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Roost selection is important for bats, not only because roosts provide protection against predators but also because they provide stable en-
vironmental factors that can help them to optimize their physiological response and maintenance. For a high number of bat species, caves are an
extremely important resource, sometimes housing a large number of individuals. In Jalisco, so far have been registered 72 species of bats, which
equals 52 % of the bats in the country. However, little is known about which species utilize caves as habitat, including the abundance of their
populations. The aims of this study were: 1) to identify some of the main cave roosts for bats in the State of Jalisco, 2) to describe the richness and
composition of bat ensembles associated to caves in Jalisco, and 3) to link the distribution of bats among the caves with some environmental fac-
tors. Using previous records and references, 21 caves with presence of bats were located and surveyed. We conducted bat captures to identify
these species and for those individuals for which their capture was not possible, we used ultrasonic recordings. We estimated the number of
individuals using different techniques. A Non-Metric Multidimensional Scaling analysis (NMDS) was used to determine if there is a spatial pattern
relationship between bat species and caves. Also, a Canonical Correspondence Analysis (CCA) was conducted to explore which environmental
variables explain the spatial pattern of distribution of bats recorded in this study. In the 21 surveyed caves, we found 23 bat species, accounting
for 32 % of the bat fauna in Jalisco (six species were identified using ultrasonic calls). The NMDS ordination analysis separated the species of bats
in three main groups: one is associated to hot and humid caves, the second included species living in cool and dry caves, and a third group which
was related to a cave of higher altitude, associated with temperate habitats. The CCA reported that temperature and humidity of the cave and
the altitude as the most important variables for some groups of bats. The richness and abundance of bats were variable among caves and were
associated to factors such as the intrinsic requirements of the species, physical conditions of the cave, and to the degree of human disturbance
observed in each cave. The association of environmental variables and the presence and the number of bats was statistically significant, particu-
larly with temperature and relative humidity in the case of hot caves, and with altitude for other species of bats. This work contributes to establish
a baseline on the knowledge of the cave bats in the State of Jalisco. Some of the caves must be considered as priority for conservation, either for
harbor a high number of individual or a high species richness.

Para los murciélagos la seleccién de refugios es importante, ya que de ellos depende la seguridad ante los depredadores, asi como un ambi-
ente estable en los factores ambientales como la temperatura y humedad, lo que les ayuda al desempefio éptimo de su fisiologia. Las cuevas son
uno de los recursos mas importantes para muchas especies, algunas veces albergando gran numero de individuos. En Jalisco se han registrado
72 especies de quirdpteros. Sin embargo aun se desconoce cuales especies de murciélagos habitan en las cuevas, asi como en qué situacion se
encuentran sus poblaciones. El objetivo de este trabajo fue el identificar las principales cuevas con murciélagos en Jalisco. Describir la riqueza y
composicion de especies de ensambles de quirdpteros asociados a cuevas en Jalisco, y vincular la distribucién de los murciélagos en las cuevas
con algunas variables ambientales. Se utilizaron registros de campo y literatura con lo que se localizaron y se muestrearon 21 cuevas. Las especies
se identificaron por muestreo directo en las cuevas y por grabaciones de ultrasonido donde no fue posible su captura. Se estimé el nimero de
individuos por diferentes métodos. Se aplicé un escalamiento multidimensional no-métrico (NMDS) para establecer si los murciélagos encon-
trados en las 21 cuevas presentan un patrén de distribucién espacial determinado. Después se realizé un andlisis de correspondencia canénica
(CCA) para explorar cudles variables ambientales explican mejor el patrén de asociacién en la distribucidn espacial observada para las especies de
murciélagos. Enlas 21 cuevas muestreadas se encontraron 23 especies de murciélagos, que corresponden al 32% de la quiropterofauna de Jalisco
(seis de ellas identificadas mediante llamados ultrasénicos). El analisis de ordenacién NMDS separd las especies en tres grupos de especies que
habitan las cuevas: calientes y humedas, frescas y secas, y de gran altitud, asociada a habitats templados. La temperatura y humedad fueron las
variables ambientales mas importantes para algunos grupos de murciélagos, y en otros fue la altitud. La riquezay la abundancia de murciélagos
varié entre cuevas y se asocian a los requerimientos propios de cada especie, las condiciones fisicas particulares de cada cueva y el grado de
perturbacion humana que presentan. La asociacidn entre los factores ambientales, la presencia y abundancia de las especies de murciélagos fue
estadisticamente significativa, sobre todo con la temperatura y humedad en el caso de las cuevas calientes; otras especies estuvieron asociadas
principalmente con la altitud. Este estudio contribuye con datos utiles para ser utilizados como una linea de base respecto a los murciélagos
cavernicolas en el Estado de Jalisco. Algunas de las cuevas deben ser consideradas prioritarias en términos de conservacion, tanto por la cantidad
de individuos, como por su riqueza especifica.
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Introduction

Bats (order Chiroptera) represent the second most diverse
order of mammals of the world in terms of number of
species; there are more than 1,300 species of bats world-
wide arranged in 20 families (Fenton and Simmons 2015).
In Mexico, bats comprise 139 species, thus 10.7 % of the
chiropteran richness of the entire world is present in this
country (Alvarez-Castafieda et al. 2015). This represents
one of the richest bat faunas in the world (Ceballos and
Oliva 2005). In the State of Jalisco bats comprise 72 spe-
cies, which represent 41.9 % of the mammals in the State
(Iniguez-Davalos and Santana 2004). In Mexico, at least 60
out of the 139 species of bats so far described use caves as
the first alternative for roosting, while in Jalisco 39 species
are considered cave-users (Arita 1993; Iniguez-Déavalos and
Santana 2004).

