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A B S T R A C T

Handley, Charles O., Jr., Don E. Wilson, and Alfred L. Gardner, editors. Demography and
Natural History of the Common Fruit Bat, Artibeus jamaicensis, on Barro Colorado Island,
Panama. Smithsonian Contributions to Zoology, number 511, 173 pages, 69 figures, 62 tables,
1991.—Bats were marked and monitored on Barro Colorado Island, Panama, to study seasonal
and annual variation in distribution, abundance, and natural history from 1975 through 1980.
Data gathered advances our knowledge about flocking; abundance; feeding strategies; social
behavior; species richness; population structure and stability; age and sex ratios; life expectancy
and longevity; nightly, seasonal, and annual movements; synchrony within and between species
in reproductive activity; timing of reproductive cycles; survival and dispersal of recruits;
intra-and inter-specific relationships; and day and night roost selection.

Barro Colorado Island (BCI) harbors large populations of bats that feed on the fruit of canopy
trees, especially figs. These trees are abundant, and the individual asynchrony of their fruiting
rhythms results in a fairly uniform abundance of fruit. When figs are scarce, a variety of other
fruits is available to replace them. This relatively dependable food supply attracts a remarkably
rich guild of bats.

Although we marked all bats caught, we tried to maximize the number of Artibeus
jamaicensis netted, because it is abundant Q-h of the total catch of bats on BCI), easily captured
by conventional means (mist nets set at ground level), and responds well to handling and
marking.

An average Artibeus jamaicensis is a 45 g frugivore that eats roughly its weight in fruit every
night. These bats prefer figs and often seek them out even when other types of fruit they might
eat are far more abundant. They commute several hundred meters to feeding trees on the
average, feeding on fruit from one to four trees each night, and returning to a single fruiting tree
an average of four nights in succession. The bats tend to fly farther when fewer fig trees are
bearing ripe fruit, and they feed from fewer trees, on the average, when the moon is nearly full.
These bats, like their congeners, do not feed in the fruiting tree itself. Instead, they select a fruit
and carry it to a feeding roost typically about 100 m away before eating it. We utilized radio
telemetry to assess feeding rates from the number of "feeding passes"—transits between fruit
tree and feeding roost. Bats are often netted while carrying fruit, revealing their diet. Feces also
reveal dietary information.

Adult female A. jamaicensis live in harems of three to 30 individuals with a single adult male.
On BCI the harem groups roost during the day in hollow trees. There is presumably a large
population of surplus males that roost together with nonadults of both sexes in foliage. Females
commute an average of 600 m from their day roosts to feeding sites, and harem males travel less
than 300 m. Twice a year most females give birth to a single young, once in March or April, and
again in July or August; active gestation averages about 19 weeks. Juveniles are first netted
when they are about ten weeks old, and females usually first bear young in March or April
following their year of birth.
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Montastrea cavernosa (Linnaeus).
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Demography and Natural History
of the Common Fruit Bat,

Artibeus jamaicensis,
on Barro Colorado Island, Panama

1. Introduction

Charles O. Handley, Jr., Don E. Wilson,
and Alfred L. Gardner

BCI Bat Project

In 1974, Charles Handley was invited to develop a project to
monitor bats as part of the Smithsonian Tropical Research
Institute's (STRI) long-term environmental monitoring pro-
gram on Barro Colorado Island (BCI). The STRI monitoring
program, launched in 1970 and supported by the Smithsonian
Environmental Sciences Program (ESP), sought to monitor a
wide array of biotic and physical environmental components of
the island continuously over a long period of time.

The BCI Bat Project was born under the administrative title:
"Biomass and energetics of selected populations in Panama:
Bats." We wanted to monitor demographic parameters and
natural history of all the bats regularly found on BCI. Based on
our earlier experiences, we thought the fauna might total 40
species of bats. The length of the project was designed to
continue through a generation of bats, however long that might
be. The only clue to possible duration was the report (Wilson
and Tyson, 1970) of a seven-year-old Artibeus jamaicensis on
BCI.

At the outset it was evident that ESP funds were spread over

Charles O. Handley, Jr., and Don E. Wilson, National Museum of
Natural History, Smithsonian Institution, Washington, D.C. 20560.
Alfred L. Gardner, NERC, US. Fish and Wildlife Service, National
Museum of Natural History, Washington, D.C. 20560.
Review Chairman: W. Ronald Heyer, Smithsonian Institution. Three
anonymous reviewers are gratefully acknowledged.

too many projects to be able to support a really meaningful
monitoring project for bats. Clyde Jones, then Director of the
National Fish and Wildlife Laboratory, U.S. Fish and Wildlife
Service, offered to provide both financial and personnel
support, and the Bat Project became a joint venture of the
Smithsonian Institution and the U.S. Fish and Wildlife Service,
with Michael A. Bogan, Alfred L. Gardner, and Don E. Wilson
joining Handley as field crew leaders.

