
INTRODUCTION

The factors that influence the ecology of popula-
tions and communities have been traditionally stud-
ied at the local level (Dunning et al., 1992), howev-
er the development of analytical tools such as
Geographic Information Systems (GIS) makes it
pos sible to evaluate these factors across much
broad er scales. The concurrent analysis of habitat
characteristics (i.e., the structure and composition of
vegetation) and landscape characteristics (the com-
position and configuration of habitat patches) are
important for evaluating the use of habitat remnants
by native wildlife in fragmented landscapes (Gor -
resen and Willig, 2004; Pinto and Keitt, 2008;
Kling beil and Willig, 2009). 

Phytophagous bats provide crucial environmen-
tal services by pollinating (nectarivorous species)
and dispersing the seeds (frugivorous species) of na-
tive woody plants across anthropogenic landscapes,
and they do this over larger areas than other fauna,
including birds, owing to their greater vagility in
these landscapes (Galindo-Gonzalez, 2004). The
ability of some bat species to fly long distances and
cross open areas has made these volant mammals 
a useful group for evaluating the response of native
fauna to habitat fragmentation (Gorresen and Willig,
2004; Klingbeil and Willig, 2009). In environments
that have been modified by humans, it has been
shown that bat species respond differently to changes
in the habitat; some bat species that depend directly
on plants as their main source of food benefit from

Acta Chiropterologica, 15(2): 399–409, 2013
PL ISSN 1508-1109 © Museum and Institute of Zoology PAS

doi: 10.3161/150811013X679026

Response of phytophagous bats to patch quality and landscape attributes 

in fragmented tropical semi-deciduous forest

BEATRIZ BOLÍVAR-CIMÉ1, 5, 6, JAVIER LABORDE1, M. CRISTINA MACSWINEY G.2, CARLOS MUÑOZ-ROBLES3, 
and JUAN TUN-GARRIDO4

1Red de Ecología Funcional, Instituto de Ecología, A.C., Carretera antigua a Coatepec No. 351, El Haya, C.P. 91070, Xalapa,
Veracruz, México 

2Centro de Investigaciones Tropicales, Universidad Veracruzana, Casco de la ExHacienda Lucas Martín, 
Privada de Araucarias S/N, Col. Periodistas, C.P. 91019, Xalapa, Veracruz, México

3Instituto de Investigación de Zonas Desérticas y Coordinación de Ciencias Sociales y Humanidades, UASLP, 
Altair # 200 Col. Del Llano, C.P. 78377, SLP, México

4Campus de Ciencias Biológicas y Agropecuarias, Universidad Autónoma de Yucatán, Carretera a Xmatkuil Km 15.5, 
C.P. 97315, Mérida, Yucatán, México

6Corresponding author: E-mail: bolivar_cime@yahoo.com

Forest fragmentation reduces the amount of forest cover and negatively affects the habitat quality of forest remnants. Landscape
attributes and habitat quality should therefore be evaluated together to improve our understanding of how fauna respond to
fragmentation. We evaluated how patch quality (vegetation structure) and landscape characteristics influence the abundance of
phytophagous bats in two contrasting types of landscape that differ in percent forest cover and matrix type: landscapes dominated
by man-made pastures and landscapes with large tracts of continuous forest (tropical semi-deciduous forest). Bats were sampled in
forest patches in both types of matrices, and for each matrix two sites with a cenote (water filled sink-holes, typical of the Yucatan)
and two with no cenotes were sampled. Sites with cenotes offer better habitat quality than sites without cenotes: the richness and
basal area of plants eaten (flower or fruit) by bats are higher in the forest vegetation surrounding them. At the landscape level,
phytophagous bat abundance was negatively correlated with the amount of forest cover and proximity to other forest fragments, but
positively correlated with forest edge density, patch density and landscape heterogeneity. At the patch level, bat abundance was
positively correlated with plant richness and the basal area of edible tree species. In the Yucatan’s agricultural landscapes the area
and spatial distribution of forest remnants are not the only variables affecting bats. Habitat patch quality and high heterogeneity of
land cover types are also important, and have a positive effect on phytophagous bat abundance and movement.
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the creation of a few, scattered sites with secondary
vegetation, but suffer when their foraging or roost-
ing areas are subjected to drastic changes by exten-
sive deforestation (Castro-Luna et al., 2007). Recent
studies have found that bat abundance responds
more to landscape composition (i.e., the proportion
of different habitat types) than to landscape config-
uration (the spatial arrangement of different habitat
types) (Gorresen and Willig, 2004; Klingbeil and
Willig, 2009). In Mexico the abundance of frugivo-
rous bats was robustly and positively associated
with the proportion of area covered by primary and
riparian forest, both high quality habitats for bats
(Pinto and Keitt, 2008; Avila-Cabadilla et al., 2012),
while the abundance of three nectarivorous bat
species tended to be negatively associated with the
mean area of dry forest patches (Avila-Cabadilla 
et al., 2012). Other studies have shown that phy-
tophagous bat species richness and abundance are
higher in moderately fragmented landscapes than in
intact forest (Willig et al., 2007; Klingbeil and
Willig, 2009). A matrix of mature forest with few
patches of secondary vegetation provides more
niches for some bat species than intact forests do
(Castro-Luna et al., 2007). Most studies on bat re-
sponses to forest fragmentation describe quantita-
tively the amount of forest area and the spatial dis-
tribution of forest fragments but fail to take into ac-
count quality in terms of their suitability as habitat
for bats and this may confound or at least slow our
progress in understanding bat responses in frag-
mented habitats.

