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Bat communities’ responses to land use change in neotropical montane forests have scarcely been 
studied. We hypothesized that, like in lowland forests, a montane agricultural area will have a lower 
species richness, abundance, diversity and species composition of understory phyllostomid bats than a 
native forest (montane cloud forest and pine-oak forest). Monthly surveys over the course of a year gave 
an overall low species richness and abundance (167 captures corresponding to nine species). We found a 
slight loss of species richness in agricultural areas with respect to the montane cloud forest (one species) 
and pine-oak forest (two species). However, differences in abundance were noteworthy: 45% and 73% 
fewer captures in agricultural areas than in the montane cloud forest and pine-oak forest, respectively. 
Species diversity was higher in the montane cloud forest than the pine-oak forest, but the diversity of 
agricultural areas did not differ between the types. Species and guild compositions did not differ between 
crops and forests. At least for the understory phyllostomid bats, and at the spatial scale studied, traditional 
management of agricultural areas in the study area and the surrounding matrix could explain the similarity 
in species richness, composition, and diversity between the agricultural area and native montane forests; 
however, other indicator groups should be evaluated to understand the effects of habitat loss on montane 
forests.
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BACKGROUND

The neotropical realm is one of the most biodiverse 
regions in the world, but it is facing a rapid process 
of land use change and fragmentation, mainly due to 
agricultural practices (Brooks et al. 2002; FAO 2009; 
Hansen et al. 2013). These processes affect biodiversity, 
changing species richness, abundance, composition, 
ecological functions and, therefore, the environmental 
services (Haddad et al. 2015). In the Neotropics, the 

responses of animal communities to agriculture have 
been studied broadly in tropical lowland forests (e.g., 
Estrada and Coates-Estrada 2002; Daily et al. 2003; 
Gorresen and Willig 2004; Michalski and Peres 2005; 
Pardini et al. 2005; Martensen et al. 2012; Thornton 
et al. 2012). However, studies on the montane tropical 
forest are scarce (Pérez-Torres and Ahumada 2004; 
Tabarelli et al. 2010). Addressing and understanding 
change processes in montane ecosystems is necessary 
and urgent, since they harbor a high proportion of the 
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biotic diversity and endemism in relatively small areas, 
and their biologic communities are more vulnerable 
to changes in climate patterns than other biological 
communities (Brown and Kappelle 2001; González-
Espinosa et al. 2012; Vegas-Vilarrúbia et al. 2012).

Due to their high diversity, abundance and variety 
of guilds, bats have been frequently used as a biological 
indicator group to study changes in ecosystems 
(Medellín et al. 2000; García-Morales et al. 2013). In 
America, Phyllostomidae is the most diverse family 
of bats (Simmons 2005); its species occupy a broad 
variety of niches and they stand out by their ecological 
functions as seed and pollen dispersers for many species 
of plants (Galindo-González et al. 2000; Soriano et 
al. 2000; Rost et al. 2015). In addition, phyllostomid 
bats are important consumers of arthropods and small 
vertebrates (Giannini and Kalko 2004; Kalka et al. 
2008).

In lowland neotropical forests it has been observed 
that mosaics of natural vegetation and agriculture lands, 
and occasionally live fences, maintain a moderate 
proportion of bat species richness and abundance 
found in well-conserved forests (Estrada et al. 1993; 
Estrada and Coates-Estrada 2001; Gorresen and Willig 
2004). However, within communities, the response to 
the configuration, connection between patches, and 
landscape matrix is usually species-specific (Gorresen 
and Willig 2004). For example, species that forage 
for animals in the canopy, particularly species of the 
Phyllostominae subfamily, diminish in abundance in 
fragmented landscapes; other species, however, can 
use both transformed and well-conserved forests in the 
same intensity; and adaptable species with the potential 
to move over large areas and that eat plants adapted 
to disturbances increase in abundance in fragmented 
landscapes (Schulze et al. 2000; Estrada and Coates-
Estrada 2002; Gorresen and Willig 2004). However, 
when natural vegetation has been eliminated completely, 
effects on bat species’ richness and abundance are more 
severe (Brosset et al. 1996; García-Morales et al. 2013).

