaga et al. 2020): L. atratus Handley, 1996; L. blossevillii 
(Lesson and Garnot, 1826); L. castaneus Handley, 1960; L. 
villosissimus E. Geoffroy, 1806; L. ebenus Fazzolari-Corrêa 
1994; L. ega (Gervais, 1856); L. egregius (Peters, 1870); L. 
varius Poeppig, 1835; and L. arequipae Málaga, Díaz, Arias 
and Medina, 2020.

In Perú, 4 species of the genus Lasiurus have been 
reported: L. blossevillii, L. villosissimus, L. ega (Pacheco et al. 
2009), and L. arequipae, endemic to the country (Málaga 

et al. 2020).  The latter, little known, has a distribution 
restricted to two localities in the Department of Arequipa, 
on the western slope of the Andes.  This paper reports a 
new record of L. arequipae that extends its geographic 
distribution based on one specimen collected in Lomas 
de Sama Grande, Department of Tacna, southern Perú.  In 
addition, information on the ecology of this species is also 
provided. 

The specimen collected corresponds to an adult female 
(CBT 529), preserved as skin, with the skull removed and 
skeleton (not cleaned) in 96° ethyl alcohol, deposited in 
the Tacna Biological Collection (CBT), Faculty of Sciences 
at Universidad Nacional Jorge Basadre Grohmann, Tacna, 
Perú.  On 16 August 2020 at 16:00 hr, it was found perching 
on an olive tree (Olea europaea L.) and captured by hand, 
during a study on the local fauna of bats in the Lomas de 
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Sama Grande crop fields (17° 45’ 46.13’’ S, 71° 5’ 48.56’’ W, at 
555 m).  The area is adjacent to the Sama Inclán valley and 
the urban area of the Sama Inclán district, in the Sama River 
basin, located at the so-called “head of the Atacama Desert”, 
i.e., the lowlands of the Peruvian Andes western slope.  This 
area comprises a gently sloping terrace and volcanic earth.  
The local vegetation is seasonal herbaceous, influenced by 
winter mists; it was converted into agricultural fields, espe-
cially for cultivating olive trees, and is surrounded by hills 
with ravines and dry riverbeds with sparse xeric vegetation 
(INEI 2000; INEI 2017). 

Summers are hot, arid, and generally cloudy, and win-
ters are cool, dry, and mostly clear.  Throughout the year, 
the temperature ranges from 11 °C to 25 °C and rarely drops 
below 9 °C or above 28 °C.  Rainfall is very scarce all year 
round (Ministerio de Agricultura 2010). 

The specimen was identified using the taxonomic key for 
the genus Lasiurus by Málaga et al. (2020).  It was compared 
with the external and cranial description of the holotype 
(MUSA 21058) and paratypes (MUSA 21891, MUSA 21853) of 
adult specimens deposited in the Scientific Collection of the 
Museum of Natural History at Universidad Nacional de San 
Agustín, Arequipa, Perú (MUSA).  We recorded the following 
external and craniodental measurements with a precision 
caliper ± 0.01 mm, following the nomenclature with which 
Málaga et al. (2020) described the species: total length, ToL; 
tail length, TL; ear length, EL; hindfoot length, HFL; weight 
(gr); forearm length, FA; greatest length of skull, GLS; post-

orbital constriction, PC; least interorbital breadth, LIB; zygo-
matic breadth, ZB; breadth of braincase, BB; palatal length, 
PL; condylobasal length, CBL; mastoidal breadth, MB; width 
across canines, C-C; width across molars, M-M; length of 
mandible, LM; length of mandibular toothrow, LMdT; length 
of maxillary toothrow, LMxT.

The specimen has the morphological characteristics of 
L. arequipae (Table 1; Málaga et al. 2020).  It differs from 
other species of the genus Lasiurus by the following com-
binations of diagnostic characters: dorsal coloration is cin-
namon to orange with tricolored hairs (black at the base, 
yellowish in the middle, and cinnamon to dark brown at the 
tip; Figure 1a); yellowish ventral coloration with bicolored 
hairs (black at the base and yellowish at the tip; Figure 1b); 
blackish wing membranes with opaque orange spots along 
the forearm and metacarpus in dorsal and ventral views 
(Figure 1c); uropatagium covered with hairs not exceeding 
the edge in dorsal view (Figure 1d); whitish patches at the 
insertion of the wings (Figure 1e).

In the skull, the tympanic ring is circular (Figure 1f ), 
V-shaped anterior edge of nasal bones (Figure 1g), and 
ocular orbits oval in shape in dorsal view (Figure 1h).  The 
specimen metrics, such as forearm length of 47.9 mm and 
length of maxillary toothrow of 6.1 mm, are within the range 
reported by Málaga et al. 2020 (Table 1).  Lasiurus arequipae 
is morphologically most similar to L. atratus, L. castaneus, 
L. blossevillii, and L. varius, and differs from these species 
in that the latter are reddish to dark brown, with U-shaped 

Table 1.  Comparison of external morphological and craniodental measurements (mm) and weight (gr) of Lasiurus arequipae specimens reported by Málaga et al. (2020) and in the 
present study.  Abbreviations are defined in the text.

Arequipa Tacna

Huatiapa Chaucalla Sama Grande (current study)

 MUSA 21058 (male; holotype)  MUSA 21891 (female; paratype)  MUSA 21853 (male; paratype) CBT 529 (female)

ToL 120 123 106 131.5

TL 60 64 56 64

EL 12.9 13 11 12.8

HFL 10.3 11 8.6 11.1

FA 46.4 47.6 46.7 47.9

Weight 13 12 12 12.5

GLS 14.2 14.3 13.7 14.2

PC 5 4.9 4.9 4.8

LIB 6.4 6.4 6.1 6.3

ZB 10.8 10.8 10.2 11.1

BB 8.1 8 7.9 8.2

PL 5.2 5.3 4.7 5.3

CBL 14.1 14.5 14 14.1

MB 8.9 8.9 8.6 8.9

C - C 5.4 5.8 5.4 5.9

M - M 6.5 6.8 6.6 7

LM 10.8 11.1 10.4 11.3

LMdT 5.8 6.1 5.8 6.1

LMxT 5 5.2 4.9 5.3



www.mastozoologiamexicana.org   145

Mamani-Contreras and Aragón-Alvarado 

tured in the town of Chaucalla, at 860 m in the province 
of La Unión.  Both locations are found to the north of the 
province of Arequipa, and share similar physical and envi-
ronmental characteristics with the town of Sama (555 m), 
i.e., presence of terraces with crops, proximity to rivers, and 
hills with ravines.  In addition, the local climate is character-
ized by narrow variations in temperature and low rainfall, 
and agricultural activities take place in both areas.  Despite 
the few catches, it can be suggested that L. arequipae is 
associated with such conditions (González and Málaga 
1997; Málaga et al. 2020).

Lasiurus arequipae is the only species reported for the 
Department of Tacna that has been recorded perching on 
a tree as a likely shelter.  Tirira (2007) considers that the 
species in the genus Lasiurus are characterized by using 
branches and leaves of trees and shrubs as temporary shel-
ters in agricultural land, open areas, and close to urban 
environments and water bodies.  With this record, L. arequi-
pae adds to the 10 bat species recorded in the Department 
of Tacna (Aragón and Aguirre 2014; Flores et al. 2015; Por-
tugal-Zegarra et al. 2020): Amorphochilus schnablii Peters, 
1877; Desmodus rotundus (É. Geoffroy, 1810); Histiotus 
macrotus (Poeppig, 1835); Histiotus montanus (Philippi and 
Landbeck, 1861); Mormopterus kalinowskii (Thomas, 1893); 
Myotis atacamensis (Lataste, 1892); Platalina genovensium 
Thomas, 1928; Promops davisoni Thomas, 1921; Tadarida 
brasiliensis (I. Geoffroy, 1824); and Nyctinomops aurispino-
sus (Peale, 1848).

Considering the distance from the localities of previous 
records in the Department of Arequipa, it is suggested that 
further research using supplementary sampling methods 
in intermediate and nearby sampling points sharing simi-
lar environmental conditions will provide additional valu-
able information about this species.  The implementation 
of acoustic detection techniques to characterize echoloca-
tion pulses and their recognition in free flight, in addition to 

Figure 1.  Female adult specimen of Lasiurus arequipae (CBT 529).  Features of the 
pelage, coloration, and cranial structures are noted.  Pelage and coloration: a) dorsal view, 
cinnamon to orange coloration with tri-colored hairs (black at the base, yellowish in the 
middle, and cinnamon to dark brown at the tip); b) ventra view, yellowish coloration with 
bicolored hairs (black at the base and yellowish at the tip); c) ventral and dorsal views, 
blackish wing membranes with opaque orange spots along the forearm and metacar-
pals; d) uropatagium covered with hairs not exceeding the edge in dorsal view; e) whitish 
patches at the insertion of the wings.  Skull: f ) lateral view, circular tympanic ring; g) dorsal 
view, V-shaped anterior edge of nasal bones; h) oval-shaped eye orbits in dorsal view.

anterior edge of nasal bones and oval tympanic ring.  Lasi-
urus arequipae and L. varius share a similar dorsal coloration 
(cinnamon to orange) and differ in the color of the wing 
membrane, which is blackish mottled with opaque orange 
on both sides of the forearms and metacarpals in the for-
mer versus completely blackish in the latter.

The specimen was collected while perching on an olive 
tree branch along with three individuals, apparently of the 
same species based on the coloration observed when fly-
ing.  This finding represents an extension of the distribution 
currently reported and the first record of L. arequipae in the 
Department of Tacna, in the Sama River valley, and is the 
southernmost location on the Pacific coast.  The location 
reported here is 287 km southwest of the town of Huatiapa, 
which is the nearest record site in the Department of Areq-
uipa (Figure 2), corresponding to the study carried out by 
Málaga et al. (2020).

Málaga et al. (2020) reported one individual of this spe-
cies captured in the town of Huatiapa, at an elevation of 
726 m in the province of Castilla, and two individuals cap-

Figure 2.  Records of Lasiurus arequipae in Perú.  The towns of Chaucalla and Hua-
tiapa are shown (white triangles; Málaga et al. 2020), as well as the location of the new 
record in the Department of Tacna, which is the southernmost region of Perú (orange 
star; CBT 529). 
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the use of mist nets, will improve further the knowledge of 
the distribution, natural history, and ecology of L. arequipae 
and will provide elements for the conservation strategies of 
this species.
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Potential attack of the common vampire bat (Desmodus rotundus) 
on nine-banded armadillo (Dasypus novemcinctus) in northern 

Oaxaca, México
Ataque potencial del vampiro común (Desmodus rotundus) a un 

armadillo de nueve bandas (Dasypus novemcinctus) en el norte de 
Oaxaca, México
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The common vampire bat, Desmodus rotundus, is considered a predator and an obligate feeder on vertebrate blood of a diverse group of 
prey, but with preference to both native and exotic mammals.  The present record is the first documented potential predation of a nine-banded 
armadillo, Dasypus novemcinctus, by D. rotundus in the wild.  The observation was recorded on a camera trap set in a secondary growth frag-
ment of tropical evergreen forest in Oaxaca, México.  In a 10 second recording, we observed an individual of D. rotundus stalking and chasing 
an individual D. novemcinctus that is searching for food in the leaf litter.  The present observation along with another study carried out in Brazil, 
where a vampire bat chased a giant armadillo Priodontes maximus, suggest that armadillos might be prey of D. rotundus, but the interaction is 
difficult to document in the wild. 

