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ABSTRACT
Habitat fragmentation and conversion are among the human activities that pose the greatest threat to species persistence and conservation of biodiversity. This is
particularly true in the Neotropics, where bats represent important components of biodiversity from taxonomic and functional perspectives, and provide critical
ecosystem services (e.g., seed dispersal and pollination). We assessed the degree to which conversion of lowland Amazonian rain forest to agriculture, and its subsequent
abandonment and secondary succession, affect the abundances of populations of phyllostomid bats in the vicinity of Iquitos, Perú. During 90,720 net-m-h of sampling,
we captured 3789 bats of five families; of these 3764 were phyllostomids representing 44 species, 23 genera, and three feeding guilds. We focus on the 24 most
abundant species of phyllostomids. In terms of abundance, frugivores dominated assemblages in all habitat types and seasons. Eight species consistently responded to
habitat conversion, two species consistently responded to season, two species responded consistently to both habitat and season, and five species responded to habitat
conversion in a season-specific manner. Frugivores and nectarivores were abundant in areas that had been converted to agriculture, which suggests that these bats
are resilient to extant levels of disturbance and may be important in promoting secondary succession. However, this result may be scale- or context-dependent. If
habitat conversion continues and dramatically reduces the areal extent and increases fragmentation of mature forest, then a complex metacommunity dynamic may
characterize the region and source populations of bats may become threatened or extirpated locally.
Abstract in Spanish is available at http://www.blackwell-synergy.com/loi/btp.
Key words: Amazonian rain forest; anthropogenic change; conservation; deforestation; habitat use; lowland; Neotropical bat biodiversity; population dynamics; seasonal
dynamics.

AT A GLOBAL SCALE, HABITAT FRAGMENTATION AND CONVERSION TO
are among the human activities that pose the greatest
threat to species persistence and the conservation of biodiversity
(Wilcox & Murphy 1985, Sala et al. 2000). The rate of habitat
loss associated with anthropogenic activities is increasing (Vitousek
et al. 1997; NRC 2001, 2003), especially in the Neotropics, which
harbors a considerable proportion of the world’s species (Heywood
& Watson 1995). Fragmentation creates islands of habitat and subdivides or isolates populations (Hanski et al. 1995), thereby altering
the behavior of species (Hargis et al. 1999), interspecific interactions
(Aizen & Feisinger 1994), and ecosystem processes (Schowalter
et al. 1981). In addition, loss of species diversity can enhance the
emergence of vector-borne, zoonotic infectious diseases with consequences to human health (LoGuidice et al. 2003).
In the New World, species richness of bats rapidly increases
toward the equator (Willig & Selcer 1989), thereby contributing
significantly to increased mammalian species richness in tropical
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areas (Kaufman & Willig 1998). Moreover, tropical bats provide
critical ecosystem services associated with pollination and seed dispersal (Fleming 1988, Patterson et al. 2003). In tropical forests,
where bats may be the sole or primary agent of pollination and dispersal for some plants (Fleming & Heithaus 1981, 1986; Fleming
1988; Galindo-González et al. 2000), the Chiroptera may represent
a keystone taxon. Indeed, some bat species, especially members of
Phyllostomidae, promote secondary succession and regeneration of
disturbed areas because they differentially disperse pioneer plants
(Fleming 1988, Gorchov et al. 1993). Understanding the effects of habitat fragmentation and anthropogenic disturbance on
bats is critical to designing a conservation program that maintains
biotic composition and ecosystem functioning of lowland Amazonian rain forests.
Bats respond to habitat fragmentation in a species-specific
manner. Abundances of some species increase, others decrease, and
yet others are unaffected (Fenton et al. 1992, Estrada et al. 1993,
de Jong 1995, Cosson et al. 1999, Medellı́n et al. 2000, Bernard
et al. 2001, Aguirre et al. 2003, Gorresen & Willig 2004, Gorresen
et al. 2005). Consequently, landscape heterogeneity resulting from


C 2007 The Author(s)
C 2007 by The Association for Tropical Biology and Conservation
Journal compilation 

737

738

Willig et al.