Roosts are a key resource for bats because they pass at
least half of their life in these sites. Bats use a great variety
of roosts such as trees, hollow trunks, crevices, abandoned
houses, among others; however, many of them use caves
as roost sites (Villa-R. 1966; Kunz 1982; Kunz and Lumsden
2003). The use of cave roosts by bats is important to them
to optimize some physiological, physical and ecological
processes. Factors such as temperature, relative humidity,
air flux, light intensity, safety against predators, proximity
to foraging areas and fly height are important for bats not
only for daily activity, but also for reproduction, parental
care and mutual grooming (Altringham 1996; Kunz and
Parsons 2009). Adequate microclimate can minimize the
energetic cost related with thermoregulation, gestation,
embrionary development, parental care, lactancy and
social interaction (Kunz 1982; Altringham 1996; Cano-San-
tana and Martinez-Sdnchez 1999; Avila-Flores and Medel-
lin 2004; Tuttle and Moreno 2005; Torres-Flores et al. 2012;
Luo et al. 2013). Some caves and mines contain the highest
concentrations of mammals in the world. For example, at
least 30 species of Latin America bats form colonies roosts
in caves, and 24 of those had colonies with thousands
to hundreds of thousands individuals (Tuttle et al. 2000).
Therefore, for many species of bats, the conservation of
cave environments is fundamental for its survival.

The State of Jalisco is located in the biogeographic
transition between the Neartic and the Neotropic regions,
allowing a mixture of species that belongs to both realms.
Among the mammals of Jalisco, the order Chiroptera is the
most diverse with 72 species classified in seven trophic
guilds: aerial insectivore (41 species), frugivore (12), necta-
rivore (9), substrate insectivore (known also as gleaner) (6),
omnivore (2), sanguinivore (1) and piscivore (1) (lhiguez-
Davalos and Santana C. 1993; Iniguez-Davalos and Santana
2004). In the case of insectivore bats, the classification has
been more developed in function of the use of the ultra-
sonic calls related with the habitat structure (Schnitzler
and Kalko 2001) and the type of prey being consumed
(Segura-Trujillo et al. 2016).
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While in the State of Jalisco there is a potential list of bat
species that can be found in caves as well as in similar habi-
tats, there are not accurate records of those species living in
caves, neither the status of their colonies. The only recent
work on cave bats in Jalisco describes basically the pres-
ence of five species in seven caves and a man-made tunnel;
however, this study does not provide enough information
about which species are present in each roost, neither an
estimation of their abundance on them (Segura-Trujillo and
Navarro-Pérez 2010). The aims of this study were to identify
some of the main cave roosts for bats in the State of Jalisco,
describe the richness and composition of bat ensembles
associated to caves in our study area, and link the distri-
bution and abundance of bats among caves with environ-
mental factors.

Materials and methods

Study area. The study area corresponds to the State of
Jalisco; we cover an altitudinal range from the sea level,
the lowest cave visited, to 1,900 masl, the highest cave
visited; from September 2010 to October 2011 we visited
21 caves with presence of bats (Figure 1). For purposes
of this work, we refer as caves to both natural and some
man-made cavities, because they share most of the physi-
cal characteristics, except the origin. Most of these caves
are located in four main ecosystem types: Tropical decidu-
ous forest, tropical sub-deciduous forest, pine-oak forest
and pine forest, plus two area types without natural veg-
etation: beach and urban area. To identify and locate each
of the 21 caves, in addition to a bibliographic survey, we
asked to people involved in exploration and research on
caves, such as researchers, speleologists, and local people
from the towns near the caves of known location.

Field sampling. The number of bats per cave was
assessed by direct observations or by reviewing photo-
graphs and videos taken into each cave roost; when the
number of individuals into the cave was low. We carried
out direct counts or we gauged the perching surface cov-
ered by bats. In order to use abundance of bats instead
of direct count values during the multivariate analysis,
we classify the estimated populations in four logarithmic
categories: 1) less than 100 individuals, 2) between 100
and 1,000, 3) between 1,000 and 10,000, and 4) more than
10,000 (Arita 1993).

To identify the presence of bats in each roost, we used
two approaches: internal inspections, including the spe-
cific search of bats and their signs (feces, noise, dead bod-
ies), and external inspections, using the observation and
capture of bats outside the cave (Altringham 1996; Kunz
and Parsons 2009). To capture bats, we used several tech-
niques such as manual nets, mist nests and harp traps,
according to the cave conditions, difficulty of capture and
the number of bats in the roost (Kunz 1982). Also, when it
was not possible to capture individuals, ultrasonic record-
ings were conducted using a Pettersson 240x bat detector,
in particular to register the presence of insectivorous bats,
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Figure 1. Location of the surveyed caves with bats. 1- Cueva Cuata, 2- Qanat
Chimulco, 3- Grieta Tepetates, 4- Cueva San Bernardo, 5- Qanat Colomos, 6- Cueva
Chapuzon, 7- Cueva de Toscano, 8- Cueva Tlalpichichi, 9- Cueva La Campana, 10- Cueva
Bandoleros, 11- Cueva Paso Real, 12- Cueva Enamorados, 13- Mina San Francisco, 14-
Mina Cucuciapa, 15- Cueva Don Pancho, 16- Cueva Altilte, 17- Cueva del Diablo, 18- Cueva
Resumidero de Toxin, 19- Cueva Torrecillas, 20- Cueva del Real, 21- Cueva Higuerilla.

which are difficult to survey by other techniques. These
data were processed with the software SonoBat 3.1.

