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Foram estudadas mudanças na composição de morcegos em uma floresta de terra-firme, no 

interflúvio Purus-Madeira. A contribuição relativa de morcegos frugívoros e morcegos 

animalívoros catadores foi relacionada com a densidade da vegetação no sub-bosque 
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RESUMO 

Locais onde a vegetação florestal é fechada demandam dos morcegos maior capacidade de 

manobrar durante o voo. Baseado na morfologia das asas, sugere-se que morcegos 

animalívoros catadores apresentam melhor desempenho de voo em ambientes obstruídos do 

que outras guildas tróficas. Eu relacionei a densidade da vegetação do sub-bosque, como uma 

medida de obstrução do espaço, e a composição de espécies em assembléias de morcegos 

Phyllostomidae. Em florestas primárias, nos sítios com sub-bosque mais denso, eu esparava 

encontrar uma maior contribuição de morcegos animalívoros na composição de espécies. 

Realizei o estudo no Interflúvio dos Rios Purus e Madeira, ao longo da rodovia BR-319 onde 

oito unidades amostrais distantes no mínimo 40 km e compostas por dez parcelas 

permanentes foram amostradas. Empreguei técnicas de ordenação e modelos lineares 

generalizados, para realizar inferências sobre o uso de ambientes com diferentes níveis de 

obstrução por morcegos Phyllostomidae. Após 3.840 horas-rede, 511 morcegos de 4 famílias 

(Emballunoridae, Phyllostomidae, Vespertilionidae e Thyropteridae) e 27 espécies foram 

capturadas, dos quais 12 espécies foram frugívoras (n=414 capturas) e 10 espécies foram 

animalívoras (n=70 capturas). Ao longo de um gradiente de obstrução cuja amplitude variou 

de 53% a 73%, o número de espécies foi reduzido de 16 para 7 sete espécies registradas, 

respectivamente. O efeito negativo da obstrução ocorreu em ambos os morcegos animalívoros 

e frugívoros. A ocorrência das espécies nos sítios apresentou estrutura aninhada e morcegos 

animalívoros contribuíram mais para a composição de espécies em sítios com sub-bosque 

mais denso. O efeito de filtro sobre o tamanho corporal não foi suficiente para explicar a 

estrutura de comunidades de morcegos em função da obstrução do espaço. A relação das 

espécies com a obstrução foi dependente do hábito alimentar. Diferenças na disponibilidade e 

distribuição de frutos e presas animais em sítios com diferentes graus de obstrução podem 

afetar a proporção de espécies de diferentes guildas alimentares que usam sítios com 

vegetação densa na floresta. 

Palavras chave: Morcegos, Estrutura da vegetação, Obstrução, Estrutura trófica. 
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ABSTRACT 

 

Effect of understory vegetation clutter on frugivorous and animalivorous bats 

(Chiroptera: Phyllostomidae) in Central Amazonia, Brazil 

 

Cluttered vegetation structure demands maneuverable fight for bats. Based on wing 

morphology, it has been suggested that animalivorous bats have better flight performance in 

cluttered areas than others trophic guilds. I related density of understory vegetation as a 

measure of clutter to species composition of Phyllostomidae bats assemblages. I expected find 

a great contribution of animalivores bats to species composition in mature-forest sites with 

denser understory. The study was carried out in Purus-Madeira interfluves, along BR-319 

highway where eight sample units at least 40 km apart and constituted for ten permanents 

plots were sampled. I employed ordination techniques and generalized linear models to make 

inferences about habitat use by phyllostomid bats along a clutter gradient. With a capture 

effort of 3,840 nets-hour, 511 bats of 4 families (Emballunoridae, Phyllostomidae, 

Vespertilionidae and Thyropteridae) and 27 species were captured, of which 12 were 

frugivores (n=414 captures) and 10 animalivores (n=70 capturas). The number of species was 

reduced from 16 to 7 along a gradient of vegetation obstruction among 53% to 73%. This 

negative effect occurred for both trophic guilds. Assemblages showed a nested pattern along 

the clutter gradient, with animalivorous bats tending to occur in sites with denser vegetation. 

The filter effect on body size alone was not sufficient to explain the structure of bat 

assemblages in relation to clutter. The effect of clutter differed between foraging guilds. 

Differences in availability and distribution of food resources in forest sites with different 

degrees of clutter may affect the proportion of different guilds that use cluttered sites. 

Key words: Neotropical Bats, Vegetation Structure, Clutter; Trophic Structture
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APRESENTAÇÃO 

 

Morcegos representam cerca de um quarto da diversidade dos mamíferos viventes (Simmons 

2005). Até 90 espécies de morcegos podem ser capturadas na mesma localidade nos 

neotrópicos (Simmons & Voss 1998) e a família Phyllostomidae integra o maior contingente 

de espécies registradas no Bioma Amazônico (Sampaio et al. 2003, Bernard et al. 2011). 

Geralmente, morcegos Phyllostomidae são reconhecidos por usar ambientes com vegetação 

densa, que gera obstrução do espaço (Kalko et al. 1996). As subfamílias Carolliinae e 

Stenodermatinae são categorizadas dentro da guilda trófica frugívora, e morcegos 

Phyllostominae são animalívoros (Giannini & Kalko 2004). Juntas, estas três subfamílias 

englobam a maioria das espécies da família Phyllostomidae. Ambas as linhagens de 

frugívoros e animalívoros apresentam voo lento e com capacidade para manobrar em meio à 

vegetação (Norberg & Rayner 1987). Considerando a diversidade de hábitos alimentares 

vistas em morcegos Phyllostomidae, é possível que a utilização de ambientes por ambas as 

guildas tróficas seja diferente.  Assim, este manuscrito apresentará como estes dois grandes 

agrupamentos tróficos respondem a um mesmo parâmetro da estrutura da vegetação no sub-

bosque, sua densidade, aqui chamada de obstrução. Os dados foram coletados no interflúvio 

dos rios Purus e Madeira, na Amazônia brasileira, em uma extensão aproximada de 500 km. 

Este trabalho é parte integrante do esforço de inúmeros pesquisadores para descrever, 

compreender e monitorar a biota ao longo da BR-319, que corta o interflúvio e liga as capitais 

Porto Velho (RO) e Manaus (AM). 
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OBJETIVO 

 

O presente estudo investigou a relação entre densidade da vegetação do sub-bosque, como 

uma medida de obstrução do espaço, e a composição de espécies em assembléias de morcegos 

Phyllostomidae.  

 

HIPÓTESES 

 

I - Se o hábito alimentar determinar o desempenho de voo em sítios obstruídos, então 

morcegos animalívoros e morcegos frugívoros serão afetados diferencialmente pela densidade 

da vegetação no sub-bosque. 