Handley made several trips to BCI in 1975 and 1976 to
become familiar with the island and its bats, as well as to
determine what was feasible and how to organize the project.
On 2 July 1977 a year-round capture and marking program
began. With the help of collaborators and dozens of volunteers,
we took turns manning the field survey on BCI until November
1980 when this phase of the Project was completed. Thereafter,
Handley continued work on BCI on a periodic basis—the fall
of 1981, the fall of 1982, and the 12 months from September
1984 through August 1985—with the support of the Smith-
sonian's ESP, STRI, and National Museum of Natural History
(NMNH). The purpose of the continuing study was to maintain
the pool of marked bats, refine the demographic data, and gain
further information on the biology of the bats, particularly their
responses to food sources.

During the reconnoitering phase at the beginning of the
project we focused much of our attention on developing a
reliable, long-lasting, harmless marking system. We estab-
lished colonies of bats at the National Zoological Park (NZP)
that we used in marking experiments and in establishing
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standards for describing age and reproductive state. As a result,
we discarded forearm banding, tattooing, and heat branding and
settled on necklacing with stainless steel ball chain. Band-
bearing necklaces were first attached to free-living bats on BCI
on 18 October 1976. By the fall of 1980 we had placed 18,953
necklaces on bats.

The project evolved rapidly. We soon realized that our
resources were not sufficient to monitor simultaneously all
species of bats on BCI in an effective manner. We settled on
studying the bat that had proved to be our principle
catch—Artibeus jamaicensis Leach, the common fruit-eating
bat.

At first we established netting stations at places that, based
on experience elsewhere, "looked good for bats," such as
stream valleys, trails through open forest, and gaps along ridges

* The use of product brand names in this publication is not intended as
an endorsement of the products by the Smithsonian Institution.

where underbrush and other vegetation did not interfere with
the nets or obstruct fly ways. However, it became apparent that
abundance of bats coincided with nearby fruit sources and that
what at first appeared to be complicated distributional patterns
for the island's bats proved to be nothing more that a direct
correlation between foraging activity and the uneven distribu-
tion and availability of fruit. We improved our netting success
by making systematic surveys along the trails on BCI to locate
pellets of fruit pulp dropped by feeding bats and then setting
our nets nearby where they were most likely to catch bats.

We realized early in the project that squeaking bats often
attracted others, and in 1978 we began to use the wooden
Audubon Bird Call as a substitute to attract bats into the nets.
At a good site, an Audubon Bird Call*, an occasional
squeaking bat, and one or two nets could produce enough bats
to keep everyone busy for hours.

In the beginning we sometimes caught only two or three bats
in a night, and we were satisfied with catches of 30 bats. Later,

TABLE 1-1.—Bats recorded on Barro Colorado Island, Gatun Lake, Panama.

Family EMBALLONURIDAE

Rhynchonycteris naso (Wied)
Saccopteryx bllineala (Temminck)
Saccopteryx leptura (Schreber)
Cormura brevirostris (Wagner)
Centronycteris maximiliani (Fischer)

Family NOCTOJONIDAE

Noctilio albiventris Desmarest
Noctilio leporinus Linnaeus

Family MORMOOPIDAB

Pteronotus gymnonotus Wagner
Pteronotus parnellii (Gray)

Family PHYLLOSTOMIDAE
Subfamily PHYLLOSTOMINAE

Micronycteris brachyotis (Dobson)
Mkronycterts hirsuta (Peters)
Micronycteris megalolis (Gray)
Micronycteris nicefori Sanbom
Micronycteris schmidtorum Sanbom
Macrophyllum macropkyllum (Schinz)
Tonatia bidens (Spix)
Tonatia silvicola D'Orbigny
Mimon crenulalum (E. Geoffroy)
Pkyllostomus discolor Wagner
Pkyllostomus haslalus(PMas)
Pkylloderma stenops Peters
Trachops cirrhosus (Spix)
Chrolopterus auritus (Peters)
Vampyrum spectrum (Linnaeus)

Subfamily GLOSSOPHAOINAE

Glossophaga commissar is i Gardner
Glossophaga soricina (Pallas)
Lonchophylla robusta Miller

Subfamily CAROLLINAE

Carollia brevicauda (Schinz)

