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Status and distribution of the Pemba flying

fox Pteropus voeltzkowi

Abigail Entwistle and Nadia Corp

The Pemba flying fox Pteropus voeltzkowi is a fruit bat endemic to the island of
Pemba, off Tanzania. A total of 41 reported roosting areas were visited in June and
July 1995, and 19 occupied roosts were located, most of them in the west of the
island, and on small islets off the west and south of Pemba. Roosts were situated in
primary forest, secondary forest (overgrown clove plantations), traditional
graveyards and mangrove areas. A range of sizes and species of trees were used as
roosts. The minimum population of P. voeltzkowi was estimated to be between
4600 and 5500 individuals. In total 94 per cent of the population was located at 10
roost sites. Larger colonies were associated with roosts located in forests, which
together supported 75 per cent of the total bat population. Colonies were of mixed
sex, but no young or obviously pregnant females were observed. Major threats to
this species appeared to be hunting and deforestation (both logging and clearing
for agriculture) and P. voeltzkowi is considered to be endangered.

Introduction

Nine species or subspecies of Pteropus occur in
the western Indian Ocean, of which six are
considered to be at least threatened
(Mickleburgh et al., 1992). Common threats af-
fecting bats of the genus Pteropus include
hunting, deforestation and destruction as
pests (Racey 1979; Mickleburgh et al., 1992;
Pierson and Rainey, 1992; Reason and
Trewhella 1994). The Pemba flying fox
Pteropus voeltzkowi is endemic to the island of
Pemba and is listed as endangered in the 1994
IUCN Red List of Threatened Animals
(Groombridge, 1993) and in the IUCN fruit bat
action plan {classed as priority 1; Mickleburgh
et al., 1992).

Pemba Island lies in the western Indian
Ocean, 40km off the coast of mainland
Tanzania (Figure 1), and a similar distance
from the island of Zanzibar (Unguja). Pemba
is approximately 68 km long and 23 km wide,
with numerous smaller islets off the coast.
Although originally forested, most of the pri-
mary forest on the island has now been lost.
The vegetation on Pemba is dominated by
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plantations of cloves and other spices, al-
though two major remnants of primary forest
are protected as forest reserves. Much of the
area covered by clove plantations has been
abandoned and is now dominated by sec-
ondary growth forest. The island varies topo-
graphically between the east and west. The
west of the island contains a series of ridges,
which are separated by steep valleys and are
often forested (Pakenham, 1984). In contrast,
the east of the island is much flatter and more
arid. The climate shows seasonal variation,
with extensive rains in April and May, and a
shorter rainy season between October and
November.

Twenty seven mammalian species have
been reported from Pemba, including 13 bat
species (Pakenham, 1984), but P. voeltzkowi is
the only endemic mammalian species on the
island. Of the four species of Megachiroptera
found on Pemba (also including Eidolon
helvum, Epomophorus wahlbergi and Rousettus
aegypticaus; Pakenham, 1984), P. voeltzkowi is
distinctive because of its larger size and chest-
nut-red coloration. However, many villagers
are unaware that there is more than one type
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of bat on the island (Entwistle and Corp,
1995), which may be a potential source of con-
fusion in assessing the status of this species.

Andersen (1912) suggested that P. voeltzkowi
only occurred at a single site on Pemba.
However, several roosts were subsequently lo-
cated in 1945 (Pakenham, 1984). More recent
studies in 1989 suggested a dramatic popu-
lation decline, with fewer than 10 individuals
being seen, and the species was considered to
be on the brink of extinction (Seehausen,
1991a). However, in 1992, surveys indicated a
population in the region of 2400-3600, al-
though it was estimated that the population
may have declined significantly in the preced-
ing decade (Seehausen et al., 1994). As a result
of these studies a captive-breeding pro-
gramme was initiated in 1994, based at
Phoenix Zoo, Arizona, USA. However, no
monitoring of the wild population had been
carried out since 1992. This project therefore
aimed to assess the population and to collect
information about the ecology of the species
(including roosting habitat) and threats to its
survival, in order that appropriate conser-
vation policies might be developed.