 

II - Em florestas continuas e maduras morcegos animalívoros devem ser menos afetados pelo 

aumento da obstrução em sítios com sub-bosque mais denso. 
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ABSTRACT 1 

 2 

We related density of understory vegetation as a measure of clutter to species composition of 3 

phyllostomid bat assemblages, theirs trophic structure and body-size of species. We expected 4 

to find a great contribution of animalivorous bats to species composition in mature-forest sites 5 

with denser understory associated with a negative effect on large-bodied species. The study 6 

was carried out between the Purus and Madeira Rivers, along the BR-319 highway, Central 7 

Amazonia. We sampled 80 permanents plots grouped into eight sample units at least 40 km 8 

apart. We employed ordination techniques and generalized linear models to make inferences 9 

about habitat use by phyllostomid bats along the clutter gradient. After 3,840 net-hours, 511 10 

bats of 4 families (Emballonuridae, Phyllostomidae, Vespertilionidae and Thyropteridae) and 11 

27 species were captured, of which 12 were frugivores (n=414 captures) and 10 animalivores 12 

(n=70 captures). The number of species was reduced from 16 to 7 along a gradient of 13 

vegetation obstruction ranging from 53% to 73%. This negative effect occurred for both 14 

trophic guilds. Assemblages showed a nested pattern along the clutter gradient. The filter 15 

effect on body size alone was not sufficient to explain the bat assemblage structure. The effect 16 

of clutter differed between foraging guilds, with animalivorous bats tending to occur in sites 17 

with denser vegetation. Our results suggest that, in primary forests the effects of vegetation 18 

structure on bat assemblages are distintive of preivous results reported from secondary forests 19 

and that most inferences of bat ecology can be biased for anthropogenic disturbances. 20 

Key words: Brazil; BR-319 highway; chiroptera, neotropical bats; phyllostomid bats; species 21 

composition; species diversity; trophic structure; understory vegetation clutter.22 
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VEGETATION STRUCTURE PLAYS AN IMPORTANT HOLE ON SPATIAL DISTRIBUTION OF ANIMAL SPECIES, 1 

SPECIES-ASSEMBLAGE ORGANIZATION AND HABITAT SELECTION (MacArthur & MacArthur 1961, 2 

Rotenberry & Wiens 1980, Hurlbert 2004). Mosaics of structurally distinctive habitats provide 3 

many ways to exploit the environment, and individual species are partitioned on breeding sites, 4 

refuges, and foraging niches. Studies with Amazonian flying vertebrates show that vegetation 5 

structure affects patterns of species composition and organization of assemblages (Borges and 6 

Carvalhaes 2000, Haugaasen and Peres 2005, Peters et al. 2006, Beja et al. 2009, Pereira et al. 2009, 7 

Bobrowiec and Gribel 2010). Understory-vegetation density influences the occurrence of some 8 

species in avian  (Borges & Carvalhaes 2000, Pereira et al. 2009) and bat assemblages (Peters et al. 9 

2006, Pereira et al. 2009), especially for species that use this stratum for roosting and foraging, or 10 

limits access due to physical clutter. Vegetation clutter is an important factor on selection of 11 

foraging sites for bats ensembles (Kalko et al. 1996). Besides restricting flight performance 12 

(Stockwell 2001), the clutter noise negatively affects echolocation (Schnitzler & Kalko 2001). 13 

Frugivorous and animalivorous phyllostomid bats are commonly captured in the understory in 14 

Central Amazonia ((Sampaio et al. 2003, Bernard et al. 2011). Phyllostomid bats feed very close 15 

to, or within, vegetation clutterand are categorized as highly-cluttered-space gleaners (Kalko et 16 

al. 1996). Phyllostomid bats use alternative sensorial clues, such as passive listening (Neuweiler 17 

1990, Arlettaz et al. 2001), olfaction (Thies et al. 1998, Bianconi et al. 2007) and vision. Thus, 18 

clutter-noise constraints do not necessarily reduce the accessibility of thick habitats for phyllostomid 19 

bats, and the mechanical constraints associated with flight maneuverability seem to be a more 20 

important in cluttered vegetation.  21 

Based on wing morphology, Norberg and Rayner (1987) suggests that animalivorous bats 22 

have better flight performance than other trophic guilds in cluttered locations. However, field 23 

examples show contradictory evidence. In sites with more open understory, such as flooded forests 24 

(Haugaasen & Peres 2006), Pereira et al. (2009) captured few animalivorous species in comparison 25 
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with the dense understory of terra firme unflooded forests. In contrast, sites with dense vegetation, 1 

such as regrowth (Mesquita et al. 2001, Gehring et al. 2005), also have few animalivorous species 2 

(Peters et al. 2006b, Bobrowiec & Gribel 2010). Animalivores bats are more sensitive to habitat 3 

disturbances than frugivous species (Fenton et al. 1992, Ochoa 2000, Gorresen et al. 2005, Willig et 4 

al. 2007, Presley et al. 2008, Klingbeil & Willig 2009, Bobrowiec & Gribel 2010), so apparent 5 

associations between bat trophic guilds and clutter are confounded by other aspects related to human 6 

disturbance. 7 

 In this study, we investigated the relationship between vegetation density, as a measure of 8 

physical clutter, and species composition of phyllostomid-bat assemblages in terra firme forests in 9 

Central Amazonia, Brazil. We hypothesized that understory cluttered by vegetation would affect 10 

frugivorous and animalivorous bats differently, with animalivorous species being more tolerant to 11 

increasing understory density. Additionally, we expected that large-bodied species would be less 12 

frequent in cluttered sites, due to restrictions on flight performance  (Stockwell 2001). We also 13 

expected to find a nested assemblage structure  (Patterson & Atmar 1986), with sites with more 14 

cluttered vegetation used by subsets of the species recorded in more open vegetation sites. To avoid 15 

confusion between edge-effects and other characteristics of secondary vegetation, with those of 16 

vegetation clutter, we only sampled continuous mature forests. 17 

 18 

METHODS 19 

 20 

SITE DESCRIPTION.—The study was carried out along 520 km of the BR-319 highway, in the 21 

State of Amazonas, Brazil. The highway is located between the Purus and Madeira Rivers, 22 

linking Manaus to the southwest region of Amazonas (Figure 1). Forest structure varies from 23 

dense lowland tropical forest in the north, to open lowland tropical forest near  the 24 

municiaplity of Humaitá in the southwest (IBGE 1997). Mean annual preciptation is 25 
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irregularly distributed in the region, and varies from about 2400 mm, near Manus and 1 

Humaitá, to around 2800 mm in the middle of the highway. The number of dry months, with 2 

mean preciptation < 100 mm, varies from two to four from south to north along the highway 3 

(Sombroek 2001).  4 

 5 

DATA COLLECTION: SAMPLING DESIGN.—The sampling desing was based on RAPELD 6 

methodology (Magnusson et al. 2005, Costa & Magnusson 2010), as part of the Brazilian 7 