The state of Yucatan in Mexico is characterised
by a remarkable homogeneity in its topography ow-
ing to the absence of mountains and rivers (Duch-
Gary, 1988). Over the last five decades vegetation
cover there has changed drastically, with only 18%
of the native vegetation remaining. Deforestation
has been highest in the north-east, where tropical
dry forest and tropical semi-deciduous forest have
been cleared to make way for pastures and crop
fields (Durán-García and García-Contreras, 2010).
Currently, in the north-eastern part of the state, there
are different proportions of contrasting habitat types
(i.e., forest versus non-forest) and different spatial
arrangements of those habitat types. The topograph-
ic uniformity and the degree of forest fragmentation
make for characteristics that are useful for assessing
the response of bats to forest fragmentation. 

In the Yucatan there are many cenotes, natural
sinkholes that form after the dissolution and collapse
of limestone bedrock, exposing the groundwater 
underneath (Duch-Gary, 1988). Cenotes often 

constitute the only source of fresh water for fauna in
the region. The presence of cenotes may also in-
crease food availability for insectivorous fauna
(MacSwiney et al., 2009) and frugivorous fauna,
since the woody vegetation surrounding them is
characterised by relatively large trees of evergreen
species such as Ficus, Brosimum and Manilkara
(Flores-Guido, 2010), which are also key species for
frugivorous bats in tropical regions (Schulze et al.,
2000). Differences in intra- and interspecific phe-
nology for trees located around cenotes and those far
from them have been recorded, with the greatest and
longest-lasting fruit production occurring in those
located at the edge of cenotes (Valdez-Hernández et
al., 2010). The differences in vegetation structure
and composition between sites with cenotes and
those without, together with the greater variety and
availability of food for bats offered by the woody
vegetation surrounding cenotes, provide an ideal
means for evaluating the effects of differential patch
quality on the abundance of phytophagous bats, and
the response of these bats to forest fragmentation.

The purpose of our study was to assess the effect
of patch quality (as a function of vegetation struc-
ture) and landscape characteristics (composition and
configuration) on the abundance of phytophagous
bats in two different landscape matrices: forest 
matrix and pasture matrix. We hypothesise that (i)
given the greater availability of food resources for
bats (flowers and fruit) provided by the woody veg-
etation around cenotes in comparison with that
grow ing at sites without cenotes, we expected 
a higher abundance of phytophagous bats in sites
with cenotes for both types of landscape matrices
but especially in the pasture matrix where resources
can be scarce, and (ii) since large tracts of continu-
ous forest provide more perching and feeding sites
for phytophagous bats, we expected a higher abun-
dance of these bats in sites with continuous forest
cover (i.e. forest matrix) than in sites where the for-
est has been fragmented (i.e. with a pasture matrix).
Thus, we expected phytophagous bat abundance to
be positively related to the landscape characteristics
associated with continuous forest vegetation.

MATERIALS AND METHODS

Study Sites

The study was carried out in the municipalities of Buctzotz,
Espita and Tunkas in north-eastern Yucatan between
20°50’–21°20’N latitude and 87°50’–89°00’W longitude (Fig.
1). The original vegetation of the area was tropical semi-decid-
uous forest with a 15- to 20-m-tall forest canopy (Durán-García
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FIG. 1. Location of bat sampling sites in the Yucatan, Mexico, for two landscape matrices. Forest patches within pasture matrix
(squares) and within continuous forest matrix (triangles), with a cenote present (black symbols) or with no cenote (empty symbols).
There are two sites per matrix and cenote condition. Forest cover in the concentric circles of 1 and 2.5 km radius around each 

sampling site is in dark gray

and García-Contreras, 2010). Currently, this area is charac-
terised by extensive pastures, a few small crop fields (tradition-
al milpas; a multi-crop field with maize, beans and squash), nu-
merous scattered patches of secondary forest in different stages
of succession, and old forest patches of different sizes surround-
ed by pasture. The forest patches are almost always connected
by what is known as the T’olche’, a 10- to 20-m-wide stretch of
forest, left intact as part of the traditional practice of the milpa,
and which serve as boundary markers (Remmers and Koeijer,
1992). Annual rainfall is 900–1037 mm and average tempera-
ture ranges from 25.9°C to 26.4°C (Duch-Gary, 1988). 

