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EXECUTIVE SUMMARY
Surveys of endemic flying-foxes were undertaken on the islands of Vanikoro and
Nendö (Solomon Islands), and Vanua Lava and Mota (Vanuatu) in April–May 2018.
The surveys focused on three species – Banks flying-fox (Pteropus fundatus) (EN),
Temotu flying-fox (Pteropus nitendiensis) (EN), and Vanikoro flying-fox (Pteropus
tuberculatus) (CR).
Both the Vanikoro flying-fox and Temotu flying-fox were detected in good numbers
and we estimated densities of approximately 146.7 and 66.7 individuals per km2 for
P. nitendiensis and P. tuberculatus respectively. The Banks flying-fox was far less
common, we did not detect this species at all during daytime searches. It was the
least commonly captured bat in mist net surveys. Nevertheless, we did capture four
individuals on the island of Mota and collected tissue samples that should enable the
first thorough sequencing and analysis of systematics for this species.
Questionnaire data have revealed variations in hunting pressure across our four
study islands. Hunting pressure is greatest on Nendö Island, but a greater proportion
of respondents reported selling bats on Vanikoro, for insignificant amounts such as a
single packet of noodles. The favoured hunting target in all localities was Pacific
flying-fox (Pteropus tonganus). The majority of information on hunting pressure and
proportion of respondents selling flying-foxes thus pertains to this species. However,
as populations of P. tonganus dwindle we expect that hunting pressure on endemic
species will increase.
These data have allowed revised assessments of the conservation status of three
poorly known flying-foxes. We recommend listings of Endangered B1ab(v) for
P. fundatus,

Endangered

B1ab(iii+v)

for

P.

nitendiensis,

and

Endangered

B1ab(iii)+2ab(iii) for P. tuberculatus.
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INTRODUCTION
Throughout much of the Pacific, bats are the only native terrestrial mammals
present. They are essential to the functioning of island ecosystems, pollinating plants
and spreading seeds and nutrients among and between islands (Cox et al. 1992;
Banack & Grant 2002; McConkey & Drake 2006). Flying-foxes (Pteropus spp.)
naturally extend into the Pacific further than any mammalian lineage (Flannery
1995) and clearly harbour the ability transit long distances between isolated islands
and mainlands. Yet, despite their abilities for long-distance flight, the bulk of
Pteropus are island endemics, limited in their distributional ranges to single
paleotropical islands or archipelagos (Mickleburgh et al. 2002; Vincenot et al. 2017).
Island Pteropus are a valuable source of protein to people, are conspicuous and
relatively easy to hunt, have low rates of reproduction and can be the source of
valuable cultural commodities (Mickleburgh et al. 2002; Lavery & Fasi 2017; Vincenot
et al. 2017). Therefore they are a highly threatened subset of bats. In fact, 28 of the
31 species of Critically Endangered, Endangered or Vulnerable flying-fox on the IUCN
Red List are from islands (Mickleburgh et al. 2002; Vincenot et al. 2017). Many of
these occur in the western Pacific where research has been comparatively limited.
Basic distributional and ecological data, and population trends are severely lacking
for many endemic Pacific islands Pteropus. This basic lack of knowledge further
threatens island flying-foxes by limiting capacity to plan for long-term conservation
and threat management.
Temotu and Torba provinces comprise some of the most remote islands in the
Solomon and Vanuatu archipelagos respectively. They support a depauperate
mammalian fauna relative to larger islands closer to New Guinea. However, at least
three endemic flying-foxes from the “samoensis” species group occur (Flannery
1995; Almeida et al. 2014). All three are threatened (Endangered or Critically
Endangered) on the IUCN RedList.
Pteropus fundatus is a small flying-fox with reduced molars, a greyish-brown head
and orange-yellow mantle. The holotype (adult male) and 12 paratypes were
collected from Mota by H. Bregulla in 1963 (Felten & Kock 1972). (Felten & Kock
1972) also identify an adult male collected from Vanua Lava, an adult male collected
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from Mota Lava. Another two male specimens are identified as having been
collected from “Banks Islands” with no specific island within this group identified. All
were collected by H. Bregulla in 1963. The most recent collections were made on
Mota by the Australian Museum (Flannery 1995). Little is known of the diet, habitat
preferences or reproductive biology. Australian Museum specimens were collected
from village gardens and plantations, suggesting it is a species capable of exploiting
disturbed environments. According to Flannery (1995), “one from between Squea
and Veverau Villages on Mota… was shot at 8:50pm while it fed on Vaveli [sic1],
which was then in flower”.
Originally collected in 1828 and described in 1869 (Peters 1869), the distribution
Vanikoro Flying-fox (Pteropus tuberculatus) remained unknown for almost a century.
(Troughton 1927) collected an additional eight specimens and provided an updated
species description with fixation of the collecting locality to Vanikoro Island. An
additional four specimens held in by the American Museum of Natural History are
reported by (Sanborn 1931). It is a medium sized species uniform dark brown in
colour with a crown and mantle of slightly lighter brown fur. The diet of Vanikoro
flying-fox consists of fruits and flowers from at least twenty-three food plant species
(Leary 2016). Timing of reproduction is unknown.
Temotu Flying-fox Pteropus nitendiensis (Sanborn 1930) is endemic to Nendö and
adjacent Malo, Tömotu Neo, and Tinakula islands in the Santa Cruz group, Solomon
Islands (Troughton 1930; Pierce 2014; Leary 2016). It is a medium-sized flying-fox
weighing between 185 and 230 grams, yellow to golden brown in colour with a
darker mantle on the dorsum of neck and shoulders (Flannery 1995; Leary 2016).
(Leary 2016) suggested the species is a sequential specialist, with a diet comprising
the fruits and nectar of at least 48 species of food plant including reliable resources
such as figs and coconuts that probably increase in importance during seasons of low
food availability. One of two female specimens collected in October 1994 was
pregnant (Leary unpublished data)(Flannery 1995).
Each of these limited range flying-foxes co-occur with Pacific Flying-fox Pteropus
tonganus, which is the most widespread species of the genus. A third species,
1

