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Abstract Shifting and permanent cultivation, selective logging, cattle production and

coffee plantations are among the most important factors in montane cloud forest conver-

sion and disturbance. Although shaded-coffee plantations can contribute to the preserva-

tion of local species richness, abundance of organisms could be determined by habitat

resource availability in agricultural landscapes. We compared abundance of Sturnira and

Artibeus bats (Phyllostomidae, Stenodermatinae), in shade coffee plantations and disturbed

cloud forest fragments, which represent habitats with different chiropterochorous plant

density. We also investigated the relationship between bat species abundance and food

plant richness, abundance and diversity. We captured 956 bats, 76% in cloud forest

fragments and 24% in shaded coffee plantations. Abundance of Sturnira spp. (small bats)

was greater in cloud forest than in coffee plantations, but Artibeus spp. (large bats)

abundance was similar in both habitats. Chiropterochorous plant abundance was positively

related with bat abundance for Sturnira spp., while chiropterochorous plant richness and

diversity were negatively related for Artibeus spp. This suggests that frugivorous bats with

different morphological and ecological characteristics respond differentially to anthropo-

genic activities. For landscape management purposes, the maintenance and augmentation

of diverse food resources, for frugivorous bats with different foraging requirements in

coffee plantations, will benefit the resilience of bats to modification of their natural habitat.
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Introduction

The contribution of transformed landscapes to diversity conservation has been widely

recognized; particularly in tropical forest mosaics comprised of forest fragments and crops

such as shaded coffee plantations (Bhagwat et al. 2008; Gardner et al. 2009). Studies have

found that shaded coffee plantations with low management—rustic or traditional polycul-

ture (sensu Moguel and Toledo 1999)—maintain species richness near to that of the forest,

particularly for non-forest specialist species (Philpott et al. 2008; Manson et al. 2008a, b).

Forest fragments in a matrix of cattle pasture can contain a species richness approaching that

of a landscape dominated by continuous forest, especially for highly mobile taxa such as

bats and birds (Estrada et al. 2004; Medina et al. 2007). In the case of bats, even if species

richness is similar between natural forests and shaded-coffee plantations, the abundance of

many species is normally lower in coffee crops (Sosa et al. 2008). However, few studies

have specifically investigated the changes in resource abundance and other factors which

presumably underlie these patterns (Willig et al. 2007; Sosa et al. 2008).

Abundance is an important attribute of ecological communities, and low individual

numbers of species can be interpreted as habitat loss or degradation (Fahrig 2003). Bat

abundance is influenced by the availability of resources (Hodgkison et al. 2004; Dumont

2005). Temporal and spatial variation of food distribution within landscapes, and different

energy requirements among bat species, are likely to influence how they perceive and use

habitat patches within landscapes, and affect abundance patterns at the species level (Allen

et al. 1999; Duchamp et al. 2007; Gagné et al. 2008; Pinto and Keitt 2008; Klingbeil and

Willig 2009).

New World leaf-nosed bats (Phyllostomidae) are relatively abundant and are frequently

captured when using mist-nets. They have been recognized for their taxonomic and eco-

logical diversity, and particularly for their diet diversification (Gardner 1977). Frugivores

constitute more than half of the 49 genera in this family (Nowak et al. 1994), and provide

the critical ecosystem service of seed dispersal for regenerating open and abandoned areas

and maintaining natural forest succession in the Neotropics (Galindo-González et al. 2000;

Muscarella and Fleming 2007). Many species of frugivorous phyllostomids are sympatric

(Giannini and Kalko 2004), such that they have developed mechanisms of fruit resource

partitioning including vertical stratification of foraging areas and dietary specialization

(Dumont 1999; Giannini and Kalko 2004).