Key words: Chiroptera; ecological interaction; predation; sanguivorous bat; southern México.

El murciélago vampiro común, Desmodus rotundus, es un depredador que de forma obligatoria, se alimenta de sangre de vertebrados de 
un grupo diverso de presas, pero con preferencia a los mamíferos, tanto nativos como exóticos.  El presente registro documenta la primera 
depredación potencial de un armadillo de nueve bandas, Dasypus novemcinctus, por D. rotundus en vida silvestre.  La observación se registró 
en una cámara trampa colocada en un fragmento de crecimiento secundario de un bosque tropical perennifolio en Oaxaca, México.  En una 
grabación de 10 segundos, observamos a un individuo de D. rotundus acechando y persiguiendo a un individuo de D. novemcinctus que busca 
alimento en la hojarasca.  La presente observación, junto con otro estudio realizado en Brasil, donde un murciélago vampiro persiguió a un 
armadillo gigante Priodontes maximus, sugiere que los armadillos podrían ser presas de D. rotundus, pero la interacción es difícil de registrar en 
vida silvestre.

Palabras clave: Chiroptera; depredación; interacción ecológica; murciélago sanguívoro; sur de México. 
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The three vampire bat species are distributed in México 
(Medellín et al. 2008), being the common vampire bat, Des-
modus rotundus, the most widespread and abundant one.  
This species is distributed from Sonora and Tamaulipas, 
México, through Central and South America to the north 
of Chile and north of Argentina (Reid 2009).  Desmodus 
rotundus inhabits a wide range of vegetation types includ-
ing mature forest, secondary growth, several crops, and 
pasturelands (Coates-Estrada and Estrada 1986); it occurs 
from sea level to over 3,500 m (Martins et al. 2009), but 
its distribution is limited to areas warmer than the 10 ºC 
isotherm in January because of the animal’s poor capacity 
to thermoregulate (McNab 1973).

The common vampire bat is considered a predator and 
an obligate blood-feeding mammal, feeding on a diverse 
group of vertebrates, but with preference to mammals 

(Reid 2009).  It has been documented that it can feed on 
several breeds of livestock such as cows, sheeps, pigs, 
goats, horses, mules, and poultry (Greenhall 1988; Del-
pietro et al. 1992; Bobrowiec et al. 2015), and that it has 
a strong preference of these over native species, at least 
in areas under strong human influence (Voigt and Kelm 
2006).  It also preys on several species of reptiles and birds 
(Carter et al. 2021).

The common vampire bat shows terrestrial locomo-
tion that allows it to sneak up on its prey to feed and to 
be able to escape if some danger threatens it (Riskin et 
al. 2006).  Vampire bats are agile predators that are rarely 
seen in the wild.  However, the use of camera traps in the 
last years has provided insights about its feeding behav-
ior both in native and exotic species.  For example, recent 
studies have shown predation upon the South American 

mailto:biol-alex@hotmail.com
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mailto:cmacswiney@uv.mx
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tapir Tapirus terrestris (Gnocchi and Srbek-Araujo 2017), the 
capybara Hydrochoerus hydrochaeris (Gonçalves et al. 2020), 
the collared peccary Pecari tajacu (Zortéa et al. 2018), the 
exotic wild pig Sus scrofa (Hernández-Pérez et al. 2019), 
among others.  In the present study, we report the possible 
predation event of a common vampire bat D. rotundus on a 
nine-banded armadillo, Dasypus novemcinctus.

The interaction between the common vampire bat, D. 
rotundus, and the armadillo, D. novemcinctus, was regis-
tered on a camera trap Cuddeback Model E3 on December 
5th 2015, at 20:26 hr in the locality of San Cristóbal La Vega, 
the municipality of San Juan Bautista Valle Nacional, Oax-
aca, México.  The camera trap was set at the coordinates 17o 

46’ 8.01” N, 96o 15’ 6.47” W, in a secondary growth fragment 
of tropical evergreen forest. 

In a 10-second recording, we observed an individual of 
D. rotundus stalking and chasing an individual of D. novem-
cinctus that is searching for food in the leaf litter its forefeet 
and snout.  The individual of D. rotundus landed in the prox-
imity of the armadillo, in the following seconds the arma-
dillo moved out of the camera frame, and we observed the 
vampire moving the head and emitting calls, probably to 
locate the armadillo and after this, it flew away in the same 
direction of the armadillo (Figure 1 A-D; Appendix 1).

In the past 10 ten years, photographs and videos taken 
with camera traps have shown D. rotundus feeding on a 

variety of species in the wild, including wild feral pigs and 
collared peccaries, lowland tapirs, red brocket deer, white-
tailed deer, chital deer, orange breasted falcon, tamandua, 
giant armadillo and a mountain lion (reviewed by Carter et 
al. 2021).  The present record is the first documented poten-
tial attack of an armadillo by D. rotundus in the wild, based 
on the behavior displayed by D. rotundus, that usually lands 
close to a potential prey and chase this until find a vulnera-
ble part of the body to bite (Zortéa et al. 2018).  There is only 
one previous record of the interaction between D. rotundus 
and D. novemcinctus, but it took place in captivity.  Green-
hall (1988) conducted behavioral studies in the laboratory 
and observed an individual of D. rotundus feeding on the 
captive D. novemcinctus.  In this study, D. rotundus bit the 
armadillo in the tail between the scutes and on a foot, with 
no defensive reaction from the prey.

In a recent study carried out in Brazil, the authors 
recorded a vampire bat chasing another species of arma-
dillo, the giant armadillo Priodontes maximus, in a similar 
fashion as the observation recorded in the present study 
(Zortéa et al. 2018).  These observations suggest that arma-
dillos might be the prey of D. rotundus, but the interaction 
is difficult to document and needs to be confirmed in the 
wild.  In the following years, with the increasing use of 
camera traps, we might be able to record more interaction 
events between these two species. 

Figure 1.  Sequence of the stalking behavior of the common vampire bat Desmodus rotundus (encircled in red) to an individual of a nine-banded armadillo Dasypus novemcinctus: A) 
the individual of D. novemcinctus is searching for prey in the leaf litter; B) the common vampire bat D. rotundus lands in the ground; C) the armadillo moves away while the vampire bat 
seems to emit vocalizations to locate the armadillo; D) the bat flies in the same direction to the armadillo. 
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Appendix 1
Video of the interaction between a  nine-banded arma-
dillo  Dasypus novemcinctus  and the common vampire 
bat  Desmodus rotundus,  recorded in a secondary forest 
fragment of evergreen forest in Oaxaca, México. 

Video  hosted  in: http://doi.org/10.5281/zenodo.5007162

http://doi.org/10.5281/zenodo.5007162 
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Plusaetis sibynus (Siphonaptera: Ceratophyllidae): nuevo reporte 
de pulga en Didelphis virginiana, con lista de pulgas para este 
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Virginia opossums (Didelphis virginiana) are hosts to a variety of fleas that can be important vectors for diseases, including some zoonosis; 
therefore, it is important to generate knowledge about the fleas that parasite this animal.  We present the list of all fleas found on opossums, 
and the discovery of a species that has not been previously found on D. virginiana, neither on other marsupials.  We collected fleas from Virginia 
opossums in the urban area of México City, México, and performed a bibliographical search to determine which species of fleas were previously 
recorded.  We found previous records of 26 species of fleas on opossums, and we added the flea species Plusaetis sibynus to this list.  Plusaetis 
sibynus is a common flea of rodents (mainly Peromyscus and Neotoma), representing a potential vector of diseases from these rodents to the 
opossum and human populations.  Further research is needed to assess the role of this flea as a vector of zoonotic diseases.

Key words: Diseases; new world marsupials; Plusaetis sibynus; opossum; zoonosis.

El tlacuache de Virginia (Didelphis virginiana) es hospedero para una variedad de pulgas que pueden ser importantes vectores para la 
transmisión de enfermedades, incluyendo zoonosis; por lo tanto, es importante generar conocimiento sobre las pulgas que parasitan a este 
animal.  En este trabajo, presentamos la lista de pulgas que parasitan a los tlacuaches, con la adición de una especie que no ha sido registrada 
previamente en D. virginiana, ni en otros marsupiales.  Colectamos pulgas de tlacuaches de Virginia en el área urbana de la Ciudad de México, 
México, y también realizamos una búsqueda bibliográfica para determinar las especies de pulgas reportadas previamente.  Encontramos re-
gistros de 26 especies de pulgas en los tlacuaches y añadimos a esta lista la especie de pulga Plusaetis sibynus.  Plusaetis sibynus es una pulga 
común en roedores (principalmente Peromyscus y Neotoma), por lo que representa un vector potencial para la transmisión de enfermedades 
de estos roedores a los tlacuaches, y posteriormente a las poblaciones humanas.  Se requieren más estudios para determinar el papel de esta 
pulga como vector de enfermedades zoonóticas.

Palabras clave: Enfermedades; marsupiales del Nuevo Mundo; Plusaetis sibynus; tlacuaches, zoonosis.
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Fleas (Siphonaptera), among other parasites, are important 
vectors that transmit diseases (Krueger et al. 2016; Dean et 
al. 2018), both between individuals of the same species and 
between different species, including the transmission of sig-
nificant zoonotic diseases like the bubonic plague (Dean et 
al. 2018).  However, flea species have a certain range of host 
species on which they can inhabit, and between which they 
are likely to transmit the diseases.  In this case, we studied 
fleas parasitizing the Virginia opossum, Didelphis virginiana 
Kerr, 1792, a very common and widely distributed marsu-
pial (McManus 1974), adapted well to the urban environ-
ments (Wright et al. 2012).  Such characteristics point out 
to the Virginia opossum as an important host of parasites 

known as vectors of zoonotic diseases, so specific stud-
ies are needed.  Previous studies show that opossums are 
vectors of several zoonotic diseases: leptospirosis, salmo-
nellosis (Ruiz-Piña et al. 2002), toxoplasmosis (Torres-Cas-
tro et al. 2016), among others, including microorganisms 
transmitted by fleas, most remarkable Rickettsia (Krueger 
et al. 2016).  Therefore, this work aims to report a new spe-
cies of flea found on a Virginia opossum and offer a check-
list of fleas reported previously on this host species.

From January to March 2020, we live-trapped Virginia 
opossums in six locations in southern parts of the urban 
area of México City, México (Figure 1), using pitfall traps 
consisting of plastic containers 75 cm in height and 50 cm 
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in diameter.  We made a total effort of 144 trap-nights, and 
fleas were collected from Virginia opossums and stored in 
vials with 70 % ethanol and labeled (all captured opos-
sums were released).  Fleas were identified following 
Traub (1950), Acosta and Morrone (2003), and Salceda-
Sánchez (2004).