Reference to vaveli may have in fact been naveli tree (Barrintonia edulis).
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Vanuatu flying-fox P. anetianus, is sympatric with P. fundatus and P. tonganus in the
Banks group (Flannery 1995).
We aimed to generate ecological and population data for three endemic flying-foxes
in Temotu and Torba Provinces, Solomon Islands and Vanuatu. We use these data to
provide further conservation status of three IUCN threatened species of Pteropus.
METHODS
Study area
Nendö (519 km2, 549m a.s.l) and Vanikoro (182 km2, 924m a.s.l) (Temotu Province,
Solomon Islands), and Mota (9.5 km2, 411m a.s.l) and Vanua Lava (314 km2, 946m
a.s.l) (Torba Province, Vanuatu) are volcanic islands positioned between the larger
islands of Solomon Islands and Vanuatu in the East Melanesian Islands Biodiversity
Hotspot (Fig 1). Surveys were 4–5 nights in duration and were conducted between
26 April and 11 May 2018 near Lata, Nendö (S 10˚43.573’, E 165˚47.975’); Peu
Village, Vanikoro (S 11˚41.201’, E 166˚50.186’); Mosina Village, Vanua Lava (S
13˚54.042’, E 167˚32.038’); and Lotawora Village, Mota (S 13˚49.914’, E 167˚41.832).
We collected data on three endemic Pteropus found in the study region (P. fundatus,
P. nitendiensis and P. tuberculatus) and the widespread Pacific flying-fox
(P. tonganus) and Fijian blossom bat (Notopteris macdonaldi) (Plate 1).
Nendö and Vanikoro are built of Pliocene volcanic materials of basaltic origin, with
an area Pleistocene reef limestone in the southwest lowlands of Nendö (Coleman
wood and Lai 1969). These islands are thus relatively recent, dating from 5mya.
Rainforest is the prevailing vegetation type, dominated by Campnosperma
brevipetiolata, Calophyllum vitiense, Gmelina solomonensis, Parinari corymbosa,
Pterocarpus indicus and Endospermum medullosum (Walker 1948; Mueller-Dombois
& Fosberg 2013). Temotu Province is wetter and more prone to cyclones than the
remaining Solomon Islands and phytogeographically the islands are more akin to
those of Vanuatu. Villages and areas of shifting subsistence cultivation and fallow are
concentrated along coastlines. Commercial logging operations have converted large
areas to secondary forest in various stages of succession.
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Vanua Lava and Mota are similarly dominated by rainforest of medium stature with
emergent trees (including figs) and the eastern side of Vanua Lava supports small
areas of herbaceous and woody freshwater swamps (Mueller-Dombois & Fosberg
2013). Agroforestry gardens, small–scale agricultural plots and shifting subsistence
garden plots are concentrated in the coastal lowlands and lower slopes. These
islands are free of the pervasive commercial logging present on Nendö and Vanikoro.
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Fig. 1 Locations of Nendö, Mota, Vanikoro and Vanua Lava Islands and survey localities.
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Plate 1a) Fijian blossom bat (Notopteris macdonaldi) Mota (Photo: T. Lavery), b) Banks
flying-fox (Pteropus fundatus), Mota (Photo: T. Lavery); c) Temotu flying-fox
(P. nitendiensis), Nendö (Photo: R. Pierce); d) Vanikoro flying-fox (P. tuberculatus),
Vanikoro (Photo: T. Lavery); e) Pacific flying-fox (P. tonganus), Mota (Photo: T. Lavery).
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Mist net surveys
We surveyed bats using black 75 denier, 38 mm mesh nylon mist nets (12 m in
length x 2.6 m in height) (Ecotone, Sopot, Poland). Nets were configured individually
within the forest understory and subcanopy, on wooden poles up to 10m from the
ground, or suspended on ropes up to 15m above the ground (Plate 2). The number
and configuration of nets was varied to suit the physical characteristics of each site.
Nets were placed spanning roads, or across natural forest gaps or ‘flyways’ to
maximize the number of species and individuals captured. Surveys commenced
before dusk and nets were checked hourly until they were closed at midnight. Survey
effort was calculated as square metre mist net hours (net-m2 h-1), whereby one 12 x
2.6 m net deployed for one hour gives an effort of 31.2 net-m2 h-1.

