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landscape of central México

MARiA CRISTINA MACSWINEY GONZALEZ'*, RAFAEL AviLA-FLORES?, AND JUAN MIANUEL PECH CANCHES

' Centro de Investigaciones Tropicales, Universidad Veracruzana. José Maria Morelos y Pavon 44 y 46, Centro, 91000, Xalapa.
Veracruz, México. Email: cmacswiney@uv.mx (MCMG).

2Division Académica de Ciencias Bioldgicas, Universidad Juarez Auténoma de Tabasco. Carretera Villahermosa- Cardenas Km 0.5
S/N, Entronque a Bosques de Saloya, 86150. Villahermosa. Tabasco, México. Email: rafaelavilaf@yahoo.com.mx (RAF).

3 Laboratorio de Vertebrados Terrestres, Facultad de Ciencias Bioldgicas y Agropecuarias, Universidad Veracruzana. Km. 7.5
Carretera Tuxpan-Tampico, 92850, Tuxpan. Veracruz, México. Email: jmpech@gmail.com (JMPC).

*Corresponding author

The insectivorous bats of arid and semi-arid ecosystems have been poorly studied in México. The aim of this work was to determine the
richness and activity of insectivorous bats in arid landscapes of central México over an annual cycle and identify the landscape and environ-
mental features related to relative abundance patterns of bats. We carried out captures with mist nets and active acoustic monitoring in 10
transects, semi-active monitoring in eight stations, and passive monitoring in two desert grassland and scrub sites in Aguascalientes and
Jalisco, from January to December 2012. The activity index of each insectivorous species was calculated and related to the local features at the
landscape level. An automated monitoring weather station was established in the study area to explore the potential effect of environmental
conditions on activity through time. Two species of insectivorous bats were captured: Myotis melanorhinus and M. occultus; seven additional
species belonging to three families were acoustically identified, with Tadarida brasiliensis as the most active species. Activity levels were con-
centrated during the spring (April-June) and from mid-summer to late fall (August-October). The null activity in winter (January-March) and the
increased activity of T. brasiliensis in the spring suggest migratory movements of the species in the region. The highest values of the activity
index were recorded in the proximity of water bodies and ravines. Overall activity was recorded at temperatures between 6.8 and 20.3 °C, and
under wind speeds between 1.6 and 24.1 km/h.

Los murciélagos insectivoros de ecosistemas aridos y semidridos han sido poco estudiados en México. El presente trabajo tuvo como
objetivo el determinar la riqueza y actividad de murciélagos insectivoros en un paisaje desértico del centro de México a lo largo de un ciclo
anual, asi como identificar los elementos del paisaje y factores fisicos que estan relacionados con los patrones de abundancia relativa de los
murciélagos. Se realizaron capturas con redes de niebla y monitoreo acustico activo en 10 transectos, semiactivo en ocho estaciones y pasivo
en dos sitios de pastizal y matorral desértico de Aguascalientes y Jalisco, de enero a diciembre de 2012. Se estim6 el indice de actividad de cada
especie y se relaciond con las caracteristicas locales del paisaje. Se establecié una estacién de monitoreo automatizado en la zona de estudio
para identificar si existian condiciones ambientales que afectaran la actividad de forma temporal. Se capturaron dos especies de murciélagos
insectivoros, Myotis melanorhinus y M. occultus, y se identificaron acusticamente siete especies, pertenecientes a tres familias, siendo Tadarida
brasiliensis la especie con mayor actividad. Los niveles de actividad se concentraron en dos temporadas, una en primavera y otra de mediados
del verano hasta finales del otofio. La nula actividad en invierno e incremento de la actividad en primavera de T. brasiliensis podria indicar mo-
vimientos migratorios de la especie en la regién. Los mayores valores del indice de actividad se registraron en los cuerpos de agua y cafadas.
La actividad de murciélagos se registr6é en temperaturas entre los 6.8 °Cy 20.3 °C'y con velocidades de viento entre 1.6y 24.1 km/h.
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be substantial (i. e. Elizalde-Arellano et al. 2014), including a
high richness of insectivorous bats (i. e. Rojas-Martinez and
Valiente-Banuet 1996).