In total, we selected eight sampling sites (four per matrix
type) in landscapes with two types of matrices: pasture and con-
tinuous forest (tropical semi-deciduous forest). The four sites of
the pasture matrix were located in the municipality of Buctzotz,
where 93.5% of the area is pasture and 6.5% secondary forest
(INEGI, 2006). The four sites in continuous forest matrix were
located in the Tunkas and Espita common lands (ejidos), each
with more than 70% forest cover, corresponding to secondary
forest in different successional stages (INEGI, 2006) and with
only a few small areas of crop fields scattered within the forest.
Two sites per cenote treatment were established in each matrix
type: in the pasture matrix two forest patches with a cenote and
two forest patches with no cenotes were sampled. In the contin-
uous forest matrix, two large tracts of forest with a cenote and
two with no cenotes were sampled. Cenotes were 50–65 m in di-
ameter, and in the pasture matrix sites they were surrounded by
woody vegetation at least 30–40 m wide. Sampling sites were
all separated by at least 5 km. 

Bat Sampling

The eight sites selected were sampled during four expedi-
tions, each lasting approximately three months (two expeditions
in 2010 and two in 2011). On each expedition, each site was
sampled for three non-consecutive nights (8 sites × 3 nights × 4
field trips = 96 sampling nights). No fieldwork was performed
from three days before to three days after the full moon, owing
to its inhibitory effect on bat activity (Saldaña-Vázquez and
Munguía-Rosas, 2013) and bat netting was suspended during in-
tense rain (i.e. when the soil was saturated with water, and there
were small puddles on the ground, the noise of the rain drowned
out all other sounds and thus, bat sampling was impossible). For
each sampling night, five mist nets (12 × 2.6 m) were erected
per site at ground level (0–3 m), left open for 5 hours starting at
sunset and checked every 20–30 minutes. Mist nets were placed
at least 10 m apart along paths between the woody vegetation;
in sites with a cenote the nets were placed within 10 m of the
edge of the water inside the surrounding woody vegetation also
along paths. In total the capture effort for the eight sites was 480
hours over 96 nights for a total of 2400 total net hours. Bats
were identified to species using field guides and taxonomic keys
(Medellín et al., 2008; Reid, 2009). To quantify recaptures, each
bat was marked with a numbered plastic collar before being re-
leased where it had been caught.

A set of criteria were used to determine if captured bat spe -
cies were phytophagous: observations of their diet in the study
area (MacSwiney et al., 2007; present study) and literature data



(Lobova et al., 2009). Lampronycteris brachyotis and Mimon
cozumelae occasionally consume fruit (Lobova et al., 2009), but
were not included in our analysis because we did not record
them consuming fruit. This approach to assigning guilds is ap-
propriate for the objectives of the present paper considering that
the specialised diet of some of these bat species does not pre-
clude their ability to exploit a variety of food types (Rex et al.,
2010).

Vegetation Structure

Where the mist nets were set, vegetation was sampled using
three 5 × 20 m plots (modified from Gentry, 1982), separated 
by at least 20 m. Only plants that were rooted within the plot 
and had a trunk diameter at breast height (DBH) greater than 
1 cm were sampled. Each plant sampled was identified, its DBH
and total height measured, as well as whether fruit, nectar or
pollen from the plant species has been reported by Fleming 
et al. (2009) or Lobova et al. (2009) as eaten by bats (PEB).
This information was used to estimate the following for each
site: plant density, plant richness, PEB richness, mean height,
PEB mean height, basal area of plant species not used as 
food by bats (Basal area) and basal area of PEB (PEB-Basal
area).