Plate 2 Mist nets being erected on Mota Island (Photo C. Shaw)

Captured animals were weighed, and external morphological measurements
recorded using vernier calipers (Plate 3). Non-lethal genetic samples were taken via
3mm wing punches to increase the available pool of samples for future phylogenetic
studies. Processed animals were released close to the capture locality after
processing.
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Plate 3 Morphological measurements taken from P. tuberculatus captured on Vanikoro
Island (Photo C. Shaw).

Transects and camp counts
We used diurnal walked line transects (09:00–11:15hrs) to estimate roosting
densities and nocturnal transects (18:30–20:00hrs) to estimate feeding densities of
flying-foxes. Four observers walked informal forest trails and vehicle roads and
searched for flying-foxes in the lower canopy. We recorded the sighting angle and
radial distance of each flying-fox observed to allow densities to be estimated.
Sighting angle was recorded using a sighting compass and radial distance using a
laser rangefinder (Leupold RX-650, Beaverton, OR, Canada). Perpendicular distance
from the transect was recorded for each recording using the sighting angle and
radial distance. We assumed our surveys would have imperfect detection i.e. targets
on the transect were assumed to be sighted with 100% probability, and the
probability of missing targets was assumed to increase with distance away from our
transect. We used the packages Distance version 0.9.6 (Miller 2016) and Rdistance
version 2.2.1 (McDonald et al. 2018) in R version 3.3.2 (R Core Team 2016) to
estimate flying-fox densities and generate effective strip widths (ESW). A survey with
imperfect detection and ESW equal to Χ effectively covers the same area as a study
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with perfect detection out to a distance of X. We pooled data from all islands to
generate detection functions, and estimated densities for individual species.
We counted stationary roosting camps of Pteropus tonganus (Mota), or tallied
individuals in five-minute intervals as they departed the roost on dusk (Nendö). Two
to six observers counted individuals using hand tally counters (Ktrio, Pearland, TX,
USA). We averaged total counts across observers to estimate average camp size and
counting error.
Camera traps
We aimed to record data on the feeding habits of Pteropus flying-foxes using
infrared and white flash camera traps (models PC850 & PC900, Reconyx, Wisconsin,
USA). Camera traps were set in arboreal positions targeting fruits and blossoms that
local informants identified as favoured food sources for flying-foxes (Plate 4). The
number and position of camera traps used at each site were determined according
to the availability and accessibility of trees with fruit and flowers.