Captured bats were identified and their basic measure-
ments were taken, subsequently they were released; we did
not collect voucher specimens. To carry out the identifica-
tion, we use the field key of Medellin et al. (2008), and the
descriptions of Ceballos and Oliva (2005), plus the revision of
specimens at the Vertebrate Collection of the Instituto Man-
antlan de Ecologia y Conservacién de la Biodiversidad, Uni-
versity of Guadalajara. In the case of the ultrasonic calls, they
were identified visually and using the parameters obtained
with the software SonoBat 3.1 (e.g. minimal and maximum
frequencies, highest intensity frequency, duration of the call,
interval between calls) and comparing them with reference
collections (Sierra de Manantlan Biosphere Reserve, and
Western México, unpubl. data) and published data (O’Farrel
and Miller 1999; Schnitzler and Kalko 2001; Rydell et al. 2002;
Jung et al. 2007, 2014; Orozco-Lugo et al. 2017). In each of
the caves, we registered the basic physical measurements:
temperature and relative humidity, with a termohigrometer
HR656. The device was used to register different conditions
while the cave was explored. However, the calls used for the
data analysis were registered in the centre of the main cham-
ber where the bats were roosting. The caves were described
following the standard speleological techniques, including
rock type, map of the cave, topography and roost character-
ization (Geze 1968; Arita 1993; Martinez-Hernandez 2004).
This data will be published in another work.

Regarding temperature and relative humidity inside the
caves, they were classified in four environmental situations
(Vargas-Contreras 1998), considering high or low tempera-
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ture, and dry or humid relative humidity conditions. Geo-
graphically, these caves are mostly in warm environments,
so we select 22° C as the limit between low and high tem-
perature inside the caves; for relative humidity, the cut was
at 45%. Therefore, we have dry (> 22 °C and < 45 % HR) or
humid hot caves (> 22 °C and > 45 % HR), and dry (< 22° C
and < 45 % HR) or humid fresh caves (< 22 °Cand > 45 % HR).

Data analysis  Non-metric Multidimensional Scaling.
To identify if there were association patterns among bat
species found in the 21 caves, Non-metric Multidimen-
sional Scaling analysis (NMDS) was conducted (PC-ORD
v.5.1). NMDS is an indirect, non-linear, heuristic, ordina-
tion method that seeks to arrange samples (in the case of
this investigation, caves based on bat species), so that each
pair of caves is in a rank-order according to their dissimilar-
ity. The graphical display provided by NMDS enables the
data analyst to literally “look” at the data and to explore and
interpret their structure visually (Clarke 1993). One of the
advantages of this method is its flexibility to analyze data
with a no-normal distribution or those that have a discon-
tinuous or arbitrary scale. After several automatized runs, in
order to identify the number of dimensions with the stan-
dardized residual sum of squares (stress), the program was
used manually, with the following protocol: Distance mea-
surement applied: Sorensen; number of axis: three; number
of real data runs: 50; stability criteria: 0.00001; iterations to
evaluate stability: 15; maximum iterations number: 250;
length of the initial step: 0.20. Also, Monte Carlo permuta-
tion tests were applied in each NMDS to determine if stress
reductions were greater than expected when the data were
analyzed randomly. The stress value ranges between 0 and
100; according McCune and Grasse (2002), a value ranging
from 0 to 20 represents a good adjustment.

Canonical correspondence analysis. We then used
Canonical Correspondence Analysis or CCA (PC-ORD v. 5.1)
in order to identify the most important environmental vari-
ables that explain the bat species distribution in each of the
sampled caves. For this aim we used as the main matrix
the 21 caves and 23 species and as the secondary matrix,
the 21 sites and seven environmental variables: altitude of
the cave (ALT), length of the cave, measured using the tradi-
tional speleological techniques (compass, measuring tape
and clinometers) (LAR), interior temperature (TEM), inte-
rior humidity (HUM), distance to the nearest open water
sources, using a GPS and topographic maps (DIAG), num-
ber of species in the roost (ESP) and number of estimated
individuals living in the roost (IND).

Results

Species richness. From September 2010 to October 2011, for
all the 21 caves, we carried out two visits to each one try-
ing to cover at least one in the dry season, and the other in
the rainy season. We complete a total of 82 hours/net, 235
minutes of video and 120 minutes of audio (expanded time
mode - 10x). We captured 452 bats.
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Twenty-three bat species were captured and identified,
belonging to six families: Emballonuridae (1 species), Mor-
moopidae (4), Phyllostomidae (10), Natalidae (1), Vespertil-
ionidae (6) and Molossidae (1). The Phyllostomidae family
was represented by four subfamilies: Phyllostominae (1),
Glossophaginae (5), Stenodermatinae (3) and Desmodon-
tinae (1; Table 1, Appendix 1). Also, we recorded several
echolocation calls; they were identified as representing
six species, adding one species to the list. The species are
included in six trophic guilds: aerial insectivores, gleaners,
sanguinivores, frugivores, omnivores and nectarivores. Three
of the captured species are included in the Mexican official
list NOM-059-SEMARNAT-2010 as threatened (A) or under
special protection (Pr): Leptonycteris yerbabuenae (Pr), L.
nivalis (A), and Choeronycteris mexicana (A); two are endemic
to Mexico: Corynorhinus mexicanus and Rhogeessa parvula
(SEMARNAT 2015). According the red list of the IUCN, one
species is endangered (L. nivalis), and three are near threat-
ened: L. yerbabuenae, Ch. mexicana and C. mexicanus.

Sixteen species use only caves as roosts, while other
seven use them regularly, but they can use another roosts
as alternatives. According to its incidence (the potential to
share roosts with other species, following Arita 1993), ten
species are integrationists, with tendency to occupy caves
with high richness; eight species are segregationists, with
tendency to use caves with a few or no other species; and
five are indifferent, without any apparent preference for
low or high richness in the cave (Table 1).

Surveyed caves. The caves that were explored in this
study are described briefly here. Both the physical and
environmental data, as well as the estimation of richness
and general abundance for each cave are summarized in
Tables 2 and 3, respectively, and in the Appendix 1.