Complementarily, we performed a bibliographical 
search of parasites hosted by the Virginia opossum, using 
the following terms: “pulga + Didelphis virginiana”, “flea 
+ Didelphis virginiana”, and “Siphonaptera + Didelphis 
virginiana”.

We captured a total of 32 specimens of Virginia opos-
sums and collected a total of 18 fleas on 12 individuals.  
Out of the total, 17 fleas were identified as Ctenocephali-
des felis (Bouché, 1835; Pulicidae) by the presence of the 
genal comb horizontal, usually extending entire length of 
lower margin of head and located below of eye, the genal 
spines are equal, and has a low sloping forehead (Salceda-
Sánchez 2004), and 1 male individual of Plusaetis sibynus 
(Jordan, 1925)  (Ceratophyllidae; Figure 2), by an occiput 
(in post antennal region) with 2 or more longish bristles 
behind base of  antennal groove and 3 or more in the mid-

dle, arranged in rows; eighth tergum with 5 or 6 median 
and 2 ventral lateral bristles; and the eighth sternum 
(Traub 1950).  This representing the first time P. sibynus is 
found on a Virginia opossum, or any other marsupial.

In the bibliographical search, we found 26 species of 
fleas belonging to 18 genera, and 5 families, which were 
previously reported on the Virginia opossum across 4 coun-
tries (Table 1).  Plusaetis sibynus represents species number 
27 in the checklist.

Before this work, P. sibynus was only reported for rodent 
species of the genera Peromyscus, Neotoma, and Reithro-
dontomys (Acosta 2005; Montiel et al. 2019).  This report 
unveils a possible vector of zoonotic diseases between 
the rodents and opossums, and it is especially important 
since the host rodent genera are common in natural areas 
(or their remnants, such as parks inside urban areas), but 
not in the urbanized areas (Bolger et al. 1997; Harris et al. 
2016), so their contact with humans is limited, yet opos-
sums can occur in both (Wright et al. 2012).  Therefore, 
hypothetically, the Virginia opossums could act as a bridge 
for microorganisms of public health concern, between the 
field rodents and the urban human populations.  However, 

Figure 1.  Map of the study sites (red dots). The white star shows the location where Plusaetis sibynus was found, notice that this location is surrounded by urban areas.
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further studies are needed to truly assess the potential of 
disease transmission via this vector parasitizing Virginia 
opossums, and the identity of such diseases, especially 
considering that other species of the genus Plusaetis have 
proven to carry zoonotic bacteria like Bartonella (Sánchez-
Montes et al. 2019).

When analyzing the historical records of fleas on Virginia 
opossums (Table 1), we found that the most common flea 
in geographical range, number of reports, and abundance, 
is the cat flea, Ctenocephalides felis (Hernández-Camacho 
et al. 2014; Krueger et al. 2016; this study).  This finding is 
relevant since it is a very common flea that can be hosted 
by many species, including domestic animals (Maina et al. 
2016); therefore, it can move diseases even closer to human 
populations.  We conclude that the Virginia opossum has an 
important potential for spreading diseases, and the vectors 
connecting this species to other animals should be care-
fully studied.

Table 1.  List of families and flea species on the Virginia opossum, Didelphis virginiana, and the countries where they are reported.

Species Country Reference

Ceratophyllidae

Nosopsyllus fasciatus (Bosc, 1800) USA Elbel 1951

Orchopeas howardi (Baker, 1895) USA Mohr and Morlan 1959

Orchopeas leucopus (Baker, 1904) USA Whitaker et al. 1976

Orchopeas wickhami (Baker, 1895) USA Shaftesbury 1934

Oropsylla arctomys (Baker, 1904) USA Holland and Benton 1968

Plusaetis sibynus (Jordan, 1925) México This study

Hystrichopsyllidae

Corrodopsylla hamiltoni (Traub, 1944) USA Schiefer and Lancaster 1970

Ctenophthalmus pseudagyrtes Baker, 1904 USA Whitaker et al. 1976

Epitedia neotomae Jameson, 1946 USA McAllister et al. 2017

Leptopsyllidae

Ctenopsyllus catatina (Jordan 1928) USA Shaftesbury 1934

Leptopsylla segnis (Schonherr, 1811) USA Mohr and Morlan 1959

Odontopsyllus multispinosus (Baker, 1898) USA Mohr and Morlan 1959

Pulicidae

Cediopsylla simplex (Baker, 1895) USA Whitaker et al. 1976

Ctenocephalides canis (Curtis, 1826) USA Whitaker et al. 1976

Ctenocephalides felis (Bouche, 1835) Guatemala, México, USA Mohr and Morlan 1959; Villalobos-Cuevas et al. 2016; Escobar et al. 2011; this study

Echidnophaga gallinacea (Westwood, 1875) USA Mohr and Morlan 1959

Hoplopsyllus glacialis (Taschenberg, 1880) México, USA Schiefer and Lancaster 1970; Hernández-Camacho et al. 2014

Pulex irritans Linnaeus, 1759 México, USA Mohr and Morlan 1959; Villalobos-Cuevas et al. 2016

Pulex porcinus Jordan & Rothschild, 1924 México Villalobos-Cuevas et al. 2016

Pulex simulans Baker, 1895 México, USA Wilson and Bishop 1966

Xenopsylla cheopis (Rothschild, 1903) USA Mohr and Morlan 1959

Rhopalopsyllidae

Polygenis gwyni (C. Fox, 1914) USA McAllister et al. 2017

Polygenis martinezbaezi Vargas, 1951 México Hernández-Camacho et al. 2014

Rhopalopsyllus australis (Rothschild, 1904) México Villalobos-Cuevas et al. 2016

Rhopalopsyllus coxi Eads, 1946 USA Randolph and Eads 1946

Rhopalopsyllus lugubris Jordan & Rothschild, 1908 Costa Rica Durden and Campbell 2016

Chaetopsylla lotoris (Stewart, 1926) USA Whitaker et al. 1976

Figure 2.  Photograph of the specimen of Plusaetis sibynus (male) found on Didelphis 
virginiana.  Occiput, upper arrow.  Sternum VIII, right arrow.
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According to several authors, Abert’s squirrel (Sciurus aberti) is typically found in ponderosa pine (Pinus ponderosa) forest, which provides 
both shelter and food.  Pinus ponderosa generally occurs between 1,800 and 3,000 m elevation in Wyoming, Colorado, New Mexico, Arizona, 
and Utah in the United States.  In México, Pinus arizonica was formerly considered a variety of P. ponderosa in northern Sonora.  Conifer forests 
in the Sierra Madre Occidental from southern Durango north to Sonora and Chihuahua are not monospecific but very diverse.  Pine-oak forest 
is dominated by various species of pines and oaks, and mixed conifer forest by Douglas fir (Pseudotsuga spp.), spruce (Picea sp.), and southwes-
tern white pine (Pinus strobiformis).  There is a previously confirmed record of Abert’s squirrel from the Upper Bavispe River, Sonora, collected 
by the Lumnholtz Archeological Expedition 1890-92, and another unconfirmed record of a likely Sciurus aberti in 1938 in northern Sonora.  
While conducting mammal surveys on foot (recording tracks of different mammals) and setting up camera traps, we observed the presence 
of S. aberti in the study area.  We obtained two photographic records of S. aberti, in pine-oak forest in the Sierra Madre Occidental at the town 
limit of Mesa Tres Ríos, and at 9.4 km southwest of Mesa Tres Ríos, Sonora.  Sciurus aberti were found on areas with pine-oak and mixed-conifer 
forests, presumably used for food and cover by Abert’s squirrels, demonstrating that these squirrels are not strictly dependent on ponderosa 
pine (P. ponderosa) as previously reported, instead they rely on oak, Arizona (P. arizonica) and Apache (P. engelmannii) pines, that are widespread 
in the Madrean Archipelago (Sky Islands Region) and the northern Sierra Madre Occidental (SMO).  These observations confirm the predictions 
of the presence of S. aberti and are an important addition to the mammal fauna of Sonora.

Key words:  Mesa Tres Ríos; presence; Sciuridae; Sonora.

De acuerdo con algunos autores, la ardilla de Abert (Sciurus aberti) se encuentra típicamente en los bosques de pino blanco (Pinus ponde-
rosa), árbol que les proporciona refugio y alimento.  Estos pinos generalmente se distribuyen entre 1,800 y 3,000 m en Wyoming, Colorado, 
Nuevo México, Arizona y Utah en los Estados Unidos.  Pinus arizonica era formalmente considerada una variedad de P. ponderosa en el norte 
de Sonora, México.  Los bosques de la Sierra Madre Occidental no son monoespecíficos, los bosques de pino-encino son muy diversos desde 
Sonora y Chihuahua hasta el sur de Durango en México.  Existen también bosques de coníferas mixtos dominados por abetos (Pseudotsuga 
spp.), pinabetes (Picea spp.) y piñón (Pinus strobiformis).  Solo hay un registro previo confirmado de la presencia de la ardilla de Abert obtenido 
en el Alto Río Bavispe, Sonora, colectada por la Expedición Arqueológica de Lumholtz 1890-92, y otro registro sin confirmar de un probable S. 
aberti en 1938 al norte de Sonora.  Mientras se monitoreaban rastros de mamíferos a pie (registros de huellas) y se ponían cámaras-trampa para 
su registro, se observó la presencia de S. aberti en la zona de estudio.  Obtuvimos dos registros ocasionales de S. aberti, ambos en un bosque de 
pino-encino en la Sierra Madre Occidental en Sonora en el límite del pueblo de Mesa Tres Ríos, Sonora y a 9.4 km al suroeste de Mesa Tres Ríos, 
Sonora.  Se encontró a Sciurus aberti en áreas de pino-encino y bosques mixtos de coníferas, presuntamente usadas por las ardillas de Abert 
para su alimentación y cobertura, demostrando que estas ardillas no dependen estrictamente del pino ponderosa (P. ponderosa) como se ha 
reportado, sino que dependen del encino y los pinos Arizona (P. arizonica) y Apache (P. engelmannii), que se encuentran ampliamente distribui-
dos en el Archipiélago Madrense (Región de las Islas del Cielo) y en la porción norte de la Sierra Madre Occidental (SMO).  Estas observaciones 
confirman la predicción de la presencia de S. aberti, y son una importante adición a la fauna de mamíferos de Sonora.

Palabras clave:  Mesa Tres Ríos; presencia; Sciuridae; Sonora.
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Abert’s squirrel (Sciurus aberti) is a high-elevation species 
inhabiting conifer forests in the western United States 
and the Sierra Madre Occidental (SMO) in Chihuahua and 
Durango, México.  There are 6 subspecies of S. aberti in the 
southwestern United States and 3 in México (Thorington 
and Hoffman 2005).  Sciurus aberti barberi (J. A. Allen 1904) 
occurs in northwestern Chihuahua and now in eastern 
Sonora.  There is a large gap (345 km in a straight line) in 
the species distribution between S. a. barberi in the SMO, 
and S. a. aberti in the Santa Catalina Mountains in Arizona 
(Hoffmeister 1986).

