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An inventory of the bat fauna at the Reserva Nacional Allpahuayo-Mishana documented 63 species. Coupled
with previous records, this becomes the second most species-rich site for bats in Peru, with 65 species.
Reproductively, there was a peak in activity in the early rainy season (October—December) that steadily declined
to a low in the late rainy or early dry season (May—June). The community was dominated by Carollia
perspicillata in terms of relative abundance and biomass. Most species were frugivores (28) or insectivores
(26), but frugivores were predominant in the community based on cumulative abundance and biomass. The bat
fauna was sampled to 85-91% completion based on extrapolations of local species richness. Nonetheless, only
56% of the regional species pool was captured locally. The fauna was compositionally similar to that of other
western Amazonian sites. Although the Reserva Nacional Allpahuayo-Mishana enjoys a relatively high
protected status, this has yet to be translated into sustained conservation. As a hotspot of biodiversity in Peru, it
deserves protection at the highest possible level.

Key words: Chiroptera, Peru, inventory, species richness, community structure, abundance, biomass,
dominance, feeding guild, conservation, reproduction

INTRODUCTION World tropics, the richest bat fauna has been
reported from Colombia, with 170 species
(Rodriguez-Mahecha et al., 1995). How-

ever, twelve of those species are not repre-

The Chiroptera is the second most spe-
cies-rich order of mammals after Rodentia,

comprising 17 families, 177 genera, and
925 species (Koopman, 1993). Like most
mammal taxa, bat species richness peaks in
tropical regions (Findley, 1993; Willig et
al., 2003) regardless of spatial scale (e.g.,
Willig and Selcer, 1989; Willig and Sandlin,
1991; Willig and Lyons, 1998; Lyons and
Willig, 2002), with records of up to 175
species from a single country (Indonesia —
Mickleburgh et al., 2002). In the New

sented by voucher specimens and their oc-
currences are inferred from distributional
records from bordering countries. As such,
Peru ranks second in the Neotropics, with
eight families, 61 genera, and 158 species
(Pacheco et al., 1995), of these, six species
were documented recently, including Cen-
tronycteris maximiliani (Hice and Solari,
2002), Micronycteris matses (Simmons et
al., 2002), Eumops maurus (Montambault,
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2002), and Micronycteris brosseti, Cyno-
mops paranus, and Eptesicus chiriquinus
(Simmons and Voss, 1998). Because all 158
Peruvian species are represented by vouch-
er specimens, the country is tied with
Colombia as the most species-rich bat fauna
in the New World based on documented re-
cords of occurrence.

A summary of geographic variation
in bat diversity within Peru can be seen
from the works of Tuttle (1970), Koopman
(1978), and Pacheco et al. (1995). Regional
studies include Ceballos (1968), who com-
piled a list of bats from the Departments of
Loreto and Ucayali based on museum spec-
imens and literature reports. The most
species (74) from one site within Peru are
reported from Manu National Park in south-
ern Peru (Patterson et al., 1996). Woodman
et al. (1991) collected 44 species in Cuzco
Amazonico, which also is in southern Peru.
Balta, in central Peru, has been relatively
well inventoried for bats, with 56 species
(Simmons and Voss, 1998). In the Depart-
ment of Loreto in northeastern Peru, 63 spe-
cies are reported from Jenaro Herrera (As-
corra et al., 1991, 1993; Solari et al., 1999)
and 57 from Nuevo San Juan (Fleck ef al.,
2002).

Herein, we present data from an inven-
tory of bats from the Reserva Nacional
Allpahuayo-Mishana (RNAM), Department
of Loreto, northeastern Peru. Limited sam-
pling of bats in RNAM have been previous-
ly published: Davis and Dixon (1976) sam-
pled bats for nine nights (33 net nights,
346.5 net hours) in Mishana, located on the
northern border of RNAM, where they
captured 25 species; and Lopez-Wong
(2002) sampled bats throughout forested
areas of the reserve, especially in white
sand forests, where she captured 31 species
after 2268 net hours. We update the list of
species and present reproductive, habitat,
and roosting information about species from
RNAM.

Neotropical bat communities can be ex-
amined from taxonomic and functional per-
spectives. These emphasize different as-
pects of community composition and should
be used in concert to more fully understand
bat community structure. However, these
perspectives can be based on either relative
abundance or biomass. Whereas several
studies examine bat community composi-
tion based on abundance (e.g., Pirlot, 1964;
Fleming et al., 1972; Willig, 1986; Lim and
Engstrom, 2001a; Patterson et al., 2003),
only two studies do so based on biomass
(Pirlot, 1964; Lim and Engstrom, 2001a).
Because larger animals are likely to have a
greater impact on available resources than
smaller animals, assessing community
structure based on biomass has the potential
to illuminate biologically meaningful pat-
terns in community structure that might not
be apparent when based on abundance. We
examine the community structure at RNAM
from taxonomic and functional perspectives
based on both relative abundance and bio-
mass.

MATERIALS AND METHODS

Study Area

Research was conducted at RNAM (03°58’S,
73°25’W), a 57,667 ha national reserve, located 25
km southwest of Iquitos, Department of Loreto,
northeastern Peru. Most bats were collected near the
southern border of the reserve several hundred meters
from the road, or near Mishana, a small village on the
northern border of the reserve on the Rio Nanay.
Elevation is 120 m a.s.l. at both sites. The climate is
tropical with a mean annual temperature of 26C°.
Average rainfall is 2,800 mm per year, with a slight-
ly drier season from June to September (Johnson,
1976).