In the mountainous region of central Veracruz, Mexico, Stenodermatinae fruit-eating

bats are the most common phyllostomids, especially Artibeus intermedius, A. jamaicensis,

Sturnira ludovici, and S. lilium (Pineda et al. 2005; Sosa et al. 2008). These sympatric

species differ in morphology, size, displacement capacity in addition to home range and

abundance of fruit species in their diets (Kalko 1999; Dumont 2005; Hernández-Montero

2009). Artibeus species have the largest body size (50–73 g) and maximum linear

movement (8 km; Galindo-González 1998; Bernard and Fenton 2003). Artibeus spp.

consume fruit from a great variety of late successional tropical trees, the majority in the

families Anacardiaceae (more than five spp.), Lauraceae (two spp.), and Moraceae (more

than 10 spp.); and exotic trees like Syzigium jambos and Musa paradisiaca. They also

occasionally eat fruits on pioneer species of shrubs and trees like Piper spp., Solanum spp.

and Cecropia obtusifolia (Ortega and Castro-Arellano 2001; Flores 2005; Hernández-

Montero 2009). Conversely, species of Sturnira are smaller (20–25 g), have shorter linear

movements (\3 km), and consume mainly early succession fruits, such as those of Sola-
num spp. and Piper spp. (Hernández-Conrique et al. 1997; Loayza and Loiselle 2008;

Mello et al. 2008; Hernández-Montero 2009).
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In the mountainous region of central Veracruz, coffee and cattle production have been

important economic activities for over a century (Nestel 1995; Montagut-González 1999).

Both landform and climate determined the regionalization of sugar cane and coffee crops,

as well as pasture for cattle grazing, along an altitudinal gradient originally occupied by

primary montane cloud forest. In general, but with some overlap, sugar cane is cultivated

in the lower zones (below 800 m asl), shaded-coffee in the intermediate zone (700–

1,400 m asl), and pastureland in the upper zone (above 1,400 m asl) (Hoffmann 1993).

Most cloud forest fragments remain in the upper zone so they are normally located within a

matrix of pastureland. All of these remnant fragments experience a certain degree of

disturbance, most often selective logging and gathering of firewood. In contrast, coffee

plantations are surrounded by a more heterogeneous matrix composed of additional coffee

plantations, secondary forest, villages, roads, and other crops including forage grasses (see

Table 1).

Coffee plantations and disturbed montane cloud forest fragments differ in plant struc-

ture and composition (Muñiz-Castro et al. 2006; Manson et al. 2008a). The shade in coffee

plantations may be provided by native species of trees such as Inga jinicuil, Quercus sp.,

Liquidambar styraciflua, Trema micrantha, Clethra macrophylla, C. mexicana, or several

non-native species like Inga vera, Musa paradisiaca, Syzygium jambos, Eriobotrya
japonica. Such plantations are thus classified as commercial polycultures (sensu Moguel

and Toledo 1999). Shrubs and herbs in coffee plantations are regularly pruned; the removal

of the herbaceous layer in coffee plantations stands in stark contrast to disturbance regimes

in cloud forest fragments associated with selective logging, in which early successional

shrubs and trees dominate the understory. The remnant forest fragments consequently

contain shrubs such as Piper auritum, Piper hispidum, Piper lapathifolium, Solanum spp.,

and trees such as Carpinus caroliniana, Trema micranta, and Acacia pennatula (Muñiz-

Castro et al. 2006). These, among other vegetation differences in structure and composi-

tion, could have an effect on the abundance of bats with different morphology, size, home

range and preferred food.

In this paper, we compare the abundance response of four common frugivorous bats

(Artibeus jamaicensis, A. intermedius, Sturnira ludovici, S. lilium) in two transformed

forest habitats: disturbed montane cloud forest fragments and shade coffee plantations—

hereafter called forest fragments and coffee plantations. We explore how these habitats

Table 1 Matrix features in a 44 ha buffer around the center of each bat sampling area in four montane
cloud forest fragments (F) and four shaded-coffee plantations (C) in central Veracruz, Mexico

Site Bat sampling
area (ha)

Max–min
elevation (m)
difference

Land use around each site

Cloud forest Shaded coffee Deforested area

ha % ha % ha %

F1 1.05 60 13.6 31 0.0 0 30.4 69

F2 1.66 120 35.0 80 0.0 0 8.5 20

F3 2.52 40 14.4 33 0.0 0 29.6 67

F4 1.86 40 23.7 54 0.0 0 20.3 46

C1 1.43 40 12.4 28 14.7 34 16.8 38

C2 1.72 100 8.7 19 28.2 65 7.2 16

C3 1.33 40 8.2 18 20.8 48 15.0 34

C4 0.99 60 16.5 38 13.4 32 14.0 32
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differ in density of chiropterochorous plants and, consequently, in abundance of frugivo-