deforestation and fragmentation affects bat communities in a complex manner (Gorresen & Willig 2004) and is dependent on the
spatial scale of analysis (Gorresen et al. 2005). We used comparative
observational studies (i.e., nonmanipulative natural experiments)
to evaluate the effects of habitat conversion (i.e., mature forest
converted to agriculture and subsequent abandonment to early successional forest) on populations of 24 phyllostomid bat taxa in the
Peruvian Amazon. We expected frugivores (e.g., Carollia spp. and
Sturnira spp.) and nectarivores (e.g., Glossophaga soricina) that primarily feed on fruits and flowers of successional species to exhibit
higher abundance in disturbed areas, especially those areas undergoing secondary succession (Fenton et al. 1992). Elsewhere, we
evaluate the effects of habitat conversion on bat biodiversity from
the guild and community perspectives.

METHODS
STUDY AREA.—Research was conducted in lowland Amazonian forest in the environs of the city of Iquitos (3.74◦ S, 73.24◦ W), Loreto
Province, northeastern Perú (Fig. 1). The climate of the area is tropical, with a mean annual temperature of 26◦ C. Rainfall is substantial
(∼2800 mm/yr), with a modest dry season (185 mm/mo) from
June to October and a wet season (292 mm/mo) from January to
May (Madigosky & Vatnick 2000). Based on the Holdridge System
(Holdridge 1947, Holdridge et al. 1974), the region is in the Humid Tropical Forest Botanical Province (Tosi 1960). The terrain is
rolling, dissected by numerous rivers and streams, and punctuated
by low-lying moriche palm (Mauritia flexuosa) swamps (aguajales),
ponds, and marshes (Vásquez 1997). Elevations range from 100 m
to 220 m, flooded forest (igapo) characterizes low-lying areas,
whereas white sand forest (varillal) or upland forest (monte alto)
characterizes higher areas.
Iquitos is in the Inambari area of endemism, one of eight such
recognized areas in Amazonia (da Silva et al. 2005). Inambari has lost
less than 10 percent of its forest and is among the least threatened
regions of the Amazon. Nonetheless, Inambari is a conservation
priority because it has higher numbers of restricted-range endemic
species than do other areas of endemism (da Silva et al. 2005). Over
28 percent of Inambari lands experience some form of protection;
however, only 1.7 percent of those lands are protected strictly, with
the rest subject to use by humans. Outside the city of Iquitos, human
disturbance has primarily paralleled the banks of navigable rivers,
and more recently, a network of highways and roads (Fig. 1). This
project was conducted along the highway that connects the city of
Iquitos with Nauta (4.53◦ S, 73.55◦ W), which is located 95 km
to the SSW. A dirt road was present along the route from Iquitos
to Nauta prior to paving, although the rate and extent of human
disturbance along the road increased significantly as a consequence
of paving (Mäki et al. 2001). Data were collected in two 5-mo periods: July–November 2002 and January–May 2003, corresponding
to drier and wetter seasons of the year, respectively (Madigosky
& Vatnick 2000). Additional details are available for the region
(Vásquez 1997), local climate (Madigosky & Vatnick 2000), and
Iquitos-Nauta highway (Mäki et al. 2001).

FIGURE 1. Map of environs south of Iquitos, Perú, illustrating the extent
of deforestation and fragmentation along the Rı́o Itaya and the Iquitos–Nauta
Highway. Superimposed on this heterogeneous landscape are five replicate blocks
(1–5), each comprises three plots (forest, purma, and chacra). The location of
Iquitos in Perú, and its relationship to the rest of South America (Equator, solid
horizontal line; Tropic of Capricorn, dashed horizontal line), appear in the insert.