The reserve is located in the Humid Tropical
Forest Botanical Province of the Holdridge System
(Tosi, 1960), and mostly comprises non-flooded for-
est habitats or terra firme. However, areas of flooded
forest exist along the Rio Nanay (the northern border
of RNAM) and many kinds of disturbed habitats are
present throughout the area. Typical forested habitats
include white sand forest (varillal), moriche palm
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(Mauritia flexuosa) swamps (aguajales), flooded for-
est (igapd), and upland forest (monte alto). Other
undisturbed habitats include marshes and ponds.
Disturbed areas can be divided into two major class-
es: those recovering from disturbance and those sub-
ject to active use by humans. Successional areas pri-
marily include dense stands of cecropia (Cecropia
ssp.), shrubby areas (chamizal) dominated by Pachira
brevipes, grassy areas, and various serial stages
of succession. Places that are used by humans include
poultry ranges, fish farms, cultivated fields (most-
ly manioc and sugar cane), pasture, orchards, stands
of the pijuayo palm (Bactris gasipaes), culverts,
and dwellings. The last three were used as roosts by
bats.

Inventory Methods

Specimens were collected from September 2001
to March 2002 and from May to June 2002, as well as
on seven days (3 in January, 1 in April, and 3 in
November) in 1998. Three methods were employed to
sample bat communities. Standard ground-level mist-
netting was conducted to sample the forest understo-
ry. An average of ten 12 x 2.6 m mist-nets were de-
ployed each night. These were placed over streams
and other bodies of water, in clearings in the forest
and in undisturbed forest, across trails, in and around
houses, and near roosts. Nets were opened before
dusk (about 18:00) and closed at 01:00 hours. Nets
were checked and bats removed approximately every
30 minutes. To better sample bats flying in the canopy
or subcanopy, elevated mist-netting (=15-20 m off
the ground) was conducted concurrently with ground-
level netting. We only deployed one or two subcanopy
nets on any night because of time constraints. We also
looked for roosting bats in culverts, fallen and hollow
trees, armadillo burrows, walls and roofs of houses,
and under leaves.

Data Analysis

Local species richness was estimated by extrapo-
lation using several nonparametric methods based on
sampling intensity and empirical species abundance
distribution (see Colwell and Coddington, 1994).
Records for only 61 species were used for these esti-
mates, as two species were not documented during
this study, and two were collected after June 2002.
Extrapolation methods can be divided into those
based on individuals or time. The first type includes
CHAOI1 (Chao, 1984), which is based on the number
of rare species in a sample, called singletons and
doubletons (i.e., those species represented by either

1 or 2 individuals). This estimate of species richness
(S,") based on CHAOL is given by:

S," =Sy, + (a3/2b)

where S, is the observed number of species, a is
the number of singletons, and b is the number of
doubletons.

The other three methods are based on time and
use unicates and duplicates (i.e., those species cap-
tured on only 1 or 2 sampling dates). The estimate of
species richness (S,") based on CHAO2 (Chao, 1984)
is the simplest to calculate:

S, =S T (L2M)
where L is the number of unicates and M is the num-
ber of duplicates. An estimate of species richness
(S3*) based on the first order jackknife method
(JACK1) uses only the number of unicates and is giv-
en by:

Sy =Sy T L (n-1/n)

where 7 is the number of samples. The second order
jackknife estimate (JACK2) of species richness (S,")
uses unicates and duplicates, and is calculated as:

Sy" =Sy + [{L(2n - 3)/n} - {M(n - 2)*/n(n -1)}].

The bat fauna at RNAM was compared to that of
18 other neotropical sites. More specifically, pair-
wise similarities were quantified with Jaccard’s index
(Jij; Janson and Vegelius, 1981), in which Jij = CU-/Tij
(C;; is the number of species common to locations 1
and j, and T; is the number of unique species in a
combined sample). Species lists were based on pub-
lished compilations of faunas from several sources
(see footnotes of Table 3 for specific sources), with
corrections for recent taxonomic changes. Results
were clustered with an unweighted pair-wise group
method (UPGMA) using arithmetic averages (pro-
gram UPGMA in MatLab 5.3). Inter-site distances
were obtained from Microsoft Encarta Virtual Globe
1998. Correlation between faunal similarity and geo-
graphic proximity was analyzed with a Mantel test
(program MANTEL in MatLab 5.3; Smouse et al.,
1986).

Feeding guilds can be defined in a number of
ways for bats (Patterson et al., 2003). Relatively few
insectivorous species were captured during this study,
so subdividing this guild into several types of insecti-
vores was not useful from an analytical perspective.
Because of this, we used the relatively simple guild
delineations of Wetterer et al. (2000) to construct
niche matrices.

Most captured individuals were prepared as mu-
seum specimens, but many individuals of the most
common species were released at the end of each net-
ting session because of limits imposed by collecting
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permits. Specimens are deposited at the Museo de
Historia Natural of the Universidad Nacional Mayor
de San Marcos (MUSM), Lima, Peru. Tissue and
blood samples are deposited at the University of
Texas Medical Branch, Galveston, Texas (UTMB).
We follow the taxonomy of Koopman (1993) as mod-
ified by Simmons and Voss (1998), Wetterer et al.
(2000), and Lee et al. (2002), except in recognizing
the genus Dermanura and the species binomial
Mesophylla macconnelli (Baker et al., 2000).

RESULTS

Species Diversity

Based on 2,257 net hours, 1,937 bats
were captured representing 63 species and
six families (Appendix). Two additional
species have been reported from RNAM,
Cormura brevirostris and Vampyrodes ca-
raccioli, which increases bat richness to 65
species. We report 23 new records for
RNAM (Appendix) and three new records
for the Department of Loreto (Chiroderma
salvini, Lasiurus ega, and Molossops tem-
minckii).

In six nights (56 net hours) of netting in
the subcanopy, we collected eighteen indi-
viduals representing eight species: Sacco-
pteryx leptura (1 &), Phyllostomus hastatus
3 838, 2 ?9), Carollia perspicillata (3
338, 1 ?), Rhinophylla pumilio (1 3), Ar-
tibeus lituratus (1 8, 1 ), A. obscurus (2
? %), A. planirostris (2 ? ?), and Derma-
nura gnoma (1 ). All but one of these spe-
cies (S. leptura) also were captured in
ground-level nets. None of the bats captured
in the subcanopy were molossids or vesper-
tilionids.