Plate 4 A camera trap being set up to target banana flowers (Musa sp.) on Mota Island
(Photo C. Shaw)
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Questionnaires
We used structured questionnaires (Creswell 2012) to generate information about
the natural history of Pteropus species, and identify how and why flying-foxes are
hunted on our study islands. Sympatric species of Pteropus on our study islands are
easily distinguishable based on their external morphology (size, colour, and presence
of a bright yellow mantle in P. tonganus). We provided reference photographs of
Pteropus during questionnaires to ensure we were collecting data that referred to
the correct species.
Our structured questionnaires were divided into three sections to identify: (1)
gender, age and occupation; (2) knowledge of local bats, their morphology,
preferred habitats, diets and behaviour; and (3) flying-fox hunting practices, and
perceived population trends of Pteropus species. Interviews were conducted in
Bislama and Solomon Pijin. Hunting bats is not illegal on our study islands and thus
we had no reason to believe respondents would have withheld information.
We calculated an index of hunting pressure for each of our study sites (Lavery & Fasi
2017). We used the proportion of participants from each region who answered yes
to the question ‘Do you hunt flying foxes?’ multiplied by the mean number of days
per year people reported hunting flying foxes each year and multiplied this by the
region’s total human population. A higher index thus indicates greater hunting
pressure. All statistics were calculated using the MASS library (Venables & Ripley
2002) in R V. 3.3.2 (R Core Team 2016).
Phylogenetics
We extracted total genomic DNA from tissue samples using a Qiagen DNeasy tissue
kit (QIAGEN). From the mitochondrial DNA we amplified 1140 base pairs (bp) of
cytochrome b using primers L14724 and H15915 (Irwin et al. 1991). Polymerase
chain reactions (PCR) were performed in a 25 µl total volume containing: 0.2 mM of
each primer, 0.1 mM of deoxyribonucleotides (dNTPs), 5 units of HotStarTaq DNA
polymerase (Qiagen, Germantown, Maryland), and 2.5 mM of magnesium chloride
(MgCl2) in 1x Buffer (Qiagen). PCR products were precipitated using a standard
ethanol ⁄ EDTA protocol and sequenced on Applied Biosystems 3730 (Applied
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Biosystems, Foster City, California) and 3730xl capillary sequencers at the Pritzker
laboratory, Field Museum, Chicago. Chromatograms were assessed using GENEIOUS
version 11.1.2 (Biomatters Ltd.). Sequences were aligned using MUSCLE with default
settings in GENEIOUS R6, and further checked by eye (Edgar 2004). Sequences were
combined with those of other Pteropus species available on GenBank (Almeida et al.
2014). Bayesian inference was implemented in MrBayes version 3.1.2 (Ronquist &
Huelsenbeck 2003).
RESULTS
Mist Net Surveys
We achieved a total of 4,527 net-m2 h-1 across Mota, Vanikoro and Vanua Lava
islands, and captured 61 bats from 4 species (Table 1). The most commonly recorded
species was Fijian blossom bat (Notopteris macdonaldi), the least commonly
encountered species was Banks flying-fox (Pteropus fundatus).
Table 1 Capture rates of Pteropus tuberculatus, P. fundatus, P. tonganus and Notopteris
macdonaldi from Mota, Vanikoro and Vanua Lava Islands.
Island

Mist net-m2 h-1

Species

Vanua Lava

720

Mota

2,106

Vanikoro

1,701

Individuals

Capture Rate/
1000 net-m2 h-1

N. macdonaldi

13

18.1

N. macdonaldi

28

13.3

P. fundatus

4

1.9

P. tonganus

8

3.8

P. tonganus

1

0.6

P. tuberculatus

7

4.1

We collected 45 non-lethal tissue samples for subsequent DNA analyses, no mammal
specimens were collected as part of these surveys. The four captured species were
clearly separable by their external morphological measurements (Table 2).
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Table 2 Average, minimum and maximum external morphological measurements of Pteropus tuberculatus, P. fundatus, P. tonganus and Notopteris
macdonaldi from Mota, Vanikoro and Vanua Lava Islands: Sex M = Male, F = Female; WT = weight (grams); HB = head-body length (mm); FA = forearm
length (mm); TIB = tibia length (mm); EAR = ear length from notch to tip (mm); TL = tail length (mm).
Island
Mota

Species
N. macdonaldi

Sex (n)
M (10)
F (5)

P. fundatus

M (2)
F (2)

Vanikoro

P. tonganus

M (7)

P. tonganus
P. tuberculatus

F (1)
M (1)
M (2)
F (5)