Biodiversity Research Program (PPBio) network (http://ppbio.inpa.gov.br/en/home). We 8 

sampled 80 plots hierarchically grouped into 8 sample units called modules. These modules 9 

were located at intervals of about 60 km along the BR-319 (Figure 1). Each module comprises 10 

two paralell 5 km long trails, 1 km apart, with permanent plots at 1 km intervals, totaling five 11 

plots per trail and ten plots per module (Figure 1). The permanent plots are 250 m long, and 12 

follow the topographic contours to minimize variation due to topograhy on environmental and 13 

biological variables (Magnusson et al. 2005).  14 

 15 

DATA COLLECTION: BAT CAPTURES.—The bat fauna was sampled between October 2010 and 16 

November 2011 in two dry seasons using eigth ground-level mist nets (12x3 m, 6 shelves, and 17 

19 mm mesh, Ecotone®) in each plot. Nets were opened between 1800 h and 2400 h and 18 

checked at intervals of 30-45 min. Each plot was sampled one night, totaling 10 nights of 19 

captures in each module or 480 nets-hour per sample unit. Nights with rain and full moon 20 

were not sampled. Captured bats were placed in individual cotton bags, measured and 21 

identified following Charles-Dominique et al. (2001), Lim and Engstrom (2001), Simmons et 22 

al. (2002), and Gardner ( 2008). We chose to be conservative, grouping captures of C. 23 

perspicillata and C. brevicauda into Carollia spp. for all analyses, as we could not distiguish 24 

between these two species using external measures in the field. Nomencalture follows 25 
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(Simmons 2005), except for recognizing Artibeus planirsotris rather Artibeus jamaicensis 1 

(Lim et al. 2004), Vampyriscus bidens and Vampyriscus brocki rather than Vampyressa 2 

bidens and Vampyressa brocki (Baker et al. 2003), and for recognizing Lonchohyllinae as a 3 

subfamily (Baker et al. 2003). Bats were classified into broad foraging guilds (frugivores, 4 

gleaning animalivores, nectarivores and aereal insectivores; Table 1) based on published 5 

feeding habits (Willig 1986, Giannini & Kalko 2004). Local representatives of these guilds 6 

compose ensembles, sensu Fauth et al. (1996). Voucher specimens of each species were 7 

collected, preserved in 70 percent ethanol, and deposited in the INPA Mammal Collection in 8 

Manaus.  9 

 10 

DATA COLLECTION: UNDERSTORY VEGETATION CLUTTER.—As a measure of vegetation clutter, 11 

we estimated understory density vegetation obstruction ) using digital images. The method 12 

was an adaption of the method proposed for Marsden et al. (2002) and used by (Baumgarten 13 

2009). We took digital photographs of a white target (3 x 3m) positioned parallell to, and 8 m 14 

distant from,the nets (Figure 2). The target height corresponded to the maximum height of 15 

opened mist nets. One digital image was obtained from each net, giving eight images for each 16 

plot and 80 images for each module. Images were processed using the software SideLook 17 

1.1.01 (Zehm et al. 2003). Vegetation obstruction in each module was estimated as the mean 18 

percentage of area covered by vegetation (trunks, branches and leafs) in the 80 images. 19 

 20 

DATA ANALYSES.—We excluded all non-phyllostomid species, since they are not be 21 

adequately sampled with mist nets (Kalko 1998). We used a non-metric multidimensional 22 

scaling analysis (NMDS) to reduce the dimensionality of species composition data (presence-23 

absence) to one axis of a indirect multivariate ordination (Legendre & Legendre 1998). 24 

Dissimilarity in species composition between plots was calculated based on the Sørensen 25 
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measure (Magurran 2004). We use direct gradient analysis (McCune & Grace 2002) to 1 

illustrate graphically the distribution of species in relation to vegetation obstrution of modules 2 

(Figure 4). For this analysis, modules were ordered following the gradient of vegetation 3 

obstruction. Species were ordered using the mean of vegetation obstruction in the capture plot 4 

for individuals of each species. The scores of each species on the direct ordination axis were 5 

calculated using the equation (∑ [nij × obstructionj]) / Ni, where nij  is the number of captures 6 

of species i in the module j, obstructionj is the mean percentage of area covered for vegetation 7 

in the module j, and Ni is the total of captures of species i in all sample units. We employed a 8 

null model to evaluate if the structure of bat assemblage was more related to vegetation 9 

obstruction than expected by chance (Gotelli & Graves 1996). The metric NODF (Almeida-10 

Neto et al. 2008) was used to test the nestedness of assemblages, using the algorithm  11 

Random 1, fixed incidence proportional (Gotelli 2000, Ulrich et al. 2009), and 10,000 12 

permutations for the null model. The data matrix used for this model was deriveded from the 13 

direct ordination analysis, with species as columns and sample units as rows.  14 

We evalueted effects of vegetation obstruction on number of species for assemblages 15 

and ensembles, as well as on species composition and trophic structure of assemblage. 16 

Generalised linear modelling (GLM) was used to test for relationships between total number 17 

of species, number of frugivorous species, and number of animalivorous species. Because 18 

data were counts, they were modelled using Poisson distributions with goodness of fit 19 

considering overdispertion of residuals based on quasi-GLM models (Zuur et al. 2009). We 20 

used the NMDS indirect ordination axis, and the direct ordination axis of species in relation to 21 

vegetation obstruction as response variables to test effects of vegetation clutter on species 22 

composition of assemblages using two GLM models. Because data from multivariate 23 

ordinations were not counts, they were modelled using Gaussian distributions.To evaluate if 24 

bat assemblage structure captured by the direct ordination analysis can be explained for filters 25 
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on body sized and/or feeding habits of species, we incorporate an interaction between the 1 

variables body mass (g) and foraging guild (frugivores and animalivores). We excluded 2 

nectarivores, since they were represented only by Lonchophylla thomasi and the analysis was 3 

based on species as units. All analyses were undertaken in the R 2.14.1 computing 4 

environment (R Development Core Team 2012), using the vegan package for ordinations 5 

(Oksanen et al. 2011) and the oecosimu function for nestedness analysis and null model. All 6 

original data can be found in the PPBio public data repository 7 

(http://ppbio.inpa.gov.br/knb/style/skins/ppbio/) using “marciente” as a key word. 8 

 9 

RESULTS 10 

 11 

BATS CAPTURES.—A total of 3840 mist-h resulted in the capture of 511 bats, in 4 families 12 

(Emballonuridae, Phyllostomidae, Vespertilionidae, and Thyropteridae), 19 genera and 27 13 

species (Table 1). Phyllostomids contributed 502 captures, of 17 genera and 23 species, which 14 

12 species of frugivores (n = 413 captures), 10 animalivores (n = 70) and 1 nectarivore (n = 15 

