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than females at the® ! 0.01 level for three taken between 12 to 16 May 1975 were all
measuremeni$ postorbital constriction, length of pregnant with embryos that had a meanwsr
maxillary toothrow, and breadth across upperump length of 19.5 (322.5). Examination of 2
molars. Males were significantly larger than females from 9 June 1912 revealed no
females at thé®> ! 0.001level for the remaining reproductive activityOf 10 females netted on 24
four cranial measurementsComparing these to 25 June 2007, 2 evinced no reproductive
measurements to samples from Grenadaactivity, 2 were poslactating, and the remaining 6
(Genoways et al. 1998), Dominica (Genoways efemales were pregnamtith embryos measuring a
al. 2001), and the Grenadines (Genoways et amean crowrrump length of 14.5 (24). Four of
2010), the sample from Barbados matches closelthe 17 females that we obtained between 22 to 28
in means and ranges the samples from Dominicduly 2008 were lactating but also carried small
and Grenada.However, comparison ith the embryos with crowsrump lengths of 5, 5, 9, and
samples from Grenadines reveals that individual40. Another female was carrying an emb with
from the Grenadines tend to be smaller tharcrownrump length of 7, but was not lactating.
individuals from any of the other 3 samplékntil Seven of the remaining 12 females were lactating
thorough morphological analyses of geographicand the other 5 evinced no gross reproductive
variation of this species from throughout the activity.
Antilles are undertaken, we will not be able to
interpret the meaning of this pattern of geographic
variation.

These insectivorous bats were observed at each
site Fig. 9) and were readily identified by their
rapid and darting flight as they hawked their prey
in the wilight. This may be the most abundant
species of bat on the island of Barbados, but our
sampling with mist nets clearly underestimates
their populations because we observe many more
at altitudesabove the reach of our ne.(Larsen
et al. 2007).0Our lagest collections came from
Graeme Hall SwampF{g. 10) and Porters where
these bats were netted as they hawked insects or
came to drink at open pondEhe specimens from
Long Pond were taken under some short trees
where a road crossed a small streadt
Welchman Hall Gully these bats were flying under
the native trees canopy in this pdile setting.
The Bromefield Plantation net site was located in
the gully south of the plantation hou§eéhe gully
was moist with standing pools of freshwater, and
mixed guly vegetation and secondary forest,
including manchineelOur specimens dfiolossus Figure 9. Map of the geographic distribution of
were taken in a net that was set near a highwallolossus molossusn Barbados. Symbols repees:
and in a largeopen area under a mango trée. closed circles, specimens examined; open circles, other
Paul®s Point, nets were set near two livestodgcords. Localities in italics in the list of specimens
ponds in open pasture withview of the Atlantic exami_ned are not included in the map to prevent
Ocean. crowding of symbols.

These mastlff.bats in modern times find day Genoways et al. (2005found a lack of
roosts under the tile and corrugated steel roofs ang

) : o ynchrony displayed by female Molossus
in the attics of homes and other building¥e .molossuson Jamaica, Owith some individuals at

noted this species to be especially ?‘b“”F’am Warious stages of reproduction and others
Ho_Ie'Fown where they were assomate@th ._reproductively inactive during the same period, a
bunc_ilngs thatlwere empty or under renovation, Inreproductive pattern of aseasonal polyestry or
particular Saint .James Churcleefore human continuous breeding is suggestedO (Wilson 1979).
settlement, mastiff bats would have found day

. ) ; At the end 6 May and early June in the Grenadine
roosts in holes in trees and rock crevices and werge

probably much less common than at present islands, we found (Genoways et al. 2010) Oover
: 0,
Grindal (2004)recorded that 4 adult females 90% of the females were pregnant (37 of 41

R . i females), indicating the highest degree of
taken in midApril were nonpregnant; however, 2 C .
. . - L~ synchronicity in the reproductive cycle of any
juvenile females also were taken at this time.

: ) i . species examined from the island©@ female
Thirteen females that we examined in this StUdyreproductive data from Barbados, although
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limited, seems to more closely resemble that
observed on Jamaica, with females at various
stages of reproduction from mid-April until the
end of July. The May sample indicates a high level
of synchronicity of pregnancy, but this is not true
of our other samples in our study. Our data do not
indicate a reproductive pattern that differs from
aseasonal polyestry or continuous breeding.