Studies at the metacommunity level have found that

Introduction

The arid and semi-arid ecosystems of México are composed
primarily of desert shrubland and grasslands that make about
30 % of the remaining plant cover of the country (Comisién

para el Conocimiento y Uso de la Biodiversidad 2019). These
ecosystems are characterized by shrubs less than four meters
high, with columnar cacti and agave as dominant species.
These are also characterized by scarce rains that make them
vulnerable to desertification, particularly facing the climate
change scenario (Challenger and Soberén 2008). In these
environments, the structure of plant communities changes
significantly at small spatial scales, translating into highly
heterogeneous landscapes that provide various resources
for many species of mammals (Stapp 2010). As a result, the
diversity of mammal assemblages in these ecosystems can

the species within Vespertilionidae, Molossidae, and Phyl-
lostomidae are dominant in arid environments of México
(Lopez-Gonzélez et al. 2012). Despite the fact that insec-
tivorous bats are the main guild in arid and semi-arid habi-
tats in México, most studies on bats in these habitats have
focused on documenting the interactions of nectarivores
and frugivores with various species of agave and cactus
plants (e. g. Silva-Montellano and Eguiarte 2003; Herrera
and Lépez 2017; Fleming and Holland 2018). In contrast,
the patterns of diversity, behavior, and habitat use of insec-
tivorous species are poorly known.
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BATS IN AN ARID LANDSCAPE OF MEXICO

The use of ultrasonic detectors combined with net sam-
pling has proved to be a valuable tool to determine the
richness of insectivorous species, not only in tropical envi-
ronments (MacSwiney et al. 2008) but also in arid and semi-
arid ecosystems (Lépez-Gonzélez et al. 2015). In addition,
these devices have made it possible to determine the ele-
ments of the landscape or local elements, such as bodies
of water, that are key to promoting a higher diversity and
as foraging sites in arid environments in northern México
(Lopez-Gonzalez et al. 2016). In the present work, we used
a combination of sampling techniques to describe the rich-
ness and activity patterns of insectivorous bats in a desert
landscape of central México over an annual cycle, identify-
ing those environmental factors and landscape elements
that are related to the patterns observed.

Materials and Methods

Study area. The study area is located in the physiographic
region known as Mesa del Centro, located between the
Sierra Madre Occidental, the Sierra Madre Oriental, and the
Trans-Mexican Volcanic Belt. The physiographic subprov-
ince where the environmental system is located is called
Llanuras de Ojuelos-Aguascalientes. The local climate tem-
perate semi-arid (BSTkw), with a mean annual temperature
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between 12 and 18 °C and mean annual precipitation of 0.8
to 2.9 mm (Garcia 2004). Two sampling sites were selected
in the study area, located at opposite ends of an exten-
sive plain. The first site belongs to the Ejido Palo Alto, in
the municipality of Palo Alto, Aguascalientes (21° 56’ 4.4"
N, -101° 51" 49.1” W with a mean altitude of 2,397 masl,
hereafter referred to as “ejido”). The second is a private
ranch called “Las Chinampas’, located in the municipality
of Ojuelos de Jalisco, Jalisco (21°53'6.9”N, -101° 50" 49.2"
W, 2,446 masl, hereafter referred to as “ranch”). The sites
were separated by approximately 3.5 km (Figure 1). The
study area is dominated by a mosaic of microphyll desert
shrubland, rosetophilous desert shrubland, crasicaule shru-
bland, oak forest, eucalyptus forest, and natural grassland
(Rzedowski 2006), with yucca trees (Yucca sp.) and cacti spe-
cies of the genera Coryphanta and Opuntia. The vegetation
cover tends to be more open in higher areas of the plain,
while trees predominate in hillsides and ravines. The study
sites include three artificial water reservoirs (presones) that
were built by local ranchers to supply water for cattle, and a
natural stream with small ponds.