Cuata cave (20°55'N,-103°45" W). This cave is of volcanic
origin, a lava shaped tube. This cave harbors three species of
bats, in two families: Balantiopteryx plicata (Emballonuridae),
Artibeus jamaicensis and Desmodus rotundus (Phyllostomi-
dae). The estimated number of individuals from all species
was 130. The cave is of difficult access, so the human activity
is low, both inside and in the surroundings.

Chimulco ganat (20° 49'N, -103° 39" W). This is a man-
made cave, built as an aqueduct. It harbors two species of
the Phyllostomidae family: Desmodus rotundus and Glos-
sophaga soricina. The total number of individuals living in
the tunnel was 35. Human disturbance is low, as this struc-
ture is inside a private property with restricted access.

Tepetates crevice, also known as Mosquitos cave (20° 49’
N, 103° 39" W). This is a small crevice located in the wall of
the Santiago river canyon. It harbors four species in two
families: Balantiopteryx plicata (Emballonuridae), Artibeus
jamaicensis, Desmodus rotundus and Glossophaga soricina
(Phyllostomidae). The estimated number of individuals for
all the species was 120. The human disturbance is minimal.

San Bernardo cave (20°49"N, -103°20" W). This is a cave
formed by the crevices of former landslides in the Barranca
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Table 1. List of 23 bat species captured in 21 caves of Jalisco. Categories of cave use
and incidence follow Arita (1993). Cave use: Pr = Principal, Al = Alternative. Incidence: | =
Integrationist, S = Segregationist, IN = Indifferent. Trophic guild: IA = Aerial insectivore,
GL = Gleaner, NE = Nectarivore, FR = Frugivore, OM = Omnivore, SA = Sanguinivore.
Conservation categories: NOM-059-2010: A = Threatened; UICN: EN = Endangered, NT =
Near threatened. Number of caves used (NC), cave use (CU), incidence (Inc), trophic guild
(Tg), NOM-059-2010 (NOM).

Family Species NC CU Inc Tg NOM UICN
Emballonuridae  Balantiopteryx plicata 7 Pr S 1A
Mormoopidae Pteronotus davyi 5 Pr | 1A
Pteronotus parnellii 9 Pr | 1A
Pteronotus personatus 4 Pr | 1A
Mormoops megalophylla 7 Pr | 1A
Phyllostomidae  Macrotus waterhousii 1 Pr  IN OM
Glossophaga soricina 9 Al I NE
Leptonycteris yerbabuenae 6 Pr I NE A NT
Leptonycteris nivalis 1 Pr I NE A EN
Anoura geoffroyi 1 Pr S NE
Choeronycteris mexicana 1 Pr IN NE A NT
Sturnira parvidens 2 Al S FR
Artibeus jamaicensis 9 Al IN FR
Dermanura tolteca 2 A S FR
Desmodus rotundus 16 Pr IN SA
Natalidae Natalus mexicanus 5 Pr | 1A
Vespertilionidae  Myotis velifer 2 Pr IN 1A
Eptesicus furinalis 2 Al | 1A
Eptesicus fuscus 1 Al | 1A
Rhogeessa parvula 2 Al S 1A
Corynorhinus mexicanus 1 Pr S GL NT
Corynorhinus townsendii 1 Pr S GL
Molossidae Tadarida brasiliensis 4 Pr S 1A

of Huentitan, near Guadalajara. It harbors three species from
two families: Choeronycteris mexicana and Desmodus rotundus
(Phyllostomidae) and Corynorhinus townsendii (Vespertilioni-
dae). The estimated number of individuals for all the species
was 85. This is a cave with a strong pressure from human activi-
ties, as is heavily visited by speleological groups.

Los Colomos ganat (20° 42" N, -103° 23" W). This is a
man-made horizontal tunnel, it was used as an aqueduct
and was built in pumice soil (igneous). It harbors four spe-
cies in the family Phyllostomidae: Artibeus jamaicensis,
Glossophaga soricina, Macrotus waterhousii and Sturnira
parvidens. The estimated number of individuals for all the
species was 45. Although itis located in an urban park, the
tunnel has low human disturbance, because the access is
restricted with a gate.

Chapuzon cave (20° 33N, -103° 41" W). This is a cave
originated by water erosion on a volcanic fault. It harbors
six species in three families: Pteronotus parnellii (Mormoop-
idae), Anoura geoffroyi, Artibeus jamaicensis, Desmodus



rotundus, Leptonycteris yerbabuenae (Phyllostomidae), and
Myotis velifer (Vespertilionidae). The estimated number of
individuals for all the species was about 18,000 individuals.
Human disturbance is moderated because the landowner
normally does not accept visits to the cave.

Toscano’s cave (20° 17" N, -102° 44’ W). This is a crev-
ice in the middle of the hill near Chapala Lake; part of the
crevice is man-made, probably for mining purposes. It har-
bors three species of Phyllostomidae: Artibeus jamaicensis,
Glossophaga soricina and Leptonycteris yerbabuenae. The
estimated number of individuals for all the species was 200.
This is a highly disturbed cave; we found many dead bats,
and evidences of vandalism such as graffiti and trash.

Talpichichi cave (20° 14'N, -105° 34’ West. This is a small
cave located in a beach. It harbors three species in two
families: Balantiopteryx plicata (Emballonuridae), Desmodus
rotundus and Glossophaga soricina (Phyllostomidae). The
estimated number of individuals for all the species was 30.
This cave has high human disturbance, because is visited by
the tourists that go to the beach.