Although less time (approximately 25
hours) was spent searching for putative
roosts than netting in the subcanopy, 38 in-
dividuals representing ten species were col-
lected. Several species were captured in
houses, including Rhynchonycteris naso (1
3,1 %), Lophostoma brasiliense (1 %), La-
siurus ega (1 ?), Eptesicus brasiliense (1
3,2 29), Molossus rufus (5 2 9), and

M. molossus (3 33,6 % ?). Various types
of hollow trees, especially pijuayo palms,
harbored a number of species including
Phyllostomus hastatus (7 3 &), Mimon cre-
nulatum (3 & &) and Tonatia saurophila (3
3 8). Saccopteryx bilineata (2 33,2 2 ?)
was captured in other kinds of hollow trees.
On one night we netted a culvert under the
Iquitos — Nauta highway at km 62 and cap-
tured nearly all the bats (182) roosting in it,
representing seventeen species: Phylloder-
ma stenops (1 &), Trachops cirrhosus (2
33,1 ?), Glossophaga soricina (2 3 3, 2
? ), Carollia brevicauda (46 33, 43
?9), C. castanea (1 3), C. perspicillata
(35 33,27 2 ?), Rhinophylla fischerae (1
3,1 9), R pumilio (1 ?), Artibeus obscu-
rus (1 8,2 ?9), Dermanura anderseni (2
338, 1 ?), Platyrrhinus brachycephalus (2
3 3), P. helleri (1 ), Sturnira lilium (1 &,
1 9),8. tildae (2 3 38,1 ?), Uroderma bilo-
batum (1 3), Vampyressa bidens (1 ), and
V. pusilla (1 3,1 ?).

Reproductive Patterns

Annual reproductive activity cannot be
estimated accurately because only a few
captures were recorded in some months.
Nonetheless, for the 27 species for which
females were captured, a seasonal pattern of
reproduction was apparent, with few indi-
viduals of any species being pregnant or
lactating in May (2%) or June (6%). No data
were available from July or August, but the
proportion of pregnant or lactating individ-
uals increased in September (50%), and was
nearly 100% from October to December. It
remained relatively high (31 to 46%) from
January to March, but at a lower level than
the previous quarter (Table 1).

The species with the most reproductive
information compiled was C. perspicillata,
which was captured in eight months of the
year. Pregnant or lactating individuals were
recorded during seven of those months.
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FI1G. 1. Histogram of the number of species in each
of a number of abundance categories from rare to
common

Although sample size was small, all five fe-
males captured in December were repro-
ductively active. In contrast, over 100 fe-
males were captured in May and June, but
reproductive activity was minimal (Table
1). This suggests that most parturition oc-
curs during the wet season.

Community Structure

The distribution of the number of indi-
viduals captured per species was highly

Carollia perspicillata
Carollia brevicauda
Sturnira lilium
Rhinophylla pumilio
Artibeus obscurus
Artibeus planirostris
Glossophaga soricina
Vampyressa pusilla
Artibeus lituratus
Vampyressa bidens
Phyllostomus hastatus
Stumira tildae
Dermanura gnoma
Carollia castanea
Uroderma bilobatum

Rank Order of Species

Adesophylla macconnelli

Platyrrhinus helleri

Stumira magna
Mimon crenulatum

Molossus molossus
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right-skewed, with 64% (39 of 61) of the
species captured ten or fewer times (Fig. 1).
In contrast, only nine species (15%) were
captured more than 50 times and three (5%)
more than 100 times. The abundance distri-
bution of bat species also was highly
skewed and the bat assemblage was domi-
nated by C. perspicillata (Fig. 2). This
species was five times more abundant than
the next most abundant species, C. brevi-
cauda. Only one other species, S. lilium, ac-
counted for more than 5% of captured indi-
viduals. The twenty most abundant species
accounted for 90% of captured individuals.
The four most abundant species were fru-
givorous, and all were small to medium-
sized species (i.e., 9.0 to 25.0 g).

In terms of biomass, C. perspicillata
remained the dominant species (Fig. 3), but
comprised a smaller percentage of the total
biomass than it did the total number of in-
dividuals. One of the top five species was
an insectivore and the remaining spe-
cies were frugivores. Four of the five dom-
inant species were large bats (i.e., 35.0 to

0 100 200 300
Number of Captured Individuals

400 500 600 700 800

F1G. 2. Bar diagram of the 20 most dominant species of bats at the Reserva Nacional Allpahuayo-Mishana based
on number of captured individuals. Numerical values to the right of each bar are percents of all individuals
(n=1,937)
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Carollia perspicillata
Artibeus lituratus
Artibeus planirostris
Phyllostomus hastatus
Artibeus obscurus
Carollia brevicauda
Sturnira lilium
Stumnira magna
Sturnira tildae
Rhinophylia pumilio
Vampyressa bidens
Desmodus rotundus

Glossophaga soricina

Rank Order of Species

Vampyressa pusilla
Uroderma bilobatum
Noctilio albiventris
Chrotopterus auritus
Phyllostomus elongatus
Dermanura gnoma

Trachops cirrhosus
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FIG. 3. Bar diagram of the 20 most dominant species of bats at the Reserva Nacional Allpahuayo-Mishana based
on biomass. Numerical values to the right of each bar are percents of total cumulative biomass (41,012 g)

90.0 g) in the genera Artibeus and Phyl-
lostomus.