Vanua Lava

N. macdonaldi

M (4)
F (9)

Flying-foxes of Temotu & Torba

WT
49.1
34.0–61.0
49.3
41.0–67.0
159.5
119.0–200.0
70.3
69.5–71.0
675.1
383.0–765.0
672.0
680.0
211.0
168.0–254.0
238.7
196.0–264.0
52.4
44.0–63.0
46.6
41.0–56.0

HB
77.7
65.9–90.6
74.6
64.2–74.6
125.7
124.6–126.7
128.3
124.9–131.7
188.8
148.9–210.0
198.0
200.4
165.8
160.7–170.9
151.0
136.5–160.3
81.1
77.4–84.9
76.4
69.0–83.9

FA
61.7
55.5–67.3
63.1
58.5–68.8
103.6
99.6–107.6
104.7
103.1–106.3
161.0
144.9–169.3
158.0
157.2
126.5
122.7–130.2
119.4
113.4–123.4
62.9
60.3–64.8
63.7
61.6–68.7
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TIB
33.4
29.1–37.8
33.6
27.9–36.3
46.9
44.1–49.7
43.9
42.0–45.8
76.1
65.5–83.1
66.8
52.4
55.8
54.9–56.7
55.0
50.9–61.3
33.3
32.2–35.4
33.9
30.1–38.3

EAR
15.2
13.2–18.8
14.1
12.8–16.0
13.1
13.0–13.2
12.8
10.9–14.6
24.6
20.5–27.7
24.9
15.2
21.7
20.9–22.4
21.2
15.2–26.5
13.5
12.8–14.6
15.5
11.6–19.8

TL
52.4
45.5–57.8
54.9
44.9–62.6
N/A
N/A
N/A
N/A
N/A
N/A
N/A
53.9
51.6–56.2
57.2
51.5–63.2

Transects
We walked a total of 9.46km of diurnal and 3.06km of nocturnal transects across
three of our four study islands and encountered a total of 62 bats from 3 species
(Table 3). Using the calculated perpendicular distances from our transect to visible
flying-foxes we determined detection functions and estimated diurnal and nocturnal
densities of flying-foxes (Fig. 2 & Fig. 3). The calculated effective strip widths were
16.9m for diurnal surveys and 32.4m for nocturnal surveys. We encountered 3.7
Nendö flying-foxes per kilometre of transect, and 2.5 Vanikoro flying-foxes per km of
transect. In nocturnal surveys on Vanikoro and Vanua Lava we encountered Pacific
flying-fox at a rate of 6.6 per km of transect. The estimated densities are extremely
high because our transects were conducted in areas with an abundance of food trees
that were in season (breadfruit).
Table 3 Walked density transects on Mota, Nendö, Vanikoro and Vanua Lava Islands, total
bats encountered and density estimates derived from Distance Version 0.9.6, ESW =
effective strip width.
Island

Transect
Type

Habitat

Total
length of
transects

ESW
(m)

Species

No.

Density/km2
(± SD)

Nendö

Diurnal

Secondary
forest and
agroforest

7.07

16.9

P. nitendiensis

32

146.7 SE ±
90.7

Vanikoro

Diurnal

Secondary
forest and
agroforest

2.39

16.9

P. tuberculatus 10

66.7 SE ±
36.6

Nocturnal

Agroforest

0.73

32.4

P. tonganus

14

348.7 SE ±
36.6

Nocturnal

Agroforest

2.33

32.4

P. tonganus

6

30.4 SE ±
26.2

Vanua
Lava
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Fig. 2 Diurnal detection function for transects on Nendö and Vanikoro. The calculated
effective strip width was 16.9m.

Fig. 3 Nocturnal detection function for transects on Vanua Lava and Vanikoro. The
calculated effective strip width was 32.4m.