The only previous specimen of Abert’s squirrel from the 
state of Sonora was from the Upper Bavispe (sic) River by 
the Lumholtz Archeological Expedition of 1890-92, “one 
skin, in the gray phase, and an additional skull and skeleton” 
(Allen 1893).  Burt (1938) reported another observation 
of Abert’s squirrel in Sonora: “Mountains of northeastern 
Sonora.  Recorded as being seen in oak-covered mountains 
about Santa Cruz”.  Burt remarked, “No specimens have been 
taken in Sonora, but the sight records recorded above prob-
ably were of this race”.  Based on Burt’s observation, Nash 
and Seaman (1977) and Cassola (2017) took the presence 
of Abert’s squirrel in Sonora for granted.  Caire (2019) 
doubted the presence of the species in the Municipality of 
Santa Cruz, suggesting that Burt probably observed an Ari-
zona squirrel (S. arizonensis) instead.  Sandoval et al. (2020) 
reported Abert’s squirrels presence in the State of Chihua-
hua at Campo Verde Natural Protected Area east of Mesa 
Tres Ríos.   

In the Madrean Archipelago between the northern SMO 
and the Mogollon Rim in central Arizona, there are 55 Sky 
Island (SI) mountain ranges, 32 of them in Sonora (Deyo et 
al. 2013; Van Devender et al. 2013).  These Sky Islands are 
isolated mountain ranges with crowns of oak woodland and 
pine-oak forests (Van Devender et al. 2013) that support a 
mixture of species typical of the Madrean Tropical sub-
province of the SMO, as well species from the southwest-
ern United States (Reina-Guerrero and Van Devender 2005; 
Van Devender and Reina-Guerrero 2016; Haire et al. 2021).  
The pine-oak forests on the higher Sky Islands are potential 
Abert’s squirrel habitat.  Here we report two new records of 
Abert’s squirrel, confirming its presence in Sonora.  Sciurus 
aberti is listed under special protection (Pr) by Mexican Offi-
cial Norm NOM-059-SEMARNAT-2010 (SEMARNAT 2010).

Field expeditions to Mesa Tres Ríos were conducted 
to survey the presence of Neotropical otters (Lontra lon-
gicaudis) from August 24-29, 2015 (Gallo-Reynoso et al. 
2015), and for wildlife distributions in June 2018.  We 
visited several places along the Río Bavispe where the 
first surveys were conducted 15 years ago to confirm 
the otter’s continuous presence.  Greater Good Charities’ 
Madrean Discovery Expedition (MDE) to Mesa Tres Ríos 
was conducted in August 2018, for mammal surveys with 
wildlife cameras as part of MDE Wildlife Program.  The 
study area included pine-oak forest in the northern SMO 
in Sonora.  Detailed records of our field observations and 

our corresponding images of Abert’s squirrels and other 
species of Sciuridae from Sonora are available in the MDE 
database (https://madreandiscovery.org).

We recorded the presence of Abert’s squirrel at two 
localities in two different years (2015 and 2018) in the SMO 
in eastern Sonora.  Individuals of Abert squirrels observed 
were large, they presented the diagnostic characteristic of 
long and broad ears with hair tufts at the ear apex, as our 
observations were carried on summer, the ear hair tufts 
were shorter than in winter when they are long; both pre-
sented dorsal dark gray coloration with white undersides 
typical of the species (Nash and Seaman 1977).  The indi-
viduals were observed in pine-oak-cypress forest, in rug-
ged, montane terrain near Mesa Tres Ríos, Municipality of 
Nácori Chico, Sonora.  The first observation was on August 
26, 2015 at 10:50 hr, near Mesa Tres Ríos town (29° 50’ 54.82” 
N, 108° 42’ 13.28” W) at 1,845 m (Figures 1 and 2).  There 
were two squirrels eating cones of Arizona pine and mov-
ing through the canopy (Figure 2a).  The second observa-
tion was obtained while setting up a camera trap, it was of 

Figure 1.  Records location of Abert’s squirrels, Sciurus aberti, observed near Mesa 
Tres Ríos, Sonora (red dots).  Near Mesa Tres Ríos town (29° 50’ 54.82” N, 108° 42’ 13.28” W) 
at 1,845 m and southwest of Mesa Tres Ríos (29° 47’ 17.42” N, 108° 47’ 27.88” W) at 2,020 m.  
APFF stands for Área de Protección de Flora y Fauna (Protection Area for Flora and Fauna).  
RB stands for Reserva de la Biosfera (Biosphere Reserve).

https://madreandiscovery.org
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After 128 years, these observations confirm the pres-
ence of S. aberti in the mammal fauna of Sonora and 
document Abert’s squirrels living in pine-oak forest other 
than areas dominated by ponderosa pine.  These observa-
tions confirm the predictions of Sandoval et al. (2020) on 
the probable distribution models of S. aberti that includes 
Sonora.  The previous record from the Lumholtz expedi-
tion only stated that the upper Bavispe River (Allen 1893) 
locality was probably also near Mesa Tres Ríos where this 
river originates.  Additional squirrels seen in the Mesa Tres 
Ríos area were the Apache fox squirrel (Sciurus nayaritensis), 
the rock squirrel (Otospermophilus variegatus), and the cliff 
chipmunk (Neotamias dorsalis).  The Apache fox squirrel is 
the most common tree squirrel in the Mesa Tres Ríos area 
and the Sierra Huachinera to the west.
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Brief characterization of the behavior of the spiny rat Trinomys 
setosus (Rodentia: Echimyidae) in captivity
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Hairy Atlantic spiny rats (Trinomys setosus, Echimyidae) are Neotropical caviomorph rodents belonging to an ecologically diverse group, 
that is relatively unknown from a behavioral point of view.  Grooming is considered prevalent in rodents: wild and laboratory individuals 
employ grooming during 15–50 % of their waking time.  We ask if grooming behavior in T. setosus is similarly low as in closely related species, 
and characterize the main behavioral categories seen in the species in detail.  We quantified the occurrence of self-grooming (face washing, 
body washing, washing of the pelvic region, and scratching) during single 30-minute sessions of 16 adult individuals (four males and twelve 
females), in the context of activity, resting and maintenance categories (defecation and urination).  The following behavioral categories were 
identified: 1) locomotor activity, 2) remaining motionless, 3) defecating, 4) face washing, 5) body washing, 6) washing the pelvic region, 7) 
scratching, 8) urinating, 9) shaking, 10) vocalizing.  Grooming behavior followed the descriptions of stereotypical behavior observed in other 
rodent species and its occurrence represented 6.7 % (females) and 5.9 % (males) of the time studied.  Grooming, seen across a great variety of 
animal taxa, involves numerous functions besides the primary role of body caring, which are of great importance for an animal’s well-being.  
Compared to commonly studied rodents, T. setosus spent relatively little time with grooming behavior, just as its sister species T. yonenagae. 

Key words:  Behavioral repertoire; body cleaning; Brazil; Euryzygomatomyinae; Mammalia.

Las ratas espinosas del Atlántico (Trinomys setosus, Echimyidae) son roedores caviomorfos neotropicales pertenecientes a un grupo ecoló-
gicamente diverso, muy desconocido desde el punto de vista comportamental.  El aseo se considera frecuente en Rodentia, siendo estimado 
que tanto los roedores silvestres como los de laboratorio emplean de 15 a 50 % de su tiempo de vigilia con esta tarea.  De esta forma, nos pre-
guntamos si el comportamiento de aseo en T. setosus es similar a aquel observado en especies estrechamente relacionadas, y caracterizamos 
en detalle las principales categorías de comportamiento observadas en la especie.  La ocurrencia de aseo personal (lavado de cara, lavado de 
cuerpo, lavado de la región pélvica y rascado) fue cuantificada durante sesiones únicas de 30 minutos en 16 individuos adultos (cuatro machos 
y doce hembras), en el contexto de actividad, reposo y categorías de mantenimiento (defecación y micción).  Se identificaron las siguientes 
categorías de comportamiento: 1) actividad locomotora, 2) permanecer inmóvil, 3) defecar, 4) lavarse la cara, 5) lavarse el cuerpo, 6) lavarse la 
región pélvica, 7) rascarse, 8) orinar, 9) sacudirse, 10) vocalizar.  El comportamiento de aseo siguió las descripciones estereotipadas para otras 
especies de roedores y su ocurrencia representó el 6.7 % (hembras) y el 5.9 % (machos) del tiempo estudiado.  El aseo, visto en una gran varie-
dad de taxones animales, involucra numerosas funciones además del propósito principal del cuidado del cuerpo, que son de gran importancia 
para el bienestar animal.  En comparación con los roedores comúnmente estudiados, como ratas, ratones, hámsteres y conejillos de indias, T. 
setosus destina relativamente poco tiempo al comportamiento de aseo, de forma comparable a su especie hermana T. yonenagae.

Palabras clave: Brasil; Euryzygomatomyinae; limpieza corporal; Mammalia; repertorio conductual.
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Spiny rats of the family Echimyidae Gray, 1825 occur in Cen-
tral and South America and the Caribbean.  The family repre-
sents the greatest current radiation of caviomorph rodents 
(Upham and Patterson 2012), comprising fully arboreal, 
scansorial, terrestrial, fossorial, and semiaquatic genera and 
distributed throughout all neotropical regions (Fabre et al. 
2013).  Brazilian echimyids of the genus Trinomys Thomas, 
1921 are terrestrial, occupying mainly forested areas of the 
Atlantic Forest, while some species are also found in xeroph-

ilous dune vegetation and in transition areas between the 
Atlantic Forest and the Cerrado, or the Caatinga, respec-
tively (Lara and Patton 2000; Lara et al. 2002). 

The hairy Atlantic spiny rat, Trinomys setosus Desmar-
est, 1817, is endemic to Brazil, with a wide distribution in 
forested areas of the states of Bahia, Espírito Santo, Minas 
Gerais, Rio de Janeiro, and Sergipe (Pessôa et al. 2015).  It 
is a medium-sized rodent with an average head and body 
length of around 180–226 mm (Iack-Ximenes 2005), 
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darker dorsally and laterally, lighter ventrally, and a typi-
cal echimyid tail with short hairs on its extremity (Moojen 
1952).  Their spiny appearance is caused by the presence 
of modified aristiform hairs on the dorsal and lateral body 
wall, which are less robust than the sensu stricto spines, and 
have no known biological function (Hoey et al. 2006).

The genus Trinomys has been the subject of ecological, 
morphological, physiological, cytogenetic, and behavioral 
studies (Lara and Patton 2000; Lara et al. 2002; Manaf et al. 
2003a; Manaf et al. 2003b; Marcomini and Spinelli Oliveira 
2003; Monteiro et al. 2005; Fabre et al. 2016; Fabio-Braga 
and Klein 2018; Courcelle et al. 2019; Cantano et al. 2023).  
One interesting behavioral feature that has been described 
in T. yonenagae, a species closely related to T. setosus, shows 
a low rate of grooming (self-cleaning), especially when 
compared with non-echimyid species (Manaf et al. 2003b).  
In this context it has been shown to exhibit among the 
lowest grooming rate of any echimyid.  However, unlike 
T. setosus, T. yonenagae occupies sand dune fields within 
the semiarid Caatinga in northeastern Brazil, building and 
using extensive underground tunnel systems (Manaf and 
Spinelli Oliveira 2000; Rocha 1995; Manaf and Spinelli 
Oliveira 2009). 