Most species were frugivorous (28) or
insectivorous (26), with a small number of
species in each of the other three guilds
(Fig. 4A). Frugivores dominated the com-
munity in terms of abundance, accounting
for 88% of all captures, whereas insecti-
vores represented only 7% of the captures
(Fig. 4B). Frugivore dominance diminished
only slightly (84%) when abundance was
weighted by biomass, and insectivores in-
creased slightly (12% — Fig. 4C)

Estimates of local species richness
ranged from 67 (CHAO 1 and 2) to 72
species (JACK 1 and 2) indicating the local
fauna was sampled to 85-91% completion.
In contrast, only 61 of a possible 108 re-
gional species (56%) were documented at
the local level (Table 2).

Regional Comparisons

RNAM was most compositionally simi-
lar to six other bat faunas from the western

Amazonian subregion (i.e., in decreasing
order Jenaro Herrera, Balta, Cuzco Ama-
zonico, Manu, Yasuni, Nuevo San Juan)
based on Jaccard’s similarity index and was

705 2% 3%

1 Carnivore
O Frugivore
459, | OInsectivore

M Nectarivore
43%

M Sanguinivore

FiG. 4. Bat community structure at the Reserva

Nacional Allpahuayo-Mishana by guild based on

A — number of species, B — number of individuals,
and C — biomass
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least similar to that of Montes Azules (Ta-
ble 3). The dendrogram based on UPGMA
clustering (not shown) was topological-
ly similar to other published dendrograms
of bat community similarity, with faunas of
major geographic regions within the Neo-
tropics clustered together. Geographic
proximity and faunal similarity were highly
correlated (Mantel test; » = 0.740, P <
0.001).

DiscussioN

Carollia perspicillata was the most
abundant species at RNAM, representing
51% of all captures in disturbed habitats
and 43% in undisturbed forest. This is sim-
ilar to the pattern in French Guiana, where
C. perspicillata was more abundant in dis-
turbed habitats than in primary forest (Bros-
set and Charles-Dominique, 1990). Several
rare species of bat were captured in dis-
turbed habitats of RNAM, including Arti-
beus concolor, Micronycteris minuta, Myo-
tis simus, Phylloderma stenops, Thyroptera
tricolor, Lophostoma brasiliense, and Tri-
nycteris nicefori. In several cases, rare spe-
cies were captured within a few meters
from the edge of a paved road, suggesting
considerable tolerance to human activities
and noise.

The seventeen species representing four
subfamilies of Phyllostomidae collected
from the same culvert represents the highest
number of species reported from a single
roost (Kunz and Lumsden, 2003). This
could be attributed to the size of the culvert
(=15 m long) or the presence of two large
entrances (=2 m in diameter). Carollia bre-
vicauda and C. perspicillata comprised
83% of the individuals from the culvert.

The low level of reproductive activity
observed in May and June coincides with
the dry season in northeastern Peru. Repro-
ductive activity increased as the rainy
season began in September and remained

TABLE 2. Bat species that could potentially occur, but
were not captured at RNAM

Family Emballonuridae
Centronycteris centralis
Diclidurus albus
Diclidurus ingens
D. scutatus
Peropteryx kappleri
P. macrotis

Family Furipteridae
Furipterus horrens

Family Noctilionidae
Noctilio leporinus

Family Phyllostomidae

Subfamily Desmodontinae
Diphylla ecaudata
Diaemus youngi

Subfamily Glossophaginae
Anoura caudifera
Lichonycteris obscura
Lionycteris spurrelli

Subfamily Phyllostominae
Glyphonycteris daviesi
G. sylvestris
Lampronycteris brachyotis
Lonchorhina aurita
Lophostoma carrikeri
Macrophyllum macrophyllum
Micronycteris brosseti
M. hirsuta
M. matses
M. schmidtorum
Vampyrum spectrum

Subfamily Stenodermatinae
Enchisthenes hartii
Sphaeronycteris toxophyllum

Subfamily Thyropteridae
Thyroptera discifera
T lavali

Family Vespertilionidae
Lasiurus cinereus
L. blossevillii

Family Molossidae
Cynomops paranus
C. planirostris
Eumops auripendulus
E. bonariensis
E. glaucinus
E. hansae
E. perotis
Molossops abrasus
M. neglectus
Nyctinomops aurispinosus
N. macrotis
N. laticaudatus
Promops nasutus
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high until two months before the end of the
rainy season (see Table 1). This allowed
most parturition to occur during the mid- to
late-rainy season, when fruits may be most
abundant. This pattern commonly is ob-
served in neotropical phyllostomid frugivo-
rous bats (Willig, 1985a, 1985b).

Although sampling effort was unequal
throughout the year, the pattern of repro-
ductive activity for C. perspicillata at
RNAM corresponded to the pattern at
Jenaro Herrera, where pregnant or lactating
C. brevicauda and C. perspicillata were
captured in all months even though the pro-
portion of reproductively active individuals
was lowest from May to July and highest in
the early rainy season (Ascorra et al., 1993).
This also is similar to the pattern observed
in Panama for C. perspicillata, where it was
seasonally polyestrous, although peaks in
proportion of pregnant individuals occurred
in the middle of the dry season and begin-
ning of the rainy season (Fleming et al.,
1972).

The bat community at RNAM com-
prised many rare species and few common
species, a pattern typical of neotropical
rainforest bat communities (Simmons and
Voss, 1998; Lim and Engstrom, 2001a; Ste-
vens and Willig, 2002). It was highly domi-
nated by one species, C. perspicillata,
which accounted for 43% of all captures.
Members of the genus Carollia were an
important component of the bat community
at RNAM, with the three species present
comprising 53% of captured individuals.
This also was true of several other sites in
the Neotropics, with one to three species of
Carollia among the five most abundant
species (Findley, 1993; Simmons and Voss,
1998; Lim and Engstrom, 2001a). Other
important genera at RNAM included
Sturnira (three species in the top 20),
Artibeus (3), and Vampyressa (2). When
biomass was examined, the rank order of
species changed, with larger bats becoming
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more important. However, 15 of the 20 most
abundant bat species also were in the top 20
for biomass.