Monitoring with mist nets. In each site, five mist nets were
placed during four nights per month to capture bats along
streams, slopes, and bodies of water (Figure 1), consider-
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Figure 1. Location of the two study sites in the central region of México. Red lines show the recording routes; green circles mark the location of mist nets; red squares mark fixed
recording stations. Numbers correspond to route numbers. The antenna where the fixed detector for passive monitoring was attached is indicated. Yellow polygons denote the limits of
premises. A: Ejido Palo Alto; B: Las Chinampas ranch. Black lines: state limits; yellow line: Ejido Palo Alto property; orange line: Las Chinanpas ranch property; green circles: mist nets; red

squares: ccoustic monitoring points; red line: routes
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ing that these areas may be used as feeding sites or flight
routes for many species on their way to or from the plain.
Nylon nets were 12 m long, with 38 mm mesh size (Avinet
Research Supplies, United States), and were placed consid-
ering a minimum separation of 50 m. These nets were kept
open during five hours (starting at dusk) and were reviewed
at 30-minute intervals. The individuals captured were pho-
tographed, weighed, measured, and identified to species
according to the criteria described in Medellin et al. (2008).
The sex and reproductive condition of each individual cap-
tured were determined. The individuals captured were
released in an open space to record their vocalizations.
These recordings were used to supplement our reference
acoustic library and identify the pulses stored by ultrasonic
detectors. Finally, we searched for bat shelters in crevices
and cracks of slopes and ravines, as well as among the veg-
etation of plains (especially among dry yucca leaves), but
did not spot any shelter near the study sites.

Acoustic monitoring. To maximize the spatial and tem-
poral coverage of the sampling, we used hand-held detec-
tors to conduct active and semi-active monitoring, as well
as fixed detectors for passive monitoring. The routes of
movements (active monitoring) for acoustic sampling were
selected seeking to cover the maximum surface area sam-
pled in each site; the only limitation was the use of the exist-
ing dirt roads only, aiming to include both plain and ravine
areas that harbor oak forest, grasslands with oak trees and

Table 1. Description of the routes set for the monitoring of bats in the study area.
The route length is indicated in parenthesis. Rout Number (RN).

Study premises RN Vegetation types Observations

Ejido Palo Alto 1 Predominantly grassland with On the plain (4.7 Km)
isolated shrubs; crosses a small
eucalyptus forest

2 Dense and low shrubland, On the plain; borders
dominated by thorny bushes; part of the largest
some areas with bare soil reservoir (0.33 Km)

3 Dense and low shrubland, On the plain; borders
dominated by thorny bushes; part of the smallest
some areas with bare soil reservoir (0.58 Km)

4 Predominantly grassland with On the plain; ends

Las Chinampas
ranch

isolated shrubs; starts and ends
in the grassland-oak forest
ecotone, and crosses some
patches of low thorny shrubland

Predominantly open grassland;
crosses a small oak forest area

Predominantly open grassland; it
ends in an area with shrubs and
oak forest

Grassland with scattered oaks,
prickly-pear cacti, and yucca
trees; riparian areas with shrubs,
oak trees, and agaves

at the border of two
ravines (11 Km)

On the plain; crosses a
small ravine (1.2 Km)

On the plain; it ends
in aravine (0.6 Km)

Along the ravine with
two small bodies of
water (0.73 Km)

4 Caespitose grassland with On the plain; it ends
scattered oak trees; ends in an inaravine (1.1 Km)
area with shrubs and oak forest

5 Shrubland with agaves, prickly- Along a rocky ravine
pear cacti, thorny bushes, and (0.57 Km)
isolated oaks

6 Grassland with isolated oak trees  On the plain (2.8 Km)

and yuccas

MacSwiney et al.