Methods
Roost survey

Reports of roosts were collected from local vil-
lagers, schoolchildren and previous records.
Within each general roost area villagers were
asked to identify specific roosting sites in the
vicinity. Roosts were then checked within as
short a time as possible to minimize the
chances of bats shifting between successive
roost sites and thus being counted more than
once. Adjacent roost sites were visited within
the same day for the same reason. The roost
survey was carried out intensively between 6
and 20June 1995, with an additional five
roosting areas checked on dates up to 3 July
1995.

Roost features

Roost location and characteristics were
recorded from verified roosts (i.e. where bats
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were present). A grid reference for the lo-
cation of the roost was taken, and the distance
to the nearest village and to worked fields was
estimated. The general habitat type in which
the roost site was located was recorded. In ad-
dition, the position of the roost in relation to
topographical features, including ridge tops,
was noted. Potential sources of disturbance at
each roost were assessed from information
collected from guides and from direct obser-
vation. Sources of disturbance included log-
ging, agricultural work and hunting of the
bats.

The data collected from roost trees included
species, diameter at breast height (d.b.h.),
height of the tree (estimated), and foliage
cover (from both standard photographs taken
directly underneath the canopy, and by whole
tree estimates).

Population assessment

Binoculars were used to make complete
counts of all individuals visible at each roost.
However, at roosts where observation was re-
stricted, patch counts (Thomas and LaVal,
1988) were employed. In addition, where bats
were bunched tightly, an estimate of the poss-
ible number of bats hidden from view was
made.

Identification of threats to Pteropus voeltzkowi

Because direct observation of most threats to
the bats was not possible, we collected anec-
dotal information from villagers and guides.
Questions were asked using an informal, op-
portunistic approach, to determine possible
threats, sources of disturbance and any con-
flicts with local villagers. Any inconsistencies
in the responses were addressed. Additional
sources of evidence, such as signs of logging,
were also noted.

Results

Roost survey

A total of 41 reported roost areas were visited,
and, from these, 19 occupied roost sites were
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Tanzania

Figure 1. Map of the western
Indian Ocean showing the
position of Pemba.

located (Figure 2). Roosts were located both
on the main island and on some of the smaller
islands. More roosts were located in the west
(n =12) compared with the east (n =7) of the
island, but the difference was not significant
(binomial comparison, P > 0.05). Within roost-
ing areas, between one and four specic roost-
ing sites were reported. However, at any one
time only one roost site in any roost area was
ever occupied by bats.

Characteristics of roosts

Occupied roosts were located in primary for-
est (including the Ngezi forest reserve), sec-
ondary forest (generally overgrown clove
plantations), traditional graveyards (protected
from logging by religious taboo), mangroves
and occasionally in isolated trees (Table 1). Of
the six (33 per cent) roosts located in hilly
areas, all were situated on ridge tops. The
other 13 roosts were located in areas that were
more or less flat. Eighteen roosts were be-
tween 100 m and 5 km from villages, although
one was located in the centre of a village.
Roosts in forests were further from villages
(mean 2.2 km, SD = 1.46, n =11), than those in
graveyards or in isolated trees (mean =0.96
km, SD =0.90, n =7; t-test, t =2.98, P <0.05).
Sources of disturbance reported at roosts in
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. Roosts > 100 bats

@ Roosts < 100 bats

Figure 2. The location of occupied roosts of Pteropus
voeltzkowi on Pemba.
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Table 1. The number of occupied roosts of Pteropus
voeltzkowi and percentage of total occupied roosts
found in each habitat type

Percentage
Habitat type No. roosts  total roosts
Primary forest 5 26
Secondary forest 6 32
Graveyard 4 21
Isolated tree 3 16
Mangrove 1 5

different habitat types are shown in Table 2.

Colonies were sometimes spread over sev-
eral (up to five) adjoining trees, and measure-
ments were made of the key roost trees, and of
as many of the others as was possible. Trees
used by bats at different roosts included
Uapaca guineensis (n = 2), Mangifera indica (n =
2), Ficus natalensis (n=2), Ficus lutea (n=1),
Syzygium jambolanum (n =2), Terminalia cat-
appa (n =2), Adansonia digitata (n = 2), Antiaris
toxicaria (n = 1), Erythrophleum suaveolens (n =
6), Afzelia quanzensis (n = 1), Parinari curatellifo-
lin (n = 3) and Blighia unijugata (n =1). Where
bats used several trees of the same species at a
single roost site, measurements were taken
from a single representative tree to avoid
pseudo-replication. Estimated heights of roost
trees ranged from 15 to 25 m (mean = 18.6 m,
SD = 3.55m, n = 21), and diameters (as d.b.h.)
of trees ranged between 0.1 and 1.9 m (mean =
054 m, SD =047 m, n=22). All roost trees
were relatively highly foliated, and estimates
of cover ranged from 40 to 100 per cent (me-
dian = 70 per cent).