Deforestation in the western Amazon, especially in the environs
of Iquitos, typically proceeds over several days to weeks, during
which the understory is removed and most of the trees are felled.
The largest trees often are left where they fall (Fig. 2A, B). Burning
is followed by 2–6 mo of cultivation that results in a plantation
covering about 1 ha, which locally is called ‘chacra’ (Mäki et al.
2001; Fig. 2B). Chacras typically are planted with pineapple (Ananas
comosus, Bromeliaceae), plantain (Musa spp., Musaceae), or manioc
(Manihot esculenta, Euphorbiaceae) until the soil is no longer fertile.
The influx of pioneer species into abandoned chacras during the
subsequent 5–10 yr results in early successional forests that locally
are called ‘purma’ (Mäki et al. 2001; Fig. 2C). Purma differs from
mature forest in terms of species composition (e.g., Cecropia spp.
often dominate) and physical structure (< 10 m canopy, dense
understory). Mature upland forest in the region is characterized by
high tree diversity (Vásquez 1997) with a 30-m canopy punctuated
by 50 m emergent trees (Fig. 2D). Chacra and purma typically
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FIGURE 2. Aspect photos of the three habitat types from which bats were
obtained in the vicinity of Iquitos, Perú. (A) Contrast of overall habitat stature,
with a recently cleared and planted chacra in the foreground, adjacent purma
(secondary growth) in the midground, and mature forest in the background.
(B) Typical 3-yr-old chacra planted with a mixture of plantains, manioc, and
pineapple. (C) Characteristic dense young growth of purma with most woody
vegetation < 10 cm dbh and < 10-m tall. (D) Mature forest that generally has a
more open and shaded understory than does purma, and a canopy of large trees,
many of which are > 30-m tall.

have clearly defined boundaries and almost always occur adjacent
to mature forest in the Iquitos region (Fig. 2A).
SAMPLING METHODS.—Five replicate blocks were located along the
Iquitos–Nauta Highway between 40 and 70 km SSW of Iquitos,
and within 3 km E or W of the road (Fig. 1). Each block contained three different plots: one in mature forest, one in agriculture
(i.e., chacra), and one in secondary forest (i.e., purma). Because of
the heterogeneous landscape and idiosyncratic availability of sites
for use, the distances among plots within blocks were variable, as
were the distances between plots in adjacent blocks (i.e., average
distance among plots within blocks was 1.5 km whereas the average interblock distance between plots of the same habitat type was
3.6 km). Each plot comprised 6.25 ha (250 × 250 m) and contained eight subplots. Four subplots (i.e., interior subplots), each
75 × 75 m squares, were arranged as quadrants. The remaining
subplots (i.e., edge subplots) extended 50 m beyond the grid in
each cardinal direction.
Each plot was sampled for two 3-night sessions, one during
the dry season and one during the wet season. In the dry season, a
different block was selected randomly for sampling each month; the
order of sampling remained the same in the wet season to ensure
that populations at each plot had the same number of months to
recover from the removal of individuals in the preceding dry season.
On the first night, two interior subplots and two edge subplots
were chosen randomly. At selected locations within each of these
subplots, three 12 × 3 m mist nets were erected, two at ground level
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and one in the upper understory, located directly above one of the
ground nets. This design sampled bats flying up to 6 m above the
ground. On the second night of sampling, the same number and
configuration of nets were placed in the remaining four subplots.
On the third night, two interior and two edge subplots were chosen
randomly without regard to previous sampling.
Nets remained open from 1800 to 0100 h, and were checked
every 20–30 min. Nets were closed during heavy rain. If heavy rain
occurred for more than 2 h of netting on any night, data from that
night were excluded from analyses, and another night of netting
was scheduled to replace the lost sampling effort. To minimize the
effects of lunar phobia (Crespo et al. 1972; Morrison 1975, 1978)
on sampling efficacy, no netting was conducted within two nights
of a full moon. This sampling protocol and subsequent analyses
assume that removal of bats during the first season has no effect on
bat captures during the second season; that sampling bats on one
portion of a plot did not affect bat captures on other portions of
that plot within seasons; and that capture probabilities of species
are independent of each other.
In terms of species richness and abundance, frugivores dominated captures at or near ground level in all habitat types in both seasons. The presence or abundance of some taxa, particularly species in
the Emballonuridae, Molossidae, Thyropteridae, and Vespertilionidae, may be underestimated appreciably by mist netting, especially
when restricted to ground or upper understory levels of rain forests
(Handley 1967, Bernard 2001, Sampaio et al. 2003). We use the
term ‘abundance’ to refer to the number of specimens captured
by mist netting for each species because of its ease of exposition.
Variation in the number of captured specimens at a site can be a
consequence of the catchability of species or the behavior of species,
as well as a change in true abundance. Our methodology cannot
distinguish among these alternatives.
Up to 20 individuals of each species at each plot in each season
were sacrificed and prepared as standard museum specimens. Individuals of abundant species (primarily Carollia) beyond the first
20 captures were released after identification to species, although
all individuals for which identification to species was not certain in
the field were collected; this included all individuals from several
stenodermatine genera (i.e., Artibeus, Chiroderma, Platyrrhinus, Uroderma, and Vampyressa). Before release, each individual was marked
by fur trimming to prevent it from being counted more than once in
estimates of abundance during a particular season. Although Carollia perspicillata and C. brevicauda are similar externally and difficult
to distinguish in the field, identifications of collected Carollia were
accurate for more than 96 percent of the individuals. Because all
dubious individuals were collected, it is likely that overall accuracy
of Carollia identifications exceeded 96 percent. Nonetheless, we
chose to be conservative, and pooled captures of C. perspicillata and
C. brevicauda into a category labeled Carollia spp. for all analyses.
For convenience, we refer to Carollia spp. as a ‘species.’ Because C.
benkeithi could be distinguished from C. perspicillata and C. brevicauda with confidence, it was not included in Carollia spp. Because
we have at least one confirmed identification of C. perspicillata and
C. brevicauda in each habitat in each season, we considered the composite taxon Carollia spp. to equal two species in all calculations of
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phyllostomid richness. We followed the systematic recommendations of Simmons (2005) for bat taxa in lowland Amazonia, except
for recognizing C. benkeithi (Solari & Baker 2006) rather than C.
castanea. We classified bats into broad foraging guilds based on
published recommendations (Wilson 1973, Gardner 1977, Willig
1986, Willig & Moulton 1989). Research involving live animals
followed the guidelines for the capture, handling, and care of mammals approved by the American Society of Mammalogists and was
approved by the Animal Care and Use Committee of Texas Tech
University (ACUC# 01084–03).