LaCampana cave (20°10'N,-103°54" W). This is a cave located
in a sedimentary canyon. It has six species, in two families: Pter-
onotus parnellii, P. davyi and P. personatus (Mormoopidae), and
Leptonycteris yerbabuenae, Artibeus jamaicensis and Desmodus
rotundus (Phyllostomidae). The estimated number of individuals
from all species was 75,000. Human disturbance is high, because
this cave is frequently visited by excursionist groups.

Bandoleros cave (20° 09'N, -103° 54" W). It is located in the
Ferreria river canyon. It harbors three species in three families:
Desmodus rotundus (Phyllostomidae), Pteronotus parnellii (Mor-
moopidae) and Corynorhinus mexicanus (Vespertilionidae).
The estimated number of individuals for all the species was
100. This cave is highly disturbed because is visited by spele-
ologists and tourists; it is located near to a spa.

Paso Real cave (20° 09'N, -103° 54" W). This cave is in
limestone at the fringe of the Ferreria stream. It harbors
eight species in five families: Balantiopteryx plicata (Embal-
lonuridae), Mormoops megalophylla, Pteronotus davyi
(Mormoopidae), Artibeus jamaicensis, Desmodus rotundus,
Glossophaga soricina (Phyllostomidae), Natalus mexicanus
(Natalidae) and Rhogeessa parvula (Vespertilionidae). The
estimated number of individuals for all the species was
6,000. Disturbance is high, because the easy access it has;
this cave is well known by speleologists. In the interior can
be observed diggings and bags with guano.

Enamorados cave (19°57’N,-103°31" W). This is a small
crevice in igneous rock. It harbors six species in two fami-
lies: Balantiopteryx plicata (Emballonuridae), Artibeus jamai-
censis, Dermanura tolteca, Desmodus rotundus, Glossophaga
soricina and Sturnira parvidens (Phyllostomidae). The esti-
mated number of individuals for all the species was 120.
Human disturbance is very high. There are smoke marks in
the walls and roof, ash in the floor, and evidences of burned
wood; according to local people, is burned regularly to
“eliminate the vampires”.
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San Francisco mine (19° 50" N, -104° 20" W). This is a
manganese mine that has been closed for a long time and
has collapse risk. It harbors four species in two families:
Mormoops megalophylla, Pteronotus parnellii (Mormoopi-
dae), Leptonycteris yerbabuenae and Desmodus rotundus
(Phyllostomidae). Also, has been reported the presence of
Glossophaga sp. (Gonzélez Ruvalcaba 2014). The estimated
number of individuals for all the species was 4,500. Human
disturbance is low, but the mining company is considering
restarting its exploitation, which will affect the bats.

Cucuciapa mine (19°44'N, -104°07" W). This is an aban-
doned cooper mine, with several levels and high risk of col-
lapses. It harbors six species in three families: Leptonycteris
yerbabuenae (Phyllostomidae), Mormoops megalophylia,
Pteronotus parnellii, P. personatus, P. davyi (Mormoopidae)
and Natalus mexicanus (Natalidae). The estimated number
of individuals for all the species was 35,000. This mine has
minimal human disturbance because it is very dangerous
and is located in a private farm.

Don Pancho cave (19°32'N, -105° 05" W). This is a tec-
tonic crevice open in igneous rock. It harbors six species in
three families: Leptonycteris yerbabuenae (Phyllostomidae),
Mormoops megalophylla, Pteronotus davyi, P. personatus, P.
parnellii (Mormoopidae) and Natalus mexicanus (Natalidae).
The estimated number of individuals for all the species was
100,000. Human disturbance is low because it is located in
an island one km away from the coast; however, inside, we
found tools to extract guano from the cave.

Altilte cave (19°31'N, -104° 34" W). This is a cave located
in a limestone hill; it is considered a “hot cave” This cave
harbors eight species of four families: Balantiopteryx plicata
(Emballonuridae), Pteronotus parnellii, P. personatus, P. davyi,
Mormoops megalophylla (Mormoopidae), Glossophaga
soricina, Desmodus rotundus (Phyllostomidae) and Natalus
mexicanus (Natalidae). The estimated number of individu-
als from all the species was 80,000. In this cave, there are
human disturbances regularly; inside we found tools for
guano exploitation. However, the disturbance level in the
surroundings is even higher, because in the same hill there
is an active face for marble extraction; in this activity are
used both heavy machinery and explosives.

Del Diablo cave (19° 31"N, -104° 34" W). It is found in
a hill nearby the Altilte cave, also made of limestone. It
harbors four species in two families: Balantiopteryx plicata
(Emballonuridae), Artibeus jamaicensis, Desmodus rotundus
and Glossophaga soricina (Phyllostomidae). The estimated
number of individuals, including all species, was 70. There
were observed traces of human activity, and according to
local people, they exploit the guano. Another important
comment is that the number of bats was higher in the past,
but suddenly they start to abandon this roost.

Resumidero de Toxin cave (19° 30'N, -104° 00" W). Is an
active cave that has water inside all year long; is the longest
cave known for the State of Jalisco. It harbors four species in
three families: Desmodus rotundus (Phyllostomidae), Pterono-
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tus parnellii and Mormoops megalophylla (Mormoopidae),
and Tadarida brasiliensis (Molossidae); the last three were
identified using echolocation calls. The estimated number
of individuals for all the species was 300. It has low human
disturbance, but is visited occasionally by speleologists.

Las Torrecillas cave (19° 31'N, -103° 59" W). This cave is
in the upper part of the karstic dome named Cerro Grande,
where is one of the few horizontal caves in this dome. It
harbors eight species in four families: Tadarida brasiliensis
(Molossidae), Eptesicus fuscus, Myotis velifer (Vespertilioni-
dae), Mormoops megalophylla, Pteronotus parnellii (Mor-
moopidae), Dermanura tolteca, Desmodus rotundus and
Leptonycteris nivalis (Phyllostomidae). The estimated num-
ber of individuals for all the species was 400. It has low
human disturbance because the cave is not widely known,
even for local people.