rous bats. We also investigate the relationship between bat abundance and certain eco-

logical attributes (richness, abundance and Shannon diversity) of plant species, hereafter

referred to as chiropterochorous plants, whose fruits are consumed—and seeds dispersed—

by bats. We expect that: (1) The abundance of Sturnira spp. (with small body size, limited

displacement capacity, small home range and shrub specialized feeding) will be higher in

cloud forests than in coffee plantations, whereas the abundance of Artibeus spp. (large body

size, greater displacement capacity, wide home range and generalized feeding) will be

comparable between the two habitats; (2) the richness, abundance and diversity (H0) of

chiropterochorous plants, for both small and large bat species, will be greater in the cloud

forest compared with coffee plantations; and (3) the abundance of bat species will be pos-

itively associated with the richness, abundance and diversity of chiropterochorous plants.

Study sites and methods

Study sites

The study was carried out in the municipalities of Xalapa and San Andrés Tlalnehuayocan,

in the mountainous region of central Veracruz (19�3101900 to 19�2904600 N, 96�5903000 to

96�5403600 W). The landscape arrangement in the region did not allow us to select study

sites in two landscapes ideal for comparison: coffee plantations surrounded by a matrix of

cloud forest, and forest fragments surrounded by a matrix of coffee plantations, however,

we compared sites immersed in two relatively common transformed landscapes in the

region. Four cloud forest fragments (surrounded mainly by pastures) and four coffee

plantations of commercial polyculture (immersed in a matrix mainly of secondary forest)

were selected using the following criteria: all sites of similar altitude for comparison of bat

diversity (Sosa et al. 2008), and replicate sites located [1 km apart, with a minimum of

7 km in distance between habitat types, to avoid capturing the same individuals in both

habitats. In the selection of coffee plantations, we also considered that the area of any

forest fragment surrounding a coffee plantation could be not greater than the area of the

selected site (Fig. 1; Table 1). Furthermore, during visits to the selected coffee plantations,

we verified that the understory of the contiguous forest patches was absent, thus dis-

counting the possibility that small frugivorous bats were being attracted by these patches.

Table 1 shows the sampled area (range covered by nets) within forest fragments and coffee

plantations.

A GIS was created and, using a supervised classification (from a LANDSAT-7 2000

satellite image), the matrix of the study sites was characterized. Coffee plantations were

separated from secondary forest using the census of coffee plantations conducted by the

Secretarı́a de Agricultura, Ganaderı́a, Desarrollo Rural y Pesca (2000; Fig. 1). A 44 ha

wide buffer around the centre of the sampling area in each habitat and replicate was

delimited to quantify the proportion of area occupied by each land use. Data is presented in

Table 1.

Data collection

Fruiting of cloud forest chiropterochorous plants in this region is not concentrated in any

particular season; consequently, bat sampling was conducted over an 11-month period in

order to include the three seasons recognized in the region (Soto-Esparza and Gómez-
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Columna 1990; Williams-Linera 2007). Each cloud forest fragment and coffee plantation

was sampled on one night per month (11 nights per site, giving a total of 44 nights in each

of the two land use types), avoiding nights around the full-moon.

Bats were captured with eight mist nets (9 m long 9 2.6 m high) placed in the

understory of each plantation or forest fragment. Nets were opened at dusk for 5 h and

checked every 30 min. Bats have a stratified foraging behavior (Kalko 1999); however, to

move within forests they use ‘‘corridors’’, areas without vegetation that may facilitate their

movements (Caras and Korine 2009). Therefore, four 15–30 m interspaced pairs of mist

nets were placed across various manmade corridors in an area of approximately 1.6 ha in

each forest or plantation patch (Table 1). Sampling nights were alternated between habitat

types, to disperse possible meteorological effects among samples. Bats were identified

using field keys (Medellı́n et al. 1997). Because no conclusive evidence exists to the

contrary (Guerrero et al. 2003; Redondo et al. 2008), we recognized A. intermedius as a

valid species, following the most recent nomenclature for the terrestrial mammals of

Mexico (Ramı́rez-Pulido et al. 2005). Abundance was quantified as the total number of

individuals captured per forest fragment or coffee plantation. Before release, each bat was

tagged with a numbered plastic collar (Security A-ties� Fasteners) to avoid inclusion of

recaptures in the counts. Sampling effort was expressed as net m2 h sensu Straube and

Bianconi (2002).