Population estimate

Direct counts were made at all but three
roosts, where bats were obscured by foliage
and for these latter roosts patch counts were
made instead. At six roosts bats were roosting
densely within foliage, and an estimate was
made of animals that may have been hidden
from view (estimates between 20 and 50 per
cent of visible colony, at different sites). At
one site an average of counts made on two oc-
casions was used. The total number of bats
counted in all colonies was 4608. When
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estimates for bats hidden from view were in-
cluded, the upper estimate for population size
was 5458 bats.

The number of bats counted at different
roost sites ranged from one to 855. Ten of
these sites contained sizeable colonies
(100-855 bats), while nine contained solitary
individuals or small colonies (< 100). Indeed,
94 per cent of the population was distributed
among only 10 colonies. Of the 10 colonies
containing more than 100 bats, four were lo-
cated in primary forest, five in secondary for-
est and one in a graveyard. This last roost, at
Mjini Ole, was actively protected by local vil-
lagers and the number of bats appeared to
have increased over recent years. Average
colony size of roosts in different habitats is
shown in Table 3. Larger colonies were associ-
ated with roosts in primary and secondary
forests compared with those in graveyards,
excluding the one actively protected grave-
yard roost (t-test, t = 4.47, n =17, P < 0.005).

Observations of roosting bats revealed that
both males and females were present within
colonies, but no assessment of overall sex ratio
could be made. Of the bats identified, it was
noted that males appeared to be larger with a
darker red pigmentation. Observations of the
colonies revealed no young bats or obviously
pregnant females at any roost site.

Threats to bats
Hunting

Hunting in some form was reported at 13 of
the 19 occupied roost sites. In addition, at five
roosts at which bats were not found there ap-
peared to have been recent hunting. The ex-
tent of hunting may vary seasonally because
bats were considered a particularly important
dietary component during June and July.
Traditional hunting methods include the
use of thorny bushes on sticks to ensnare bats
during the day or at feeding trees during the
night. In addition, catapults or sticks are used
to knock bats out of roost trees in daytime.
Modern hunting methods include the use of
shotguns. Such hunting takes place at roost
trees during daytime. Shotgun hunting was
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Table 2. Number of Pteropus
voeltzkowi roosts in each habitat

Agriculture/
type that are prone to three non- Hunting Logging noise
exclusive sources of disturbance

Primary forest (1 = 5) 2 2 1
Secondary forest (1 = 6) 5 2 1
Graveyard (n = 4) 3 0 4
Isolated tree (n = 3) 2 0 3
Mangrove (n = 1) 1 0 0
Overall (n = 19) 13 4 9

reported at nine occupied roosts, including
four of the major roost sites identified. There
was no evidence that the bats shot were sold,
but were distributed between members of the
hunting party for private consumption.

Habitat destruction

Six roosts were reported to have been lost as a
result of both logging (for timber and fire-
wood) and from the clearing of forests for
agriculture. The larger, mature trees used as
roosts by P. voeltzkowi are those most likely to
be selected for timber, and several of the tree
species used as roosts (including Mangifera,
Erythrophleum, Afzelia and Syzigium) are im-
portant sources of timber for building. The
poor soils and lowered productivity in many
parts of the island following deforestation are
resulting in a pattern of shifting agriculture as
local farmers reclaim areas of woodland and
subsequently move on.

Other threats

Villagers considered that bats damaged fruit,
particularly mangoes, and this was supported

by evidence of damaged mangoes found on
trees and half-eaten fruit found under roosts.
However, there was no evidence of per-
secution of the bats as pests by the villagers.
Other potential threats that were mentioned
included burning of roost trees located close
to villages and ingestion of poisonous fruits
(such as rubber fruits) by the bats. In one case
a bat was reported to have been electrocuted
when feeding close to electricity wires. Given
the development of electrification on Pemba
and its effects on fruit bats elsewhere (Cheke
and Dahl, 1981), this may be a growing threat
for this species.