Figure 10. Photograph 0% one of the brackish ponds in
Graeme Hall Swamp, Christ Church Parish.

Of note, 4 females in the July sample that were
lactating also were carrying small embryos,
thereby indicating to us that a postpartum estrus
and breeding had occurred in these individuals.
This characteristic along with continuous breeding
gives this species an extremely high potential
fecundity rate. Therefore, it should be no surprise
that Molossus molossus 1is probably the most
abundant species on most, if not all, the islands in
the Caribbean. This species is especially suited to
succeed in an ecosystem controlled by
disturbances, such as hurricanes, earthquakes,
volcanoes, changing sea levels, and human
impacts. Even if large numbers of individuals are
killed by these disasters, populations can respond
quickly and re-populate the island.

Reproductive data (average testes length) for
male Molossus on Barbados are available from
three months as follows: 14 to 16 May 1975, (10
individuals) 5.1 (3-9); 24 to 26 June 2007, (3) 2,
2.5, 4; 22 to 28 July 2008, (4) 2, 3, 3, 4. Grindal
(2004) found the weight of 4 females taken in
April to average 11.4 (10.0-13.0) and 2 juvenile
females taken at this time to weigh 11.0, 12.0.
Thirteen non-reproductive or lactating females
weighed an average of 9.8 (8.7-11.6), whereas 21
pregnant females weighed on average 11.8 (9.7-
14.5). The mean weight of 17 adult male mastiff
bats was 11.4 (10.0-13.0).

An individual from Graeme Hall Swamp
exhibited extensive depigmentation of its flight
membranes. Four other specimens displayed areas
of white pelage—2 individuals from Paul’s Point
had a white spot on their muzzles and 2 others

from Long Pond and Bromefield Plantation
exhibited white fur on the lower abdomen.

Species Excluded from Fauna

Eptesicus fuscus

Specimen examined (1).—Parish unknown: no
specific locality, 1 (BMNH).

This was the first species of bat to be reported
from Barbados when Dobson (1878: 194) listed a
specimen of Vesperugo serotinus var 3 (Vesperus
fuscus) from the island. The only additional
information that Dobson (1878) presented for the
specimen was that it was an adult prepared as a
skin. The individual (BMNH 1975.568) that was
the basis of this report is still available for study in
the British Museum (Natural History). It consists
of a “live” mount with the wings spread and at
least a portion of the cranium in the mount. The
cranium could not be removed without destroying
most of the specimen. The only measurements that
could be obtained from the individual were length
of ear (dry), 13.0, and length of forearm,
approximately 47.1.

There are two known populations of Eptesicus
in the Lesser Antilles—E. guadeloupensis
(Genoways and Baker, 1975, Baker et al. 1978)
from Guadeloupe and Eptesicus fuscus (Hill and
Evans 1985) from Dominica. Hill and Evans
(1985) believed that the population on Dominica
was most closely related to that on Puerto Rico
and tentatively assigned the specimens to E. f.
wetmorei. The length of the ears of the Barbados
specimen clearly allies it with E. fuscus and not
the large-eared species, E. guadeloupensis.

No additional specimens of this big brown bat
have been obtained over the years, including
during our work and Grindal’s (2004) study.
Koopman (1968) postulated that the specimen was
an accidental occurrence, however, other authors
(Baker and Genoways 1978; Hill and Evans 1985)
believed that the species should be excluded from
the fauna of the island. According to Hill and
Evans (1985), the specimen in question was
obtained from a dealer by the name of Cuming
and he may have mislabeled the specimen or
alternatively, he may have received the specimen
from Barbados and assumed that the island was its
place of origin. Indeed, in the mid 1800s,
Barbados was a busy center of commerce, with
ships arriving from throughout the New World.

Although it is impossible to prove that this
species is not present on the island, we believe that
preponderance of the evidence available at this
time is that E. fuscus is not part of the fauna of
Barbados. This conclusion will remain open to
review whenever field research concerning bats is
conducted on Barbados.