Carollia castanea H. Allen
Carollia perspicillata (Linnaeus)

Subfamily STURNIRINAE

Sturnira luisi Davis

Subfamily STENODERMATTNAE

Uroderma bilobatum Peters
Uroderma magnirostrum Davis
Platyrrhinus helleri (Peters)
Vampyrodes caraccioli (Thomas)
Vampyressa nymphaea Thomas
Vampyressa pus ilia (Wagner)

Chiroderma villosum Peters
Mesophylla macconnelli Thomas
Artibeus hartii Thomas
Artibeus jamaicensis Leach
Artibeus lituratus (Olfers)
Artibeus phaeotis (Miller)
Artibeus watsoni Thomas
Ametrida centwio Gray
Centurio senex Gray

Subfamily DESMODONTINAE

Desmodus rotundus (E. Geoffroy)

Family THYROPTERTOAE

Thyroptera disci/era (lichtenstein and Peters)
Tkyroptera tricolor Spix

Family VESPERTIUONIDAE

Myotis albescens (E. Geoffroy
Myotis nigricans (Schinz)
Rhogeessa tumida H. Allen

Family MOLOSSIDAE

Tadarida laticaudata (E. Geoffroy)
Molossus bondae J.A. Allen
Molossus coibensis J.A. Allen
Molossus molossus (Pallas)
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we were disappointed with less than 100 bats per night, and we
logged many nights with catches exceeding 200. Our best catch
came on 25 October 1979 at a giant Ficus dugandii with ripe
fruit where we netted 282 bats in about four hours.

As of 1985, we had found 56 species of bats on BCI (Table
1-1). Bonaccorso (1979) categorized the bats of the island into
nine "feeding guilds." The distribution of the 56 species among
Bonaccorso's guilds is: canopy frugivores (14), groundstory
frugivores (4), scavenging frugivores (2), omnivores (4),
sanguinivores (1), gleaning carnivores (12), slow-flying hawk-
ing insectivores (14), fast-flying hawking insectivores (4), and

piscivores (1). A. jamaicensis, the major subject of this report,
is a canopy frugivore.

By every measure A. jamaicensis is the most widespread and
abundant bat on BCI (Table 1-2). On a yearly basis, it averaged
60% of the total catch of bats, and we caught it almost every
night that nets were set. Altogether, in the period 1975-1980
(including bats captured before marking with necklaces began),
we recorded 17,820 captures of A. jamaicensis.

By the end of 1980, we had learned enough about A.
jamaicensis including its populations, reproduction, move-
ments, foraging, and physiology to justify a pause to

TABLE 1-2.—Measures of abundance of bats captured on BCI during 1979. Bats were netted on 157 nights, and
captures (including both marks and recaptures) totalled 9118 bats. Tabulations are by frequency of capture
(number and percentage of nights caught), number caught (total), catch per species night (total of a species caught
divided by number of nights it was caught), and catch per netting night (total of a species caught divided by total
nights of netting).

Species

Artibeus jamaicensis
Uroderma bilobatum
Artibeus lituratus
Chiroderma villosum
Carollia perspicillata
Vampyrodes caraccioli
Phyllostomus discolor
Artibeus phaeotis
Carollia castanea
Micronycteris hirsuta
Vampyressa pusilla
Vampyressa nymphaea
Pteronotus parnellii
Tonatia silvicola
Tonatia bidens
Artibeus walsoni
Micronycteris megalotis
Glossophaga soricina
Phyllostomus hastatus
Mimon crenulatum
Rhogeessa tumida
Trachops cirrhosus
Cormura brevirostris
Platyrrhinus helleri
Micronycteris brachyotis
Macrophyllum macrophyllum
Micronycteris nicefori
Saccopteryx bilineata
Desmodus rotundus
Glossophaga commissarisi
Myotis nigricans
Micronycteris schmidtorum
Phylloderma stenops
Centurio senex
Vampyrum spectrum
Uroderma magnirostrum
Lonchophylla robusta
Carollia brevicauda
Artibeus hartii

Mean catch

per species
night

36.3
9.2
6.0
4.4
4.0
3.9
3.3
2.2
2.0
1.8
1.8
1.8
1.7
1.6
1.6
1.6
1.6
1.6
1.6
1.5
1.5
1.4
1.4
1.3
1.2
1.2
1.1
1.1
1.0
1.0
1.0
1.0
1.0
1.0
1.0
1.0
1.0
1.0
1.0

Rank

1
2
3
4
5
6
7
8
9

10
10
10
13
14
14
14
14
14
14
20
20
22
22
24
25
25
27
27
29
29
29
29
29
29
29
29
29
29
29