In one of the few bat studies in montane tropical 
forests, Pérez-Torres and Ahumada (2004) in an Alto-
Andino forest of Colombia reported a decrease of a 
quarter of the bat species and 43% fewer captures of 
frugivorous bats in fragmented forests compared to 
continuous ones. In another study, Mena (2010) found 
in an evergreen forest that there were more carnivorous 
species (Phyllostominae subfamily) in sites with 
higher vegetation cover, as predicted, but overall there 
was no relationship between landscape composition 
and configuration when it came to the abundance of 
frugivorous species. There is little knowledge on the 
effects of the change from a native neotropical montane 
environment to an agricultural one on a local scale, so 

this study compared the relative abundance, species 
richness, diversity and compositional similarity of 
phyllostomid bats in two native forests (montane cloud 
forest and pine-oak forest) and agricultural areas (mixed 
small crops of maize, beans and sugar cane) in southern 
Mexico. As it has been observed in lowland forest, we 
expected species diversity to be lower in agricultural 
areas than in native tropical montane forests, and 
different species compositions among the cover types.

MATERIALS AND METHODS

Study site

The study site is located in the Municipality of 
San Andrés Solaga, district of Villa Alta, in the State 
of Oaxaca, Mexico, between the parallels 17°14' and 
17°19' North and meridians 96°10' and 96°17' Western. 
The area has an elevational range from 500 to 2,400 m 
a.s.l. (Fig. 1). The predominant climates are temperate 
subhumid and semi-warm sub-humid. The annual 
temperature fluctuates between 12 and 18°C, and the 
annual precipitation is between 1,200 and 2,000 mm 
(Vidal-Zepeda 1990; García and CONABIO 1998).

Surveys were conducted in three cover types: 
montane cloud forest, pine-oak forest and agricultural 
areas. The agricultural areas surveyed are composed of 
mixed small plots (< 1 ha) of maize, beans and sugar 
cane, and 80% had irrigation systems (San Andrés 
Solaga 2012). There are also scattered trees, riparian 
vegetation surrounding small rivers, and backyard 
orchards near houses (Fig. 1). We sampled two sites 
within each land use, and monthly samples were carried 
out in the same sites. Sampling months were taken as 
subsamples to complete the bat inventories of each 
land use (Fig. 1). Therefore, we provided a cumulative 
description of the site’s diversity and did not use 
traditional statistical inferences to compare land uses. 
Instead, we used resampling procedures to estimate 
confidence intervals of bat diversity, and a permutational 
procedure to assess bat composition (see below).

Data collection

Twelve monthly visits were done between April 
2014 and March 2015; in each one, two nights of 
sampling were performed for every site. Surveyed sites 
were separated by ca. 3 km and chosen based on the 
following: condition of vegetation (for forests we only 
sampled primary forested, avoiding areas of secondary 
growth vegetation), the home range of phyllostomid 
species in montane habitats (0.4-1.4 km2; Cortés-
Delgado and Sosa 2014), and for sampling the same 
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species pool in the area (Castro-Luna and Galindo-
González 2012). Sampling two or more bat communities 
would probably have effects on the analyses and give 
biased conclusions. 

Bats were captured with four mist nets (12 × 
2.5 m) set between trees, and over animal trails (Kunz 
and Kurta 1988). Mist nets were opened for eight 
and a half hours (18:00 to 02:30 hrs). The taxonomic 
determination was made with the keys of Álvarez et al. 
(1994) and Medellín et al. (2008), and the nomenclatural 
arrangement according to Ramírez-Pulido et al. (2014). 
Guilds were assigned following Arita (1993) and 
Castro-Luna et al. (2007) as frugivorous, nectarivorous, 
insectivorous, and hematophagous. Research was 
conducted following the guidelines for animal care of 
Sikes and Gannon (2011) and under the permission 
number FAUT-043 for biological scientific samples 
proportionated by the Mexican environmental 
authorities.