Studies have demonstrated the innate character of 
grooming behaviors (Annable and Wearden 1979; Alberts 
1996), and in rodents grooming can be used for a variety 
of purposes, such as thermoregulation (Shanas and Terkel 
1996), social communication (Ferkin et al. 2001; Wolff et al. 
2002), stress reduction (Kalueff and Tuohimaa 2004), and 
removal of ectoparasites (Hawlena et al. 2007).  In the pres-
ent study, we characterize in detail the main behavioral cat-
egories of body cleaning behavior in T. setosus, and we ask 
if its rate of grooming is similarly low as it is in its closely 
related species.

Animals.  16 adult Trinomys setosus (12 females, 239.8 ± 
47.2 g; 4 males, 271.3 ± 17.8 g) were collected in a secondary 
forested area of Mata Atlântica, Fazenda Oitinga, Jagua-
ripe municipality (13° 00´S, 38° 01´ W, BA, Brazil; license n° 
54841-1 Sistema de Autorização e Informação em Biodiver-

sidade - SISBIO).  The spiny rats were housed at the Animal 
Facility of the FFCLRP- USP (Laboratório de Ecofisiologia e 
Comportamento de Roedores Silvestres/LECO), in isolated 
rooms under stable conditions (24 ± 2 °C, relative humid-
ity of 82 ± 2 %, inverted light: dark cycle of 12:12, 3-120 
Lux).  Water and food pellets (Nuvilab CR-1) were supplied 
ad libitum, and were weekly complemented with seeds 
and a variety of fresh fruits and vegetables.  Animals were 
maintained individually in standard laboratory cages (40 × 
33 × 16 cm).  Animal use was approved by the local ani-
mal care committee (Comissão de Ética no Uso de Animais-
Faculdade de Filosofia, Ciências e Letras de Ribeirão Preto 
– CEUA/FFCLRP n° 16.5.576.59.4). 

Experimental protocol.  Behavioral records were made 
using a portable camera (Sony®, model Handycam Vision 
CCD-TRV150), on a tripod.  The filming took place during 
the animals’ activity period on seven non-consecutive days 
in an isolated room of the animal facility (maintained at 
25  °C).  Individuals were weighed and placed individually 
into a glass box (25 × 40 × 19 cm), covered by a meshed lid 
and filmed continuously for 30 minutes.  After an animal 
was filmed, the glass box was cleaned using 70 % ethanol.

Data analysis.  A total of six hours and five minutes of 
filming was analyzed using the “all occurrences” method 
(Altmann 1974).  Videos were observed and analyzed at 
reduced speed through a video editing program (VLC 2.2.6), 
while simultaneously transcribing the observed behaviors 
into the computer program Etholog 2.25 (Ottoni 2000) to 
quantify absolute frequency and relative duration of each 
behavior.  Behaviors were classified following Manaf and 
Spinelli Oliveira (2000).

The following behavioral categories were identified for 
T. setosus, whose individual frequencies and relative dura-
tions are given in Figure 1 and Table 1.

1.  Locomotor activity.  This includes either one or more 
of the following actions: moving around the glass box, sniff-
ing, jumping, digging, and rearing.

2.  Remaining motionless.  This involves any action that 
is not related to locomotion, such as freezing and rest-

Table 1.  Frequencies and relative durations of behaviors during 30 minutes of observation of Trinomys setosus.  Data are presented as mean ± standard deviations.

Category
Frequency Relative duration (%)

Females Males Females Males

Locomotor activity 43.4 ± 15.4 37.5 ± 4.8 53.8 ± 27.6 66.3 ± 19.6

Remaining motionless 22.6 ± 14.2 16.3 ± 8.0 37.7 ± 29.2 27.5 ± 19.5

Face washing 17.3 ± 9.7 17.0 ± 7.5 3.8 ± 2.2 3.7 ± 2.2

Body washing 13.8 ± 11.6 14.8 ± 6.3 2.3 ± 3.3 1.8 ± 0.9

Washing of the pelvic region 0.5 ± 1.0 0.0 ± 0.0 0.1 ± 0.3 0.0 ± 0.0

Scratching 6.5 ± 7.8 4.8 ± 2.5 0.5 ± 0.5 0.4 ± 0.2

Defecating 10.3 ± 7.5 7.8 ± 7.6 0.6 ± 0.4 0.4 ± 0.4

Urinating 0.1 ± 0.3 0.0 ± 0.0 0.0 ± 0.0 0.0 ± 0.0

Shaking 1.4 ± 1.7 1.0 ± 0.8 0.1 ± 0. 0.1 ± 0.1

Vocalizing 7.8 ± 14.8 0.0 ± 0.0 1.0 ± 2.1 0.0 ± 0.0
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extend to other regions of the head, from the region behind 
the ears to the snout and vibrissae, and in reverse from the 
snout to the back of the head (Figure 2A).

5.  Body washing.  The animal directly licks several 
parts of the body, including the dorsal, lateral, and ven-
tral regions, as well as its paws.  This category may include 
‘combing’, which means licking and combing the hair on 
the flanks, hind legs, abdomen and tail with the incisors 
teeth (Figure 2B). 

6.  Washing of the pelvic region.  The animal curves its 
body dorsoventrally, flexing the neck until it touches and 
licks the pelvic region (Figure 2C). 

7.  Scratching.  The animal uses one of its hind legs to 
scratch the lateral, ventral, or dorsal regions of the body, as 
well as the head, including behind the ears, snout and top 
of the head (Figure 2D).

ing or alert postures.  In the resting posture, the animal is 
lying on the stomach with its limbs flexed under the body, 
assuming a spherical body shape, its tail close to the floor 
and wrapped around the body.  On alert, the animal may 
be standing using all four legs, with raised ears, open eyes, 
stretched or raised tail, with or without vibrissae or muzzle 
movements.  The animal may also be standing only on its 
hind legs, with the perineum resting against the floor, an 
erect trunk, a taut tail, raised ears, open eyes, with or with-
out vibrissae or muzzle movements.

3.  Defecating.  With the four legs on the floor, the pos-
terior region slightly lowered, and the tail raised (with small 
movements of the tail and posterior region of the body), 
the animal defecates.

4.  Face washing.  The animal licks the front paws and 
passes them repeatedly over the face.  The movements may 

Figure 1.  Frequencies and relative durations of behaviors during 30 minutes of observation of Trinomys setosus.  For reasons of clarity, the y-axes have been split into two different 
scales.  Data are presented as individual values, as well as mean ± S.E.M. 
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8.  Urinating.  The animal urinates with all four feet on 
the floor, the posterior slightly lowered, and tail raised, with 
small movements of the tail and the posterior body.

9.  Shaking.  The animal shakes its head or body by mov-
ing one or the other quickly and repeatedly to the right and 
to the left.

10.  Vocalizing.  The animal emits a whistle as it repeat-
edly taps one of the hind limbs on the floor (foot drum-
ming; one hind foot may be tapped repeatedly on the floor, 
and after a pause, the same foot or the other hind foot may 
be used), or while moving around the glass box. 

Most of the behaviors exhibited by the animals, espe-
cially during the initial minutes of filming, corresponded to 
the exploration of the environment.  During the observa-
tion period, females showed an overall tendency to exhibit 
most of the identified behavioral categories more fre-
quently than males.  However, the relative durations of the 
different behaviors were dominated in females and males 
by ‘Locomotor activity’ and ‘Remaining motionless’ catego-
ries, comprising more than 90 % of the time spent under 
observation.  The remaining behaviors exhibited, may be 
relatively frequent, but were only of short duration, even 
those related to grooming.

The behavioral categories observed in T. setosus are com-
monly described for other rodents (Berridge 1990; Manaf and 
Spinelli Oliveira 2000; Sabatini and Paranhos da Costa 2001; 
Kaiser et al. 2011).  Similar results regarding frequency and 
duration of behaviors were obtained by Manaf et al. (2003b) 

in a behavioral study of three other species of echimyids—
T. yonenagae, and the forest dwelling T. iheringi and T. albis-
pinus, in addition to Rattus norvegicus.  In an elevated plus 
maze test and an open field laboratory rats and the spiny 
rats spent more time in exploratory behaviors, with R. nor-
vegicus showing the greatest absolute duration of grooming.  
Among the echimyids, T. iheringi presented the greatest rate 
of grooming when compared to the other two species.  While 
the behavior of T. setosus females and males in the wild is not 
known, Santos and Lacey (2011) have shown that female T. 
yonenagae visit nearby burrows more frequently than males, 
suggesting a similar behavior for female T. setosus. 

Vocal behaviors and foot drumming, which in our study 
were emitted by females only, were similar to the ones 
described for Proechimys by Emmons and Feer (1997), in 
which the quick tapping of the hind legs onto the sub-
strate represents a warning sign, especially during defense 
against predation, and may also function as individual rec-
ognition.  Additionally, foot drumming has been identified 
in rodents from arid regions (Randall 1994), including the 
echimyid T. yonenagae (Manaf and Spinelli Oliveira 2000). 

Although Manaf and Spinelli Oliveira (2000) have 
shown that T. yonenagae rarely grooms, behaviors related 
to grooming may constitute between 15 and 50 % of a 
rodent’s awake period, both under wild and laboratory 
conditions (Kalueff and Tuohimaa 2004; Kalueff et al. 2007).  
Despite this distinction, behavioral studies of the sister 
species T. yonenagae provide a framework to analyze and 
interpret the behaviors observed in T. setosus. 

Figure 2.  Trinomys setosus exhibiting four behaviors related to grooming as observed in our analyses: A) face washing; B) body washing; C) washing of the pelvic region; D) scratch-
ing. Photos taken by FRB.
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Studies performed on different taxonomic groups have 
shown that closely related species show minimal differ-
ences in grooming behaviors (Farish 1972; Berridge 1990).  
Possible interspecific variations in grooming behavioral 
sequences are rarely described in the literature for wild 
species of rodents since most studies on grooming focus 
on the description of behavioral subunits.  In fact, T. seto-
sus shows similar behaviors (washing, combing, scratching, 
and licking of the anogenital region) related to grooming 
as described for T. yonenagae (Manaf 2000).  Differences in 
grooming behavioral traits in rodents might be related to 
temporal parameters, or as shown in a comparative study 
with rats, mice, hamsters, and guinea pigs, might be related 
to an allometric scale, since the duration of body cleaning 
cycles was related to the average size of the investigated 
species (Berridge 1990). 

Since T. setosus is the sister species of T. yonenagae, we 
could not expect significant differences in its grooming 
categories.  However, the fact that T. setosus has twice the 
body mass of T. yonenagae might affect absolute and/or 
relative duration of the categories, since differences in body 
size might affect the species’ surface to volume ratio, con-
sequently affecting the time needed to clean their body.  
Therefore, T. setosus could be expected to show a lower rate 
of grooming than its sister species.  Such a possible correla-
tion between body size and grooming duration could be 
tested using animals or species of different sizes, but due 
to the low variation in T. setosus body mass in our study, we 
cannot make a more direct correlation.