Discussion
Roosting habitat

Forests appear to provide key roosting habitat
for P. wvoeltzkowi. Most roosts were in forests
and these sites supported larger colonies
containing 75 per cent of the population.
Forests may provide cover and protection for
the bats, and the availability of suitable roost
trees is probably higher in forest. In addition,
roosts in forests appeared less prone to

Table 3. The mean and range of Pteropus voeltzkowi colony size, along with the total number of bats and
percentage of the population found at roosts in different habitat types. A second estimate for roosts in
graveyards is presented, which excludes one roost which was actively protected

Habitat type Mean colony size Range Total no. bats % of total population
Primary forest 339 (SD =219) 2-583 1695 37
Secondary forest 305 (SD = 213) 50-627 1829 40
Graveyard 247 (SD = 406) 1-855 988 21
(excluding Ole roost) 44 (SD = 38) 1-70 (133) 3)
Isolated tree 30(SD =32) 1-65 91 2
Mangrove 5 - 5 -
Overall 243 (SD = 249) 1-855 4608 100
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disturbance. The westerly distribution of roost
sites may also be explained by the distribution
of forests on the island, although no bats were
found in Msitu Mkuu, a large fragment of pri-
mary forest in the east of the island. In the
west of the island the bats may benefit from
roosting near the top of ridges, the inaccessi-
bility of which may protect them from human
interference and may also provide oppor-
tunities for free- fall take off. A number of
roosts were located on smaller islands, off the
west, east and south of Pemba. Many of the
smaller islands contained areas of relatively
undisturbed natural forest and had lower
population densities than the main island. In
addition, hunting appeared infrequent on all
but one of the smaller islands. Coastal islands
may therefore currently be an important
refuge for the bats. However, increasing settle-
ment of these areas may affect the bats’ abili-
ties to survive. In other areas, traditional
graveyards, where logging is prohibited, may
provide pockets of suitable, undisturbed
roosting habitat in otherwise impoverished
agricultural areas. Graveyards, especially
when they are actively protected as at Mjini
Ole, may therefore be important refugia for P.
voeltzkowi.

According to villagers and to references in
the literature dating back as far as 1945
(Kingdon, 1974; Pakenham, 1984; Bentjee,
1990), many of the roosts identified in the
present study had supported bat colonies in
previous years. This indicates that many of the
roost sites are traditional and have been used
over a long period of time, although occu-
pation at some of these sites may have been on
a seasonal basis. Long-term roost fidelity may
make these bats a predictable target for
hunters, and may also increase the impact of
roost destruction on colonies. Most of the
population (94 per cent) was located in only 10
sites and these may be of key importance in
the protection of this species.

Roost characteristics

There was little indication of a distinct prefer-
ence for one type or size of tree, although
Erythrophleum suaveolens was used more than
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other species (23 per cent of records). Most
roosts were highly foliated, in contrast to the
bare branches of roost trees used by many
other species of Pteropus (Pierson and Rainey,
1992). Pteropus voeltzkowi may benefit from
foliage cover as a protection from insolation
(Advani, 1982) and from predators, particu-
larly given this species’s conspicuous color-
ation. Because of time constraints and the
danger of disturbing the bats, it was not poss-
ible to collect data from the other trees avail-
able in the vicinity of roosts, which would
have revealed to what extent the bats are se-
lective of particular types of trees as roosts.

Status of the population

Although the number of bats recorded in the
present study (4608-5450) is higher than the
1992 estimate of 2400-3600 individuals
(Seehausen ¢t al., 1994), differences in the dis-
tribution of the bats during the two studies
mean that our estimates are not
directly comparable and there do not appear
to have been any dramatic changes in the
population over the last 3 years.

There may be various sources of error,
which would affect the accuracy of the quoted
estimates.

1 The same bats may have been counted at
different sites. Without marking animals indi-
vidually it was not possible to demonstrate
conclusively that the colonies surveyed were
independent, and thus could be summed to an
overall population estimate. However, by sur-
veying as many roosts as possible within a
limited time and colonies close to each other
on the same day, it was anticipated that errors
linked to the movement of bats between
roosts, and consequent overestimation, would
be minimized. However, it is possible that the
smaller colonies observed (i.e. <100 individ-
uals) were satellite colonies of the main roosts.
In total 278 individuals were counted in these
smaller colonies.