yuccas, as well as hillsides, ravines, and water bodies (Figure
1). A total of 10 routes of varying lengths were established
across the study area, four in the ejido and six in the ranch
(Table 1). Two routes in the ejido (1 and 4) and two in the
ranch (4 and 6) were traveled in vehicle at 4 to 6 km/h, while
routs 2 and 3 of the ejido, as well as routs 1, 2, 3, and 5 of
the ranch, were walked at a similar speed. Each route was
traveled once per night for two non-consecutive nights each
month, reversing the order and direction of the monitoring
every night. In addition, four fixed recording stations were
set in each site (fixed points - semi-active monitoring). The
use of fixed points as supplements of routes contributes
to better determine the spatial and temporal variation in
the activity of bats (Stahlschmidt and Briihl 2012). At each
fixed point, we recorded five minutes per night for two non-
consecutive nights per monitoring month. The monitoring
along routs and at fixed points started at dusk with a dura-
tion of six to seven hours (from 19:00 to 20:00 to 2:00 to 3:00
h, approximately). We used an EchoMeter three ultrasonic
detector (Wildlife Acoustics, Inc., United States) for recording
files in real-time and with the full spectrum. We used a sam-
pling rate of 256 kHz, a trigger of 7 kHz, and 24 dB; files had
a maximum duration of one minute and were stored using
a * WAV format. The detector was equipped with a Garmin
18x GPS (Garmin, United States), making it possible to record
the location where pulses of bat species were recorded.

This was supplemented by passive monitoring, placing
a SongMeter Model SM2BAT automated ultrasonic detec-
tor equipped with an SMX-US microphone (Wildlife Acous-
tics, Inc., United States) attached to an antenna placed at
each site (Figure 1). A sampling rate of 384 kHz was used,
Mono-L channel, which was stored as *.WAC format. These
automated detectors were set to record continuously for
10 minutes each hour, from dusk to dawn, during 20 to
25 days/month (depending on the life of batteries). This
method was used to identify peaks of activity throughout
the year that may indicate migration periods of the various
species. All the sounds were recorded in sound cards of
high memory capacity (Secure Digital High Capacity-SDHC
cards).

Analysis of sounds. The files stored by ultrasonic detec-
tors in *WAC format (native format) were converted to
* WAV format using the program WAC2WAV 3.3.0. (Wildlife
Acoustics, Inc., United States). WAV files were loaded in the
program BatSound v.4.1 (Pettersson Elektronic AB, Uppsala,
Sweden) to visualize and analyze the sounds contained in
recordings. We used different parameters of pulses (maxi-
mum frequency [FMAX], minimum frequency [FMIN], fre-
quency of maximum energy [FME], duration [DUR], and
interval between pulses [IPI]). FMIN and FMAX were calcu-
lated by subtracting -10dB from FME (Fenton 2004), while
IPI was calculated from the end of a pulse to the beginning
of the next, based on the oscillogram.

We estimated the activity index (IA) for each species in
each route by adding up the number of 1-min blocks in
which a species was detected as “present” (Miller 2001). We
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defined that a species was “present” when three or more
consecutive pulses were clearly visualized in a block. Sub-
sequently, for each route (including the fixed points), each
month, and each species, we divided the total number of
Tmin blocks with sound pulses recorded by the total num-
ber of minutes of recording. IA represents a gross estimate
of the proportion of time that bats are active, and provides
a standardized method to compare the relative abundance
of a species through time in either multiple sampling sites
or a single site (Miller 2001).

The shape and characteristics of ultrasonic pulses were
analyzed with the program BatSound v.4.1, and then were
compared with reference pulses obtained from fieldwork,
the literature, and the acoustic libraries available. This com-
parison allowed us to identify the pulses to species level.
For comparison purposes, these parameters were calcu-
lated in a similar way in the present study.

Environmental parameters. An automated monitoring
station was set in the study area to determine the potential
relationship of environmental conditions with the activ-
ity of the different species. The weather station (Vantage
Pro2 Windows USB WeatherLink, Davis Instruments, United
States) was set at approximately 3 m high on a ranch
antenna. The weather station continuously recorded and
stored the following data: wind speed and direction, ambi-
ent temperature and humidity, and precipitation. These
variables were related only to the activity recorded in the
passive monitoring station close to the weather station.