Data analysis

We calculated sample coverage to quantify the 
survey completeness per type of cover, measured as the 
proportion of total individuals in the community that 
belong to the species present in our samples (Chao et 
al. 2014). This is a measure of sampling efficiency, as it 
means that the number of observed species constitutes a 
certain proportion of the total number of individuals in 
the communities.

As a proxy for abundance, the relative abundance 
index (RAI) was calculated with the quotient of 
individuals and survey effort (Medellín 1993), where 
survey effort was measured as the product of net 
length; the time the nets were open; and the number 
of nets, expressed as meters/net/hour (Medellín 1993). 
Number of captures were low, so to avoids very small 
numbers of relative abundance, relative abundance was 
multiplied by 1000.

We measured bat diversity with Hill numbers 
(i.e., effective number of species). These measures are 
intuitive and mathematically rigorous (Jost 2006; Chao 
et al. 2014). The Hill numbers are parameterized by an 
order of diversity (q), which determines the importance 
of relative abundance of species. The most used Hill 
numbers are species richness (q = 0, i.e., 0D), the 
exponential of the Shannon-Wiener entropy index (q = 1 
or 1D), and the inverse of the Simpson diversity index 
(q = 2, 2D). When q = 0, 0D is the species richness, 
which counts the species without considering their 
relative abundances. When q = 1, it counts the species 
in proportion to their relative abundances. It can be 
interpreted as the effective number of common species 
in the community. When q = 2, it is very sensitive to 
dominant species and the rare species have little effect 
on the value; it can be interpreted as the effective 
number of dominant species in the community (Chao 
et al. 2014). Hill numbers and their 95% confidence 
intervals were obtained using the interpolation and 
extrapolation curves, and an asymptotic analysis, in 

Fig. 1.  Location of sampling localities (white dots; two sampling sites per locality) for phyllostomid bats in Oaxaca, Mexico. Cover types: 
agricultural areas (AGR), pine-oak forest (POF), and montane cloud forest (MCF). Source: Google Earth (February 2012), Digital Globe and NASA.

N
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iNEXT (Chao et al. 2016). 
To visualize patterns in species composition 

among cover types, a non-metrical scaling analysis 
(NMDS) was done with the dissimilarity of Bray-
Curtis. A PERMANOVA analysis was done to test for 
significant differences in species and guild compositions 
among cover types. The NMDS and PERMANOVA 
analyses was done with the Vegan package in R 
software (Team R Development Core 2012).

RESULTS

With a total of 26,496 meters of net used, 167 
bats of nine species, nine genera and four subfamilies 
of the Phyllostomidae family were captured (Table 1). 
The subfamily best represented was Stenodermatinae 
(5 species), followed by Glossophaginae (2 species). 
The Carolliinae and Desmodontinae subfamilies were 
represented by one species each. Also recorded were 
one species endemic to Mexico (Glosssophaga morenoi) 
and one species (Enchisthenes hartii) subject to special 
protection according to Mexican laws (SEMARNAT 
2010). 

With respect to the type of cover, pine-oak forest 
had the highest number of captures (94 individuals; 
56.3%) and the highest species richness (eight species). 
In montane cloud forest, 47 individuals (28.1%) of 
seven species were recorded, while in agricultural areas 
26 individuals (15.6%) of six species were captured 
(Table 1). Sample coverage was 0.9789, 0.9787 and 
0.9668 for pine-oak, cloud forest and agricultural areas, 
respectively. These high proportions indicate that our 
surveys sampled the communities accurately. With 
respect to guilds, six frugivorous, two nectarivorous, 
and one hematophagous species were recorded. 
Frugivorous represented 93.4% of the captures, whereas 
the hematophagous represented 3.6%, and nectarivorous 
3.0% (Table 1).