Species richness of frugivorous and in-
sectivorous bats were nearly equal in the
community, but frugivores were much more
abundant. Although low abundance of in-
sectivores could be attributed partially to
a sampling bias, subcanopy nets captured
only two insectivorous species (Sacco-
pteryx leptura and Phyllostomus hastatus).
Roosts, with the exception of the large cul-
vert that was netted, yielded exclusively in-
sectivorous species, but not many individu-
als. We documented only 4 of 17 molossids
and 12 of 23 insectivorous phyllostomines
that could occur at the site based on geo-
graphic range descriptions (see Table 2;
Simmons and Voss, 1998; Eisenberg and
Redford, 1999). Some insectivorous species
are particularly difficult to capture in mist
nets because of their characteristic high and
fast flight or their ability to avoid mist nets.
This makes it difficult to document all in-
sectivorous species present in the area in a
manner comparable to data obtained for
more easily captured frugivores. Nonethe-
less, it is possible that low abundances of in-
sectivores recorded at RNAM are represen-
tative of low densities or the absence of
some insectivorous species. A comparison
of guild structure of RNAM to that pub-
lished for other lowland neotropical rainfor-
est sites could clarify if this low density of
insectivores is typical of bat communities in
this biome.

The species richness (65) reported from
RNAM is typical of neotropical rainforests.
As such, it is tied for seventh position in bat
species richness in the New World (see foot-
notes of Table 3 for number of species pres-
ent at each site). It is the second most
species-rich bat fauna in Peru after Manu,
which has 74 lowland and 82 total species.
Manu enjoys a higher protected status, is
much larger (17,000 km? vs. 570 km?), and
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is highly heterogeneous in habitat attributes
when compared to RNAM.

This survey is as complete as many oth-
er surveys of bats conducted in lowland
rainforest habitats of South and Central
America, although more species could be
expected to occur at RNAM based on eco-
geographic range data (see Table 2). At Pa-
racou, French Guiana, Voss et al. (2001)
used the same methods for estimating local
species richness as were used for the bat
fauna at RNAM. They predicted the bat fau-
na had been sampled 83-91% completely,
although they only encountered 78 of 103
(76%) regional species (see Table 2).
Complete inventories of bats are difficult to
obtain because many species are not col-
lected easily by traditional methods (e.g.,
mist netting at ground level). Even if addi-
tional methods are employed, including
canopy and subcanopy netting, shooting, or
searching for roosts, some species may not
be obtained (Voss and Emmons, 1996; Sim-
mons and Voss, 1998) because of behavioral
characteristics, habit association (e.g.,
canopy or high flying taxa) or rarity. More-
over, local species richness does not equal
regional species richness, especially in trop-
ical regions (Stevens and Willig, 2002).
Thus, it is likely that some species that oc-
cur in the region simply were not present in
the local community at RNAM during the
inventory.

Within the New World tropics, faunal
similarity and geographic proximity are cor-
related (Simmons and Voss, 1998). How-
ever, this relationship is based only on the
presence or absence of species. It is unclear
if this spatial correlation is true of commu-
nity structure when the presence of species
is weighted by relative abundance or bio-
mass.

These results clearly demonstrate the
high level of species richness of bats in the
northwestern Amazon Basin. They also
demonstrate our lack of knowledge of even

the most basic natural history and ecologi-
cal information about neotropical bat
species and communities, much less broad-
scale patterns in diversity and community
structure. Additional inventories are needed
to better document patterns in diversity
throughout Amazonia, and develop conser-
vation strategies to protect this incredibly
diverse region.

ACKNOWLEDGEMENTS

We thank C. Bloch for aiding in the collection of
bats and for allowing us to use his records of Mo-
lossops temminckii and Promops centralis. R. Foster
identified the dominant plant in chamizal habitat. V.
Pacheco aided in obtaining permits and M. Villalobos
participated in field work. Permission to collect bats
at RNAM was granted by the Instituto de Investi-
gaciones de la Amazonia Peruana (IIAP). Bats were
collected under permit #020-2001-INRENA-J-
DGANPES issued by the Instituto Nacional de Re-
cursos Naturales (INRENA). This work was support-
ed by research grant AI149725 from the National In-
stitutes of Health and National Science Foundation to
S. Weaver.

LITERATURE CITED

AsSCORrA, C. F.,, D. E. WILSON, and A. L. GARDNER.
1991. Geographic distribution of Micronycteris
schmidtorum Sanborn (Chiroptera: Phyllosto-
midae). Proceedings of the Biological Society of
Washington, 104: 351-355.

ASCORRA, C. F., D. L. GorcHov, and F. CORNEJO.
1993. The bats from Jenaro Herrera, Loreto, Pe-
ru. Mammalia, 57: 533-552.

BAKER, R. J., C. A. PORTER, J. C. PATTON, and R. A.
VAN DEN BusscHE. 2000. Systematics of bats of
the family Phyllostomidae based on RAG2 DNA
sequences. Occasional Papers, Museum of Texas
Tech University, 202: 1-16.

BROSSET, A., and P. CHARLES-DOMINIQUE. 1990.
The bats from French Guiana: a taxonomic, fau-
nistic and ecological approach. Mammalia, 54:
509-559.

CEBALLOS B., 1. 1968. Quirdpteros del Departamento
de Loreto (Peru). Revista de la Facultad de Cien-
cias UN San Antonio Abad del Cuzco, 2: 7-60.

CHAO, A. 1984. Nonparametric estimation of the
number of classes in a population. Scandanavian
Journal of Statistics, 11: 265-270.