Results

Species richness through capture and acoustic monitoring.
During the period between January and December 2012,
only two bat individuals were captured in nets: one male of
Myotis melanorhinus (Vespertilionidae) captured in March
on the shore of the largest body of water (on the plain, rout
2 of the ejido), and one male of M. occultus (Vespertilioni-
dae) captured in September on the shore of the body of
water located in the ranch (near a small ravine, on rout 3).
The acoustic analysis led to the identification of six species
and a sound type assigned to M. occultus/M. californicus,
belonging to three families: Mormoopidae, Molossidae,
and Vespertilionidae (Table 2).

Activity related to landscape features and environmental
parameters. The average (annual) activity index within the
routes monitored for all species combined was 0.007, indi-
cating that bat vocalizations were recorded in less than 1 %
of the total recording time. The activity levels of the differ-
ent species of insectivorous bats were concentrated in two
seasons: the first, clearly defined in spring (April to May);
the second, longer, from mid-summer to late fall (August-
December; Figure 2). The fixed detectors used for passive
monitoring recorded activity only in March, April, and May,
where 85 % of the recorded sounds (n = 28 pulses) corre-
sponded to T. brasiliensis, while 15 % were produced by M.
melanorhinus and M. velifer.
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Table 2. Average values of the characteristics of search phase pulses recorded during
the annual period in the Palo Alto region, Aguascalientes and Jalisco. FME: Frequency
of Maximum Energy. FMIN: Minimum Frequency. FMAX: Maximum Frequency. DUR:
Duration. IP: Interval between pulses. FMIN and FMAX were calculated by subtracting
-10dB from FME (Fenton 2004). Values are the mean + standard deviation. NS: Number of
sequences. Five pulses were measured in each sequence.

Identification FME FMIN FMAX DUR IP (ms) NS
(kHz) (kHz) (kHz) (ms)

Mormoops megalophylla 527+12 512+20 536+1.7 94+16 151.2+60.3 4

Nyctinomops macrotis 146+21 136+17 199+13 13.0+09 332.1+221 4

Tadarida brasiliensis 239+32 231x14 262%15 9420 234.0+23.1 48

Eptesicus fuscus 321+49 290+18 41019 64+22 103.2+7.8 10

Myotis melanorhinus 51.9+43 50.7+2.1 59.3+25 6.0+3.3 1420+124 26

Myotis occultus/

y . 448+03 41.7+08 542+13 5520
californicus

88.8+9.5 22

Myotis velifer 395+45 376+33 421+%25 36+£13 141.0+£11.8 5

The results of the acoustic monitoring indicate that the
highest activity of insectivorous bats concentrated in areas
with bodies of water (rout 2 of the ejido and rout 3 from
the ranch). In these routes, activity of bats was detected
16 % of the total recorded time for the large pond of the
ejido (rout 2), and 13 % of the time for the ravine with water
bodies in the ranch (rout 3; Figures 3A, 3B, 4A and 4B; Table
1). The concentration of activity in routes with water bod-
ies was more evident for the vespertilionid species of the
genus Myotis, while the activity of the molossid Tadarida
brasiliensis was more homogeneous in all routes (Figures
3A, 3B, 4A and 4B).

The temperature in study sites ranged from 1.7 up to 26.1
°C during the recording periods (19:00 to 3:00 h) through-
out the year; the activity of bats was never recorded either
below 6.8 °C or above 20.3 °C. On the other hand, while
wind speed in the area ranged between 0 and 38 km/h
throughout the year, the activity of bats occurred between
1.6 and 24.1 km/h. The species of the genus Myotis recorded
activity between 9.8 and 16.7 °C, when wind speed ranged
between 11.2 and 15.3 km/h. T. brasiliensis was active in the
region when the temperature ranged between 6.8 and 20.3
°C, at wind speeds ranging between 11.6 and 20.9 km/h.