Camp counts
We counted the number of individuals in four P. tonganus camps on Nendö (1
camp), Mota (3 camps) (Table 4). On Nendö we made counts of animals as they left
the camp on dusk. Animals began to leave the roost at approximately 16:50 hours
and we counted until 18:05 when it became too dark to reliably see bats. At this time
we estimated three quarters of the camp had departed. The vast majority flew in a
northwest to westerly direction towards the centre of the island.
On Mota, counts of the three camps were made during the daytime when bats were
roosting. All three camps were centred on large fig trees (Ficus sp.) (Bislama =
nambanga). The camp at Mission Harbour was the largest of the three and is
situated within a tabu area that prohibits access and hunting. The camp at Lotawora
Village was spread along the coastline and comprised three smaller groups each of
Flying-foxes of Temotu & Torba
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20–30 individuals. The camp in Lotawora garden was in a large, emergent fig tree
situated in a matrix of secondary forest and garden plots.
Table 4 Pteropus tonganus camp counts on Nendö and Mota Islands
Island

Site

Location

Survey Date

Count ± SD (n)

Nendö

Lata

-10.71506˚

26/04/18

260.5 ± 45 (3)

09/05/18

105 ± 10.6 (2)

11/05/18

76.1 ± 7.2 (13)

12/05/18

602.8 ± 135.6 (5)

165.79252˚
Mota

Lotawora
Village
Lotawora
Garden
Mission
Harbour

-13.82989˚
167.69774˚
-13.84594˚
167.69968˚
-13.83723˚
167.68309˚

Camera traps
A total of 31 cameras were deployed on Mota (10), Nendö (4), Vanikoro (10) and
Vanua Lava (7). Our cameras were used to target fruiting figs (Ficus sp.), papaya
(Carica papaya), bananas (Musa sp.), coconuts (Cocos nucifera), breadfruit
(Artocarpus altilis), naveli (Barringtonia edulis), and nakifika flowers (Syzygium
malaccense). We recorded Pacific flying-fox (Pteropus tonganus) feeding on ripe
papaya at Peu Village on Vanikoro Island (Plate 5). The images were recorded on 29
April 2018 at 8:58pm and 30 April 2018 at 9:32pm. Our cameras did not record
images of any of the three endemic species of Pteropus. In addition to Pacific flyingfox, camera traps documented several species of skink, butterfly and black rats
(Rattus rattus).
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Plate 5a & b Images of Pteropus tonganus captured by camera traps deployed at Peu
Village on Vanikoro Island in April 2018.

a)
a)

b)
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Questionnaires
We interviewed a total of 63 respondents across Nendö (20), Mota (17), Vanikoro
(21), and Vanua Lava (5) and stratified our sampling on these islands to include a
relatively even spread of people from different age groups and genders (Table 5).
Table 5 Stratified sampling for questionnaire data on Nendö, Mota, Vanikoro and Vanua
Lava.
Island

No.

Gender

Age group

M

F

11–20

21–30

31–40

41–50

51–60

61+

Nendö

20

9

11

2

3

5

3

4

3

Mota

17

10

7

2

2

6

2

1

4

Vanikoro

21

13

8

1

10

5

3

2

0

Vanua Lava

5

4

1

0

2

0

2

1

0

The proportion of respondents that reported hunting flying-foxes was similar across
our four study islands (Table 6). However, the average number of days spent hunting
flying-foxes each year, and human population varied greatly, resulting in marked
differences in the flying-fox hunting index between islands (Table 6). On all islands,
people indicated the species most commonly hunted for food was Pacific flying-fox
(Pteropus tonganus) and not the rarer endemic species (P. fundatus, P. nitendiensis
and P. tuberculatus).
Table 6. Summary of responses from questionnaires on Nendö, Mota, Vanikoro and Vanua
Lava.
Island

Human

No.

Hunt bats?

Pop. Respondents

Average days Hunting
hunting per

Proportion

Index

sell bats

year
Nendö

11,578

20

50.0%

116

1349

50.0%

683

17

47.1%

36

24

94.1%

Vanikoro

1,293

21

61.9%

68

87

94.1%

Vanua Lava

2,623

5

60.0%

13

34

40.0%

Mota
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Fig. 4 Reponses of male and female survey participants on Nendö, Vanikoro and Mota and
Vanua Lava Islands to the question ‘Do you hunt flying-foxes?’.