Del Real cave (19° 16'N, -103° 13" W). This is a cave with
two accesses and several passages. It harbors five species
from four families: Desmodus rotundus (Phyllostomidae),
Natalus mexicanus (Natalidae), Eptesicus furinalis and Rho-
geessa parvula (Vespertilionidae), and Tadarida brasiliensis
(Molossidae). Except for D. rotundus, all the species were
identified using echolocation calls. The estimated total num-

MAREX MOMEG
+ +

SFR
+4A

A AT

TOX

EFFUS
TOR
HIG
TAERA &
4

P
LEMY A

TO%
CHA

Axis 2

ANGEQ

GLEOR
DETOL 4 oL
F i & paawar

BAPLI
acH TEP

Dl
L STRAR o
o &

Axis 1

Figure 2. Non-metric Multidimensional Scaling analysis (NMDS), showing the first
two axis for the whole dataset (21 caves x 23 species) (stress 19.03; p = 0.04). Triangles
indicate the relative position of the caves in the axis, whereas the crosses indicate the
relative position of the species (acronyms for bats and caves are in the appendix 2). The
groups indicate caves that have similar composition of species.

ber of individuals was 40. It has low human disturbance.

La Higuerilla cave (19° 14'N, -103° 13" W). This is mostly
a vertical cave with a horizontal entrance. It harbors two
species in two families, Eptesicus furinalis (Vespertilionidae)
and Tadarida brasiliensis (Molossidae), both identified by
echolocation calls. The estimated number of individuals
was 20. Human disturbance is low.

Spatial relation among bats and caves. The NMDS analy-
sis showed that three axes were enough to reliably explain
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the spatial distribution of bat species and their respective
association with the sampled caves. The 23 species of bats
were separated in three main groups. One group was posi-
tioned at the middle of the ordination diagram along axis
one, whereas two groups were positioned along axis two
of the ordination diagram (Figure 2; stress 19.03). The ordi-
nation diagram showed that one group was mainly rep-
resented by Mormoops megalophylla, Pteronotus davyi, P.
parnellii, P. personatus, Natalus mexicanus and Leptonycteris
yerbabuenae, which were associated to caves such as Altilte,
Campana, Cucuciapa, Don Pancho, and San Francisco, most
of them recognised as hot caves.

The second group which was positioned along axis
two was mainly formed by Balantiopteryx plicata, Macrotus
waterhousii, Glossophaga soricina, Choeronycteris mexicana,
Artibeus jamaicensis, Sturnira parvidens, Desmodus rotun-
dus, Myotis velifer, Corynorhinus mexicanus and C. townsen-
dii; these species were linked to caves such as Bandoleros,
Cuata, Diablo, Enamorados, Qanat Chimulco, Quanat Colo-
mos, San Bernardo, Tepetates and, Tlalpichichi, all of them
identified as cool caves.

The third group was formed by the species Leptonycteris
nivalis, Eptesicus furinalis, E. fuscus, Rhogeessa parvula and
Tadarida brasiliensis, found in the caves Del Real, Higuerilla,
Paso Real, Resumidero Toxin and Torrecillas; it is important
to remark that this last cave had the highest bat species
richness in our study, and also has one the higher altitude
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Figure 3. Canonical Correspondence Analysis (CCA) of environmental variables
related with the bats species in 21 caves of Jalisco (acronyms for bats are in the appendix
2). The variables used in this analysis are: ALT- altitude, LAR- length of the cave, TEM-
temperature, HUM- relative humidity, ESP- number of species, IND- number of individuals.



Table 2. Physical and environmental data from the 21 sampled caves. Vegetation
types surrounding the caves: TDF - Tropical deciduous forest, TSF - tropical sub-deciduous
forest, POF - pine-oak forest, PF - pine forest, B — beach, UA - urban areas. Altitude in
masl (Alt), Lenght of the cave in meters (LC), Temperature in °C (°C), percentaje of relative
humidity (RH), Distance to a water source in meters (DW), Vegetation type (veg).

Cave Alt LC °C (RH)  (DW) Veg
Cuata 736 209 21 68 130 TDF
Qanat Chimulco 1,263 47 345 88 0 UA
Tepetates 1,309 37 26 36 275 TDF
San Bernardo 1,195 370 19 31 1115 TDF
Quanat Colomos 1,558 207 24 88 0 PF
Chapuzén 1,407 623 18 41 0 TDF
Toscano 1,644 115 27 44 730 TDF
Tlalpichichi 8 17 30 80 2800 B
Campana 1,290 460 18 62 215 TSF
Bandoleros 1,264 620 24 41 8 TDF
Paso Real 1,254 140 28 74 10 TDF
Enamorados 1,385 12 22 43 150 TDF
San Francisco 1,407 1,890 29 79 425 TDF
Cucuciapa 1,006 75 26 86 370 TDF
Don Pancho 3 65 31 91 1550 TDF
Altilte 290 85 31 88 85 TSF
Del Diablo 307 105 23 78 96  TSF
Resumidero Toxin 1,201 3005 194 79 0 TSF
Torrecillas 1,903 55 19 41 1500 PF
Del Real 1,823 185 18 40 420 PF
Higuerilla 1,806 47 24 38 1940 POF

in our sample. The caves Toscano and Chapuzén, as well
as the bat Anoura geoffroyi did form a small, isolated group
along the axis one.