Discussion

Species richness through capture and acoustic monitoring. The
present study represents one of the first efforts to describe
the activity patterns of insectivorous bats in arid land-
scapes dominated by open grassland and shrubland. The
low capture rate of individuals in mist nets may reflect the
low local abundance of bats, as reported in other temper-
ate ecosystems dominated by pastures (i. e, Holloway and
Barclay 2000). On the other hand, it is well known that many
insectivorous species tend to be successful at evading mist
nets (MacSwiney et al. 2009), which might have reduced the
probability of capture. In addition, the study area, particu-
larly the plain, is constantly exposed to low temperatures
and high wind speeds (up to 38 km/h or 10.5 m/s), which
may inhibit the activity of both bats and their prey, which
typically are more active in habitats with wind speeds below
6 m/s or 21.6 km/h (Arnett et al. 2011; Wellig et al. 2018).




The present study recorded only seven species of insec-
tivorous bats through acoustic detection techniques. How-
ever, other species of the genera Myotis (e. g., M. volans, M.
auriculus) Lasiurus (L. blossevillii) and Aeorestes (A. cinereus)
probably occur in the study area as well, because Palo Alto
is located within their distribution range and the character-
istics of the habitat are consistent with those used by most
of these species (Alvarez-Castafieda et al. 2008).

Itis also feasible that species of other guilds use this area
as a transit or foraging sites. The species potentially present
include the nectarivorous bats Choeronycteris mexicana,
Leptonycteris nivalis, and L. yerbabuenae, which probably
use the low areas of the plain that host a greater amount of
flower resources (Valiente-Banuet et al. 1996). These spe-
cies are hardly recorded in an acoustic sampling, since their
echolocation sounds are short, multi-harmonic, of modu-
lated frequency (FM), and produced at a very short distance
from their target (Gonzalez-Terrazas et al. 2016).

Spatial variation of insectivorous species. The artificial
water bodies located in study sites were built by local
ranchers to supply water for livestock. In northern México
and other arid areas of the world, these artificial water res-
ervoirs are key landscape elements for insectivorous bats,
particularly in the dry season (Lopez-Gonzélez et al. 2015,
2016; Razgour et al. 2018). A similar pattern was observed
in this study, with higher activity indices in the three bodies
of water of the plain. In addition to the bodies of water, the
recordings at fixed points indicated that open areas near
the border of a zone of ravines ranked second in terms of
the activity of insectivorous bats. These results are con-
sistent with those reported for other open landscapes of
North America, where natural water bodies and ravines are
the sites showing the greatest activity (i. e, Holloway and
Barclay 2000).

The species of the genus Myotis (family Vespertilioni-
dae), characterized by its slow flight at a low height, are the
species that showed the highest use of areas near water
bodies in both the ejido and the ranch. The only two cap-
tures in the net (M. melanorhinus and M. occultus) occurred
around water bodies. The preference of Myotis spp. for
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Figure 2. Levels of monthly activity of insectivorous bats recorded along routes in
the study area. Green = Mormoops megalophylla, Dark blue = Eptesicus fuscus, Medium
blue = Myotis melanorhinus, Light blue = Myotis occultus/Myotis californicus, Orange =
Nyctinomops macrotis, and Red = Tadarida brasiliensis.
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streams and water bodies can be due to several factors. In
the first place, in arid areas, water bodies and the associated
riparian vegetation display a greater abundance of insects
(Hagen and Sabo 2012; Korine et al. 2016). In addition,
the large amount of feces excreted by livestock visiting
these sites for drinking water promotes a higher volume
of organic matter that boosts the abundance of insects
(Lopez-Gonzélez et al. 2015). Besides, these sites are attrac-
tive for bats to drink water (Adams and Thibault 2006). The
species of Myotis were also active in ravines, areas that offer
higher availability of shelters in trees and rocky walls (Hol-
loway and Barclay 2000; Everette et al. 2001). The species of
the genus Myotis usually have short and broad wings that
confer limited maneuverability in open areas, thus avoiding
to fly in these areas (for example, grasslands) and instead
use mostly linear elements (roads, rocky walls, rows of trees
or shrubs, etc.) and streams as flight routes (Limpens and
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Figure 3. Activity levels of A: Myotis spp., and B: Tadarida brasiliensis in the routes
of ejido (red) and ranch (blue), recorded during January-December 2012. E = Ejido, R =
Ranch, T = route or transect; the number indicates route number, either in the ejido or
in the ranch.
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Kapteyn 1991). It has been speculated that these species
may benefit from the linear elements because of the avail-
ability of topographic features for spatial orientation (they
produce pulses of relatively high frequencies, resulting in
a relatively low sonar range), and because these lower the
risk of predation and provide protection against strong
winds (Limpens and Kapteyn 1991).