Relative abundance

By combining the three cover types surveyed, 
Sturnira hondurensis represented 56.28% of the total 
of captures. Centurio senex and Glossophaga morenoi, 
however, were only recorded on one occasion (0.59% 
each). Sturnira hodurensis, D. azteca, and C. sowelli 
were the most abundant species in the three cover 
types (Fig. 2). S. hondurensis had the highest relative 
abundances for all three cover types; it was highest 
in the pine-oak forest (RAI = 2.38), followed by the 
montane cloud forest (RAI = 0.64) and agricultural 
areas (RAI = 0.53). Dermanura azteca had the second 
highest relative abundances in the three cover types: 
similar in both pine-oak and montane cloud forests 
(RAI = 0.377), but higher in the agricultural areas 
(RAI = 0.151). Carollia sowelli had the third highest 
relative abundance in the montane cloud forest (RAI 
= 0.264) and agricultural areas (RAI = 0.113). In the 
pine-oak forest, C. sowelli and E. hartii shared the third 
place in relative abundance (RAI = 0.226 each). Rank-
abundance curves showed that the montane cloud forest 
had the most even community, whereas the pine-oak 
forest had a curve dominated by one species. Montane 
cloud forest and agricultural areas had two rare species, 
whereas the pine-oak, only one. No rare species were 
shared among cover types. 

Species richness and diversity

Interpolation and extrapolation analyses showed 
no difference in species richness (0D) among vegetation 
covers, because their confidence intervals overlapped 
(Fig. 3). However, when including species abundance 
in Hill numbers 1D and 2D, the mountain cloud forest 
was clearly more diverse than the pine-oak forest, while 
the diversity of agricultural areas was not statistically 
different from the diversity of both forest types (Fig. 3).

Table 1.  Relative abundance index (RAI) and guilds of phyllostomid bats in neotropical temperate forest and 
agricultural areas in southern Mexico

Subfamily Scientific name Guild Number of individuals Montane cloud forest Pine-oak forest Agricultural areas

Glossophaginae Anoura geoffroyi Nec 4 0.113 0.038 -
Glossophaga morenoi Nec 1 0.038 - -

Carolliinae Carollia sowelli Fru 16 0.264 0.226 0.113
Stenodermatinae Centurio senex Fru 1 - 0.038 -

Sturnira hondurensis Fru 94 0.642 2.378 0.528
Enchisthenes hartii Fru 10 0.113 0.226 0.038
Dermanura azteca Fru 25 0.377 0.377 0.151
Artibeus jamaicensis Fru 10 0.226 0.075 0.075

Desmodontinae Desmodus rotundus Hem 6 - 0.189 0.075
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Similarity in species and guild compositions

The NMDS and the PERMANOVA analyses 
showed no significant differences in species or guild 
compositions among cover types (species: Pseudo-F = 
1.13, R2 = 0.09, P = 0.36; guilds: Pseudo-F = 0.84, R2 = 
0.07, P = 0.47; Fig. 4).

DISCUSSION

In this study, we compared phyllostomid bat 
diversity between neotropical montane forests and 
agricultural areas. Although the sampling effort applied 
to the three cover types assessed was high, we found that 
abundance and species richness were low—167 bats and 
nine species, respectively. Compared to other studies in 
the neotropics, our sampling effort was higher (Monroy-

Fig. 2.  Rank abundance curves of phyllostomids bats in neotropical temperate forest and agricultural areas in southern Mexico.

Fig. 3.  Asymptotic analysis of the diversity (Hill numbers, q = 0, 1 and 2) of phyllostomid bats in neotropical temperate forests (MCF: montane 
cloud forest, POF: pine-oak forest) and agricultural areas (AGR) in southern Mexico. Shadded areas are confidence intervals at 0.95%.
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Vilchis et al. 2011; Calderón-Patrón et al. 2013; 
Rodríguez-Macedo et al. 2014) or comparable (Castro-
Luna and Galindo-González 2012; Montaño-Centellas 
et al. 2015; Arias et al. 2016); however, the capture 
rate was low (0.63 bats/sampling effort per 100). For 
the cited studies, the capture rate goes from 0.73 to 3.0 
bats/sampling effort per 100, but in subtropical montane 
environments, the capture rate usually is below 1.0 
(Monroy-Vilchis et al. 2011; Rodríguez-Macedo et al. 
2014; Arias et al. 2016). The species richness was also 
comparable to other neotropical montane ecosystems. 
For example, in the Sierra Mazateca, southern Mexico, 
Briones-Salas et al. (2005) only reported four species, 
in both montane cloud forest and pine-oak forest; in the 
Atlantic montane forest of Brazil, Moras et al. (2013) 
recorded 10 species; and in the Serra Negra, Brazil, 
Nobre et al. (2013) found 14 species. Overall, these 
findings show that montane environments have lower 
abundance and species richness of phyllostomid bats 
than lowland forests. This is due to the fact that the bat 
richness is inversely related to elevation, with higher 
diversity in lowland forests and lower diversity in 
highland forests (Soriano 2000; McCain 2007; Martins 
et al. 2015).