19) (Table 2). The total number of species in each module ranged from 8 to 16 (11.8 ± 3.2 16 

[mean ± standard deviation]), and the number of bats captures ranged from 13 to 137 (62.9 ± 17 

46.3). The nine species with more than 10 captures acounted for 89 percent of total captures 18 

for phyllostomid bats. Lophostoma silvicolum and Rhinophylla pumilio were captured in all 19 

modules, Artibeus concolor, Chrotopterus auritus, Rhinophylla fischerae, Trinycteris 20 

nicefori, and Vampyriscus brocki were each captured only in one module. Carollia spp. and 21 

Rhinophylla pumilio accounted 34 and 33 percent of all captures respectively. 22 

 23 

EFFECTS OF VEGETATION CLUTTER OVER BAT ASSEMBLAGES.—Mean vegetation obstruction of 24 

modules ranged from 53 to 73 percent (Table 2). Fewer bat species (GLM, pseudo-R
2 = 0,84, 25 
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g.l. = 6 p = 0,001), fewer frugivores (GLM, pseudo-R
2 = 0,64, g.l = 6 p = 0,017) and fewer 1 

animalivorous species (GLM, pseudo-R
2 = 0,52, g.l = 6, p = 0,04) were captured in modules 2 

with more obstructed vegetation (Figures 3A, 3B e 3C, respectively). The NMDS axis with 3 

presence-absence data explained 75 % of the variation of original dissimilarities between bat 4 

species assemblages in modules, and was related (Figure 3D) to understory vegetation 5 

obstruction (GLM, pseudo-R
2 = 0,77, g.l = 6, p = 0,003).  6 

 7 

NESTEDNESS PATERN.—The direct-gradient analysis between bat captures and vegetation 8 

obstruction (Figure 4) showed that species occupancy of modules had a true nestedness 9 

pattern (NODFc, Fill = 51%, nestedness degree  = 66,80, Z = 2,21, p = 0,011). Species 10 

assemblagess in modules with more obstructed understory were a subset of assemblages in 11 

modules with more open vegetation. The module with opened understory (53% cluttered) had 12 

double the number of species captured in the two modules with more obstructed vegetation (> 13 

70% cluttered). Only three species (Trinycteris nicefori, Lophostoma brasiliense, and 14 

Vampyriscus bidens) captured in more obstructed modules were not captured in modules with 15 

more open vegetation , with no evidence of species turnover along the vegetation obstruction 16 

gradient. As understory obstruction decreases, more species were added to the bat 17 

assemblages, mainly with species from the subfamily Stenodermatinae subfamily, such as 18 

Mesophylla. macconelli, Vampyriscus brocki, Artibeus concolor, A. gnomus, A. obscurus, and 19 

A. planirostris. 20 

 21 

EXPLAINING ASSEMBLAGES STRUCTURE: BODY SIZE OR FEEDING HABITS?—The GLM model 22 

that included foraging guilds and body size of species explained 46 percent of the variance in 23 

the direct ordination scores for species in relatioin to understory obstruction (GLM, pseudo-R
2 24 

= 0,46, g.l = 18). Foraging guilds were strongly related to assemblage structure (t-value = 25 
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3,471; p = 0,002). We did not detect a filter effect on body size for the total species pool (t-1 

value = 0,380; p = 0,70). Animalivorous bats were associated with obstructed understory 2 

(Figure 5), and for this ensemble there was some evidence of decreasing of body size in more 3 

obstructed modules (t = -1,736; p = 0,09).  4 

 5 

DISCUSSION 6 

 7 

The use of digital images proved to be a promissing tool to quantifying elements of 8 

vegetation structure and understanding ecological requirements of species, ensembles and 9 

assemblages of bats. Benefits of this method include reducing time expended in data 10 

collection in field, the use of low cost devices, easy replication for quantifying vegetation 11 

obstruction and the possibility for comparisons of results among studies. 12 

Vegetation obstruction of understory had a strong influence on bat assemblage 13 

strutucture in terms of observed number of richness, species composition and occurrence of 14 

ensembles. Total number of species in more dense sites was half that in more sites with more 15 

open vegetation, a pattern also seen in studies of bat activity realized in a great diveristy of 16 

habitats (Law & Chidel 2002, Hodgkison et al. 2004, Peters et al. 2006c, Adams et al. 2009, 17 

Caras & Korine 2009). The number of animalivorous species and number of frugivorous 18 

species were both negatively afected by increasing vegetation obstruction. However, the 19 

species distribution along the vegetation-obstruction gradient suggests that animalivorous bats 20 

are  more tolerant of high understory obstruction. Some trying. The simplest hypothesis to 21 

explain the effects of space obstruction on bat flight is the filter effect on body-size 22 

(Stockwell 2001, Hodgkison et al. 2004), where small-bodied species have a better flight 23 

performance among obstacles. Another hypothesis suggests a trade-off between dispersal 24 

habitity and maneuverabilty of flight, these conflicting demands are associated with foraging 25 
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niches and determine flight performance of bats in cluttered sites (Norberg & Rayner 1987). 1 

The filter effect over body size of bats was not suficient to explain occurence of species for 2 

obstructed sites, and our results shown that species feeding habits has a strong influence in the 3 

use of sites with denser vegetation understory.  4 

Foraging guilds of phyllostomid bats are representatives of filogenetic clades 5 

(Wetterer et al. 2000, Cruz-Neto et al. 2001) and it may be that sensorial and morphological 6 

characteristics of these clades are responsible for the relationship between species 7 

composition and degree of obstruction by understory vegetation. Feeding habits and 8 

behaviour have been suggested as important factors associated with habitat selection 9 

(Rosenzweig 1981, Krausman 1997), and these are dependent on distribution, predictability 10 

and accessibility of food resources. Spatial distribution of food resources and their association 11 

with flight behaviour of bats define a greater or lesser flight performance of species within 12 

vegetation clutter.  The abundance of arthropds is greater in dense vegetation, and more 13 

homegeneously distributed (Müller et al. 2012), and animalivorous species have short 14 

commuting flights in small foraging areas (Kalko et al. 1999). In contrast,  fruits eaten by bats 15 

are patchily distributed, forcing frugivorous bats to fly long distances in commuting flitghts 16 

and spend most of their flight time searching for food (Fleming et al. 1977, Heithaus and 17 

Fleming 1978, Morrison 1978, 1980, Kalko and Condon 1998, Henry and Kalko 2007). Thus, 18 

whereas a high maneuverability is required for animalivorous bats during flight, high 19 

dispersal hability may be more important for frugivores bats commuting among foraging 20 

patches. 21 

Meyer and Kalko (2008) also demonstrated nestedness patern (Patterson & Atmar 22 

1986) in bats assemblages structure based on dispersal abitlity of bat species, and frugivores 23 

bats (with greater dispersal hability) were more frequent on isolated islands in Lake Gatún, 24 