The big free-tailed bat, Nyctinomops macrotis (family
Molossidae), was active mainly in the largest body of water
of the ejido and in ravine areas in both sites. Itis highly likely
that the low number of records of N. macrotis derives from
its high flight (frequently close to 200 m; Griffin and Thomp-
son 1982), which would suggest that this species does not
perceive the different components of the landscape at
ground level (Avila-Flores and Fenton 2005). At various
points located in the study area but outside routes, audible
vocalizations were occasionally attributable to this species
(R. Avila, pers. obs.), suggesting that this species uses the
landscape in a relatively homogeneous manner. N. macro-
tis could be identified based on the recordings typical of the
species that at the same time were related to sounds that are
audible to humans, as observed in other regions inhabited
by this species (Mora and Torres 2008). An accurate record of

its audible vocalizations was not conducted because not all
the field team members were trained to identify this species.

The molossid bat Tadarida brasiliensis, another high-
flight bat, was the most abundant species in the study
area. Like N. macrotis, its high flight may make this species
perceive the landscape in a more homogenous way (Avila-
Flores and Fenton 2005), but it nonetheless used areas near
bodies of water more frequently (Figure 3). As is the case of
Myotis spp., these areas may provide a higher abundance of
food, as well as protection against strong winds, given these
were located in small ravines and gullies. The detection of
an abundant number of pulses in fixed detectors and fixed
evidence that this species is capable of using open habitats
nearly as often as ravines and areas of woody vegetation.

The limited information obtained for Mormoops megalo-
phylla, Eptesicus fuscus, and M.velifer preclude an adequate
description of its habitat-use patterns. Mormoops megalo-
phylla was detected in a body of water (ejido), in ravines
(ranch), and open areas near ravines (Figure 4B). Appar-
ently, this species uses the various habitats in the study area
in a relatively similar way. For its part, E. fuscus, considered
a generalist species that occurs commonly in arid habitats
of central México (Kurta and Baker 1990), was recorded
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Figure 4. Recording sites by acoustic monitoring of species of insectivorous bats in the study area. A: records of molossid bats, where white squares = Nyctinomops macrotis; Blue
points = Tadarida brasiliensis. B: records of mormopid and vespertilionid bats, where black squares = Mormoops megalophylla; orange points = Eptesicus fuscus; red points = Myotis

melanorhinus; white points = Myotis occults; blue points = Myotis velifer.
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mainly in ravines and adjacent open areas, while M. velifer
was detected in a few occasions in the fixed detector
placed in the ejido (i. e., in open areas) in April. Specimens
of this species have been observed found in the study area
resting on beams of the ex-hacienda Palo Alto in August
(Alvarez-Castafieda et al. 2008), but the colony apparently
consisted of a few individuals. The low abundance previ-
ously observed in the area could explain the few records of
activity of this species in our study sites.