The present study’s contribution consists of a brief 
description of behavioral categories of an endemic Bra-
zilian rodent species, especially related to its grooming 
behavior.  Future fieldwork or experimental studies might 
benefit from such a description in T. setosus and expand it 
to other species of spiny rats.
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Some organisms warn their predators through color patterns.  This is the case of the hooded skunk, Mephitis macroura.  Under the assump-
tion that the coloration of skunks is aposematic, we analyzed the coloration patterns of a population of hooded skunks.  We hypothesized that 
the individuals showing a more contrasting coloration, should be more abundant in open vegetation types than those with a less contrasting 
pelage coloration.  Using camera-traps, we grouped photographs of hooded skunks showing different combinations of color patterns and de-
termined the relative abundance of individuals by color patterns by set and habitat type.  We identified 25 individuals in the study area, most of 
them in induced grasslands, and identified four combinations of color patterns.  We found an overlap of the period of activity and space, as well 
as a higher abundance of the most contrasting color pattern in the most open type of vegetation, accepting our hypothesis.  We contribute to 
a better understanding of the ecologic relations between the habitat and the possible adaptations of some species to their environment like 
the skunks.

Key words:  Banner-bearer; camera trap; carnivores; color pattern; Mixteca region; Oaxaca.

Algunos organismos advierten a sus depredadores a través de patrones de coloración.  Este es el caso del zorrillo listado sureño, Mephitis 
macroura.  Asumimos que la coloración de los zorrillos es aposemática, por lo que el objetivo fue analizar los patrones de coloración de una 
población de zorrillo listado sureño.  Nuestra hipótesis fue que los individuos que mostraran una coloración más contrastante serían más 
abundantes en tipos de vegetación abierta que aquellos con una coloración de pelaje menos contrastante.  Por medio de cámaras-trampa, 
agrupamos las fotografías del zorrillo listado sureño mostrando diferentes tipos de combinación de los patrones de coloración y se determinó 
la abundancia relativa de los individuos por patrones por grupo y hábitat.  Identificamos 25 individuos en el área de estudio, la mayoría en pas-
tizales inducidos e identificamos cuatro combinaciones de patrones de coloración.  Encontramos una superposición en el periodo de actividad 
y el espacio, así como una alta abundancia del patrón de coloración más contrastante en el tipo de vegetación más abierta, aceptando nuestra 
hipótesis.  Se contribuye a un mayor entendimiento sobre las relaciones ecológicas entre el hábitat y la posible adaptación de las especies a su 
ambiente como los zorrillos. 

Palabras claves:  Abanderado; cámaras-trampa; carnívoros; Oaxaca; patrón de coloración; región Mixteca.
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Living organisms have evolved in various ways to survive, 
including the adoption of defense mechanisms that can be 
olfactory, auditory, or visual.  Visually, the individual catches 
the attention of potential predators through a warning col-
oration (Cott 1940; Mochida 2011).  This defense mecha-
nism has been studied mainly in plants, invertebrates, 
amphibians, reptiles, birds, and some mammals (Mochida 
2011; Lev-Yadun 2016; Ebersbach et al. 2020; Pinheiro-de 
Castro et al. 2020).  In mammals, the difference in coloration 
is not only useful as a functional defense adaptation; it also 
serves as camouflage, as well as for communication or ther-
moregulation (Caro 2005; Lindstedt et al. 2008). 

Skunks have a variety of ways to alert their predators, 
including auditory, olfactory, and visual mechanisms, and 
evidence their presence through behavioral and physical 
signals (Medill et al. 2011); their main predators are felids, 
canids, and birds of prey (Hwang and Larivière 2001).  The 
hooded skunk (Mephitis macroura) is a small-sized carnivo-
rous species; its coloration varies among individuals, with 
different proportions of black and white pelage, and a 
brown or reddish coloration occasionally present (Dragoo 
2009).  It has a large, notoriously hairy tail used as a warn-
ing banner, which can display diverse color patterns rang-
ing from monochromatic to bicolor (Hwang and Larivière 
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2001).  The color pattern varies among individuals of the 
same species, geographic area, or population; individuals 
with whiter pelage are more noticeable from greater dis-
tances (Van Gelder 1968).  Color patterns do not depend 
on sex, age, moult, or size (Van Gelder 1968; Dragoo 2009).

In skunks, color patterns can have multiple combina-
tions, although a general pattern is evident (Van Gelder 
1959).  There are some studies about the relation of col-
oration patterns in skunks with their environment (Van 
Gelder 1968; Dragoo et al. 2003) but none were conducted 
with the hooded skunk.  Under the assumption that the col-
oration of skunks is aposematic (conspicuous appearance 
to warn predators), we analyzed the coloration patterns of 
a population of hooded skunks living in the Mixteca region 
of Oaxaca, México.  Our working hypothesis was that the 
individuals showing a more contrasting coloration, that is, 
aposematic, should be more abundant in open types of 
vegetation than those with a less contrasting pelage color-
ation, because the warning results more effective.

The study area is the municipality of Cosoltepec, Hua-
juapan de León district in the Mixteca region of the state of 
Oaxaca, México.  Sampling was conducted from December 
2013 to June 2014.  We deployed a grid of 14 camera-traps 
with no bait within a 19.7 km2 quadrant, defined as a mini-
mum convex polygon.  Camera-traps (Cuddeback®, 3 MB 

resolution) were placed 30 cm above the ground and 1.5 
km apart, these camera-traps only take photographs, were 
set to operate 24 hours daily with a minimum 30 seconds 
delay between shots, one at the time.  Image records were 
georeferenced on the VI land use and vegetation series 
map (INEGI 2016) to corroborate field data (Figure 1).  

We classified hooded skunk (Mephitis macroura) photo-
graphs according to the coloration pattern using a 1-to-5 
scale, where one (1) is the pattern with the least contrast 
and five (5) corresponds to the highest contrast (Hass 
2003), as follows:  1) Shadow (Sh): pelage mostly black, may 
be moderate grizzly on the tail; 2) Hooded (H): all body pel-
age black, except for the head, which is white; 3) Lined (L): 
back generally black, showing a white stripe from the chest 
to the hind legs; it may or may not show secondary white 
stripes from behind the ears to the scapula or a thin white 
stripe across the scapula; 4) Silvered (S): white back from 
nape to tail; and 5) Banner-bearer (BB): abundant whitish 
pelage in all the back, with lateral stripes (Figure 2).  One 
person did the first classification; later another person cor-
roborated it.

The differential color pattern and particular character-
istics allowed identifying individual organisms.  Relative 
abundance was estimated as the percentage of individu-
als in each color category relative to the total number of 

Figure 1.  Geographic ubication of the camera-traps (black spots) in the different types of vegetation in Cosoltepec, Oaxaca, México.  Vegetation types from INEGI (2016).
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for induced grassland (0.816).  Conversely, the rainfed crop 
area showed a negative asymmetry (-0.214).  For the dry 
deciduous forest the coefficient resulted zero.

In the rainfed crop area (corn, beans, and squash), char-
acterized by sparse plant cover, no Banner-bearer indi-
viduals were recorded; this finding suggests that the rain-
fed crop area does not favor conspicuous individuals (Fay 
2017; Fisher and Stankowich 2018).  In contrast, only 8 % of 
the individuals were recorded in the dry deciduous forest, 
belonging to the Lined and Banner-bearer types (Figure 3).  
Only a single individual (Silvered) was recaptured with the 
same camera-trap in induced grassland during the pre-
rainy and rainy seasons.  

individuals sampled.  We ran an asymmetry coefficient in 
Microsoft Excel with the formula “Coeficiente.Asimetria.P” 
per type of vegetation and coloration patterns to test our 
hypothesis.

With a sampling effort of 2,520 camera-traps / day, we 
captured 40 photographs of hooded skunk, considering 
only 7 of the 14 camera-traps deployed (50 %; 3 placed in 
induced grassland, 2 in rainfed crops, and 2 in dry decidu-
ous forest); the greatest sampling effort was done in the 
induced grassland. 

We identified 25 individuals, which were assigned to 
four of the five coloration patterns (Table 1; Figure 2).  Most 
of the individuals (36 %) showed the Banner-bearer color-
ation pattern (the one with the greatest contrast), and no 
individuals with the Shadow pattern (the one with the least 
contrast) were recorded (Table 1). 

The induced grassland is the dominant habitat type in 
the study area; it has secondary shrubby vegetation related 
to the dry deciduous forest, with extensive cattle and 
goat farming, whose offspring can be potential prey for 
medium-sized carnivores.  The highest number of hooded 
skunks (64 %) was recorded in this habitat, 50 % of which 
were classified as Banner-bearers (Figure 3).  The results of 
the asymmetry coefficient showed a positive asymmetry 

Table 1.  Number of individuals of hooded skunk, Mephitis macroura and relative 
abundance by color patterns in Cosoltepec, Oaxaca, México.

Color pattern Individuals Relative Abundance

Shadow N/D 0

Hooded 3 12

Lined 8 32

Silvered 5 20

Banner-bearer 9 36

Total n = 25 100

N/D = No Data

Figure 2.  Color patterns of hooded skunk, Mephitis macroura in Cosoltepec, Oaxaca, México.  A: Hooded; B: Lined; C: Silvered; D: Banner-bearer.
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The light is an important factor for the black and white 
species, it is documented that the striped species, like some 
skunk species, are easier to see in open-lighting areas (Caro 
et al. 2013).  The hooded skunks recorded display different 
combinations of pelage coloration patterns in the study 
area.  The predominant coloration pattern was the Banner-
bearer, the one with the greatest contrast, making indi-
viduals more conspicuous and easier to spot by predators, 
unlike the less aposematic Shadow monochromatic color-
ation, which was not recorded in the study area.  Also, the 
Banner-bearer was the coloration pattern that defined a 
positive or a negative asymmetry, showing the importance 
of aposematism in different vegetation types, and demon-
strating our hypothesis. 

In our study area, Ramos-Méndez (2015) found an over-
lap of daily activity patterns between the hooded skunk 
and its potential predators (coyote and bobcat), suggesting 
that despite its parsimonious movement, the hooded skunk 
coexists with its predators, and the aposematism is effective 
for them.  This overlap of the period of activity and space, 
as well as a higher abundance of the most contrasting color 
pattern and the lower abundance of the least contrasting 
pattern, suggests that the aposematic coloration of skunks 
serve to communicate a warning to predators, reducing the 
likelihood of been selected as prey.  These results confirm 
our hypothesis that a more contrasting coloration (apose-
matic) are more abundant than those with a less contrasting 
pelage coloration, because the warning results more effec-

tive.  Similar findings were realized with other skunk species, 
they demonstrate that when they have more white fur and 
they were bigger, the potential predators react to noxious 
and avoid them (Hunter 2009; Caro et al. 2013; Mann 2018; 
Howell et al. 2021).  Mann (2018) showed that the coloration 
patterns in M. mephitis have more variation in habitats with 
more risk of predation.  These studies were conducted for 
terrestrial predators.  Recently, a hooded skunk predation by 
a greater horned owl was reported by Sánchez-Rojas et al. 
(2021).  Authors mentioned that probably the aposematism 
of the skunk was not effective for the raptor.  It could be 
interesting to analyze the relation of the aposematism of 
skunk species with non-terrestrial predators.