Landscape Characteristics 

Two cloud-free SPOT images provided by ERMEX/ 
SEMAR (2010) for February and March 2010 were processed
to obtain ortho-rectified images (30 control points per image; 
positional error: RMS <1 pixel). The panchromatic band 
(2.5 m/pixel) was fused with the four multi-spectral bands 
(10 m/pixel) to obtain multi-spectral images with a spatial reso-
lution of 2.5 m. Six land cover types were distinguished: tall for-
est (i.e., forest canopy > 10 m tall, having several trees with
DBH > 10 cm), young second-growth forest (i.e. forest canopy
< 10 m tall, and trunks with DBH <10 cm, usually <5 cm), agri-
cultural fields, bare soil, roads and water (i.e. cenotes). A super-
vised classification was performed on the whole mosaic image,
using 83 sites spread throughout the mosaic that were verified
by ground-truthing, as training regions to obtain a map with the
six land cover categories described. All images were processed
using PCI Geomatica software (PCI Geomatics, 2001). Clas -
sification accuracy was assessed by randomly distributing 60
points over the study area, and then visually checking these us-
ing the satellite imagery available in Google Earth. Overall clas-
sification accuracy was 93%. The classified image was then
transferred to ArcView 3.2 (ESRI, 1996) and to Fragstats 3.3
(McGarigal et al., 2002) for further analysis.

Two concentric circles of different sizes (1 km and 2.5 km
in radius) centred on each bat sampling site were delimited us-
ing Arcview 3.2. The circles surrounding different sampling
sites did not overlap and contained no cenotes other than the fo-
cal one. Within each circle, the extent and distribution of the dif-
ferent land cover categories were estimated. The choice of cir-
cle sizes (1 and 2.5 km) was based on similar studies done in
Mexico (Pinto and Keitt, 2008; Avila-Cabadilla et al., 2012), as
well as on home range sizes and movement ranges of bat species
reported for the area. In north-west Yucatan capture-recapture
data indicates that Dermanura phaeotis (a small frugivore) has
relatively restricted movements, since it moves 1.8 km on aver-
age within its home range, while Artibeus lituratus (a larger fru-
givore) covers up to 15 km (Montiel et al., 2006).

The landscape structure within 1 and 2.5 km of each bat
sampling site was analysed using Arcview and Fragstats, from
which we obtained different quantitative estimators known to
affect bats (Gorresen and Willig, 2004; Klingbeil and Willig,
2009). Since the results from the categories tall forest and young
second-growth forest taken separately did not differ from re-
sults when these two categories were combined, we decided to 
combine them into one category called forest cover. The land-
scape metrics that we estimated were: percentage of total forest
area (Total area), mean forest patch area (Patch area), mean 
forest patch density (Patch density) and landscape heterogene-
ity estimated with Simpson’s Diversity Index (Heterogeneity).
Forest edge density (Edge density), mean shape index (Shape
Index), mean nearest-neighbour distance (Nearest-Neigh-
bour), and mean proximity index (Proximity Index) were calcu-
lated as metrics of landscape configuration. More details on 
the indices and their formulas are found in McGarigal et al.
(2002). 

Statistical Analysis

Only phytophagous bats that consume fruit, nectar or pollen
were included in the analysis. The relationships between 
phytophagous bat abundance and the explanatory variables―
matrix type (pasture or continuous forest) and cenote pres-
ence or absence―were analysed using a Generalised Linear
Model (GLM), assuming a negative binomial distribution. The
models were compared using the Akaike Information Criterion
(AIC).

A Principal Components Analysis (PCA) was used to com-
pare structural characteristics among bat sampling sites, first for
vegetation structure and then for landscape characteristics, in
both the 1 and 2.5 km radius areas. The results of these multi-
variate analyses were used to identify the variables with no co-
linearity among them that best explained most of the variation
in the characteristics of the sampling sites. Spatial variation in
phytophagous bat abundance among sites was analysed with
GLM, using the most important variables identified by the PCA
and assuming a negative binomial distribution. AIC was used to
select the best model.

To assess the relative importance of vegetation structure and
landscape characteristics on the species composition of phy-
tophagous bats, a Co-Inertia Analysis (CoIA) was performed.
This analysis was used to determine the degree of correlation
between two matrices: the bat species matrix (number of bats
captured per bat species per site) and the explanatory variables
matrix (vegetation and landscape characteristics per site). In
CoIA the first step is to analyse each matrix separately, using 
a correspondence analysis or PCA to summarise each matrix
identifying the orthogonal axes in which the projection of the
sampled units have the maximum variance. The second step is
to simultaneously analyse bat composition and the explanatory
variables. CoIA searches for the axes (one per matrix) that max-
imise the covariance (co-inertia) between the two sets of pro-
jected data (Dray et al., 2003). The relationship between bat
species and explanatory variables was assessed with the RV co-
efficient, which ranges from 0% to 100% (100% when the cor-
relation between the two matrices is perfect). A Monte-Carlo
test (999 permutations) was conducted on the RV coefficient to
determine the statistical significance of the relationship between
bat species and explanatory variables (Aznar et al., 2003).
Statistical analyses were performed using R 2.15.1 software 
(R Development Core Team, 2008).
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Taxon
Pasture matrix Forest matrix