We found noteworthy differences in abundance 
among covers (45% and 73% fewer captures in 
agricultural areas than montane cloud forest and pine-
oak forest, respectively). Changes in bat abundances 
in fragmented and agroecosystems (e.g., coffee crops) 
with respect to primary vegetation has been observed 
in montane environments in the Neotropics with 

contrasting findings. Whereas some studies found 
higher abundances in primary vegetation (Pérez-Torres 
and Ahumada 2004; Williams-Guillén and Perfecto 
2010; this study), others reported higher abundances in 
fragmented or agroecosystems areas (García-Estrada 
et al. 2006). It seems that bat abundance is lower when 
intensification of agricultural systems is high, such as 
in monocultures or pastures for livestock (Williams-
Guillén and Perfecto 2010; Castro-Luna and Galindo-
González 2012). On the other hand, higher abundances 
occur in crops that maintain a similar cover structure 
of primary vegetation (García-Estrada et al. 2006; 
Mendoza-Sáenz and Horváth 2013). In such cases, bat 
abundances are affected by an increase in the numbers 
of frugivorous and nectivorous species, as they are able 
to exploit resources in altered environments (Williams-
Guillén and Perfecto 2010; Castro-Luna and Galindo-
González 2012; Mendoza-Sáenz and Horváth 2013; 
Montaño-Centellas et al. 2015).

We did not find differences in species richness, 
diversity, and composition among agricultural areas 
and forests. In contrast, previous studies found higher 
species richness in primary forests than forest converted 
to agriculture (Pérez-Torres and Ahumada 2004; García-
Estrada et al. 2006; Williams-Guillén and Perfecto 
2010; Montaño-Centellas et al. 2015). As has been 
broadly observed in lowland ecosystems, the impact of 
habitat loss and fragmentation on bat communities is 
influenced by different landscape conditions—such as 
size and shape of patches—surrounding matrix, distance 
between fragments, and/or the interactions among 

Fig. 4.  Non-metric multidimensional scaling analysis (NMDS) ordination of phyllostomid bats in neotropical temperate forests and agricultural areas 
in southern Mexico. a) species composition, b) guilds. Cover types: agriculture (solid line), montane cloud forest (dashed line), and pine-oak forest 
(dotted line).

a) b)
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them (Estrada et al. 1993; Estrada and Coates-Estrada 
2001; Gorresen and Willig 2004; Bernard and Fenton 
2007). In this sense, our study areas have characteristics 
that can explain the lack of statistical differences in 
species richness, diversity, and composition between 
temperate forest and agricultural areas. For example: 
1) agricultural areas are traditionally managed (sensu 
Toledo et al. 2003), i.e., they have a high diversity 
of resources spaced in patches (Medina et al. 2007), 
possess backyard orchards near houses, which may 
offer refuge or food for bat species, particularly 
adaptable species such as those in Artibeus, Sturnira 
and Desmodus (Galindo-González 2004); 2) agricultural 
areas are immersed into a forest matrix, which includes 
riparian vegetation, so that species that perform long 
flights in search of food can cross the agricultural areas 
without making use of them, or only making marginal 
use of them (Estrada et al. 1993; Estrada and Coates-
Estrada 2001; Bernard and Fenton 2007; García-
Morales et al. 2014). However, we do not discard the 
possibility that the lack of differences in bat diversity 
and composition between the agricultural site and forest 
sites were due to the low capture rate, although the 
calculated sample coverage was high.