Discussion
Presently, the Barbadian chiropteran fauna
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includes representatives of four families —
Noctilionidae, Phyllostomidae, Vespertilionidae,
and Molossidae—including 1 piscivore (Noctilio
leporinus), 1 omnivore (Brachyphylla cavern-
arum), 1 pollenivore/nectarivore (Monophyllus
plethodon), 1 frugivore (Artibeus jamaicensis),
and 2 insectivorous species (Myotis nyctor and
Molossus molossus). This chiropteran fauna of 6
species is much smaller than those on the four
neighboring Lesser Antillean islands to the west
and north (Table 4)—Dominica (12), Martinique
(11), St. Lucia (9), and St. Vincent (12). We
believe that this is primarily the result of two
factors—geological age and geographic isolation.

The geological history of the Caribbean region
is complex and is still not fully understood
(Hedges 2001). The Lesser Antillean arc of islands
is relatively old having appeared by the Eocene
(50 mya); however, it is not possible to trace the
history of individual islands and when they were
emergent above sea level. The Lesser Antillean
islands are situated along the eastern and leading
margin of the Caribbean plate. These islands are
of volcanic origin, with the newer deposits
burying the old; however, there are exposures on
the St. Lucia and Martinique that date as old as the
Oligocene/Miocene (20 mya) (Wadge 1994). As
discussed previously, the island of Barbados is
much younger being brought to the ocean surface
by tectonic forces that began acting below the
Barbados Ridge about a million years ago (Speed
and Keller 1993, Speed 1994). The steady rise of
the island of Barbados above sea level began
about 700,000 years ago, making it the youngest
island in the region.

Barbados is geographically isolated from other
islands in the Lesser Antilles—Barbados to
Dominica, 270 km; Martinique, 175 km; St. Lucia,
142 km; and St. Vincent, 146 km. These distances
are considerably greater than the distances
between these same islands—Dominica to
Martinique, 40 km; Martinique to St. Lucia, 34
km; St. Lucia to St. Vincent, 42 km. The distances
to be overcome by bats by over water dispersal to
reach Barbados is about 4 times the distances
between the islands in the main Lesser Antillean
chain and is against the prevailing winds. This
isolation is an imposing filter that would restrict
immigration of bats and restrict gene flow
between populations on Barbados and the other
islands.

What are the characteristics of the species of
bats that have overcome the obstacles and reached
Barbados? The greater fishing bat, N. leporinus, is
a large, strong flying species that regularly feeds
over estuaries and coastal areas. The species is

present on most of the islands in the West Indies
and the circum-Caribbean mainland. The mastiff
bat, M. molossus, is a small, but fast flying species
that feeds on insects as they ascend to high
altitudes in the evening. The history and
relationships of A. jamaicensis are unique and
complicated, being a member of a complex of
three species—A. jamaicensis, A. planirostris, and
A. schwartzi—with A. jamaicensis occurring in the
Greater Antilles and the Lesser Antilles as far
south as Martinique and Barbados. The members
of this complex are large, strong-flying, fruit-
eating species. Two species, M. plethodon and B.
cavernarum, both are strong fliers and both feed
on nectar, flowers, and small fruits. These two
species occur from St. Vincent northward to
Puerto Rico. Finally, M. nyctor is the most
enigmatic of the species to reach Barbados (R.
Larsen et al. 2012). It is a small species with a
fluttering flight that pursues insects in rather
cluttered habitats. Its distribution is not well
understood. The common characteristic among
these species with the exception of M. nyctor is
strong flight ability, particularly as indicated by
their broad geographic distribution and their
ability to overcome large water gaps within this
distribution.