2 Important roost sites may have been
missed. It seems unlikely that a major roosting
site would be missed given the extent of local
knowledge about the whereabouts of the bats.
However, it is possible that colonies that were
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reported but could not be located, had moved
into inaccessible areas. If colony size estimates
made by villagers (likely to be overestimates)
were accepted for these roosts this would ac-
count for a further 1000 individuals in total.

3 Patch counts. The accuracy of patch counts
(in which the number of bats in a patch of a
given size is used to estimate the number of
bats in a whole tree) was not known, although
generally this method does not appear to re-
sult in consistent over- or underestimation
(Thomas and LaVal, 1988). Patch counts were
used only at three roosts where the whole
colony was not visible from our vantage point.
It therefore seems unlikely that the use of
patch counts would have affected the popu-
lation estimate by more than + 500 individuals
(half of the estimates made at these roosts).

Taking into account these potential sources
of error, we suggest the population size could
be as low as 3800 and as high as 7000 bats, but
we estimate that the actual population is most
likely to be between 4600 and 5500 individ-
uals.

Mickleburgh et al. (1992) suggested that
young of this species are born in June/July,
but no evidence of this was found in the pre-
sent study. Instead, villagers reported that
bats with young were first seen in August and
September (‘the time of the rice harvest’). This
is supported by reports of juveniles present at
roosts in August (Kingdon, 1974) and in
October (Seehausen, 1991b).

Threats identified

It is clear that shotgun hunting could poten-
tially affect bat numbers and may result in dis-
turbance to colonies. Although it is difficult to
accept anecdotal evidence about the size of
catches, reports indicated that as many as 40
bats (filling two large sacks) were caught on
occasion, although most reported catches were
in the range of five to 20 bats. The low repro-
ductive rates of Pteropus species may result in
slow recovery of colony numbers following
hunting. The importance of bats as a source of
protein to local villagers needs further assess-
ment. However, it is clear that these villagers
seldom have access to shotguns, which would
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appear to inflict the heaviest damage on the
bat numbers. Instead, local villagers appear to
be more likely to hunt using traditional
methods, which have presumably been used
sustainably over many years, and do not ap-
pear to have had a highly significant impact
on bat populations. Although the Islamic re-
ligion forbids the eating of bats (because they
have claws and use their feet in the consump-
tion of food), this did not seem to be recog-
nized among villagers (Walsh, 1995). There
was no evidence that bats were killed as pests
by villagers, rather the potential benefits of
bats as food may outweigh the damage
caused, and other species (vervet monkeys
and birds) were perceived to be more damag-
ing to crops.

Deforestation results in the loss of roosting
sites and the loss of potential food sources.
Additionally, encroachment of agricultural
land into the forests may make bats more eas-
ily located by hunters. The noise caused by
logging and nearby agriculture may also dis-
turb the bats, leading to a shift in roosting site.
Because roosts are seldom situated close to vil-
lages and worked fields, the loss of forests is
likely to lead to further restriction in the range
of P. voeltzkowi. The use of traditional roost
sites also means that logging of specific, rela-
tively small patches of forest may result in the
loss of whole colonies. It is evident that defor-
estation may prove a severe threat to P.
voeltzkowi, in particular if secondary clove for-
est is further redeveloped for alternative
crops. Given the current human population
density (estimated at around 280 per sq km)
and projected population increase over the
next 20 years, the threat of deforestation on
Pemba can only increase. In the long term,
habitat loss may be the greatest threat to the
survival of P. voeltzkowi on Pemba.

Conclusions

The population of Pteropus voeltzkowi is higher
than that reported in previous surveys but
there is little evidence of a real increase in the
numbers of bats, and the difference can be ex-
plained by anomalies in sampling techniques.
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It seems most likely that the population has
not changed substantially over the last 3 years.
The low population numbers (fewer than 6000
mature individuals) and restricted range (ex-
tent of occurrence is 1014 sq km and area of
occupancy is much less) mean that this species
should be considered endangered under the
new IUCN criteria (IUCN/SSC, 1994). The
possibility of rapid population decline in this
species exists, given the threats from hunting
and deforestation. Most of the population is
distributed in only a few sites, which puts it at
particular risk. Further assessments are re-
quired to monitor the status of the population
in future years.
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