Fig. 1 Study area in the central mountainous region of Veracruz, Mexico. ‘‘A’’ corresponds to pasture
matrix (forest patches; see text and Table 1). ‘‘B’’ corresponds to heterogeneous matrix (coffee patches).
Gray polygons represent cloud forest, black polygons represent shade coffee plantations and white areas
represent pastures. Each study site has an identifying mark. ‘‘F’’ indicates forest fragments and ‘‘C’’
indicates coffee plantations (F1: Abundio, F2: Agüita Frı́a, F3: Luis Hernández, F4: Valderrama-Navarro,
C1: Antonio Fernández, C2: Juan, C3: Timoteo Zavaleta, C4: Epifanio Sánchez)
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To estimate the abundance of chiropterochorous plants in each study site, we made direct

counts of plants in ten 2 9 50 m strip transects per site (totalling 0.1 ha per site), randomly

established in each cloud forest and coffee plantation. Trees or shrubs of height C1 m, and

rooted within the transects, were recorded and identified. Plant material from those species

that could not be determined in the field was collected for subsequent determination in the

XAL herbarium at the Instituto de Ecologı́a, A.C. Plants recorded in this study were classed

as chiropterochorous for each bat species based on the list of Geiselman et al. (2002), and

the bat fecal analysis recorded by Hernández-Montero (2009), from the same study site

(Table 2). Because the respective consumption by A. jamaicensis and S. lilium of Coffea
arabica and Musa paradisiaca fruit is merely the subject of anecdotal reports, these species

were not considered as chiropterochorous plants for the purposes of this study.

Data analyses

We compared bat abundance between habitats (cloud forest and coffee plantation; n = 4

patches for each habitat) at both species and genus level (i.e. Sturnira spp.), using a Mann–

Whitney U-test. Diversity of chiropterochorous plants was estimated by the Shannon–

Wiener index (H0). Plant richness, abundance and diversity were also compared between

habitats using a Mann–Whitney U-test. Non-parametric tests were used as data did not

conform to the assumptions for an equivalent parametric test.

Pooling data over all sampling nights for each of the eight patches (irrespective of

habitat), the possible association between bat abundance and chiropterochorous-plant

richness, abundance and diversity were assessed using Pearson or Spearman correlation

Table 2 Abundance of chiropterochorous plants and vegetation stratum normally reached, in four cloud
forest fragments (F) and four shade coffee plantations (C) in central Veracruz, Mexico

Plant species F C Vegetation
stratum

Bat species

Piper amalago 6 0 Understory Slu, Sli, Aja, –

Piper auritum 55 0 Understory Slu, –, Aja, Ain

Piper lapathifolium 106 3 Understory Slu, Sli, Aja, –

Piper hispidum 37 1 Understory Slu, Sli, Aja, –

Solanum schlechtendalianum 9 0 Understory Slu, Sli, Aja, –

Miconia glaberrima 1 0 Understory Slu, –, –, –

Conostegia xalapensis 0 1 Understory –, Sli, –, –

Coffea arabica 0 791 Understory –, –, Ajaa, –

Eriobotrya japonica 0 8 Canopy –, –, Aja, –

Musa paradisiaca 0 68 Canopy –, Slia, Aja, –

Psidium guajava 0 3 Canopy –, –, Aja, –

Syzygium jambos 0 2 Canopy –, –, Aja, –

Trema micrantha 2 4 Canopy Slu, –, Aja, Ain

Hedyosmum mexicanum 2 0 Canopy Slu, Sli, –, –

Total 214 877

Bat species, all in the Stenodermatinae subfamily are: Sturnira ludovici (Slu), Sturnia lilium (Sli), Artibeus
jamaicensis (Aja), and Artibeus intermedius (Ain)
a Anecdotal reports
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depending on data distribution normality. Because not all fruit species are shared by the

four studied bat species, the number of chiropterochorous plants varied for each bat species

in each patch, in the correlation analyses.