richness among habitats despite equal sampling effort (i.e., number
of net-hours). Without this correction, a species could be captured
more often in either of the two disturbed habitats than in forest, yet
be considered rare in the habitat from which it is more abundant
and common in the habitat from which it is less abundant. For
phyllostomids in this study, S f = 37 and N f = 725; consequently,
n rare = 19.59.

ANALYTICAL METHODS.—For each of the 24 most abundant species,
a generalized linear mixed-effects model (GLMM; Venables &
Ripley 2002) with the assumption of Poisson errors quantified the
effects of habitat type (forest vs. chacra vs. purma), season (wet vs.
dry), and their interaction on abundance (i.e., total number of captures per session). Phyllostomus discolor was captured only in chacra,
thus abundance data for this species lacked the necessary variation
to execute a GLMM with habitat as a within-subject factor. Therefore, GLMM analysis was restricted to season for this species, with
the assumption that habitat had a significant effect on abundance
based on the restriction of this species to chacra. All GLMMs were
conducted using the R programming environment (R Development Core Team 2005) and the MASS (Venables & Ripley 2002)
and nlme (Pinheiro & Bates 2000) libraries. Habitat and season
were modeled as fixed within-subject factors, whereas blocks were
modeled as random effects. If a significant response to habitat or
the season by habitat interaction occurred, a posteriori tests were
performed to evaluate all possible pairwise comparisons. A posteriori tests were conducted using the R programming environment
and the multcomp library (Westfall 1997). We were interested in
the particular responses of each species to disturbance and season,
rather than overall multivariate evidence of effects on the bat assemblage. As such, we report exact P values (Table S1) and discuss all
responses that were significant (i.e., P ≤ 0.05) or approached significance (i.e., 0.10 ≥ P > 0.05) without application of Bonferroni
sequential adjustments (Rice 1989).
We employed a statistical metric of rarity (e.g., Camargo 1992,
1993) to categorize species as rare or common (i.e., not rare). Based
on species richness, it considers a species to be rare if its relative
abundance is less than the average relative abundance of species
in a community or assemblage (i.e., < 1/S, where S = richness).
Because our experimental design was based on equal sampling effort
in each of three habitat types, we could assess the extent to which
differences in rarity of phyllostomids among habitats were related
to differences in the phyllostomid species abundance distribution
in which a species occurs, differences in the capture frequency of
a particular species among habitats, or both. Because the effects
of forest conversion were the focus of the study, we considered a
species to be rare if its abundance was less than or equal to the
average abundance of phyllostomid species in forest (n rare = N f /S f ,
where N f is the total number of phyllostomid individuals captured
from forest and S f is the species richness of phyllostomids in forest).
This definition of rarity accounts for the effects of unequal sample
sizes (i.e., number of captures) and variation in phyllostomid species