Hunting techniques and preferred hunting locations varied between our study
islands. On Vanikoro the preferred methods were to hit flying-foxes with stones or
short lengths of wood (n=13), or shoot them with bow and arrows (n=5) or slings
(n=1). On Vanua Lava the preferred method was to throw stones or lengths of wood
(n=15) and on Mota, all respondents identified slings as their preferred method
(n=5). On Nendö, respondents preferred to shoot animals with a sling (n=9) or bow
and arrow (n=5), or to trap them at their food trees using traditional snares
constructed from bamboo poles fitted with the barbed tendrils of lawyer cane
(Calamus spp.) (n=6).
On Nendö, forests were the preferred habitat type in which to hunt. On Mota
participants preferred to hunt flying-foxes in garden areas. Similar proportions
indicated gardens and areas of forest were preferred on Vanikoro and Vanua Lava,
and several respondents listed mangroves as being the ideal place to hunt on
Vanikoro.
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Fig. 5 Reponses of survey participants from Nendö, Vanikoro and Mota and Vanua Lava
Islands to the question ‘Where is the best place to hunt flying-foxes?’.

Significant proportions of respondents from all islands reported selling flying foxes or
their teeth (Table 6). On Mota, people indicated flying-foxes were typically sold to
members of the same, or nearby villages. One respondent reported selling flyingfoxes to visiting workers. Bats were sold almost exclusively as whole animals (a single
respondent reported selling teeth). Prices for the sale of a single flying fox on Mota
and Vanua Lava varied between 50VT and 1000VT, and the average reported price
was 236VT (USD$2.12 ± SD USD$2.30, n=15).
Respondents that reported sale prices on Nendö indicated SBD$5–$10 (average
USD$1.12 ± SD USD$0.32, n=4) was typical for the sale of either bat meat or bat
teeth. People that reported the sale of bat teeth indicated this occurred
predominantly between 1970 and 1990, and that buyers were visitors from Makira
Island where flying-fox teeth are used as traditional currency (Lavery & Fasi 2017).
On Vanikoro, respondents revealed flying-foxes were sold for their meat, primarily
to Malaysian expatriate workers in logging camps and French tourists visiting the
Lapérouse ship wrecks adjacent to our study site. Bats sold for cash returned an
average of SBD$84.06 (USD$10.72 ± SD USD$21.59, n=8). Five respondents revealed
bats were also exchanged, with one flying-fox being equivalent to one packet of
instant noodles (1), an item of clothing (2), or one packet of cigarettes (2).
Flying-foxes of Temotu & Torba
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Field Notes
During our surveys, breadfruit was in season and P. tuberculatus was regularly seen
visiting these trees in from 16:00 onwards to feed on the ripe fruits. Animals seen on
our transects roosted in the lower–mid branches of subcanopy trees in areas of
primary forest and agroforests where betel nut palms (Areca catechu), and
breadfruit (Artocarpus altilis) were common. Breadfruit was a preferred roosting
tree (half of individuals seen were roosting in this species), one individual was
observed roosting in teak (Tectona grandis), and the remainder were within
unidentified native trees.
On Mota, residents reported that P. fundatus primarily roosts beneath the dead
fronds of Pandanus trees along the steep hillsides adjacent to the coastline.
Unfortunately we were unable to locate any of these roosts during our surveys. Local
guides indicated the flowers of Pandanus were also a favoured food tree for this
species.
On Nendö, P. nitendiensis was most frequently observed roosting in breadfruit trees
(Artocarpus altilis), and was seen in nola (species name unknown), rosewood
(Pterocarpus indicus), and white beech (Gmelina sp.). We repeatedly saw this species
roosting in pairs, and informants relayed that these were male and female mating
pairs. By mimicking the vocalizations of P. nitendiensis, guides were able to attract
individual bats from nearby areas. Animals flew in from nearby forest, circled low
overhead and responded to the calls before returning to roost nearby (C. Posala pers
obs.).
Phylogenetics
Bayesian analysis of Cytochrome b revealed the three Pteropus species sampled
during our surveys as belonging to three distinct clades. Pteropus tonganus from
Mota and Vanikoro grouped together with other species from the ‘griseus’ species
group. Pteropus fundatus for the first time was confirmed phylogenetically as
belonging to the ‘samoensis’ species group with the sister species P. nitendiensis and
P. tuberculatus (Almeida et al. 2014)
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Fig. 6 Bayesian tree produced for Cytochrome b sequences of Pacific Island flying-foxes.
Blue taxa are those sequenced by (Almeida et al. 2014); green, unpublished sequences
collected by T. Lavery; and red, sequences from samples collected during this study.
Values to the left of nodes are Bayesian posterior probabilities.
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DISCUSSION
These surveys have provided new data and updated information on three of the