Our results consider that there is an influence of the type 
of habitat on the degree of aposematism of the hooded 
skunk exists, but the sample size was remarkably reduced 
and the induced grassland was the type of vegetation with 
more sample effort.  Although it seems that the least apo-
sematic individuals were associated with sites with a higher 
vegetation cover, while the most conspicuous individuals 
tended to be more cosmopolitan.  We recommend to rep-
licate this analysis in a bigger scale.  The wide distribution 
range of this species will be ideal to have all the types of 
habitats and all coloration patterns.

This contributes to the better understanding of the eco-
logical relations between the habitat and the possible phys-
ical adaptations of some species to their environment like 
the skunks.

Figure 3.  Percentage of individuals of hooded skunk, Mephitis macroura by vegetation types and pelage color patterns in Cosoltepec, Oaxaca, México.
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Abnormal tooth and home range size of a male tayra 
(Eira barbara) in Atlantic Rain Forest, South Brazil

Diente anormal y ámbito hogareño de un viejo de monte 
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The study of dental abnormalities in mustelids has allowed identifying and describing pathologies of species distributed in different habi-
tats and continents.  These analyses have been carried out in dead animals.  Through a noninvasive survey, we found a Neotropical mustelid in 
situ with a dental abnormality.  We take advantage of this characteristic to obtain ecological information about the species.  We describe the 
camera trap records of a free-living male tayra (Eira barbara) from South Brazil with an overdeveloped upper left canine; we used this feature to 
identify the specimen and recapture it individually.  Through the analysis of the Kernel density estimation, we calculated his home range size.  
We reviewed skulls of tayra in search of dental abnormalities.  The male tayra were recaptured in 5 camera stations within the Floresta Nacional 
de São Francisco de Paula (FLONA-SFP) on 11 different occasions during 7 months (from March to September of 2012), its home range size was 
4.79 km2.  We found differences in the number of molars in the mandible in two of the five skulls that we reviewed.  Apparently, the abnormal 
canine has not interfered with the eating habits of the tayra, who has reached adulthood.  This tayra could occupy an area outside our survey 
polygon within the FLONA-SFP; his home range size could be more extensive than we reported. 

Key words: Carnivore; diet; diurnal; mammal; mustelid; Neotropics; omnivore; scansorial.

El estudio de anormalidades dentales en mustélidos ha permitido identificar y describir patologías de especímenes distribuidos en diferen-
tes hábitats y continentes.  Estos análisis han sido implementados en cráneos de animales muertos.  A través de un monitoreo no invasivo, se 
detectó a un mustélido neotropical in situ con una anormalidad dental, esa característica fue aprovechada para obtener información ecológica 
de la especie.  Se analizaron registros de cámara trampa de un cabeza de viejo (Eira barbara) en vida libre en el sur de Brasil, el cual presentaba 
un canino superior izquierdo sobre-desarrollado, esta característica permitió identificarlo individualmente y recapturarlo.  Mediante la esti-
mación de densidad de Kernel se calculó el tamaño de su ámbito hogareño.  Se revisaron cráneos de la especie en busca de anormalidades 
dentales.  El espécimen fue recapturado en 5 estaciones de foto-muestreo dentro del Floresta Nacional de São Francisco de Paula (FLONA-SFP) 
en 11 ocasiones diferentes, durante un periodo de 7 meses (Marzo a Septiembre de 2012), el tamaño de su ámbito hogareño fue de 4.79 km2.  
Se encontraron diferencias en la cantidad de molares en dos mandíbulas de los cinco cráneos revisados.  Aparentemente el canino anormal 
no ha interferido en la alimentación del espécimen, ya que ha alcanzado la adultez.  El cabeza de viejo podría ocupar un área fuera de nuestro 
polígono de estudio dentro de la FLONA-SFP, por lo cual el tamaño de su ámbito hogareño podría ser más grande de lo que se reporta.

Palabras clave: Carnívoro; dieta; diurno; escansorial; mamífero; mustélido; Neotrópico; omnívoro.
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The study on variations in mammals’ dental characteristics 
(size, shape, quantity, and pathologies) provide insights 
related to feeding habits, evolutive history, life experience 
and ontogeny (Alt 1999).  In mustelids the studies in den-
tal abnormalities have been developed from the study of 
skulls, which has made it possible to identify pathologies 
in several species, such as: Enhydra lutris (fused teeth, and 
periodontitis; Winer et al. 2012), Gulo gulo (additional teeth 
– polydonty –, congenital lack of teeth – oligodonty –, and

root rotation; Jung et al. 2016), Lutra lutra (deviations from 
normal dental pattern, polydonty or oligodonty, displace-
ment of the teeth in the tooth row and abnormal shape of 
teeth; Hauer 2002), Martes foina (irregular arrangements, 
polydonty, oligodonty, unilaterally or bilaterally lack of 
teeth, rotation, and crown fractures; Konjevi et al. 2011), 
Martes martes (size differences between tooth rows, lower 
incisors of different sizes, tooth twisted or partly erupted, 
atypical number of incisors, and overdeveloped tooth; 
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Wolsan 1984), Meles meles (numerical variations in the 
number of premolars; Hancox 1988), and Neovison vison 
(abnormal molars structure; Korablev et al. 2013).  Here we 
report the first abnormal tooth record of a living tayra (Eira 
barbara) in situ, and the first home range size of the species 
obtained non-invasively.

The records are the result of camera trap surveys in Flo-
resta Nacional de São Francisco de Paula (located in the 
municipality of São Francisco de Paula, within the state of 
Rio Grande do Sul, geographic limits of the FLONA-SFP are: 
29° 23’ 31.38” S, 50° 22’ 55.78” W (North); 29° 27’ 15.88” S, 50° 
24’ 9.32” W (South); 29° 26’ 9.53” S, 50° 22’ 4.01” W (East); and 
29° 24’ 48.85” S, 50° 25’ 1.45” W (West); ICMBio 2020), focused 
on the monitoring of middle-sized and large mammals 
(Authorization SISBIO / ICMBio nº 26664-1).  The FLONA-SFP 
has an extension of 1,615.6 ha; vegetation is mostly covered 
by a subtype of Atlantic Forest (Mixed Ombrophilous Forest), 
planted Araucaria, Pinus, and open fields, the area has riv-
ers, lakes and swamps (Renner et al. 2016).  The weather is 
humid, warm, temperate oceanic climate (Cfb Köppen-Gei-
ger System; Kottek et al. 2006).  The mean annual precipita-
tion is 2,240 mm; temperature ranges from -6.5 °C to 34 °C, 
there is not a dry season (Cademartori et al. 2002).  

In total 13 camera stations (each with 2 cameras) were 
installed for the survey of 2012.  We used noncommercial 
camera traps triggered by infrared sensors (Marques and 
Ramos 2001).  Each photograph included the information 
of date and hour.  The sampling effort was 1,825 camera-
days; the cameras formed a polygon of 5 km2.  After record-
ing a male tayra with a distinctive dental abnormality, we 
calculated his home rage with the Kernel density estima-
tion (due to the low number of captures, we selected 75th 
percentiles to avoid overestimation; Worton 1989).  Finally, 
to determine if there are records of dental abnormalities in 
the genus Eira, we reviewed the skulls of other tayra speci-
mens deposited in different Mammal Collections in México.

On March 4 of 2012 at 16:48 hr, we recorded an adult 
male tayra (based on the presence of the testicles, which 
reach full growth at 18 months old; Poglayen-Neuwall 
1975) with an overdeveloped upper left canine (Figure 1).  

Additional records obtained in May (n = 6) of the same year 
allowed us to confirm this distinctive feature.

This unusual characteristic was used to individually 
identify this male specimen, which was recaptured on 
other 10 occasions in four different camera stations, from 
March to September 2012 (Table 1).  The captures occurred 
mainly during the diurnal period (n = 6, 54.54 %), and in 
lower proportion during the crepuscular (1 hr before and 
after sunrise and sunset; n = 3, 27.27 %), and nocturnal (n 
= 2, 18.18  %) periods.  According to the recaptures, the 
camera traps location, and the Kernel density estimation 
(ArcGIS version 10; ESRI 2021), the male tayra occupied a 
minimum area of 4.79 km2 (Figure 2).

Figure 1.  A) sagittal plane of a tayra (Eira barbara) skull with regular size canine (IIB-
UV 3783). Capture (C) 1 to 11) Independent captures of tayra male with abnormal upper 
left canine.  Arrow points at the distinctive feature.

Table 1.  Non-invasive records of the tayra (Eira barbara) male in Floresta Nacional de São Francisco de Paula, Brazil, through 2012.  Each capture (C) is available in Figure 1. 

Number of capture Day Month Hour Latitude Longitude

C1 4 March 16:48 29° 25’ 39.10” S 50° 23’ 48.40” W

C2 3 May 12:50 29° 25’ 23.60” S 50° 24’ 6.80” W

C3 12 May 09:03 29° 25’ 23.60” S 50° 24’ 6.80” W

C4 20 May 17:47 29° 25’ 39.10” S 50° 23’ 48.40” W

C5 27 May 17:40 29° 25’ 23.60” S 50° 24’ 6.80” W

C6 31 May 00:30 29° 25’ 23.60” S 50° 24’ 6.80” W

C7 31 May 01:41 29° 25’ 23.60” S 50° 24’ 6.80” W

C8 2 June 07:57 29° 25’ 9.70” S 50° 23’ 38.10” W

C9 13 July 11:31 29° 25’ 39.10” S 50° 23’ 48.40” W

C10 17 August 12:32 29° 26’ 20.30” S 50° 23’ 55.90” W
C11 11 September 13:54 29° 25’ 7.70” S 50° 23’ 57.40” W
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cles confirm that); 2) the intercostal spaces are not marked, 
which indicates that the specimen is fed enough to be 
within their healthy weight rank (from 2.7 to 7 kg; Presley 
2000), and 3) apparently, there is a weight fluctuation dur-
ing the months of survey (in the records of May, June and 
August, the specimen looks heavier). 

We acknowledge that the home range where this speci-
men was recorded is small in comparison with previous 
reports.  However, those home range values are the results 
of more exhaustive surveys and radio-telemetry, which 
provides coverage over larger areas and constant records 
of the species (see Table 2).  In this study the male tayra 
was detected only in 5 (38.46 %) of the 13 camera stations.  
The captures occurred mainly during the diurnal period, 
matching the statement that tayras exhibit diurnal habits 
throughout their distribution (Villafañe-Trujillo et al. 2021).  
Besides the abnormal canine, we observed the shape of 
the left side of their throat patch.  Both features allowed 
us to individually identify this specimen (Villafañe-Trujillo 
et al. 2018).  Probably one or more photo captures of the 
right side of tayras (or photos of specimens walking away 
from the cameras) belongs to this particular male.  To our 
knowledge there are no impediments for the male tayra in 
FLONA-SFP to occupy an area outside the survey polygon 
(which could increase our data of home range size).