CoLwkiLL, R. K., and J. A. CODDINGTON. 1994,



330 C. L. Hice, P. M. Velazco, and M. R. Willig

Estimating terrestrial biodiversity through ex-
trapolation. Philosophical Transactions of the
Royal Society of London B, 345: 101-118.

Davis, W. B., and J. R. DixoN. 1976. Activity of bats
in a small village clearing near Iquitos, Peru.
Journal of Mammalogy, 57: 747-749.

EISENBERG, J. F., and K. H. REDFORD. 1999. Mammals
of the Neotropics. Volume 3. The Central Neo-
tropics: Ecuador, Peru, Bolivia, Brazil. Univer-
sity of Chicago Press, Chicago, 609 pp.

FINDLEY, J. S. 1993. Bats: a community perspective.
Cambridge University Press, Cambridge, 167 pp.

FLECK, D. W., R. S. Voss, and N. B. SiMMmoNs. 2002.
Underdifferentiated taxa and sublexical catego-
rization: an example from Matses classification
of bats. Journal of Ethnobiology, 22: 61-102.

FLEMING, T. H., E. T. HoOPER, and D. E. WILSON.
1972. Three Central American bat communities:
structure, reproductive cycles, and movement
patterns. Ecology, 53: 555-569.

Hick, C. L., and S. SoLARrI 2002. First record of Cen-
tronycteris maximiliani (Fischer, 1829) from Pe-
ru and two additional records of C. centralis Tho-
mas, 1912 from the southeastern part of the coun-
try. Acta Chiropterologica, 4: 217-219.

Hutson, A. M., S. MICKLEBURGH, and P. A. RACEY.
2001. Microchiropteran bats: global status sur-
vey and conservation action plan. [IUCN, Gland,
259 pp.

JANSON, S., and J. VEGELIUS. 1981. Measures of eco-
logical association. Oecologia, 49: 371-376.
JoHNSON, A. M. 1976. The climate of Peru, Bolivia,
and Ecuador. Pp. 147-210, in Climates of Central
and South America (World Survey of Climatol-
ogy, Vol. 12) (W. SCHWERDTFEGER, ed.). Elsevier

Scientific, Amsterdam, 532 pp.

Koopman, K. F. 1978. Zoogeography of Peruvian
bats with special emphasis on the role of the An-
des. American Museum Novitates, 2651: 1-33.

Koopman, K. F. 1993. Order Chiroptera. Pp.
137-241, in Mammal species of the world: a tax-
onomic and geographic reference (D. E. WILSON
and D. M. REEDER, eds.). Smithsonian Institution
Press, Washington, D.C., 1206 pp.

Kunz, T. H., and L. F. LumspeN. 2003. Ecology
of cavity and foliage roosting bats. Pp. 3-89,
in Bat ecology (T. H. Kunz and M. B. FEN-
TON, eds.). University of Chicago Press, Chicago,
779 pp.

Leg, T. E., Jr., S. R. HOOFER, and R. A. VAN DEN
BusscHE. 2002. Molecular phylogenetics and
taxonomic revision of the genus Tonatia (Chi-
roptera: Phyllostomidae). Journal of Mammal-
ogy, 83: 49-57.

Lim, B. K., and M. D. ENGSTROM. 2001a. Bat

community structure at Iwokrama Forest, Guy-
ana. Journal of Tropical Ecology, 17: 647—665.

Lim, B. K., and M. D. ENGsTROM. 20015. Species di-
versity of bats (Mammalia: Chiroptera) in Iwo-
krama Forest, Guyana, and the Guianan subre-
gion: implications for conservation. Biodiversity
and Conservation, 10: 613-657.

LopPEZ-WONG, C. 2002. Uso de habitat por quirdpteros
en la Zona Reservada Allpahuayo-Mishana. Tesis
para obtener el titulo de Bidlogo, Universidad
Nacional de la Amazonia Peruana, Iquitos, 86 pp.

Lyons, S. K., and M. R. WILLIG. 2002. Species rich-
ness, latitude, and scale-sensitivity. Ecology, 83:
47-58.

MEDELLIN, R. A. 1993. Estructura y diversidad de una
comunidad de murciélagos en el tropico humedo
mexicano. Pp. 333-354, in Avances en el estudio
de los mamiferos de México (R. A. MEDELLIN
and G. CEBALLOS, eds.). Asociacion Méxicana de
Mastozoologia, México, DF, 464 pp.

MICKLEBURGH, S. P., A. M. HUTSON, and P. A. RACEY.
2002. A review of the global conservation status
of bats. Oryx, 36: 18-34.

MONTAMBAULT, J. R. (ed.). 2002. Informes de las
evaluaciones biologicas Pampas del Heath, Pert,
Alto Madidi, Bolivia, y Pando, Bolivia. Conser-
vation International, Washington, D.C., 124 pp.

PACHECO, V., H. DE MACEDO, E. VIVAR, C. ASCORRA,
R. Arana C., and S. SOLARIL. 1995. Lista anotada
de los mamiferos Peruanos. Occasional Papers in
Conservation Biology, 2: 1-35.

PATTERSON, B. D., V. PACHECO, and S. SOLARL 1996.
Distributions of bats along an elevational gradi-
ent in the Andes of south-eastern Peru. Journal of
Zoology (London), 240: 637-658.

PATTERSON, B. D., M. R. WILLIG, and R. D. STEVENS.
2003. Trophic strategies, nich partitioning, and
patterns of ecological organization. Pp. 536579,
in Bat ecology (T. H. Kunz and M. B. FEN-
TON, eds.). University of Chicago Press, Chicago,
779 pp.

PrLoT, P. 1964. Nota sobre la ecologia de ciertos
quirdpteros de la region del Rio Palmar (Vene-
zuela). Kasmera, Publicacion de la Comision de
Estudios Patologia Regional y Ciencias Natura-
les, Universidad del Zulia, 1: 289-307.