Bats and environmental variables relationship. The
canonical correspondence analysis to explain the pattern
of distribution of bats among caves showed that the most
strongly weighed variables for the three firstaxes (A, =0.472;
A, =0.310; A\, = 0.270) were the number of individuals (IND),
number of species (ESP) and relative humidity (HUM) along
axis one, and interior temperature (TEM), altitude (ALT) and
length of the cave (LAR) along axis two (Figure 3; Table 4).
The CCA also corroborated the results of the NMDS; there is
a group of bats, including mormoopids and natalids, with
a tendency to live in hot and humid caves and other group
associated with higher altitude caves.

Discussion

Within the 21 surveyed caves we found 23 bat species,
which represents 40 % of the total registered for the state.
Our results also showed that the surveyed caves are rather
different among them, in both bat species richness and
abundance. All this variation is closely linked to the envi-
ronmental conditions of the caves, and the biological and
ecological requirements of the bats of the region (Arita and
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Vargas 1995; Torres-Flores et al. 2012). The richness in each
cave ranged from two to eight species, with an average of
4.7 species per cave. At a national level, 80 % of the caves
are roosts for one to three species, and only 10 % holds
more than six species (Arita 1993; Ruiz-Castillo 2006). Arita
(1996) reported an average of 3.28 species per cave in the
Yucatan Peninsula. In our study the percentages were 28.6
% with two or three species and 38.1 % with six or more
species. We consider that these differences could be attrib-
utable to the scarcity of caves suitable for roosts. Due the
geological history of the region, Western México has a small
amount of karstic or limestone areas, compared with the
Sierra Madre Oriental or the Yucatan Peninsula (Challenger
1998; Ferrusquia-Villafranca 1998; Schaaf 2002). Also, the
lack of forests with big trees in the tropical areas of the
state (mostly dominated by tropical deciduous forests with
small trees) could reduce the availability of roosts in the
vegetation (Challenger 1998; Durdn et al. 2002). Another
important factor to be analyzed is the conservation degree
of vegetation around the roost; a well-preserved and het-
erogeneous habitat will provide resources for more species
and individuals (Fenton 1997).

Some roosts had only a few dozens of bats whereas oth-
ers contained more than 100,000 individuals. Although

Table 3. Estimated number of species and individuals of bats in the 21 caves
surveyed in this study. Abundance ranks: less than 100 individuals (1), between 100 and
1,000 (2), between 1000 and 10,000 (3), more than 10,000 (4).

Cave Numb.er of El_stinlated I_Ran.l.(ed
species e e
Don Pancho 6 100,000 4
Altilte 8 80,000 4
La Campana 6 75,000 4
Cucuciapa 6 35,000 4
Chapuzoén 6 18,000 4
Paso Real 8 6,000 3
San Francisco 4 4,500 3
Torrecillas 8 400 2
Resumidero Toxin 4 300 2
De Toscano 3 200 2
Cuata 3 130 2
Enamorados 6 120 2
Grieta Tepetates 4 120 2
Bandoleros 3 90 1
San Bernardo 3 85 1
Del Diablo 4 70 1
Colomos 4 45 1
Del Real 5 40 1
Qanat Chimulco 2 35 1
Tlalpichichi 3 30 1
Higuerilla 2 20 1

24 % of our samples are caves with more than 10,000 bats,
some caves showed evidences that in the past they housed
larger populations than those registered during our field-
work. For example, Cueva Del Diablo is a big cave with
few species and small bat populations. Several evidences,
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which include the amount of guano, the presence of skel-
etons, plus observations of local people, suggest that in
the past this roost was used by larger colonies. Although
we have observed that bat abundance varies seasonally in
many of the roosts we surveyed (unpubl. data), this was not
the case of this cave; possibly the effect of habitat modifi-
cation (agriculture, cattle) and human disturbance (visitors,
guano extraction) had a rather negative impact in this cave.

The NMDS analysis, discerned three well-defined groups
each with very distinct characteristics. The first group is
mainly formed by species considered by Arita (1993) as
integrationists, with preference for humid and hot caves;
this group was represented by the families Mormoopidae
and Natalidae, and the phyllostomid Leptonycteris yerba-
buenae (Arita and Vargas 1995; Avila-Flores and Medellin
2004). Torres Flores et al. (2012) and Vargas Contreras et al.
(2012) found a similar composition in the caves El Salitre,
located in the State of Colima, and El Volcan de los Murcié-
lagos, in the State of Campeche, respectively. An exception
to this species composition was El Chapuzén cave, where
we found a large colony of Leptonycteris yerbabuenae, but
the temperature of the roost was cooler than in others (18 °C
to 24 °C); this cave seems to be used on a more temporary
basis, likely between migrating movements (unpubl. data).

The second group is formed by species considered as
generalists in terms of roost selection (Figure 3, C-1). These
species are well adapted to live in caves with a wide range
of environmental conditions, and can share or not, the use
of roosts with other species (classified as indifferent ones by
Arita 1993). Therefore, they can easily move to other roosts
with similar or different environmental conditions (Arita
1993; Avila-Flores and Medellin 2004). This group includes
species found in a higher number of caves: D. rotundus, A.
jamaicensis and G. soricina. The third group was formed by
species associated with high altitude caves and linked to
temperate forests, as the Torrecillas cave; this cave had one
of the highest species richness, although the abundance
was comparatively low for all the species registered in this
cave. Three of the species were found only at this roost:
Leptonycteris nivalis, Eptesicus fuscus and Tadarida brasilien-
sis; also, Myotis velifer and Dermanura tolteca, both associ-
ated to temperate habitats. Vargas-Contreras (1998) found
that microclimatic factors had influence in roost selection
as well as the altitudinal gradient.