The variation in the number of inferior premolars and 
molars in the literature (Presley 2000), and molars that we 
report could indicate: 1) that tayra have a dental variation 
in number of teeth through their range (probably related 
to the phenotype), 2) that the authors consulted by Pres-
ley (2000) inadvertently reported cases of specimens with 
polydonty (or oligodonty), or 3) the presence of a fourth 
premolar and second molar are vestigial features that only 
manifest in some individuals.  It is necessary to analyze 
skulls of tayra collected through the complete range of the 
species to identify if the variation in the number of inferior 
premolars and molars is frequent, and if is restricted to a 
geographic region, phenotype, or sex.

This is the first report of a living Neotropical mustelid 
with abnormal dental characteristics recorded through 
a non-invasive method, and the first record for Eira bar-
bara.  We also report for the first time the home range of 
the species obtained non-invasively.  We encourage the 

In order to compare dental abnormalities among speci-
mens, we reviewed 5 different skulls of tayra deposited in: 
Colección Mastozoológica del Centro de Estudios en Desar-
rollo Sustentable y Aprovechamiento de la Vida Silvestre 
de la Universidad Autónoma de Campeche, CEDESU-UAC, 
n = 3; Colección Nacional de Mamíferos, CNMA, n = 1; and 
Colección de Mamíferos del Instituto de Investigaciones 
Biológicas de la Universidad Veracruzana, IIB-UV, n = 1; all 
these specimens were collected in México.  Through a visual 
analysis we found differences in the number of molars in 
the mandible (it is not clear if it is a case of polydonty or oli-
godonty) in 2 (40 %) of the 5 skulls (Figure 3).  This informa-
tion matches with the adult dentition of the species in the 
literature: incisives 3/3, canines 1/1, premolars 3/3-4, and 
molars 1/1-2 (Presley 2000).

We do not have a supported explanation to the origin 
of this abnormal tooth.  This could result from an irregular 
concentration of dental germ, or mutations in genes and 
proteins that affect tooth morphogenesis (Korablev et al. 
2013).  The physical appearance of the specimen makes 
us think that the abnormal canine is not an impediment 
to carry out their feeding habits (tayra is an opportunistic 
omnivore; Presley 2000).  We support our statement on 
three facts: 1) the specimen is an adult (presence of testi-

Table 2.  Home range size of Eira barbara obtained through radio-telemetry.

Location Specimen Length of survey Number of 
records

Home range size 
(km2) Reference

Cockscomb Basin Forest Reserve; Belize

Male 1 3 months 20 2.11

Konecny 1989Male 2 10 months 95 24.44

Female 1 13 months 165 16.03

Ipanema National Forest, Iperó; Brazil Female 2 11 months 28 5.3 Michalski et al. 2006

Fondo Pecuario Masaguaral, Venezuelan llanos; Venezuela Female 49 days 118 2.25 to nearly 9.00 Sunquist et al. 1989

Figure 2.  Study area at Floresta Nacional de São Francisco de Paula (FLONA-SFP), 
South Brazil, the symbols indicate the coordinates where the tayra (Eira barbara) were 
recorded from March to September, 2012.  Roman numbers correspond to the name of 
each camera station. 
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study of skulls of tayra in Mammal Collections to develop 
research about variations in dental abnormalities of this 
species, in order to increase our knowledge of this Neo-
tropical mustelid.
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Report of white-nosed coati (Nasua narica) rubbing itself with 
feces of tayra (Eira barbara) in Costa Rica

Reporte de coatí de nariz blanca (Nasua narica) que se frota con 
heces de tayra (Eira barbara) en Costa Rica

Frank Fleming1, and Paul J. Weldon2*
1Ocho Verde Wildlife Preserve.  La Mona de Golfito, Costa Rica.  E-mail: ochoverde@gmail.com (FF).
2Smithsonian Conservation Biology Institute, National Zoological Park. 1500 Remount Road, 
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Captive coatis (Nasua sp.) have been known to fur-rub with various anthropogenic materials, such as manufactured chemicals and soaps, 
and non-native plants.  However, little is known of their anointing behavior or of the anointing materials they use in nature.  We recorded the 
activities of free-ranging mammals in a forest clearing in Costa Rica using a ScoutGuard SG565F trail camera equipped for long-range incan-
descent white flash to record night images.  We observed a male tayra (Eira barbara), an omnivorous mustelid, defecate on a fallen tree in a 
forest clearing.  After that, 4.3 days later, an adult male white-nosed coati (Nasua narica) approached and nudged the tayra droppings with 
its snout and forepaws.  It then bit a fecal bolus, conveyed it in its mouth to the base of its tail, and rubbed it on its tail using rapid alternating 
movements of its forepaws.  This is a rare documentation of fur-rubbing by a free-ranging procyonid with naturally occurring materials, and of 
the use of feces for anointing by a mammal.   

Key words:  Anointing; behavior; chemical ecology; fur-rubbing; scent-rubbing.   

Se sabe que los coatis cautivos (Nasua sp.) frotan su pelaje con diversos materiales antropogénicos, como productos químicos manufac-
turados como jabones y plantas no nativas. Sin embargo, poco se sabe de su comportamiento de unción o de los materiales de unción que 
utilizan en la naturaleza.  Registramos las actividades de los mamíferos en libertad en un claro del bosque en Costa Rica utilizando una cámara 
automática ScoutGuard SG565F equipada con un flash blanco incandescente de largo alcance para grabar imágenes nocturnas.  Obtuvimos 
un registro de un macho de tayra (Eira barbara), un mustélido omnívoro, que defecó en un árbol caído en un claro del bosque.  Posteriormente, 
4.3 días después, un coatí de nariz blanca (Nasua narica) macho adulto se acercó y tocó las heces de tayra con su hocico y sus patas delanteras.  
Luego mordió un bolo fecal, lo llevó en su boca a la base de su cola y lo frotó en su cola usando rápidos movimientos alternos de sus patas 
delanteras.  Ésta es una documentación poco común del frotamiento del pelaje por un prociónido con materiales naturales y del uso de heces 
para la unción por parte de un mamífero.

Palabras clave:  Comportamiento; ecología química; frotar la piel; frotar olor; unción. 
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Many mammals are known to rub and roll in aromatic 
plant- and/or animal-derived materials (Reiger 1979; Wel-
don and Carroll 2007).  Various functions for these anoint-
ing behaviors have been suggested, such as the use of topi-
cally applied chemicals to signal home-range occupancy or 
to deter ectoparasites (see Charlton et al. 2020 for recent 
discussion).  Identifications of the natural materials that 
elicit anointing in some cases have contributed to hypothe-
ses on its function, as, for example, when mammals fur-rub 
with plants known to contain insecticidal phytochemicals 
(e.g., Baker 1996).   

Among the various anointing materials used by some 
mammals are the feces of heterospecifics (Reiger 1979; 
Ryon et al. 1986).  Based primarily on observations of cap-
tive individuals, Reiger (1979) stated that canids, viverrids, 

and felids tend to scent-rub with the urine or feces of prey 
animals.  Zhou et al. (2020), who recently reported that 
free-ranging giant pandas (Ailuropoda melanoleuca) in 
China rub and roll in horse manure, stated that attraction 
to feces for anointing by wild mammals is extremely rare.  
Here, we report an observation of a free-ranging white-
nosed coati (Nasua narica) in Costa Rica anointing with 
the feces of a tayra (Eira barbara), an omnivorous mustelid 
that chiefly consumes fruits, carrion, small vertebrates, 
and invertebrates (Presley 2000). 

Observations were made during 2015 in a humid, 
lowland, old growth secondary forest in the southwest-
ern corner of Costa Rica near Golfito, Puntarenas prov-
ince.  A site with an open canopy created by fallen trees 
was monitored using a ScoutGuard SG565F trail camera 
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(HCO Outdoor Products, Norcross, Georgia) 8MP equipped 
with a long-range incandescent white flash to record night 
images.  The camera was mounted 1.8 m above ground on 
a vertical branch facing the trunk of a large fallen tree and 
was programed to re-set after 30 sec of filming.  A variety 
of vertebrates, including greater grison (Galictis vittata), 
ocelot (Leopardus pardalis), Panamanian white-faced capu-
chin monkey (Cebus imitator), agouti (Dasyprocta punctata), 
hog-nosed skunk (Conepatus leuconotus), northern taman-
dua (Tamandua mexicana), Tomes spiny rat (Proechimys 
semispinosus), and red-tailed (Sciurus granatensis) and Alfa-
ro’s pygmy squirrels (Microsciurus alfari), were recorded at 
the site over a period of approximately 4 months.

On December 14, 2015 at 13:12 hr, a male tayra was 
recorded walking on the fallen tree trunk, lowering its hind-
quarters, elevating its tail, and depositing at least five light-
colored fecal boli (Figure 1a).  On December 19 at 10:01 hr, 
4.3 days later, an adult male white-nosed coati approached 
and nudged the tayra droppings with its snout and fore-
paws.  It then bit a fecal bolus (Figure 1b), conveyed it in its 
mouth to the base of its tail, and rubbed it on its tail using 
rapid alternating movements of its forepaws (Figure 1c), a 
typical anointing behavior for coatis.  The coati fur-rubbed 
for 20 s before filming was interrupted when the camera 
re-set.  When recording resumed, the coati was out of the 
activation area.   

Reiger (1979), who reviewed scent-rubbing among car-
nivores, stated that the more arboreal procyonids never 
scent-rub or do so only under exceptional circumstances, 
e.g., with artificial scent sources.  Historical accounts 
describe coatis (Nasua sp.) in zoos anointing with manufac-
tured chemicals, including benezene, and valerian  (Valeri-
ana officinalis), a medicinal herb native to Europe and Asia 
(Schneider 1932; Schneider 1952).  More recently, captive 
white-nosed coatis were reported to fur-rub with lemons 
and other citrus fruits (Weldon et al. 2011).  Citrus spp. origi-
nated in Asia and were transported to the New World dur-
ing the early 1500s by Portuguese and Spanish conquista-
dores.  Citrus trees are now widespread in America, but it is 

not known whether free-ranging coatis use their fruits for 
anointing.  Curiously, a group of free-ranging ring-tailed 
coatis (Nasua nasua) on Ilha do Campeche, a resort island in 
Brazil, self- and allo-anointed with soaps brought by tour-
ists (Gasco et al. 2016).

Documentations of fur-rubbing with manufactured 
substances or non-native plants ultimately may enhance 
appreciation for the range of chemicals that elicit anoint-
ing behaviors.  Such observations also may provide prelimi-
nary evidence for a species’ propensity to anoint.  Ryon et 
al. (1986), for example, observed that wolves (Canis lupus) 
exhibited their strongest fur-rubbing responses to manu-
factured odors, including motor oil and perfume.  However, 
it is unclear whether the reported use of anthropogenic 
materials can elucidate the origin or function of anointing 
(see Weldon 2021). 

Aside from the use of tayra feces reported here, free-
ranging white-nosed coatis in Panamá self- and allo-anoint 
with tree (Trattinnickia) resin, possibly to deter ectopara-
sites (Gompper and Hoylman 1993).  Further observations 
of free-ranging animals may provide clues on the func-
tional significance of anointing behavior among coatis and 
other procyonids.
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