RODRIGUEZ-MAHECHA, J. V., J. I. HERNANDEZ-CAMA-
cHO, T. R. DEFLER, M. ALBERICO, R. B. MAsT, R.
A. MITTERMEIER, and A. CADENA. 1995. Mami-
feros Colombianos: sus nombres comunes e indi-
genas. Occasional Papers in Conservation Biol-
ogy, Conservation International, 3: 1-56.

SiMMONS, N. B., and R. S. Voss. 1998. The mammals
of Paracou, French Guiana: a neotropical lowland
rainforest fauna part 1. Bats. Bulletin of the



http://www.ingentaconnect.com/content/external-references?article=0962-8436()345L.101%5Baid=954884%5D
http://www.ingentaconnect.com/content/external-references?article=0012-9658()83L.47%5Baid=6418716%5D
http://www.ingentaconnect.com/content/external-references?article=0012-9658()83L.47%5Baid=6418716%5D
http://www.ingentaconnect.com/content/external-references?article=0960-3115()10L.613%5Baid=6418717%5D
http://www.ingentaconnect.com/content/external-references?article=0960-3115()10L.613%5Baid=6418717%5D
http://www.ingentaconnect.com/content/external-references?article=0266-4674()17L.647%5Baid=6418718%5D
http://www.ingentaconnect.com/content/external-references?article=0029-8549()49L.371%5Baid=6418720%5D
http://www.ingentaconnect.com/content/external-references?article=0962-8436()345L.101%5Baid=954884%5D

Bat fauna of RNAM, Peru

American Museum of Natural History, 237:
1-219.

SimMons, N. B., R. S. Voss, and D. W. FLECK. 2002.
A new Amazonian species of Micronycteris
(Chiroptera: Phyllostomidae) with notes on the
roosting behavior of sympatric congeners. Amer-
ican Museum Novitates, 3358: 1-14.

SMousk, P. E., J. C. LoNnG, and R. R. SokaL. 1986.
Multiple regression and correlation extensions of
the Mantel test of matrix correspondence. Sys-
tematic Zoology, 35: 627-632.

SOLARI, S., V. PACHECO, and E. VIvAR. 1999. New dis-
tribution records of Peruvian bats. Revista Peru-
ana Biologia, 6: 152-159.

STEVENS, R. D., and M. R. WILLIG. 2002. Geograph-
ical ecology at the community level: perspectives
on the diversity of New World bats. Ecology, 83:
545-560.

Tosi, J. A., JR. 1960. Zonas de vida natural en el Peru.
Instituto Interamericano de Ciencias Agricolas de
la O. E. A., Boletin Técnico, 5: 1-271.

TutTLE, M. D. 1970. Distribution and zoogeography
of Peruvian bats, with comments on natural his-
tory. The University of Kansas Science Bulletin,
49: 45-86.

Voss, R. S., and L. H. EMMONS. 1996. Mammalian di-
versity in neotropical lowland rainforests: a pre-
liminary assessment. Bulletin of the American
Museum of Natural History, 230: 1-115.

Voss, R. S., D. P. LUNDE, and N. B. SimmoNs. 2001.
The mammals of Paracou, French Guiana: a neo-
tropical lowland rainforest fauna part 2. Non-
volant species. Bulletin of the American Museum
of Natural History, 263: 1-236.

WETTERER, A. L., M. V. RockmaN, and N. B.
SiMMONS. 2000. Phylogeny of Phyllostomid
bats (Mammalia: Chiroptera): data from diverse
morphological systems, sex chromosomes, and

331

restriction sites. Bulletin of the American Mu-
seum of Natural History, 248: 1-200.

WILLIG, M. R. 1985a. Reproductive activity of female
bats from northeastern Brazil. Bat Research
News, 26: 17-20.

WILLIG, M. R. 1985b. Reproductive patterns of bats
from caatingas and cerrado biomes in northeast
Brazil. Journal of Mammalogy, 66: 668—681.

WILLIG, M. R. 1986. Bat community structure in
South America: a tenacious chimera. Revista
Chilena de Historia Natural, 59: 151-169.

WILLIG, M. R., and S. K. Lyons. 1998. An analytical
model of latitudinal gradients of species richness
with an empirical test for marsupials and bats in
the New World. Oikos, 81: 93-98.

WILLIG, M. R., and E. A. SANDLIN. 1991. Gradients of
species density and turnover in New World bats:
a comparison of quadrat and band methodolo-
gies. Pp. 81-96, in Latin American mammalogy:
history, biodiversity, and conservation (M. A.
MARES and D. J. SCHMIDLY, eds.). University of
Oklahoma Press, Norman, 468 pp.

WILLIG, M. R., and K. W. SELCER. 1989. Bat spe-
cies density gradients in the New World: a statis-
tical assessment. Journal of Biogeography, 16:
189-195.

WILLIG, M. R., B. D. PATTERSON, and R. D. STEVENS.
2003. Patterns of range size, richness, and body
size. Pp. 580-621, in Bat ecology (T. H. Kunz
and M. B. FENTON, eds.). University of Chicago
Press, Chicago, 779 pp.

Woobpman, N., R. M. Timm, R. Arana C., V. Pa-
CcHECO, C. A. ScumipT, E. D. HOOPER, and C.
PACHECO A. 1991. Annotated checklist of the
mammals of Cuzco Amazodnico, Peru. Occasional
Papers of the Museum of Natural History, The
University of Kansas, 145: 1-12.