Panamá; while occurrence of animalivorous bats was negatively affected by isolation. 25 
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Inverting the logic used by (Meyer & Kalko 2008), we suggest that the nestedness structure of 1 

bats assemblages demonstrated in our results is a result of the trade-off between dispersal 2 

hability and maneuverability suggested by (Norberg & Rayner 1987). In our study, 3 

frugivorous bats were more frequent in sites with open understory vegetation, while 4 

animalivores (presumably with more maneuverable flight) tended to occur in sites with 5 

obstructed vegetation. 6 

We conclude that vegetation obstruction acts as a filter, limiting the use of sites with 7 

denser vegetation to clutter-tolerant species. Primary feeding habits (animalivory or 8 

frugivory) influenced the ocurrence of bats, and animalivorous bats were less affected for the 9 

vegetation obstruction. Peters et al. (2006) showed that there are fewer frugivorous bats in 10 

logged sites in Brazilian Amazonia, where understory is denser due to regrowth and 11 

animalivores bats are virtually abscent. However, animalivorous bats are considered sensitive 12 

to habitat disturbances, whereas frugivorous bats are favored by sencondary forests (Fenton et 13 

al. 1992, Ochoa 2000, Gorresen et al. 2005, Willig et al. 2007, Presley et al. 2008, Klingbeil & 14 

Willig 2009, Bobrowiec & Gribel 2010). In that case, we can not distinguish between 15 

vegetation-obstruction effects and disturbance effects (Laurance et al. 2011). Our results 16 

suggest that, in primary forests, both frugivorous and animalivorous bats are negatively 17 

affected for vegetation obstruction, even though animalivorous bats seem to tolerate increase 18 

in vegetation obstruction better than frugivorous species when the increase in obstruction is 19 

not due human disturbance. 20 

In conclusion, we consider that few studies with bats have been conducted in mature 21 

Neotropical forests, where captures rates tend to be lower than in sites in secondary vegetation 22 

or forest fragments (Sampaio et al. 2003). However, the benefit of distinguish effects of 23 

habitat features and habitat disturbances may be compensate for the extra sample effort 24 

required. Our conceptions about Amazonian bats are biased toward disturbed areas, even 25 
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though most of the area is still covered by mature forest. The limited evidance available 1 

indicates that patterns of  assemblage structures may be different in primary forests.  2 

 3 

ACKNOWLEDGMENTS 4 

 5 

This study was financied by the Conselho Nacional de Desenvolvimento Científico e 6 

Tecnológico (CNPq grant no 132573/2010-5 to RM), Coordenação de Aperfeiçoamento de 7 

Pessoal de Nível Superior (CAPES grant no 23038.006422/2012-17 to PEDB), Bat 8 

Conservation International (2011 Student Research Scholarships to RM), Centro de Estudos 9 

Integrados da Biodiversidade Amazônica (INCT-CENBAM) and Fundação de Amparo à 10 

Pesquisa do Amazonas (FAPEAM). CENBAM and the Programa de Pesquisa em 11 

Biodiversidade (PPBio) maintained the data repositories. We thank the logistic support 12 

provided by Instituto Chico Mendes de Conservação da Biodiversidade (ICMBio) of 13 

Humaitá. We are greatful to Ocírio de Souza Pereira (Juruna) by the field assistance and Vitor 14 

L. Landeiro by the original version of script used in the direct gradient. This study was 15 

authorized by Instituto Chico Mendes de Conservação da Biodiversidade (Sisbio licences no. 16 

25781-1 and  25799-2).17 



 

25 
 

LITERATURE CITED 1 

 2 

ADAMS, M.D., B.S. LAW, AND K.O. FRENCH, 2009. Vegetation structure influences the 3 

vertical stratification of open- and edge-space aerial-foraging bats in harvested forests. 4 

Forest Ecol. and Manag. 258: 2090–2100. 5 

ALMEIDA-NETO, M., P. GUIMARÃES, P.R. GUIMARÃES JR., R.D. LOYOLA, AND W. ULRICH, 6 

2008. A consistent metric for nestedness analysis in ecological systems: reconciling 7 

concept and measurement. Oikos 117: 1227–1239. 8 

ARLETTAZ, R., G. JONES, AND P. A RACEY, 2001. Effect of acoustic clutter on prey detection 9 

by bats. Nature 414: 742–5. 10 

BAKER, R.J., S.R. HOOFER, C.A. PORTER, AND R.A. VAN DEN BUSSCHE, 2003. Diversification 11 

among New World leaf-nosed bats: an evolutionary hypothesis and classification 12 

inferred from digenomic congruence of DNA sequence. Occasional Pappers: Museum 13 

Texas Tech University 230: 1–32. 14 

BAUMGARTEN, J.E., 2009. Uso do habitat por morcegos filostomideos em um mosaico 15 

florestal na Mata Atlantica do sul da Bahia, Brasil: uma abordagem em duas escalas. 16 

Universidade Estadual de Campinas, PhD Dissertation. 17 

BEJA, P., C.D. SANTOS, J. SANTANA, M.J. PEREIRA, J.T. MARQUES, H.L. QUEIROZ, AND J.M. 18 

PALMEIRIM, 2010. Seasonal patterns of spatial variation in understory bird assemblages 19 

across a mosaic of flooded and unflooded Amazonian forests. Biodiversity Conserv. 19: 20 

129–152. 21 

BERNARD, E., V.C. TAVARES, AND E. SAMPAIO, 2011. Compilação atualizada das espécies de 22 

morcegos (Chiroptera) para a Amazônia Brasileira. Biota Neotropica 11: 1–12. 23 



 

26 
 

BIANCONI, G.V., S.B. MIKICH, S.D. TEIXEIRA, AND B.H.L.N.S. MAIA, 2007. Attraction of 1 

fruit-eating bats with essential oils of fruits: a potential tool for forest restoration. 2 

Biotropica 39: 136–140. 3 

BOBROWIEC, P.E.D., AND R. GRIBEL, 2010. Effects of different secondary vegetation types on 4 

bat community composition in Central Amazonia, Brazil. Anim. Conserv. 13: 204–216. 5 

BORGES, S.H., AND A. CARVALHAES, 2000. Bird species of black water inundation forests in 6 

the Jaú National Park (Amazonas state, Brazil): their contribution to regional species 7 

richness. Biodiversity Conserv. 9: 201–214. 8 

CARAS, T., AND C. KORINE, 2009. Effect of vegetation density on the use of trails by bats in a 9 

secondary tropical rain forest. J. Trop. Ecol. 25: 97–101. 10 

CHARLES-DOMINIQUE, P., A. BROSSET, AND S. JOUARD, 2001. Atlas des chauves souris de 11 