Total
+cenote -cenote +cenote -cenote

Glossophaginae
Glossophaga soricina 22 27 7 8 64

Stenodermatinae
Artibeus jamaicensis 375 584 106 55 1,120
A. lituratus 3 4 3 5 15
Centurio senex 1 3 4
Chiroderma villosum 2 1 3
Dermanura phaeotis 16 12 13 8 49
Sturnira lilium 51 82 6 4 143

Total 470 712 136 80 1,398

RESULTS

Bat Sampling

A total of 1398 phytophagous bats belonging to
seven species were captured, six were mainly fru-
givorous and one, a nectarivore that is seasonally
frugivore: Glossophaga soricina. Artibeus jamai -
censis was the most abundant species by far in all
sites; however, the second most abundant species
was different in each matrix type: Sturnira lilium in
the pasture matrix and Dermanura phaeotis in the
continuous forest matrix (Table 1). The abundance
of phytophagous bats was significantly higher 
(Z = -5.03, d.f. = 7, P < 0.001) in the pasture matrix
than in the continuous forest matrix. There were no
significant differences in bat abundance (Z = 1.78,
d.f. = 7, P = 0.08) between sites with versus without
cenotes. The interaction between matrix type and
cenote condition was significant (Z = -2.67, d.f. = 7,
P = 0.008); bat abundance was higher in sites with
no cenote than in those with a cenote in the pasture
matrix, while in the continuous forest matrix the 
opposite trend was found.

Vegetation Structure

A total of 142 plant species belonging to 38 fam-
ilies were recorded, Fabaceae was the richest family
(25 species). Twelve species were identified only to
family and 20 to genus. At least 30 of the plant
species recorded have been reported as eaten by 
bats (Appendix). Sites with cenotes had the highest
richness and basal area of plant species eaten by
bats. Sites with no cenote in the continuous for-
est matrix were grouped by their similar and high
values of plant density and the basal area of species

not eaten by bats (Fig. 2a). The first three compo-
nents of the PCA explained 89.2% of the variation. 

Landscape Characteristics

For both landscape scales (1 and 2.5 km), the
PCA separated sites in continuous forest from those
in pasture matrix along the first ordination axis (Fig.
2). At both scales, continuous forest sites had high
values of total forest area, mean patch area and
proximity index, while the sites in the pasture matrix
had high values of patch density, forest edge densi-
ty and heterogeneity in land cover types. The two
first PCA components explained 93.4% of the vari-
ation of landscape characteristics within 1 km of the
sampling sites. For the larger 2.5-km-radius circle
the first two PCA components explained 85.9% of
the variation. 

Response of Phytophagous Bats to Vegetation and
Landscape Characteristics

Of the vegetation variables we measured, tree
density best explained variation in bat abundance 
(Z = -3.95, d.f. = 7, P <0.001). Of the landscape
characteristics within 1 km of the sampling sites, 
total forest area (Z = 2.98, d.f. = 7, P < 0.01) and
heterogeneity (Z = 5.55, d.f. = 7, P < 0.001) were
significantly related to phytophagous bat abun-
dance. Over a larger distance from sampling sites
(2.5 km), heterogeneity was the landscape attribute
that best explained the variation in bat abundance
among sites (Z = 3.83, d.f. = 7, P <0.001).

Species-specific Responses 

The abundance of four of the five phytophagous
bat species for which we had sufficient abundance
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TABLE 1. Phytophagous bat abundance (family Phyllostomidae) in two landscape matrices in the Yucatan, Mexico, each with
(+cenote) and without a cenote (-cenote). Data in the columns are the sum of two bat sampling sites per matrix and cenote 
condition, over four sampling expeditions (see Materials and Methods)



data per site (A. jamaicensis, D. phaeotis, G. sorici-
na, S. lilium) was strongly and negatively correlated
with tree density per site; A. lituratus was the only
spe cies with a positive correlation (Fig. 3). The
abundance of A. jamaicensis was also negatively
correlated with total plant richness per site, but was
positively correlated with the basal area of plant
species eaten by bats (PEB). For D. phaeotis abun-
dance was positively correlated with the basal area
and richness of PEB, as well as with total plant rich-
ness, while that of A. lituratus was negatively corre-
lated with these variables. For G. soricina, abun-
dance was positively and moderately correlated with
the height and basal area of PEB. The abundance of
S. lilium was strongly and positively correlated with
the basal area of PEB and negatively correlated with
total plant richness. 