Received 06 November 2003, accepted 08 August 2004


http://www.ingentaconnect.com/content/external-references?article=0039-7989()35L.627%5Baid=30181%5D
http://www.ingentaconnect.com/content/external-references?article=0305-0270()16L.189%5Baid=6418726%5D
http://www.ingentaconnect.com/content/external-references?article=0305-0270()16L.189%5Baid=6418726%5D
http://www.ingentaconnect.com/content/external-references?article=0022-2372()66L.668%5Baid=6418728%5D
http://www.ingentaconnect.com/content/external-references?article=0012-9658()83L.545%5Baid=6418732%5D
http://www.ingentaconnect.com/content/external-references?article=0012-9658()83L.545%5Baid=6418732%5D
http://www.ingentaconnect.com/content/external-references?article=0003-0090()248L.1%5Baid=1483394%5D
http://www.ingentaconnect.com/content/external-references?article=0003-0090()248L.1%5Baid=1483394%5D
http://www.ingentaconnect.com/content/external-references?article=0030-1299()81L.93%5Baid=522838%5D
http://www.ingentaconnect.com/content/external-references?article=0039-7989()35L.627%5Baid=30181%5D

C. L. Hice, P. M. Velazco, and M. R. Willig

332

Sd0D 10 ¥0 (d ‘DN n $'9 L wlspuioy] 7
Sidd 10 0 (1 ‘DN K| 89 € sxvpiou pjjlydoyouoy
€1 S‘od ‘Id d ‘O 1A MDDV Tl 0¢ d ‘DN A ¥'8 8¢ pu1d1108 DIVYAOSSOID)
d 10 0 d ‘DN n 8 € #AOUIUL SNOSIUO0120YD)
oeurdeydossorn
€1 d0q Tl L0 S o) €'6e 1 SHPUNJOL SNPOUISI(]
omESQOﬁOEmOQ
€1 SUAIONDANDUDDYV 91 L€ (N ‘D4 v 06 7L oyund -y
€ A‘Sd N DD 0 S0 (N ‘DA n YL 6 102281 v]jdydounyy
€l syenqey G [V A% o€y (N ‘D4 A4 ¥'91 €€8 ppjpordsiad )
€l A‘SId ‘0N 90 €1 (N ‘D4 o) €01 ST DaUDISDI )
€1 ASTOMNDAND DY 19 98 (N ‘DA v I'ST 991 DpNYIIADLG DI]]OID)
aeurlfjore)
JepIwolso[[Ayd
1 80 S0 I n 8°LE 6 #SLUDAIGID O111DON
9EPIUOI[JION
d 00 1o I n 8Y (4 «04nda] g
A‘Sd 70 0 I n 16 8 «DIwau1q x4123do2ong
A 00 70 1 n 0t € £0SDU S11212AU0Yy ULy
¢ A% 00 10 1 n 0L 4 v423doona) xdi23dosog
¢ S eu vu 1 Ni 'u eu SL1ISOA1AD4G DANULIOY)
4 A 10> 0] I d 0L I WUDIIUIXDUL SLDIIAU0.LUDD)
sepLnuo[fequig
(o) ssewolq  (9,) S[eNpIAIPUL (8) ssewr  parmded
Sotatd 1UHAPH — Q0UBUIWIO(] — dOUBUIIO( PInD SIS oferoAy  1oqunN UoXeL

(2007) Suopm-zodoT = ¢ (Z00T) 1Ie[OS Pue 9dIH = T “(9L61) uoxi(] pue siae( = [ :suodor snoraarg
'suondrIosop jejiqey 10J 1X9) 990G 0Fe[[IA = IA ‘Te[[UeA = A ‘YIm0I3 A1epuosds = § ‘puod = od ‘Telen(id = 14 9so10} Arewnid = J ‘pIeyolo = O ‘yYsiew = A ‘eare Asseid
= D ‘WIeJ = I S910J PAPOO[J = J “MOAIND = n)) ‘[eziweyd = Y ) ‘[erdo1dsd = O ‘efenSe = y :uonjeI00SSE 1e}IqRH "SSeWolq [€10} Jo painides sjenprAipul Jo Joquinu
18103 o) Jo a3ejuoorad Ay} se Poe[nO[ed AIoM sanjea ddueurwo ‘(s)pyind Suipad) Arepuodds sy jedlpul sasayjuared ur s1ono prng Surpaedy Arewnid soroads e
SO)EOIPUI JONI] ISI1J A [, "SNOIOATUINTUES = § ‘SNOIOALIBIOU = N ‘SNOJOAIOISUI = | ‘SNOIOAISNI} = ] ‘SNOJOATUIRD = ) :p[In3 SuIpad] ‘painyded [enpiaipur | AJuo ‘orel
=Y {(srenprarpur (] >) parmded Apuenbagjur ‘uowooun = ) ¢sad4£) je3qey [e10Ads Ul parmdes Apjuonbaly ‘uowod = ) ‘parmdes sAemie jsowfe ‘Juepunge = y
:snye)s oryderSowop (800 "POSE[OT 0I0M S[ENPIAIPUL SWIOS Sk ‘paInjdes S[ENpPIAIPUL JO JOQUUNU [B}0} Y} WO} PIUTeIqO SAeM[e JOU Sem SSewl dZBIOAY "Ssoudjo[duiod
1oy papnjour a1e A9y} Ing ‘pajussaid ore ejep ou 0S ‘UOSeIs PIoIy SIY) 0} Juonbasqns parmdes oxom syp.juad sdowtodg pue nyounuwa) sdossojopy “Apms sy Aq
PAJUSWINDOP AIOM 1]010ID.ADD SapoLdduin, pue SLisod142.4q anutio)) 1dedxe se1oads [Ty "(1007 v 12 uosinyg) NDNI 9y} Aq PaUdjeaIy) Jeau se pajsi| st soroads oy jey)
SOJe OIPUI (}) SSOIO Y "[OIBASAI SIY} UO Paseq NV N 10 PI0OT MU © SAJeIIPUI () JSLIAISE UY "NIdJ ‘0J210T ‘BUBYSIA-0Aenyed|[y [BUOIOBN BAIISYY Y} JO Sieq

XIANAdd Y



333

Bat fauna of RNAM, Peru
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