The chiropteran fauna of Iquitos is taxonomically and ecologically
diverse. During 90720 net-m-h of sampling, we captured 3789 bats
representing 52 species, 30 genera, five families, and six feeding
guilds. Of those, 3764 individuals, 44 species, 23 genera, and four
guilds were phyllostomids (Table S2). Of the 11 bat species endemic
to the Amazon (Marinho-Filho & Sazima 1998), two were captured
in Iquitos (Rhinophylla fischerae and Vampyressa brocki), but each was
rare in all habitats (Table S2).
Sixteen of 24 species, all phyllostomids, had at least one significant response to habitat, season, or their interaction (Table S1).
In addition, P. discolor was restricted to Chacra. All five species of
gleaning animalivore evinced at least one response, whereas only
63 percent of the nectarivores (1 of 2) and frugivores (11 of 17)
responded significantly. Eight species (two gleaning animalivores,
P. discolor and Tonatia saurophila; and six frugivores, C. benkeithi,
Carollia spp., Mesophylla macconnelli, Sturnira lilium, S. tildae, and
Uroderma bilobatum) responded consistently to habitat conversion
(Table S1; Fig. 3). Five species (two gleaning animalivores, Mimon
crenulatum and P. hastatus; and three frugivores, Artibeus anderseni, A. planirostris, and S. magna) responded to habitat conversion
in a season-specific manner (Table S1; Fig. 4). Two species (one
nectarivore, G. soricina; and one frugivore, R. pumilio) responded
consistently to habitat and season (Table S1; Fig. 4). Two species
(one gleaning animalivore, Lophostoma silvicolum; and one frugivore, A. lituratus) consistently responded to season, regardless of
habitat (Table S1; Fig. 3).
Four (P. discolor, S. lilium, S. tildae, and U. bilobatum) of
the eight species that responded consistently to habitat conversion
attained highest abundances in chacra. Two species (T. saurophila
and Me. macconnelli) attained highest abundances in mature forest.
One species (C. benkeithi) attained highest abundances in purma.
Carollia spp. attained higher abundances in purma and chacra than
in mature forest (Table S2; Fig. 3). Each species (G. soricina and
R. pumilio) that responded consistently to habitat and to season
attained greatest abundances in chacra and during the dry season.
Three (Mim. crenulatum, P. hastatus, and S. magna) of five species
that evinced season-specific habitat use were most abundant in
chacra during the dry season and most abundant in mature forest
during the wet season (Fig. 4). In contrast, A. lituratus attained
highest abundances in mature forest during the dry season and in
chacra during the wet season. Of the species that exhibited seasonal
differences in abundance regardless of habitat, L. silvicolum was
more abundant during the wet season and A. lituratus was more
abundant during the dry season (Fig. 4).

RESULTS

Amazonian Bats and Habitat Conversion

741

FIGURE 3. Graphical representation of the mean number of individuals captured in a plot for each combination of habitat (dark gray, mature forest; light gray,
purma; white, chacra) and season for each species of phyllostomid bat that responded only to season (top row) or only to habitat type (bottom four rows). Abundances
in combinations of habitat and season with the same alphabetic designation were indistinguishable in a posteriori analyses. Although vertical bars represent ± 1 SE of
the mean, these statistics are not the basis of random error for statistical assessments of treatment effects in generalized linear mixed-effects models.

The majority of species consistently was rare in each habitat
(77% in forest; 74% in purma; 69% in chacra). Moreover, most
species that were common in forest (7 of 9) also were common in
purma and chacra. Two species (T. saurophila and Me. macconnelli)
were less abundant in disturbed habitats (i.e., common in forest but
rare in purma and chacra) and seven species were more abundant
in disturbed habitats (Table S2).