Total

5484
551
717
172
428
325
130
235
154
91
87
51
86

113
77
67
35
28
26
50
3

70
7

31
13
11
21

8
12
8
7
5
5
3
2
2
1
1
1

Mean catch

per netting
night

34.9
3.5
4.6
1.1
2.7
2.1
0.8
1.5
1.0
0.6
0.6
0.3
0.6
0.7
0.5
0.4
0.2
0.2
0.2
0.3
0.02
0.4
0.05
0.2
0.08
0.07
0.1
0.05
0.08
0.05
0.05
0.03
0.03
0.02
0.01
0.01
0.01
0.01
0.01

Nights caught

N

151
60

120
39

107
83
40

108
78
52
49
28
51
71
49
43
22
17
16
33

2
49

5
23
11
9

19
7

12
8
7
5
5
3
2
2
1
1
1

%

96
38
76
25
68
53
25
69
50
33
31
18
32
45
31
27
14
11
10
21

1
31

3
15
7
6

12
4
8
5
4
3
3
2
1
1
1
1
1
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summarize the information for publication. Handley, Wilson,
and Gardner shared the manuscript preparation. Fortunately,
Cindy Taft, Gene Studier, Doug Morrison, and Bert Leigh, who
were heavily involved with various aspects of the Bat Project,
joined us in the authorship of several of the sections.

The Environment

Protected by its isolation in Gatun Lake, and by the vigilance
of its caretakers, BCI long has attracted biologists seeking to
understand life in the tropical forest. The island provides an
ideal outdoor laboratory for the curious naturalist. The
long-term protection provided by the Smithsonian Institution
and the Government of Panama, combined with easy access
and excellent working and living conditions, make available a
small, but manageable bit of tropical habitat where intensive
and long-term studies of the ecosystem are practical (Figure

1-1).
Once known as West Hill, which sloped to the Rio Chagres

on the north, and the Rio Gigantito to the east, and bordered by
the Gigante and Pefia Blanca swamps on the south and west,
BCI came into being following completion of Gatun Dam in
1914 and the subsequent flooding that formed Gatun Lake.
However, because Gatun Lake took about four years to fill
(Chapman, 1938) we don't know exactly when West Hill
became separated from the mainland.

The resulting island consists of about 1500 ha (3 x 5 km) and
at its highest point (the Plateau) rises to 137 m above the lake.
The remaining hilltop, which comprises the island, is a broad
and flat basaltic cap covered with red clay soils (for which the
island was named) up to 1 m thick.

About 90% of the yearly rainfall occurs between May and
December, followed by a pronounced dry season extending
from January to April. Rainfall is not spread evenly, and when
it occurs it often pours. The monthly average during the rainy
season is 31 cm, and the yearly average is about 260 cm (Rand
and Rand, 1982). High rates of transpiration from the forest and
evaporation of the surrounding water of Gatun Lake contribute
to a high relative humidity throughout the year.

The vegetation of BCI has been characterized by Foster and
Brokaw (1982) as scmideciduous lowland forest. Some species
of trees lose all of their leaves for a period of months while
others remain evergreen. Although most species lose their
leaves in the dry season, some do so in the rainy season. Just as
BCI is intermediate in the amount of rainfall it receives,
compared with both coasts of Panama, so is the forest of an
intermediate type, containing elements of both the wetter
Caribbean and dryer Pacific slope forests (Foster and Brokaw,
1982).

Although the structure of forests is shaped by substrates and
climate, the forest on BCI, like forests all over the world, has
been reshaped by the activities of human beings. Foster and
Brokaw (1982) suggested that even the older forest on BCI
might have been cleared 300-400 years ago.

The younger forest on BCI has considerably more evidence
of recent human settlements, including some commonly
cultivated trees and an abundance of crockery and bottles.
Much of the younger forest may date from the 1880's when the
French were attempting to build a trans-isthmian canal (Foster
and Brokaw, 1982).

Bananas and other fruits and vegetables were raised in small
patches near the lab clearing up to the 1950's when all
agriculture on the island was stopped. Trees now cover all of
the former cleared land, except around the laboratory buildings
and in a narrow strip between the canal navigational lights on
Miller Ridge.