Results

A total of 82,368 net m2 h, resulted in 956 captures of the studied species (see list of all bat

species captured and numbers in Supplementary Material). Seventy-six percent of all

individuals were captured in cloud forest, and 24% in the coffee plantations. The four most

frequently captured bat species were Sturnira ludovici (n = 727 individuals), S. lilium
(n = 103), Artibeus intermedius (n = 80) and A. jamaicensis (n = 46). The recaptured

percentage per species was 15% (cloud forest) and 6% (coffee plantations) for Sturnira
ludovici, 8% (cloud forest) and 13% (coffee plantations) for S. lilium, and 0% for

A. intermedius and A. jamaicensis in both habitats. In addition, there were no recaptures in

a different habitat than the initial-capture habitat.

Sturnira spp. abundance was higher in cloud forest fragments than in coffee plantations

(Fig. 2) at both genus (W = 16; d.f. = 1; P \ 0.05) and species level (Sturnira ludovici,
W = 16; d.f. = 1; P \ 0.05; Sturnira lilium, W = 16; d.f. = 1; P \ 0.05). There was no

difference in Artibeus spp. abundance between habitats, at either genus or species level

(P [ 0.05; Fig. 2).

Fruits consumed by bats came from understory and canopy plant species in both hab-

itats. However, in cloud forest the abundance of chiropterochorous plants was higher in the

understory than in the canopy, while the opposite occurred in coffee plantations (Table 2).

Abundance of chiropterochorous plants was greater in cloud forest than in coffee planta-

tions, for both Sturnira ludovici (W = 16; d.f. = 1; P \ 0.05) and S. lilium (W = 16;

d.f. = 1; P \ 0.05) and, consequently, at the genus level (Sturnira spp.; W = 16; d.f. = 1;

P \ 0.05). No significant differences in chiropterochorous plant richness and diversity

were recorded between habitats at the species or genus level for Sturnira spp. (P’s [ 0.05).

The richness, abundance and diversity of chiropterochorous plants assigned to Artibeus
spp. did not differ (P [ 0.05) between habitats.

Bat abundance was positively correlated to chiropterochorous plant abundance at genus

level for Sturnira (rs = 0.76; d.f. = 7; P \ 0.05); and at species level for S. lilium
(r = 0.76; d.f. = 7; P \ 0.05). In the case of S. ludovici, this positive correlation was close

to statistical significance (r = 0.67; d.f. = 7; P = 0.07; Fig. 3). On the other hand, no

correlation (P [ 0.05) was found between abundance of Sturnira spp. and richness and

Shannon diversity of chiropterochorous plants. Richness and diversity of fruits eaten by

Artibeus spp. were negatively correlated with Artibeus spp. abundance (plant richness:

r = -0.78; d.f. = 7; P \ 0.05; diversity: r = -0.85; d.f. = 7; P \ 0.05). However, at the

species level, these relationships only remain significant for Artibeus intermedius (plant

richness: r = -0.74; d.f. = 7; P \ 0.05; diversity: r = -0.73; d.f. = 7; P \ 0.05).

Discussion

Factors explaining bat abundance patterns

Our main results show that the abundance of small frugivores (Sturnira spp.), and their

food resources, declined in coffee plantations, whereas the abundance of large frugivores
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(Artibeus spp.) and their resources did not differ between the two habitat types. This

implies that the abundance of small bats was affected by the low density of chiropte-

rochorous plants in coffee plantations. Thus, while our first hypothesis was proved, our

second and third hypotheses proved to be true only for the Sturnira species. Some traits of

the autoecology of these species may partially explain these results. Sturnira spp. depend

on roosts in tall trees, and on the understory for food provision (Evelyn and Stiles 2003;

Mello et al. 2008), therefore individuals of these species may prefer forest fragments. In

contrast, large frugivorous bats like A. jamaicensis and A. intermedius do not depend so

heavily on big trees with holes to roost, as they can roost in palm fronds and the foliage of

canopy and subcanopy trees (Ortega and Castro-Arellano 2001; Evelyn and Stiles 2003;

Muñoz-Romo et al. 2008). The ability of Artibeus species to use a variety of habitats,

including shade coffee plantations, can be attributed to their long-distance movements and

their broader diet (Ortega and Castro-Arellano 2001; Galindo-González 1998; Bernard and

Fenton 2003; Gorresen and Willig 2004).