DISCUSSION
DISTURBANCE AND CONSERVATION.—During early stages of forest
exploitation in the Neotropics, such as those in the vicinity of Iquitos, the effects of human activities manifest primarily as changes in
bat abundance (e.g., Carollia spp., R. pumilio, and S. lilium) rather
than by alterations in the presence of species (Gorresen & Willig
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FIGURE 4. Graphical representation of the mean number of individuals captured at a plot for each combination of habitat (dark gray, mature forest; light gray,
purma; white, chacra) and season for each species of phyllostomid bat that responded in a consistent manner to both habitat and season (i.e., significant main effects
with nonsignificant interactions; top row) or that responded in a season-specific fashion (bottom three rows) to habitat (i.e., a significant interaction). Abundances in
combinations of habitat and season with the same alphabetic designation were indistinguishable in a posteriori analyses. Although vertical bars represent ± 1 SE of the
mean, these statistics are not the basis of random error for statistical assessments of treatment effects in generalized linear mixed-effects models.

2004; Clarke et al. 2005a, b; Gorresen et al. 2005). Indeed, every
phyllostomid species that was captured in forest (37) was captured
in purma or chacra, and 32 of those species were caught in both
purma and chacra. In addition, some species (43%) evinced greater
abundance (increase of ≥ 25% and more than five individuals) in
disturbed habitats than in forest. Most of these species specialize on
fruits and flowers of successional plants and their increase in abundance is expected. Nonetheless, these observations are consistent
with a number of interpretations. The most optimistic scenario is
that maintenance of large intact areas of forest with a mix of associated human-dominated land uses can sustain biodiversity with little
negative impact on species richness, at least in the short term, as documented for bats in Trinidad (Clarke et al. 2005a, b) and Paraguay
(Gorresen & Willig 2004). Alternatively, anthropogenic effects already may have altered the abundance of bat species in forested

habitats that are in close proximity to chacra and purma in Iquitos, creating a biased view of the severity of anthropogenic effects.
Comprehensive studies based on standardized protocols to estimate
bat species abundances for a specified sampling effort are lacking
for intact Amazonian forests that are not in proximity to disturbed
areas (i.e., logging, agricultural clearing, or urbanization), certainly
for environs that are within close proximity to Iquitos. Therefore,
it is difficult to know how bat species abundances in mature forest
change in response to encroaching anthropogenic activity.
Any changes in abundance, increases or decreases, which are
induced by anthropogenic disturbance signal concern from a conservation perspective. Reduced abundances in chacra and purma
suggest concerns for long-term persistence, especially if the extent
and frequency of disturbance in the area increase in the future.
Higher abundances in purma or chacra may suggest that low levels