Temporal variation of insectivorous species. The species of
the family Molossidae (N. macrotis and T. brasiliensis) were
recorded in the Palo Alto region most of the year. Although
N. macrotis was recorded a few times in the recordings, its
presence was identified in several months of monitoring
without the assistance of ultrasonic detectors. T. brasil-
iensis was detected in seven of the 12 monthly sampling
events, with noticeable absences during the winter (Jan-
uary-March) and part of the summer (June-July), and with
two peaks of activity in spring and autumn (Figure 2). In
April, May, and October, the activity of this species was sig-
nificantly relative to the other months, making it possible to
record sounds during 8 to10 % of the recording time. The
absence of records of T. brasiliensis in June and July is worth
mentioning, since this period of time coincides with the
onset of rains, the reproduction of the species, and a high
abundance of insects (Lopez-Vidal et al. 2008). These obser-
vations suggest that the increased activity of T. brasiliensis
detected in spring may reflect the migratory movements of
the species; this is difficult to confirm because its migratory
routes in México are not known in detail yet.

The members of the family Vespertilionidae (E. fuscus, M.
melanorhinus, M. occultus, and M. velifer) are active during
a large part of the year in the Palo Alto region but virtually
disappear between November and March. In México, it has
been reported that these species usually make short altitu-
dinal migrations to reach their hibernation sites (Villa 1967).
The virtual absence during the coldest months seems to
support this hypothesis, although it is unlikely that these
populations hibernate in the Palo Alto region, consider-
ing that they tend to move toward higher sites in search
of shelters that are sufficiently cold. The search for shelters
and the interviews with local inhabitants did not provide
evidence about hibernation shelters in the region. The indi-
viduals of the genus Myotis found in Palo Alto likely hiber-
nate in the closest mountainous area, located some 80 to
90 km to the northeast (limits between Aguascalientes and
Jalisco), reaching altitudes close to 3,000 masl. Until now,
the few known hibernation shelters for M. velifer in México
are occupied from September-October to February-March
(e. g. Avila-Flores and Medellin 2004; Ayala-Berdon and
Solis-Cardenas 2017).

Nocturnal activity and environmental parameters. The
characteristics of our sampling design and the scarcity of
data preclude a robust analysis of daily activity patterns of
the different species of bats. However, the combination of
the data for all sampling events allows us to get an over-
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all picture of the patterns of activity for the most common
species in the area. In the case of the species of the genus
Myotis, which tend to be more active shortly after dusk
elsewhere (Hayes 1997), no peak of activity was detected
between 20:00 and 3:00 h. In contrast, T. brasiliensis, a
species that can travel across more than 50 km in a single
night (Best et al. 2003), seems to display a peak of activity
between 21:30 and 22:00 h. This pattern is similar to the
one reported by Avila-Flores et al. (2005) for T. brasiliensis
in México City, with a peak of activity two hours after dusk.

The low activity of bats recorded in the Palo Alto region
restrained the statistical analysis of the effect of the local
climatic conditions. However, the available information
documents that in the area no activity of bats occurs at tem-
peratures either below 6.8 °C or above 20.3 °C. In addition,
the activity of bats occurred at wind speeds of 1.6 and 24.1
km/h. The data obtained is insufficient to know whether
Myotis spp. and T. brasiliensis are active at wind speeds
above 24.1 km/h, but we can affirm that the peak activity of
these species occurs when the wind flows below this speed.
This is consistent with observations for North American
insectivorous species that display peak activity when wind
speed is below 6 m/s or 21.6 km/h (Arnett et al. 2011).

The present work represents one of the first efforts to
determine the richness and activity of insectivorous bats in
arid environments with desert shrubland. The low species
richness and low activity levels recorded result from the
environmental conditions that prevail in the plain, charac-
terized by strong gusts of wind and low temperatures. In
this area, similar to other arid areas, artificial water bodies
(“presones”) are an important element that promotes the
activity and foraging of insectivorous bats (Lépez-Gonzdlez
etal. 2015). Maintaining these water elements is essential,
particularly in the dry season, as our results show that it is
in this season that insectivorous bats are most active, with
the likely migratory movement of T. brasiliensis.
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