Among the three cover types, S. hondurensis 
was the dominant species, followed by D. azteca, 
and C. sowelli, all three of which have a similar body 
size (Reid 1997). These species feed on Solanum and/
or Piper species, and forage at the understory level 
in both secondary and mature forests (Castro-Luna 
et al. 2007; Pinto and Keitt 2008). Meanwhile, food 
offer in the canopy of the sites studied may not be 
enough for species that forage in this stratum, like 
Artibeus jamaicensis, a large-sized Ficus specialist 
bat (Giannini and Kalko 2005; Lou and Yurrita 2005). 
Regarding the above, Saldaña-Vázquez et al. (2010) 
also found a higher abundance of S. hondurensis over 
A. jamaicensis in a montane cloud forest in Veracruz, 
Mexico. They explain that the species richness and 
diversity of chiropterochorous plants justify the higher 
abundance of S. hondurensis. Artibeus jamaicensis is a 
big-sized species, thus it must consume a high quantity 
of carbohydrates in the form of fruits to achieve 
enough thermoregulation to live in a temperate forest 
(Soriano 2000). However, this pattern is not found in 
montane forests, e.g., in Quíndio, Colombian Andes, A. 
jamaicensis was the most abundant species (Numa et al. 
2005).

On the other hand, the Phyllostomidae family has 
not been a useful indicator group for demonstrating the 
effects of human perturbation on ecosystems (Coutinho 
and Bernard 2012; García-Morales et al. 2013), but 
analysis at the subfamily level or between guilds 
can show patterns of these effects. Stenodermatinae, 

Carollinae, and Glossophaginae are subfamilies tolerant 
to disturbance in lowland forests, but Phyllostominae 
is usually more sensitive (Clarke et al. 2005; Giannini 
and Kalko 2005). In this study, agricultural areas 
had a lesser relative abundance of Carollinae and 
Stenodermatinae species than the temperate forests, 
while Glossophaginae was only observed in forests; 
in addition, Desmodontinae had higher relative 
abundance in the pine-oak forest than in agricultural 
areas, and it was not recorded in the montane cloud 
forest. These results, in association with the findings 
obtained in Alto-andinos forests of Colombia (Pérez-
Torres and Ahumada 2004), could demonstrate that 
Stenodermatinae, Carollinae, and Glossophaginae 
species are capable of using agricultural areas, but they 
will remain in low numbers if the sites do not meet their 
requirements.

With respect to guilds, in lowland forest fragments 
and secondary forests, frugivorous and nectarivorous 
species tend to show increases in abundance; instead, 
animalivorous species have either not been recorded 
or have been recorded in low abundances, showing 
dependence for continuous forests (Clarke et al. 2005; 
Giannini and Kalko 2005; Castro-Luna et al. 2007; 
García-Morales et al. 2013). In particular, the results 
of this study contrast with the ones mentioned above, 
because animalivorous species were not recorded (these 
are not common in highlands in the region; Briones-
Salas et al. 2015) and nectarivorous species only were 
recorded in forests. Subsequent studies should explore 
the use of nectarivorous species as an indicator group in 
neotropical montane forests.

CONCLUSIONS

Overall, we found that the phyllostomid bat 
species richnesses in the highlands studied were low 
(nine species), fitting the altitudinal pattern that there 
are more bat species in lowlands than highlands. 

In conclusion, at this study scale, there is a 
biotic homogeneity in the phyllostomid bats between 
forests and agricultural areas, i.e., habitat loss does 
not affect bat communities, although the results may 
be different at other spatial scales. In addition, at least 
for the understory phyllostomid bats, the traditional 
management of agricultural areas and the surrounding 
matrix could explain the similarity in species richness, 
composition, and diversity between the agricultural area 
and native montane forests, so other indicator groups 
should be evaluated to understand the effects of habitat 
loss in montane forests. 

Most literature about the response of phyllostomid 
bat communities to habitat loss and fragmentation 
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comes from lowland forests, so its study in montane 
ecosystems should be promoted. In addition, further 
research may focus on the physiologic adjustments 
developed by phyllostomid bats to live in cold climates, 
as well as on determining if bats move in an altitudinal 
gradient during feeding, which could explain the 
presence of small bats in temperate habitats.
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