Amazonian Bats and Habitat Conversion

of disturbance have positive effects on the demography of those bat
species, and that recovering agricultural lands can play a pivotal role
in designing landscapes to preserve some species. However, such
positive responses could be transitory, a common feature characterizing initial responses to disturbance (Willig & McGinley 1999). If
not temporary, such increases in abundance by some species would
alter the biotic milieu in which other species interact, with possible
indirect effects (e.g., reduction in density of competing species) that
subsequently are not conducive to conservation goals.
The pattern of response by bat populations to anthropogenic
disturbance and successional change is related to species-specific
aspects of their foraging ecology (Schulze et al. 2000; Gorresen &
Willig 2004; Clarke et al. 2005a, b). In general, frugivores and
nectarivores exploit food resources after conversion to agriculture
(i.e., chacra). Moreover, many fruit-bearing plants (e.g., Cecropia,
Piper, and Solanum) on which bats feed are early or mid-successional
species (Fleming 1988, Marinho-Filho 1991, Gorchov et al. 1993).
This suggests that bats promote forest regeneration in lowland Amazonian rain forest. Indeed, six of the seven species that responded
positively and significantly to disturbance were frugivores (Carollia
spp., S. lilium, S. tildae, U. bilobatum, and R. pumilio) or nectarivores (G. soricina), an outcome consistent with predictions based
on feeding ecology. Importantly, habitat conversion in the Iquitos
region occurs at a relatively small scale (i.e., 1- to 4-ha patches).
Such small-scale deforestation may not diminish the tendency for
bats to traverse open or disturbed areas (Gorchov et al. 1993). Indeed, many species of Neotropical bat will cross open areas of 0.5
km or greater (Bernard & Fenton 2003). Nonetheless, if the size
of deforested areas becomes appreciably larger (e.g., 5 km), frugivorous bats may not traverse them with the same frequency as they do
small deforested areas. This would influence patterns of seed dispersal, and consequently influence the tempo and mode of succession and regeneration. Although birds disperse seeds within forests
or along forest edges, bats disperse seeds more evenly across both
of these landscape components, and disperse seeds to the interior
of large clear-cut areas (Charles-Dominique 1986, Gorchov et al.
1993, Galindo-González et al. 2000). As the extent of deforestation
increases, bats may become more important in the regeneration
of forest because of their critical role in the dispersal of seeds of
successional plants in tropical landscapes.
RARITY.—Most of the rare species in Iquitos were rare in all three
habitats (Table S2). Similarly, most of the more common species
in Iquitos were common in all three habitats. However, six species
that were rare in disturbed habitats were not captured at all in
forest, and nine species that were rare or absent from forest were
common in disturbed areas. As a consequence, bat assemblages in
disturbed areas have greater richness and evenness than do those
from intact forest. In part, the higher richness of disturbed habitats
that derives from the presence of rare species may be a consequence
of mechanisms associated with the More Individuals Hypothesis
(Srivastava & Lawton 1998, Scheiner & Willig 2005). Any attribute
that increases the total abundance or catchability of species will
enhance the likelihood of detecting or capturing rare species. This
explanation may be most relevant for the rare species in disturbed
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habitat that were never captured from forest. Other explanations are
necessary to account for the high abundance of species in disturbed
habitats that were rare in forests.
Disturbed habitats may provide more or higher quality resources for some taxa (e.g., G. soricina, Carollia spp, and S. lilium)
that feed on fruits and flowers of early successional plants (Fleming
1988, Marinho-Filho 1991, Gorchov et al. 1993). These taxa often
differentially exploit areas of natural disturbance, such as treefall
gaps, landslides, and areas that recently have recovered from fire
(Heithaus & Flemming 1978; Fleming & Heithaus 1981; Fleming
1988; Schulze et al. 2000; Clarke et al. 2005a, b). The openings
caused by human activities in the environs of Iquitos may mimic
the characteristics of such natural disturbances, enhancing the abundances of such species in purma and chacra. Consequently, a matrix
of mature forest with patches of chacra and purma may provide a
more desirable landscape for frugivores and nectarivores than do
extensive, intact forests (Clarke et al. 2005a). A similar response to
deforestation and fragmentation is documented for bats from the interior Atlantic rain forest of Paraguay (Gorresen & Willig 2004) and
for birds from Tapajós, Brazil (Wunderle et al. 2005). In Paraguay,
six of seven species of frugivorous bats attained higher abundances
in moderately fragmented landscapes than in contiguous forest or
in highly fragmented landscapes. In Brazil, frugivorous and nectarivorous birds were captured more often in gaps than in mature
forest because the fruits and flowers they consume were more abundant in recently deforested areas than in forest. Neotropical bats
roost in dense vegetation to avoid terrestrial predators (Kunz &
Lumsden 2003), whereas some fruit resources are more abundant
in disturbed areas (i.e., chacras and purmas). In concert, this may
increase carrying capacity and the number of viable niches available
to bats in moderately disturbed landscapes. Moreover, capture of
bats in any particular place may reflect use of habitats for roosting (Kalko et al. 1999, Bernard & Fenton 2003), foraging, or as a
corridor for flight. That is, capture of a species in a habitat does
not necessarily reflect a preference for that habitat and does not
necessarily mean that the habitat contains all or even most of the