The CCA results suggest that the most important envi-
ronmental variables to define groups were number of indi-
viduals living in the cave, temperature, relative humidity
and altitude. Thus, the families Mormoopidae and Natali-
dae, plus the phyllostomids Leptonycteris yerbabuenae and
Anoura geoffroyi, were highly associated with the first three
environmental variables; these associations have been well
documented in other regions of Mexico (Arita and Var-
gas 1995; Avila-Flores and Medellin 2004; Torres-Flores et
al. 2012). A number of species were positively related to
altitude, and hence with temperate habitats; this includes
species such as Eptesicus fuscus, E. furinalis, Myotis velifer,
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Rhogeessa parvula, Corynorhinus townsendii, Choeronycte-
ris mexicana, Leptonycteris nivalis, Dermanura tolteca and
Tadarida brasilensis. Finally, the last group was formed by
species (mostly phyllostomids) that could be considered
generalists and not associated directly with any of the
analyzed variables, such as Artibeus jamaicensis, Desmodus
rotundus, Glossophaga soricina, Sturnira parvidens, Mac-
rotus waterhousii, Balantiopteryx plicata and Corynorhinus
mexicanus. A number of authors (e. g., Fenton et al. 1992;
Medellin et al. 2000) have pointed out that these species are
considered as indicators of habitats associated to human
disturbances. That could be the case with our data, where
the most disturbed caves had some of these species, yet
usually in low abundances; however, C. mexicanus could
be more associated with altitude (Tumlinson 1992), so we
consider that probably this species was underrepresented
in our sample.

This study contributes with useful data, which could
be used as baseline for cave bats research not only for the
State of Jalisco, but also for other latitudes with presence

Table 4. Statistical values for each ordination axis in the Canonical Correspondence
Analysis.

Axis
1 2 3
Eigenvalues 0.472 0.310 0.270
Variance in the species data
% of explained variance 12.0 7.9 6.8
Accumulated 12.0 19.8 26.7

Total variance (“inertia”)

in the species data 3:943

of these important mammals. Some of the surveyed roosts
are relevant in terms of priority for conservation, in particu-
lar those with a large number of individuals (Altilte, Cam-
pana, Chapuzén, Cucusiapa and Don Pancho) or with high
species richness (Altilte, Paso Real and Torrecillas caves;
Arita 1993; Luo et al. 2013; Medellin 2017). Presence of
threatened or endemic species must be considered; these
features highlights the importance to preserve also small
or low richness caves, independently of their environmen-
tal attributes (Bandoleros, Del Real, Paso Real and San Ber-
nardo) if they harbors other relevant species (Arita 1993;
Fenton 1997; Luo et al. 2013).
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Appendix 1.
Presence of each bat species in the 21 caves surveyed in this study. In the table, “1”is used to indicate presence; * indicates species identified using echolocation sounds. Acronyms for
caves are in appendix 2.

Caves

Species

TOR
PRE
ALT
DPA
CHA
CAM
cuc
ENM
REA
SFR
TOX
DIA
TEP
coL
BAN
SBE
TOS
TLA
CUA
HIG
QCH

Balantiopteryx plicata 1 1 1 1 1 1 1
Pteronotus davyi 1 1 1 1 1

Pteronotus parnellii 1 1 1 1 1 1 1 1* 1

Pteronotus personatus 1 1 1 1

Mormoops megalophylla 1 1 1 1 1 1 1*

Macrotus waterhousii 1

Glossophaga soricina 1 1 1 1 1 1 1 1 1
Leptonycteris yerbabuenae 1 1 1 1 1 1

Leptonycteris nivalis 1

Anoura geoffroyi 1

Choeronycteris mexicana 1

Sturnira parvidens 1 1

Artibeus jamaicensis 1 1 1 1 1 1 1 1 1
Dermanura tolteca 1 1

Desmodus rotundus 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
Natalus mexicanus 1 1 1 1 1*

Myotis velifer 1 1

Eptesicus furinalis 1% 1*
Eptesicus fuscus 1

Rhogeessa parvula 1 1*

Corynorhinus mexicanus 1

Corynorhinus townsendii 1

Tadarida brasiliensis 1 1* 1% 1*

Total of species per cave 8 8 8 6 6 6 6 6 5 4 4 4 4 4 3 3 3 3 3 2 2
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Appendix 2.
Acronyms for the species of bats and the name of the caves.

Bat species Acronym Cave name Acronym
1 Balantiopteryx plicata BAPLI 1 Cuata CUA
2 Pteronotus davyi PTDAV 2 LaCampana CAM
3 Pteronotus parnellii PTPAR 3 Altilte ALT
4 Pteronotus personatus PTPER 4 Del Diablo DIA
5 Mormoops megalophylla MOMEG 5 Paso Real PRE
6 Macrotus waterhousii MAWAT 6 Chapuzoén CHA
7 Glossophaga soricina GLSOR 7 Enamorados ENM
8 Leptonycteris yerbabuenae  LEYER 8 SanBernardo SBE
9 Leptonycteris nivalis LENIV 9 Cucuciapa Cuc
10 Anoura geoffroyi ANGEO 10 San Francisco SFR
11 Choeronycteris mexicana CHMEX 11 Bandoleros BAN
12 Sturnira parvidens STPAR 12 Torrecillas TOR
13 Artibeus jamaicensis ARJAM 13 R. Toxin TOX
14 Dermanura tolteca DETOL 14 Qanat Chimulco QCH
15 Desmodus rotundus DEROT 15 Grieta Tepetates TEP
16 Natalus mexicanus NAMEX 16 DeToscano TOS
17 Myotis velifera MYVEL 17 Del Real REA
18  Eptesicus furinalis EPFUR 18 Higuerilla HIG
19  Eptesicus fuscus EPFUS 19  Tlalpichici TLA
20  Rhogeessa parvula RHPAR 20 Don Pancho DPA
21 Corynorhinus mexicanus COMEX 21 Colomos coL
22 Corynorhinus townsendii coToOw
23 Tadarida brasiliensis TABRA
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