Methods

We conducted studies at three sites: (1) Mostly we worked
on BCI, where we mist-netted bats on a large scale and gathered
data on their basic demographic and biological variables. (2) To
gain additional information on movements and fidelity, we
netted on nearby islands and on the adjacent mainland, where
forests are younger and prime age fig trees are more abundant
than on BCI. From navigational lights on Buena Vista Island
and on Palenguilla Point ("Pefia Blanca" light) we regularly
trapped the bats of a pair of maternity roosts (referred to in the
text as the "canal marker roosts"). (3) In addition, to gather
baseline data on reproduction and ontogeny and to establish
standards for describing age and reproductive state in the field,
we maintained colonies of bats at the National Zoological Park
in Washington, D.C., from March 1975 through August 1981.

There was no precedent for the Bat Project, so we learned
techniques and developed protocols and standards by trial and
error throughout the life of the project. What we learned might
be useful for reducing start-up time in future projects. Adoption
of similar standards and terminology could make data
comparable among projects, and greatly enhance the value of
the data. For these reasons we have included only a brief
summary of methods in the body of the text, but have provided
a detailed and fully illustrated treatment of methods as an easily
reprintable appendix.

CAPTURING BATS.—Bats were captured in 12 m nylon mist
nets hung between 3 m tubular aluminum poles. We found it
more productive to net in the vicinity of trees bearing ripe fruit
than in sites selected at random. When it was practical we
placed the nets along a trail near a fruiting tree, around the base
of the tree, or on a ridge overlooking the tree. The nets were set
where underbrush would not impede the flight of bats. As far as
was possible, the nets were arranged in a zig-zag pattern with
ends overlapping about one meter, thereby blocking as much of
an underbrush-free area as possible. The standard netting
station contained ten nets.

We stretched the shelf strings of the nets tight (but not as
tight as possible) to minimize tangling of large Artibeus, and
high enough to keep heavy bats entering the lower shelf from
touching the ground. These tactics facilitated the capture of the
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BARRO COLORADO ISLAND

0 1/2
Kilometers

Contour Interval 4 0 M e t e r s

FIGURE 1-1.—Barro Colorado Island, Gatun Lake, Panama, showing topography and approximate alignment of
trails.

larger bats, but somewhat diminished our chances of catching
smaller species.

We usually netted five nights each week. Normally the
netting sessions began at dusk and ended when the bats quit

flying, regardless of light conditions. Sometimes we closed up
after an hour or two if netting was slow, but occasionally we
netted until dawn. We furled the nets during heavy rains.

The distress calls of particularly vocal bats were useful for
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attracting other bats into the nets. In the absence of such bats,
the squeaks of an Audubon Bird Call often were effective in
bringing in bats.

For safety of the bats we preferred bare hands throughout the
capture and marking process. Using folded capture bags as
baffles that the bats might bite, we seldom were bitten
ourselves. Everyone handling bats was protected with rabies
vaccine.

We caught bats at 106 netting localities on BCI (plus 15
others on the mainland and other islands), which was far too
many sites for convenient analysis. Consequently, we arbitrar-
ily allocated the 106 localities on BCI to 20 regional groups of
approximately equal area (Figure 13-5), which we refer to as
"locality groups." We netted often where access was easy and
fig trees were common, and locality groups that encompassed
such areas often included many netting localities. In parts of the
island where access was difficult or fig trees were few, a
locality "group" sometimes included only a single netting
locality. Complete details on marking bats and recording data
can be found in the Appendix.

CANAL MARKER ROOSTS.—In the fall of 1977 we examined
all of the land-based navigational lights (used in pairs to orient
ship's pilots on straight "reaches" of the canal) between
Gamboa and Ganin. Many contained maternity colonies of
Phyllostomus hastatus, Saccopteryx bilineata, and Micro-
nycteris hirsuta. Two (on Buena Vista Island and Palenguilla
Point) contained harems of A. jamaicensis. Fortuitously, both
of the Artibeus roosts were near BCI, and were used by bats that
we mist-netted on BCI and on the mainland. We sampled these
roosts at intervals throughout the project, using a plastic
funnel -like trap, with which we always caught most or all of the
bats in a roost. These roosts gave us information on harem
composition, stability, and recruitment and were our best link
between netting sites and roost locations.

THE ZOO BATS.—Studies on the captive bats at the NZP
were indispensable to the field work on BCI. In 1975, we took
Artibeus jamaicensis, A. lituratus, Uroderma bilobatwn,
Glossophaga soricina, Carollia castanea, and C. perspicillata
to the NZP. The Artibeus died in an accident a few months after
we established the colony, but the others survived and were the
subjects of marking experiments that led to our necklacing
technique. In 1978, we established a new colony, consisting
entirely of A. jamaicensis. This colony is described in detail in
Section 3, Reproduction in a Captive Colony.
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