vital resources needed by a species for persistence. Although chacras
may not be critical to the survival of some species, they may exist
between vital spaces (i.e., intact forest) and thus appear to harbor
various bat species. Although we captured more bat species and individuals in chacra than in mature forest, it is likely that mature forest
is the habitat on which the long-term persistence of most species
depends.
Vertical complexity and canopy height, which are markedly
different in the chacra, purma, and forest (Fig. 1), may affect foraging or flight behavior of bats. Any effect of habitat structure on
bat behavior could affect the ability to catch particular species and
create a sampling bias. For example, bats in Iquitos do not fly far
from foliage as often as they do within or near foliage. Capture
rates in chacra were 35 percent lower in elevated nets, which were
above the foliage, than in ground nets, which were within the foliage. In contrast, all nets in purma and mature forest were within
the foliage, and capture rates in elevated nets were 25 percent and
65 percent greater in purma and mature forest, respectively, than in
ground nets. Clearly, the presence of plant cover influences the use
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of space by bats. As vertical complexity of habitats increases, samples from mist netting may increasingly underestimate the number
of individuals and presence of species, particularly rare species. Although bats in general use much of the vertical structure of forests
and forage above the forest canopy as well (Voss & Emmons 1996,
Simmons & Voss 1998, Giannini & Kalko 2004), phyllostomids
generally stay within cover of foliage. Therefore, we expect to capture a higher percentage of the bats that fly through chacra than of
those that fly through purmas or mature forest. Consequently, the
relative quality of the faunal inventory should decrease as vertical
structure increases. The degree to which our efforts encompassed
the available vertical habitat may explain why more species and individuals were caught in areas with the least vertical structure (i.e.,
chacra), and fewer species and individuals were caught in areas with
the most vertical structure (i.e., mature forest).
SEASONAL HABITAT USE.—The frequency with which species evinced
season-specific differences in abundance among habitats has important ramifications in ecology and conservation biology. Even in
tropical settings, which often are considered to be aseasonal, use
of landscape components by bats differ between seasons. Views of
habitat associations or assessments of habitat value for conservation
must consequently be informed by data collected from more than
a single time period to avoid misleading conclusions.
Many explanations for season-specific habitat associations of
bats are plausible for the Iquitos region. Five species (i.e., Mim.
crenulatum, P. hastatus, A. anderseni, A. planirostris, and S. magna)
responded to habitat in a season-specific fashion (Table S1; Fig. 4).
For frugivorous species, fruiting phenology may influence changes
in habitat associations in two ways. First, fruit productivity may
differ with the relative position of plants within a habitat matrix
(Thies & Kalko 2004). For example, the fruiting phenology of plants
in disturbed (i.e., chacra or purma) or edge areas may be different
than that of plants under the canopy of a mature forest. Second,
fruit abundance varies with season (Fleming 1988, Marinho-Filho
1991, Thies & Kalko 2004). Times of lower resource abundance
require bats to spend more time assessing fruit availability and to
change feeding grounds more often (Fleming 1988). This increase in
activity could lead to more captures in open habitats (e.g., chacras)
because bats are using more open flight paths to search for fruit
production in areas that are outside but near to their core home
ranges (Fleming 1988, Kalko 1998).
PROSPECTUS.—The Iquitos area represents a natural laboratory in
which to assess the effects of forest reduction and fragmentation on
populations of wildlife, such as bats. The modest quantity and configuration of anthropogenic disturbance in Iquitos altered species
abundance distributions and changed local species composition. As
forest use continues, we expect more drastic alteration in the spatial
distribution of species. Continued long-term research in areas like
Iquitos could provide critical knowledge to land managers and policy makers that would guide sustainable use of tropical habitats. Understanding the extent and configuration of forest modification that
will facilitate species persistence is a formidable challenge and re-

quires various research approaches. First, comprehensive inventories
are required throughout the Neotropics. These should be accomplished using mist nets at several levels aboveground in disturbed
and undisturbed habitats, and augmented by equivalent acoustic
monitoring. Second, it is necessary to know if thresholds exist beyond which additional modification of the landscape would incur
substantial loss of species or drastic alterations in abundances, especially to keystone species. Third, experimental studies are needed
to determine the nature of cause–effect relationships between disturbance and bat species abundances. Many studies support an
association between the availability of fruit and flowers, and the
presence or abundance of frugivores and nectarivores; however, factors that effect changes in abundance of predatory bats are poorly
understood. Finally, long-term studies of bat populations are needed
in the Neotropics so that short-term responses to disturbance can
be distinguished from long-term trends, so that direct and indirect
effects of habitat modification by humans can be distinguished with
confidence.
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de Ciencias Agrı́colas de la O. E. A. Boletı́n Técnico 5: 1–271.
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