Likewise, the greater abundance of chiropterochorous plants for Sturnira in forest

fragments explains the greater abundance of these bats in this habitat. Human activities in

Fig. 2 Total of individual bats captured in four cloud forest fragments (gray) and four shade coffee
plantations (white)
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the forest fragments, such as selective logging, increase the presence of pioneer shrubs and

chiropterochorous plants (i.e. Piper spp. and Solanum spp.) which, in coffee plantations,

are frequently weeded out in plantation maintenance. This suggests a strong relationship

between Sturnira bats and the understory food items in disturbed cloud forests, as has been

reported for tropical semi-deciduous forest fragments (Schulze et al. 2000). In the studied

region, this relationship is reinforced by the pasture matrix surrounding most forest frag-

ments, which renders other fruit resources unavailable for small bats such as Sturnira.

Although this relationship has been proposed as an indicator of disturbance, its utility as an

indicator would be restricted to forest fragments because the dramatic disturbance caused

by pruning in coffee plantations can completely eliminate the understory species of bat-

fruit, reducing the abundance of small bats. Thus, our results suggest that patterns of forest

fragmentation and agroecosystem management affect bat communities differentially. This

effect is, however, also influenced by disturbance at habitat and patch level (Franklin and

Lindenmayer 2009).

Although the forest fragments were larger than the coffee plantations, our sampling

method makes it unlikely that patch size influenced our results. We estimated bat density

by applying the same netting effort of almost the same area in every patch (Table 1),

Fig. 3 Relationship between chiropterochorous plant abundance (individuals per 0.1 ha) and bat abundance
in two forested habitats: cloud forest fragments (gray-circles) and shaded-coffee plantations (white-circles)
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following the assumption that bat distribution is random within patches. Furthermore,

recent studies suggest that patch size could only be important, in determining number and

abundance of species, when patches are on a matrix that constitutes a completely inhos-

pitable habitat (Prugh et al. 2008). This is not the case in the mountainous region of central

Veracruz. For instance, when we compare bat captures on fragments of contrasting size

(for example F2 and F3 in Fig. 1), captures are similar; Conversely, when we compare

fragments of comparable size (F1 and F3) there are ten times more captures in F3 than in

F1 (see Supplementary Material).

More research is needed to explain the negative and surprising relationship between

Artibeus spp. abundance and chiropterochorous plants richness and diversity. It has been

proposed that A. jamaicensis consumes more food items from the canopy than from the

understory (Geiselman et al. 2002). Therefore, the low concentration of canopy food items

and homogeneous vegetation structure in shade coffee plantations (Saldaña-Vázquez 2008)

could not explain the observed negative relationship. We hypothesize that Artibeus bats are

common in shaded-coffee plantations because the vegetation structure allows them to fly

easily. Artibeus wing morphology and body size restricts its manoeuvrability in cluttered

scenarios like a disturbed forest, where space between plant individuals is reduced

(Stockwell 2001; Caras and Korine 2009). In coffee plantations of the studied region they

have been captured more often in mist nets hung at the sub-canopy, where an ample flight-

passage is available, than at the understory level (V. J. Sosa, unpublished data). The longer

distance movements of Artibeus might allow them to exploit a variety of food resources

from several habitats such as living fences, backyard orchards, and even isolated trees

(Galindo-González et al. 2000); or from those that are spatially concentrated, such as Ficus
trees—absent in our plantations, but common in other plantations (Manson et al. 2008a).

We cannot rule out that the presence of bat roosts and other chiropterochorous plants (not

yet recorded as items of the bat diet) in the secondary forest fragments and other wooded

habitats adjacent to coffee farms, could contribute—if sufficiently abundant—to the lack of

association of Sturnira ludovici and Artibeus abundance with their food items. Further

research must measure chiropterochorous plant abundance within the patch and its con-

tiguous matrix habitat. The question of whether Artibeus and Sturnira bats use coffee

plantations mainly as a stepping-stone habitat or for foraging and day-roosting, is currently

under study. In general, our results support the notion that Artibeus species (large bats)

forage at a scale larger than the size of cloud forest fragments and coffee plantations in our

study region, whereas Sturnira species (small bats) forage at a smaller scale. This is

supported by the results of recaptures: none for Artibeus and all for Sturnira in the same

habitat of first capture.