Guyane. Patrimoines Naturels 49: 1- 142. 12 

COSTA, F.R.C., AND W.E. MAGNUSSON, 2010. The need for large-scale, integrated studies of 13 

biodiversity – the experience of the Program for Biodiversity Research in Brazilian 14 

Amazonia. Natureza & Conservação 8: 3–12. 15 

CRUZ-NETO, A.P., T. GARLAND, AND A.S. ABE, 2001. Diet, phylogeny, and basal metabolic 16 

rate in phyllostomid bats. Zoology 104: 49–58. 17 

FAUTH, J.E., J. BERNARDO, M. CAMARA, W.J. RESETARITS, J. VAN BUSKIRK, AND S.A. 18 

MCCOLLUM, 1996. Simplifying the jargon of community ecology: a conceptual 19 

approach. Amer. Nat. 147: 282–286. 20 

FENTON, M.B., L. ACHARYA, D. AUDET, M.B.C. HICKEY, C. MERRIMAN, M.K. OBRIST, M. 21 

SYME, AND B. ADKINS, 1992. Phyllostomid bats (Chiroptera: Phyllostomidae) as 22 

indicators of habitat disruption in the neotropics. Biotropica 24: 440–446. 23 

FLEMING, T.H., E.. R. HEITHAUS, AND W.B. SAWYER, 1977. An experimental analysis of the 24 

food location behavior of frugivorous bats. Ecology 58: 619–627. 25 



 

27 
 

GARDNER, A.L., 2008. Mammals of South America, Chicago and London: The University of 1 

Chicago Press, Chicago, US. 2 

GEHRING, C., M. DENICH, AND P.L.G. VLEK, 2005. Resilience of secondary forest regrowth 3 

after slash-and-burn agriculture in central Amazonia. J. Trop. Ecol. 21: 519–527. 4 

GIANNINI, N.P., AND E.K.V. KALKO, 2004. Trophic structure in a large assemblage of 5 

phyllostomid bats in Panama. Oikos 105: 209–220. 6 

GORRESEN, P.M., M.R. WILLIG, AND R.E. STRAUSS, 2005. Multivariate analysis of scale-7 

dependent associations between bats and landscape structure. Ecol. Appl. 15: 2126–8 

2136. 9 

GOTELLI, N.J., 2000. Null model analysis of sepecies co-occurrence patterns. Ecology 81: 10 

2606–2621. 11 

GOTELLI, N.J., AND G.R. GRAVES, 1996. Null models in ecology, Smithsonian Institution Press 12 

,Washington and London, US and UK. 13 

HAUGAASEN, T., AND C.A. PERES, 2005. Mammal assemblage structure in Amazonian flooded 14 

and unflooded forests. J. Trop. Ecol. 21: 133–145. 15 

HAUGAASEN, T., AND C.A. PERES, 2006. Floristic, edaphic and structural characteristics of 16 

flooded and unflooded forests in the lower Rio Purús region of central Amazonia, Brazil. 17 

Acta Amazonica 36: 25–36. 18 

HEITHAUS, E.R., AND T.H. FLEMING, 1978. Foraging movements of a frugivorous bat, Carollia 19 

perspicillata (Phyllostomatidae). Ecol. Monogr. 48: 127–143. 20 

HENRY, M., AND E.K.V. KALKO, 2007. Foraging strategy and breeding constraints of 21 

Rhinophylla pumilio (Phyllostomidae) in the Amazon lowlands. J.Mammal. 88: 81–93. 22 

HODGKISON, R., S.T. BALDING, A. ZUBAID, AND T.H. KUNZ, 2004. Habitat structure, wing 23 

morphology, and the vertical stratification of malaysian fruit bats (Megachiroptera: 24 

Pteropodidade). J.Trop. Ecol. 20: 667–673. 25 



 

28 
 

HURLBERT, A.H., 2004. Species – energy relationships and habitat complexity in bird 1 

communities. Ecol. Lett. 7: 714–720. 2 

IBGE, 1997. Recursos naturais e meio ambiente uma visão do Brasil 2nd ed., Instituto 3 

Brasileiro de Geografia e Estatística, Rio de Janeiro, BR. 4 

KALKO, E.K.V., 1998. Organisation and diversity of tropical bat communities through space 5 

and time. Zoology 101: 281–297. 6 

KALKO, E.K.V., AND M. A. CONDON, 1998. Echolocation, olfaction and fruit display: how bats 7 

find fruit of flagellichorous cucurbits. Funct. Ecol. 12: 364–372. 8 

KALKO, E.K.V., D. FRIEMEL, C.O. HANDLEY, AND H.U. SCHNITZLER, 1999. Roosting and 9 

foraging behavior of two neotropical gleaning bats, Tonatia silvicola and Trachops 10 

cirrhosus (Phyllostomidae). Biotropica 31: 344–353. 11 

KALKO, E.K.V., C.O. HANDLEY, AND D. HANDLEY, 1996. Organization, diversity, and long-12 

term dynamics of a neotropical bat community. In M. L. Cody and J. A. Smallwood 13 

(Eds.) Long-Term Studies of Vertebrate Communities. pp. 503–553, Academic Press, 14 

San Diego, US. 15 

KLINGBEIL, B.T., AND M.R. WILLIG, 2009. Guild-specific responses of bats to landscape 16 

composition and configuration in fragmented Amazonian rainforest. J. Appl. Ecol. 46: 17 

203–213. 18 

KRAUSMAN, P.R., 1997. Some basic principles of habitat use. In K. Launchbaugh, K. 19 

Saunders, and J. Mosley (Eds.) Grazing Behavior of Livestock and Wildlife. pp. 85–90, 20 

University of Idaho, Moscow, RU. 21 

LAURANCE, W.F., J.L.C. CAMARGO, R.C.C. LUIZÃO, S.G. LAURANCE, S.L. PIMM, E.M. 22 

BRUNA, P.C. STOUFFER, G.B. WILLIAMSON, J. BENÍTEZ-MALVIDO, H.L. VASCONCELOS, 23 

K.S. VAN HOUTAN, C.E. ZARTMAN, S.A. BOYLE, R.K. DIDHAM, A. ANDRADE, AND T.E. 24 



 

29 
 

LOVEJOY, 2011. The fate of Amazonian forest fragments: A 32-year investigation. Biol. 1 

Conserv. 144: 56–67. 2 

LAW, B., AND M. CHIDEL, 2002. Tracks and riparian zones facilitate the use of Australian 3 

forest by insectivorous bats regrowth. J. Appl. Ecol. 39: 605–617. 4 

LEGENDRE, P., AND L. LEGENDRE, 1998. Numerical ecology 2nd ed., Elsevier, Amsterdan, 5 

NL. 6 

LIM, B., M. ENGSTROM, AND T. LEE, 2004. Molecular differentiation of large species of fruit-7 

eating bats (Artibeus) and phylogenetic relationships based on the cytochrome b gene. 8 