The individual response to landscape attributes
both 1 and 2.5 km from the capture sites, showed
that three of the five fruit-eating bat species (A. ja-
maicensis, G. soricina and S. lilium) responded sim-
ilarly to landscape characteristics (Fig. 3). The abun-
dance of these species was negatively correlated
with the characteristics of continuous forest matrix
(e.g. total forest area, mean distance to the nearest
patch, proximity index), and positively correlated
with the characteristics indicative of forest fragmen-
tation (e.g., forest edge density, shape index, land-
scape heterogeneity). Although the response pattern
of D. phaeotis was similar to the three species de-
scribed above, its abundance was positively related
to the nearest forest patch and negatively related to
shape index. Finally, A. lituratus abundance was
weakly correlated with landscape variables within
one km of the sampling sites, while in the larger cir-
cle it was the only species whose abundance was
positively correlated with proximity index (Fig. 3).

The Co-Inertia analysis explained 67.8% of the
relationship between the specific abundance of
phytop hagous bats and the vegetation structure 
and landscape variables evaluated in this study.
Since the Monte Carlo test result was significant
(P= 0.017), the relationships depicted cannot be 
explained by random variation. The variables with
the greatest weight and that were most negatively
correlated with phytophagous bat abundance were
the density and richness of all woody plants, total
forest area within one km, and total forest area and
proximity index within 2.5 km. Bat abundance was
positively correlated with the basal area and richness
of plant species eaten by bats, with shape index and
forest edge density within 1 km, as well as landscape
heterogeneity within 2.5 km of the capture site.
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FIG. 2. Multivariate ordination (Principal Component Analysis;
PCA) of bat sampling sites, based on different properties: 
a) vegetation structure and composition; b) landscape character -
istics within a radius of 1 km around each site; c) landscape
characteristics within a radius of 2.5 km. Bat sampling sites are 

indicated as in Fig. 1. PEB = Plant species eaten by bats



DISCUSSION

The Response of Phytophagous Bats to Vegetation
and Landscape Characteristics

Given that the richness and basal area of edible
tree species in the woody vegetation surrounding
cenotes is greater than that of wooded sites without
them, we expected to find a higher abundance of
phytophagous bats in sites with cenotes than in sites
without them in both types of landscape matrices,
but particularly in the pasture matrix. Our results,
however, do not support our original hypothesis. In
the neighbouring state of Quintana Roo, also on the
Yucatan Peninsula, MacSwiney et al. (2007) report
a higher number of bat captures at locations with
cenotes in both forest and pasture habitats, than in
sites without cenotes. This apparent contradiction
with our data may be explained by the different
habitats in which the mist nets were placed. In our
study, mist nets were placed within forest remnants
in both landscape matrices and cenote treatment,
whereas MacSwiney et al. (2007) placed mist nets
for pasture habitats out in the open where capture

rate of phytophagous bats is usually low (Estrada et
al., 1993; Avila-Cabadilla et al., 2012). In pastures
with a relatively high proportion of tree cover
(16–25%) bat capture rates increase (Medina et al.,
2007). Even under the canopy of fig trees isolated in
large pastures, capture rates can be quite high
(Galindo-González and Sosa, 2003). The great habi-
tat heterogeneity in our pasture matrix resulting
from the different types of land use (forest, second-
ary vegetation, crop-fields and pastures), and other
elements of the landscape such as living fences, iso-
lated trees and the t’olche’, where phytophagous
bats can find food, could explain why though unex-
pected, sampling sites with cenote were not signifi-
cantly different from sites without cenote, particu-
larly in pasture matrix sites. The presence of 
only one or a few trees of the species that are high-
ly attractive to bats, such as Vitex gaumeri, Ficus
spp. and Brosimum alicastrum within the small 
forest patches sampled in pasture matrix, along 
with the fact that these trees had lots of ripe fruit 
on our sampling nights (BB, personal observations),
increased bat activity in sites with and without
cenotes.

Effect of vegetation and landscape characteristics on bats 405

FIG. 3. Factorial Co-Inertia map, showing positive (¢) and negative (£) correlations for each phytophagous bat species and selected
characteristics of the sampling sites. The size of the square is proportional to the magnitude of the correlation between site 

characteristics and bat species (see inset legend). PEB = Plant species eaten by bats



Phytophagous bats appeared to respond to 
a great er degree to specific characteristics of the
woody vegetation than to the presence of cenotes.
The richness and basal area of edible plants in the
sampling sites had a positive effect on bat captures,
similar to the findings of other studies in Mexico
(Saldaña-Vázquez et al., 2010; Castro-Luna and
Galindo-González, 2012). The abundance of A. ja-
maicensis, D. phaeotis and S. lilium was strongly
and positively correlated with the basal area of plant
species eaten by bats (PEB). Artibeus and Derma -
nura are known to eat the fruit or flowers of large
trees such as Ficus, Manilkara, Brosimum and Cei -
ba (Schulze et al., 2000; Lobova et al., 2009); which
were relatively common at our study sites. The pos-
itive relationship between Sturnira abundance and
the basal area of PEB can be explained by the pref-
erence of this bat species for roosting in tall trees
with wide trunks (Evelyn and Stiles, 2003). 