Several species of bat are notable by their
absence from Barbados. Table 4 lists 13 species
that occur on islands immediately to the west and
north but have not been recorded on Barbados.
Four of these would head our list of “missing”
species on Barbados—Pteronotus davyi, Ardops
nichollsi,  Sturnira  lilium, and Tadarida
brasiliensis. The first species, P. davyii, is a swift
flying insectivorous species, which reached the
Lesser Antilles from South America and is known
as far north as Marie Galante. As a Lesser
Antillean endemic, A. nichollsi, is a fruit-eating
species with a distribution similar to M. plethodon,
except it is not known from Puerto Rico. The
yellow-shouldered bat, Sturnira lilium, invaded
the Lesser Antilles from South America (Baker
and Genoways, 1978), reaching as far north as
Dominica but is then replaced by a similar
endemic species, Sturnira thomasi, on Guadeloupe
and Montserrat. For S. /ilium to reach the Lesser
Antilles, it over came a greater distance, if coming
from the South American mainland (225 km), or
about the same distance, if coming from Trinidad
(147 km), as from St. Vincent or St. Lucia to
Barbados. The Brazilian free-tailed bat, T.
brasiliensis, shares many characteristics with M.
molossus as a high, fast-flying insectivore and
occupies a larger geographic area in the United
States and through much of the Neotropics.
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Table 4. Composition of the chiropteran fauna of five islands in the southern Lesser Antilles. Asterisk (*) indicates
the potential for hybridization between A4. jamaicensis and A. schwartzi (P. Larsen et al. 2010a).

o a
- 2 2
2 . 5 £
Species B QS =9 5 Sy
T e 5 Sz eg=ge
E Sz g3 2E.8 SE3
53 £3 £ =83 288
=8 £ & ER =g > 55
M Ay [a NG =2 M an R
Pteronotus davyi - + + + -
Pteronotus rubiginosus - - - - +
Noctilio leporinus + + + + +
Micronycteris buriri - - - - +
Brachyphylla cavernarum + + + + +
Monophyllus plethodon + + + + +
Glossophaga longirostris - - - +
Artibeus jamaicensis* + + + -
Artibeus lituratus - - - - +
Artibeus schwartzi* - - - + +
Ardops nichollsi - + + + +
Sturnira lilium - + + + +
Natalus stramineus - + + - -
Eptesicus fuscus - + - - -
Mpyotis dominicensis - + - - -
Myotis martiniquensis - - + - -
Myotis nyctor + - - - R
Tadarida brasiliensis - + + + +
Molossus molossus + + + T

We are unable to discern any characteristics
that distinguish our 4 absentee species from the 6
species that have arrived on Barbados. The
absentee species all have demonstrated ability to
overcome water gaps such as the one separating
Barbados from its neighboring islands; the ability
to colonize and establish populations on multiple
islands in the Lesser Antilles; and there is nothing
unique about their food or foraging habits. Based
on these considerations, it is our working
hypothesis that the relatively young geological age
of Barbados and the distance separating Barbados
from neighboring islands have dually contributed
to the small chiropteran fauna of Barbados. In fact,
it is our contention that this is not a fully
developed fauna and as such we designate it as the
“Barbados subfauna” of the Lesser Antillean
chiropteran fauna. We do see some of the effects
of the geographic isolation of Barbados as well,
especially in Brachyphylla cavernarum in which
animals from the island are about 5% smaller than
those of the main islands of the adjacent Lesser
Antilles. However, until we understand the
relationship of Barbadian populations of M.
plethodon and M. nyctor to those on other islands,
we will not be able to give a full assessment of the
impact of the geographic isolation of Barbados.

Our work indicates that populations of the 6
species of bats on Barbados are in good condition
in all cases, but only for Artibeus jamaicensis and
Molossus molossus are the populations large
enough to not be of ongoing concern. The
conservation of these 6 species of bats is not only
important to maintain their contribution to the
biodiversity of Barbados, but because they are
linked to the maintenance of many other aspects of
the island’s fauna and flora. The maintenance of
the chiropteran fauna can best be served by three
management actions—preservation of caves and
associated gullies, forests, and hydrological
systems.