Acta Chiropterol. 6: 1–12. 9 

LIM, B.K., AND M.D. ENGSTROM, 2001. Species diversity of bats (Mammalia: Chiroptera) in 10 

Iwokrama Forest, Guyana, and the Guianan subregion: implications for conservation. 11 

Biodiversity and Conserv. 10: 613–657. 12 

MACARTHUR, R.H., AND J.W. MACARTHUR, 1961. On bird species diversity. Ecology 42: 13 

594–598. 14 

MAGNUSSON, W.E., A.P. LIMA, R. LUIZÃO, F. LUIZÃO, F.R.C. COSTA, C.V. CASTILHO, AND 15 

V.F. KINUPP, 2005. RAPELD: a modification of the gentry method for biodiversity 16 

surveys in long-term ecological research sites. Biota Neotropica 5: 1–6. 17 

MAGURRAN, A.E., 2004. Measuring Biological Diversity, Blackwell Publishing, Malden, US. 18 

MARSDEN, S.J., A.H. FIELDING, C. MEAD, AND M.Z. HUSSIN, 2002. A technique for measuring 19 

the density and complexity of understorey vegetation in tropical forests. Forest Ecol. 20 

Manag. 165: 117–123. 21 

MCCUNE, B., AND J.B. GRACE, 2002. Analysis of ecological communities, MjM Software 22 

Design, Gleneden Beach, USA. 23 

MESQUITA, R.C.G., K. ICKES, G. GANADE, AND G.B. WILLIAMSON, 2001. Alternative 24 

successional pathways in the Amazon Basin. J. Ecol. 89: 528–537. 25 



 

30 
 

MEYER, C.F.J., AND E.K.V. KALKO, 2008. Bat assemblages on Neotropical land- bridge 1 

islands: nested subsets and null model analyses of species co- occurrence patterns. 2 

Divers. Distrib. 14: 644–654. 3 

MORRISON, D.W., 1978. Foraging Ecology and Energetics of the Frugivorous Bat Artibeus 4 

Jamaicensis. Ecology 59: 716–723. 5 

MORRISON, D.W., 1980. Foraging and day-roosting dynamics of canopy fruit bats in Panama. 6 

J. Mammal. 61: 20–29. 7 

MÜLLER, J., M. MEHR, C. BÄSSLER, M.B. FENTON, T. HOTHORN, H. PRETZSCH, H.J. KLEMMT, 8 

AND R. BRANDL, 2012. Aggregative response in bats: prey abundance versus habitat. 9 

Oecologia 169: 673–684. 10 

NEUWEILER, G., 1990. Auditory adaptations for prey capture in echolocating bats. Physiol. 11 

Rev. 70: .615-641. 12 

NORBERG, U.M., AND J.M.V. RAYNER, 1987. Ecological morphology and fligth in bats 13 

(Mammalia:Chiroptera): wing adaptations, fligth performance, foraging strategy and 14 

echolocation. Philos. T. R. Soc. B 316: 335–427. 15 

OCHOA, J., 2000. Efectos de la extracción de maderas sobre la diversidad de mamíferos 16 

pequeños en bosques de tierras bajas de la Guayana Venezolana. Biotropica 32: 146–17 

164. 18 

OKSANEN, J., F.G. BLANCHET, R.K. WAGNER, P. LEGENDRE, P.R. MINCHIN, R.B. O’HARA, 19 

G.L. SIMPSON, P. SOLYMOS, M.H.H. STEVENS, AND H. WAGNER, 2011. vegan: 20 

Community ecology package. 21 

PATTERSON, B.D., AND W. ATMAR, 1986. Nested subsets and the structure of insular 22 

mammalian faunas and archipelagos. Biol. J. Linn. Soc. 28: 65–82. 23 



 

31 
 

PEREIRA, M.J.R., J.T. MARQUES, J. SANTANA, C.D. SANTOS, J. VALSECCHI, H.L. QUEIROZ, P. 1 

BEJA, AND J.M. PALMEIRIM, 2009. Structuring of Amazonian bat assemblages: the roles 2 

of flooding patterns and floodwater nutrient load. J. Anim. Ecol. 78: 1163–1171. 3 

PETERS, S.L., J.R. MALCOLM, AND B.L. ZIMMERMAN, 2006. Effects of selective logging on bat 4 

communities in the southeastern Amazon. Conserv. Biol. 20: 1410–21. 5 

PRESLEY, S.J., M.R. WILLIG, J.M. WUNDERLE JR, AND L.N. SALDANHA, 2008. Effects of 6 

reduced-impact logging and forest physiognomy on bat populations of lowland 7 

Amazonian forest. J. Appl. Ecol. 45: 14–25. 8 

R DEVELOPMENT CORE TEAM, 2012. R: A language and environment for statistical computing. 9 

R Foundation for Statistical Computing, Viena, AT. 10 

ROSENZWEIG, M.L.., 1981. A theory of habitat selection. Ecology 62: 327–335. 11 

ROTENBERRY, J.T., AND J.A. WIENS, 1980. Habitat structure, patchiness, and avian 12 

communities in North American steppe vegetation: a multivariate analysis. Ecology 61: 13 

1228–1250. 14 

SAMPAIO, E.M., E.K.V. KALKO, E. BERNARD, B. RODRÍGUEZ-HERRERA, AND C.O. HANDLEY, 15 

2003. A biodiversity assessment of bats (Chiroptera) in a Tropical Lowland Rainforest of 16 

Central Amazoia , including methodological and conservation considerations. Stud. 17 

Neotrop. Fauna E. 38: 17–31. 18 

SCHNITZLER, H.-U., AND E.K.V. KALKO, 2001. Echolocation by insect-eating bats. BioScience 19 

51: 557–569. 20 

SIMMONS, N., 2005. Order chiroptera. In D. E. Wilson and D. M. Reeder (Eds.) Mammals 21 

species of the world: a taxonomic and geographic reference. pp. 312–529, Johns Hopkins 22 

University, Baltimore, US. 23 



 

32 
 

SIMMONS, N.B., R.S. VOSS, AND D.W. FLECK, 2002. A new Amazonian species of 1 

Micronycteris (Chiroptera: Phyllostomidae) with notes on the roosting behavior of 2 

sympatric congeners. Am. Mus. Novit. 3358: 1–14. 3 

SOMBROEK, W., 2001. Spatial and temporal patterns of Amazon rainfall: consequences for the 4 

planning of agricultural occupation and the protection of primary forests. Ambio 30: 5 