Our results on bat abundance contrast to the results of a similar study conducted in the

coffee region of Quindı́o in Colombia (Numa et al. 2005). In this region, the overall

abundance of common frugivorous bats (Artibeus jamaicensis, A. lituratus, Sturnira lilium,

S. ludovici) in lower montane forest patches was 28% of the abundance in coffee plan-

tations. In forest patches, the abundance of large species (Artibeus) was one half and one-

third of the abundance of associated non-shaded and shaded coffee, respectively. On the

contrary, small species (Sturnira) were doubly abundant in forest than in associated coffee

or comparably abundant between forest and shaded coffee. This lack of consistence in

results could be due to the different landscape context in which both studies were con-

ducted. In the Quindı́o study, the three compared habitats could be found in two types of

matrix, one dominated by associated coffee and another one dominated by shaded-coffee.

Forest fragments in the Quindı́o region are small and scarce and surrounded by these two

types of landscape matrix. Unfortunately, in that study, the fruit resource available for bats
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in the compared habitats was not quantified; thus, its importance in explaining bat species

richness and abundance cannot be evaluated. According to available studies, it seems that

landscape context plays a determinant role for bat diversity distribution in habitats of

varying degrees of tree cover in coffee regions of the Neotropics.

Implications for conservation

We now relate our results to the conservation of frugivorous bats in a fragmented land-

scape. As important seed dispersers, Stenodermatinae bats are considered, together with

bird dispersers and seed sources, as part of the regeneration potential of Neotropical forests

(Muscarella and Fleming 2007). We have seen that, in coffee plantations, pruning

understory shrubs that bear small fruits apparently reduces the abundance of small bats.

Thus, in a landscape dominated by coffee plantations, the maintenance of viable popula-

tions of these bats would depend on management practices that promote understory shrubs.

This can hardly be implemented in most small plantations (\5 ha), which constitute the

majority within the region. However, the heterogeneous matrix of coffee landscapes could

counterbalance the low density of understory-food shrubs in plantations by offering these

shrubs in other forested marginal habitats such as fallows, living fences, secondary veg-

etation patches, etc.

On the other hand, while disturbed cloud forests in the pasture landscape offer food and

roosting sites to small frugivorous bats, they are ecologically isolated when surrounded by

a pasture matrix. In this landscape, bat conservation could be enhanced if both the con-

nectivity between forest patches and patch size are increased. By confining cattle, the edge

and extent of the forest patch can increase at the expense of the pasture. Of greater

difficulty is the establishment of forested corridors, although riparian vegetation can

function very well in the region. Simple rules for cattle producers to extend and maintain

riparian zones and living fences would also contribute to bat conservation in the pasture

dominated landscape. In addition, maintaining the connectivity of remnant forest frag-

ments in this landscape would allow the movement of bats dispersing seeds of pioneer

plants, and thereby increasing the possibility of passive forest restoration (Holl 1999;

Muñiz-Castro et al. 2006).

The abundance of large frugivorous bats (Artibeus spp.) is not affected by habitat

fragmentation or coffee management practices in the studied region. It seems that the

current structure of the fragmented landscapes (either with a pasture or heterogeneous

matrix), still allows them to forage and find day-roosts in diverse types of forested man-

made habitats, thanks to their greater range. However, their densities could be increased by

favouring connectivity in the pasture landscape and chiropterochorous trees in the canopy

of coffee plantations. Coffee growers should be encouraged to implement these conser-

vation actions through a program of publicity that shows the benefits of conserving bio-

diversity in coffee plantations in order to access more profitable alternative markets for

environmentally friendly coffee.

In summary, our research showed that frugivorous bats with different body sizes and

feeding ecologies have differential abundance responses to rural anthropogenic (coffee

production and selective logging) activities. The management practices of coffee growing,

such as pruning of the understory, are associated with a decrease in the abundance of small

bats, but not of large bats. More research is still needed regarding the distribution of food

and roost resources for bats in agroforestry systems and other man-made habitats. These

bats provide the critical ecosystems service of seed dispersal for regenerating open and

abandoned areas and maintaining natural forest succession. It is therefore of crucial
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importance that management at the landscape scale can provide the assemblages of fru-

givorous bats (large and small) with the food items and roost availability becoming ever

more necessary in the face of modification to their natural habitats.
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