Another vegetation characteristic that influenced
phytophagous bat abundance was tree density. The
sites with high tree densities had fewer captures.
This can be explained by the difficulty of manoeu-
vring around obstacles (Swartz et al., 2003), report-
ed for many bats that preferentially forage above the
forest canopy or in the less dense subcanopy (i.e., 
A. jamaicensis, D. phaeotis and G. soricina). For 
S. lilium, an agile understory specialist, the lower
captures at sites with high tree density may result
from the low availability of Solanum fruit ― the
main food of Sturnira (Marihno-Filho, 1991).
Mature Solanum plants do not occur in heavily shad-
ed areas, but are abundant in open sites (Estrada et
al., 1993; BB and CMG, personal observations). 

Contrary to our second hypothesis that proposed
a higher abundance of bats in landscapes with large
tracts of continuous forest, we found that bat abun-
dance was negatively correlated with the proportion
of forest cover within radii of 1 and 2.5 km of the
sampling sites, and positively correlated with land-
scape variables that reflect intense deforestation and
forest fragmentation. Klingbeil and Willig (2009)
report a similar trend in Peru, but the opposite has
been found in Mexico (Pinto and Keitt, 2008; Avila-
Cabadilla et al., 2012) and Paraguay (Gorresen and
Willig, 2004). In those studies in which a positive
relationship between bat abundance and forest 
cover was found, the sampling sites had secondary
forest cover (Pinto and Keitt, 2008) or riparian for-
est (Avila-Cabadilla et al., 2012), and unlike our
study they did not include sampling sites within large
tracts of continuous forest. The high capture rates of
phytophagous bats in fragmented landscapes such as

our pasture matrix sites could be related to the high
availability of fruit from Solanum spp. and Cecropia
spp. in the vicinity of sampling sites. These plants
grow well in disturbed sites with a high density of
forest edges, while they are uncommon in large 
expanses of undisturbed forest. Both genera are im-
portant sources of fruit for A. jamaicensis, S. lilium,
G. soricina and D. phaeotis (Lobova et al., 2009),
explaining in part the higher abundance of bats in
landscapes with a higher density of forest edges and
a higher proportion of edge to forest interior.

Landscape heterogeneity (spatially complex con-
figurations and different land cover types) also in-
fluenced the spatial variation in bat abundance at our
sites, and was important within 1 and 2.5 km of the
capture sites. The results of several studies and like-
wise our data, suggest that the high heterogeneity of
some agricultural landscapes has a positive effect on
the abundance and distribution of the bat species
that eat pollen, nectar or fruit (Galindo-González
and Sosa, 2003; Medina et al., 2007; Castro-Luna
and Galindo-González, 2012). We captured more
bats in sites within landscapes dominated by a pas-
ture matrix; i.e. landscapes that were more heteroge-
neous in their land cover types, than in those domi-
nated by large tracts of continuous forest. Different
land cover types such as old growth forest, second-
ary forest in old-fields, active pastures and crop
fields appear to best meet the foraging and roosting
needs of phytophagous bats (landscape complemen-
tation, sensu Dunning et al., 1992).

Our higher rates of bat capture in the pasture ma-
trix compared with that of the continuous forest ma-
trix can also be explained by a concentration effect:
forest patches in a matrix of open pastures limit the
foraging and roosting activities of frugivorous bats
to the small areas that retain arboreal vegetation,
while in the large tracts of continuous forest, bat ac-
tivities are not spatially restricted, and they can
search for food and roosts over a much larger area,
reducing the probability of capture in mist nets
(Loayza and Loiselle, 2009). Furthermore, contrary
to other fragmented sites in the Neotropics (e.g.
Estrada et al., 1993), the forest patches in our pas-
ture matrix have retained much of the mature forest
species component and thus provide a wider array of
resources for phytophagous bats. We found that in
300 m² sampled in each site, the number of individ-
uals of tree species eaten by bats was higher or sim-
ilar in forest patches than in the continuous tropical
semi-deciduous forest (Appendix). Therefore forest
patches at the study site should concentrate foraging
activities and attract not only species of bats that
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feed mostly upon pioneer species (i.e. Sturnira), but
also bats that feed in the canopy of mature forest tree
species (i.e., Chiroderma, Artibeus). A similar trend
was found in Bolivia by Loayza and Loiselle (2009)
sampling with mist nets in continuous forests and
forest islands in a savanna matrix.