388–396. 6 

STOCKWELL, E.F., 2001. Morphology and fligth manoeuvrability in New World leaf-nosed 7 

bats (Chiroptera: Phyllostomidae). J. Zool. 254: 505–514. 8 

THIES, W., E.K.V. KALKO, AND H.-U. SCHNITZLER, 1998. The roles of echolocation and 9 

olfaction in two neotropical fruit-eating bats, Carollia perspicillata and C. castanea, 10 

feeding on Piper. Behav. Ecol. Sociobiol. 42: 397–409. 11 

ULRICH, W., M. ALMEIDA-NETO, AND N.J. GOTELLI, 2009. A consumer’s guide to nestedness 12 

analysis. Oikos 118: 3–17. 13 

WETTERER, A.L., M.V. ROCKMAN, AND N.B. SIMMONS, 2000. Phylogeny of phyllostomid bats 14 

(Mammalia, Chiroptera): data from diverse morphological systems, sex chromosomes, 15 

and restriction sites. B. Am. Mus. Nat. Hist. 248: 1–200. 16 

WILLIG, M.R., 1986. Bat community struture in South America: a tenacious chimera. Revista 17 

Chilena de Historia Natural 59: 151–168. 18 

WILLIG, M.R., S.J. PRESLEY, C.P. BLOCH, C.L. HICE, S.P. YANOVIAK, M.M. DÍAZ, L.A. 19 

CHAUCA, V. PACHECO, AND S.C. WEAVER, 2007. Phyllostomid bats of lowland 20 

Amazonia: effects of habitat alteration on abundance. Biotropica 39: 737–746. 21 

ZEHM, A., M. NOBIS, AND A. SCHWABE, 2003. Multiparameter analysis of vertical vegetation 22 

structure based on digital image processing. Flora 198: 142–160. 23 

ZUUR, A.F., E.N. IENO, N.J. WLAKE, A.A. SAVELIV, AND G.M. SMITH, 2009. Mixed Effects 24 

Models and Extensions in Ecology with R, Springer, Berlin, DE. 25 

26 



 

33 
 

TABLE 1. Bats captured in modules sampled along the BR-319 highway, Central 

Amazonia, Brazil. For ensembles: AI = aerial insectivore, FR = frugivore, GA 

= gleaning animalivore, NE = nectarivore. Rank represents the scores of  

species based on direct ordination analysis  for phyllostomids bats. 

Taxon Captures Range Rank Ensemble 

Emballonuridae         

Saccopteryx bilineata 1 0-1 AI 

Phyllostomidae 

Carollinae 

Carollia spp 167 0-86 59,7 FR 

Rhinophylla fischerae 1 0-1 52,9 FR 

Rhinophylla pumilio 160 3-33 62,1 FR 

Lonchophyllinae 

Lonchophylla thomasi 19 0-7 60,5 NE 

Phyllostominae 

Chrotopterus auritus 1 0-1 59,4 GA 

Lophostoma brasiliense 2 0-1 64,3 GA 

Lophostoma silvicolum 13 1-3 61,2 GA 

Micronycteris megalotis 6 0-2 63,3 GA 

Mimon crenulatum 6 0-2 62,7 GA 

Phylloderma stenops 4 0-1 61,1 GA 

Phyllostomus elongatus 13 0-4 58,5 GA 

Tonatia saurophilla 8 0-2 59,7 GA 

Trachops cirrhosus 15 0-5 66,6 GA 
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Trinycteris nicefori 2 0-2 72,2 GA 

Stenodermatinae 

Artibeus concolor 1 0-1 55,6 FR 

Artibeus gnomus 18 0-7 58,9 FR 

Artibeus lituratus 4 0-2 60,6 FR 

Artibeus obscurus 31 0-18 57,7 FR 

Artibeus planirostris 12 0-6 57,0 FR 

Mesophylla macconnelli 6 0-3 54,2 FR 

Uroderma bilobatum 4 0-2 58,5 FR 

Vampyriscus bidens 9 0-3 63,5 FR 

Vampyriscus brocki 1 0-1 55,6 FR 

Vespertilionidae     

Myotis sp. 3 0-2 AI 

Thyropteridae 

Thyroptera discifera 1 0-1 AI 

Thyroptera tricolor 4 0-2 AI 
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TABLE 2. Number of bats captures (N), number of species captured (S), relative 

abundance for individuals and ensembles (%), and understory vegetation 

obstruction (mean ± standard deviation) of each module sampled along the 

BR-319 highway, Central Amazonia, Brazil. Locations of modules are 

shown in Figure 1. FR = frugivores, GA = gleaning animalivores, and NE = 

nectarivores. 

  Phyllostomidae FR GA NE Vegetation 

obstruction 

Modules N % S N % S N % S N % S Mean SD 

M02 137 27 14 125 25 8 7 1.4 5 5 1 1 63.8 12.66 

M04 47 9.3 8 41 8,2 4 8 1.6 4 0 0 0 71.2 14.76 

M05 19 3.8 10 5 1 3 13 2.6 6 1 0.2 1 65.5 8.39 

M06 38 7.6 12 24 4.8 5 7 1.4 6 7 1.4 1 59.4 11.17 

M08 39 7.8 12 26 5.2 6 12 2.4 5 1 0.2 1 64.2 13.65 

M09 13 2.6 7 9 1.8 3 3 0.6 3 1 0.2 1 73 12.77 

M10 113 22 15 103 20 9 10 2 5 2 0.4 1 55.6 15.54 

M11 97 19 16 85 17 9 10 2 6 2 0.4 1 52.9 14.35 
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FIGURE 1. Localition of modules sampled along BR-319 highway, Central Amazonia, 

Brazil, and spatial distribution of plots in each module sampled in the study.  

 

FIGURE 2. Schematic ilustration of digital photographs used to describe the understory 

vegetation obstruction in each sample plot. 

 

FIGURE 3. Relations between total number of bat species (a), number of frugivores species 

(b), number of animalivores species (c), and the axis of NMDS ordination (d) of  

Phyllostomidae bats against understory vegetation obstruction along the BR-319 highway, 

Central.Amazonia, Brazil. 

 

FIGURE 4. Ordination of bat assemblages using direct-gradient analysis. Rank values 

represents scores of species and describe the association between the number of captures for 

each species and the understory-vegetation obstruction. 

 

FIGURE 5. Relation of  mean weight of species, feeding habits and species scores of direct-

gradient analysis between species and understory-vegetation obstruction. Black dots 

represents animalivores, and gray dots represent frugivorous bats species 
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CONCLUSÕES 

 

A obstrução da vegetação no sub-bosque é relacionada com a estrutura de assembleias 

de morcegos na área estudada. O número de espécies nas assembleias de morcegos diminuiu 

com o aumento da densidade da vegetação. As previsões de uso do ambiente baseadas no 

desempenho do voo de morcegos estão de acordo com os o uso de locais com diferentes graus 

de obstrução. Morcegos animalívoros, considerados por terem maior desempenho de voo em 

áreas obstruídas foram mais frequentes em ambientes com sub-bosque mais denso. 
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