The cave and gully systems are a national
treasure and their value goes far beyond their
significance to the bat fauna of the island on
Barbados. Conservation efforts often
underestimate or even ignore the fragility of cave
systems and the valuable hidden levels of
biodiversity therein. Guano produced by cave
roosting bats is the primary energy source for
entire ecosystems of obligate cave vertebrates,
invertebrates, plants, and fungi. On Barbados, 3
species of bats (B. cavernarum, M. plethodon, and
M. nyctor) are obligate cave roosting species and
two others (N. leporinus and A. jamaicensis) will
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roost in rock features commonly found in gullies,
if caves are not available. Caves and presumably
gullies provide critical refugia in times of natural
disaster such as hurricanes (Gannon and Willig,
1994; Pedersen et al., 1996), and these roosts are
one of the most critical limiting factors during
reproduction (Pedersen et al. 2003, 2005, 2006,
Genoways et al. 2007a, 2007b, 2007c). Our
observations show that Cole’s, Harrison’s, and
Animal Flower caves have been heavily impacted
by human activities. Given that these caves
contain the only known maternity colonies for B.
cavernarum, M. plethodon, and M. nyctor, their
successful management in the future is critical to
bat conservation efforts on Barbados.

Forests provide roosts, protection, and food
resources for bats, in return, bats provide several
vital functions for the forests, including insect
control, pollination of a wide-variety of plant
species, and the subsequent dispersal of plant
seeds (Jones et al. 2009). Therefore, the
preservation of native habitat such as those found
in the undercliff forest associated with
Hackleton’s Cliff, or those confined to the various
gully systems on Barbados will serve to conserve
both trees and bats.

There are approximately 650 species of plants
found in the wild on Barbados (Carrington 2007)
and many of these are often pollinated by 3 of the
species of fruit bats on the island—M. plethodon,
B. cavernarum, and A. jamaicensis. Indeed, bats
pollinate more than 350 species of plant
representing 44 plant families throughout the
Neotropics (Fleming et al. 2009). Therein, bats
play a vital role in maintaining the genetic
diversity in tropical plant communities (Quesada
et al. 2004, Fleming et al. 2009). On Barbados,
bat-pollinated plants include tropical forest trees,
such as silk cotton (Ceiba pentandra), sandbox
(Hura crepitans), and royal palm (Roystonea
regia), to cactus (Neobuxbaumia euphorbioides),
and agave (Agave angustifolia) (Fleming et al.
2009). Native fruit trees, such as guava (Psidium
guajava) and the introduced banana (Musa
paradisiaca) also are pollinated by bats (Soto-
Centeno and Kurta 2006). Bats rarely specialize in
pollinating a single species of plant, but visit a
range of species available in their habitat
(Muchhala and Jarrin-V. 2002, Quesada et al.
2004, Soto-Centeno and Kurta 2006, Tschapka et
al. 2008).

Fruit-eating bats regularly disperse seeds of
pioneer plants (for example, Cecropia, Solanum,
and Piper) that are critical to the re-vegetation of
areas that have been cleared for agriculture or that
have been heavily damaged by hurricanes
(Medellin and Gaona 1999, Martinez-Garza and
Gonzélez-Montagut, 2002, Jones et al. 2009).
Although birds have long been credited as seed
dispersers, Medellin and Gaona (1999) found that

bats account for more than half of the "seed rain"
in a variety of tropical forest habitats in southern
Mexico.

The undercliff forest that we observed in the
vicinity of Bathsheba appeared to be in good
condition, but it is being cleared as development
in the area is progressing. It will be important in
the future for bat and other ecosystems that large
and continuous tracks of this forest are preserved.
The gully system and the associated forests on
Barbados have been heavily impacted by human
activities. Some of these such as Welchman Hall
Gully, Sailors Gully, and The Whim have been
developed for tourism and local leisure activities.
Some of the gullies have been cleared for
agriculture and other purposes. A good example of
some of the problems that we observed are
illustrated by Jack in the Box Gully, which is a
very important gully associated with Cole’s Cave
and Harrison’s Cave. The road right of way across
the gully has resulted in clearing of some forest,
allowed large amounts of garbage to be dumped
into the gully, and we noted a number of invasive
plant species invading the native forest. The
presence of bat species in gullies that are
documented in this paper further reinforces the
intrinsic  value of gullies for Barbadian
biodiversity. Protection of fresh water resources
benefit forests, wildlife, and the human
populations on islands, such as Barbados. The
forests and limestone cap of Barbados are integral
to the maintenance of the hydrologic system of
small streams, aquatic habitats, and soil moisture
levels.
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