Forest Fragmentation and Landscape Characteristics
in the Yucatan

In our study site, indigenous farmers still use 
the traditional agro-forestry practice known by 
the Maya word T’olche’ (Remmers and Koeijer,
1992), which in broad terms consists of leaving 
a 10- to 20-m-wide belt of forest between agricultur-
al plots. Owing to the presence and current density
of T’olche’, the separation between forest fragments
and other arboreal elements does not exceed 700 m,
thus, T’olche’ maintains a high degree of land-
scape connectivity. Furthermore, some of the tree
species that form part of the T’olche’ such as Gu -
azuma ulmifolia and Carica papaya (Remmers 
and Koeijer, 1992) are sources of food for phyto -
phagous bats.

The trees located in pastures and crop fields ―
especially those that produce fruit used by bats and
humans (Manilkara zapota, Psidium guajava) —
are used as forage for livestock (Brosimum alicas-
trum) or as shade trees (Terminalia catappa, V. gau -
meri, Ficus spp.), and likely favour the presence 
and movement of bats within agricultural land-
scapes in the Yucatan and other regions of Mexico
(Estrada et al., 1993; MacSwiney et al., 2007; Cas -
tro-Luna and Galindo-González, 2012). The pres-
ence of isolated Ceiba and Cecropia trees and Sabal
palms in pastures and crop fields also increases
land scape con nectivity for bats in pasture dominat-
ed landscapes.

Areas of 5 km or more that are completely de-
void of trees greatly limit the movement of bats, and
represent barriers for phytophagous bat species
(Willig et al., 2007). Remnant forest fragments, old-
fields with secondary forest, living fences, isolated
trees, and particularly the T’olche’ forest belts that
grid the landscape all greatly reduce the expanse of
large open areas. Under these circumstances, bats
are able to make use of the agricultural landscape
prevalent in the Yucatan. Traditional agroforestry
practices developed by the Maya have been per-
formed over centuries in Yucatan and the resultant
heterogeneous mosaic has been important not only
for life sustenance of its inhabitants but also for 
the conservation of a great proportion of the native 

biodiversity of the area (Toledo et al., 2008), includ-
ing phytophagous bats.

Our results show that the amount and spatial
arrangement of forest cover are not the only impor-
tant variables for bat fauna. Equally important are
the quality of the remaining forest patches as habitat
for bats and the variety of land cover types in agri-
cultural landscapes. Our results also suggest that
habitat quality for phytophagous bats is not only 
a function of the availability and quality of edible re-
sources, but also of other habitat characteristics such
as the presence of potentially attractive refuge and
roost sites, that must be included in future studies.
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Taxon
Pasture matrix Forest matrix

Total
+CEN1 +CEN2 -CEN1 -CEN2 +CEN1 +CEN2 -CEN1 -CEN2

ANACARDIACEAE
Spondias mombin 1 1 2
S. radlkoferi 2 1 4 7

APOCYNACEAE
Thevetia gaumeri 1 1 2

ARECACEAE
Sabal mexicana 2 2

BIGNONIACEAE
Crescentia cujete 1 1
Parmentiera aculeate 5 5

BORAGINACEAE
Ehretia tinifolia 1 1 2

CACTACEAE
Acanthocereus pentagonus 2 2
Acanthocereus sp. 1 1

FABACEAE
Acacia gaumeri 15 18 8 1 3 1 46
Erythrina standleyana 1 2 2 1 1 7
Lysiloma latisiliquum 2 3 3 11 3 22

LAMIACEAE
Vitex gaumeri 2 5 2 3 12

MALVACEAE
Ceiba aesculifolia 3 3
C. pentandra 2 2
Helicteres baruensis 1 1
Luehea speciosa 2 2

MORACEAE
Brosimum alicastrum 1 2 12 15
Ficus cotinifolia 2 4 6
F. padifolia 1 1 2
Ficus sp. 3 2 1 6
Maclura tinctoria 1 1 2 4

PIPERACEAE
Piper amalago 15 15

SAPINDACEAE
Sapindus saponaria 8 8
Sapindus sp. 1 1
Talisia olevaiformis 8 2 1 4 2 1 18

SAPOTACEAE
Manilkara sapota 1 2 3
Sideroxylon foetidissimum 9 9
Sideroxylon sp. 3 2 5

STERCULIACEAE
Guazuma ulmifolia 2 2

Total 32 39 13 24 42 16 22 25 213

APPENDIX

Plant species eaten by bats recorded at sampling sites in the Yucatan, Mexico. Number of individuals with DBH > 1 cm and 
rooted inside three 5 × 20 m plots per site (300 m²/site). Two sites per landscape matrix and cenote treatment were sampled: +CEN
(with a cenote), -CEN (no cenote) see Methods for sampling details
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