world’s most poorly known flying-foxes. We have made estimates of roosting
densities and mist net capture rates, recorded morphological measurements, gained
some perspective of hunting pressure facing each species, and updated available
natural history information. We summarise important findings for each species
below and use these and the methods of (IUCN 2012) to update RedList assessments
of P. fundatus, P. nitendiensis and P. tuberculatus.
Questionnaires generated insight into hunting pressures, and the favoured
techniques and habitats used for hunting flying-foxes on different islands. In all
cases, it was clear that Pacific flying-fox is the preferred target for hunting. This may
have the effect of reducing pressure on the smaller endemic species. However,
Pacific flying-fox is extremely important to the functioning of island ecosystems (Cox
et al. 1992) and reduction in this species could have long–term implications for
sympatric Pteropus through loss of pollination and plant dispersal services.
Residents on Nendö indicated forests were the preferred location to hunt whereas
on Vanikoro, Vanua Lava and Mota, gardens were preferred or were at least equal to
forested areas. Differences in hunting location may reflect either cultural differences
between islands, or variations in the behaviour of the flying-foxes, or the effects of
different rates of hunting. Hunting pressure was far greater on Nendö than on other
islands (hunting index of 1,349 compared to 30 on Mota and Vanua Lava). Nendö has
a large human population on the island (11,580) 2009 census, half of respondents
reported hunting flying foxes, and this was regular (average 116 days per year ±
167.6). To put this into perspective, hunting indices identified for Makira Island by
(Lavery & Fasi 2017) were 54–669.
Pteropus fundatus
Banks flying-fox was the least frequently encountered species in our surveys. We
were unable to catch P. fundatus on Vanua Lava, despite capture of numerous
N. macdonaldi and P. tonganus, signifying we achieved good coverage of forest
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strata for both high and low flying species and frugivorous and nectarivorous bats.
We also did not record P. anetianus on either Vanua Lava or Mota.
Flannery (1995) noted how unusual it is that three Pteropus occur in the Banks group
of islands whereas only two species occur sympatrically throughout the remainder of
the country (and the Santa Cruz group for that matter). We suggest a detailed review
of museum specimens and additional surveys in the Banks Group of islands are
needed to resolve the current distribution of Pteropus species. Community members
from Gaua, Mota Lava and Uraparapara report seeing a small red flying fox
resembling P. fundatus (C. Shaw pers comm). The distribution of P. fundatus could
thus be larger or smaller than currently known and this may vastly alter RedList
assessments for the species. P. anetianus is sympatric with P. fundatus in the Banks
Group (Flannery 1995); however, we did not record this species on Vanua Lava or
Mota. Clarification of the distribution P. fundatus should therefore also include reassessment of the distribution of P. anetianus.
Pteropus nitendiensis
Our density transects estimated there were 146.7 animals per km2 on Nendö in
April/May. We caution that this density should not be used to extrapolate across the
519km2 island of Nendö to generate a population estimate. Doing this would
produce an estimate of ~76,000 ± ~47,000 individuals. (Pierce 2014) estimated a
population of 15,000 individuals (if distribution of P. nitendiensis covers the entire
island) or 7,500 individuals if constrained to below 300m above sea level (based on a
proposed ESW of 10m). All of our transects were conducted in areas close to villages
where an abundance of fruit trees have been planted. In particular, breadfruit trees
were in season and the majority of bats seen were roosting in this food tree. Either
more extensive surveys are needed at different altitudes, or detailed mapping of
Nendö should be undertaken before a more robust population estimate can be
generated. Furthermore, it is clear there is seasonal variation in the distribution of
P. nitendiensis. Our encounter rate was 4.5 animals per kilometre of transect
compared to 1.5/km in 2014 (Pierce 2014) and 0.5/km in 2015 (Leary 2016).
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A fascinating part of this study has been the observation that male and females roost
together in pairs and by imitating the call of this species, guides were able to attract
individuals in from the forest (C. Posala pers. obs). We recommend additional
ecological studies of P. nitendiensis to understand the reproductive and social
behaviour of this species.
Pteropus tuberculatus
Our density transects estimated there were 66.7 P. tuberculatus per km2 on
Vanikoro in April/May. Again, we caution that this density should not be used to
extrapolate across the entire island to generate a population estimate. Doing this
would result in a population estimate of ~12,000 ± ~6,600 individuals. However, our
encounter rate for P. tuberculatus during transects (2.5 animals per km) was similar
to those across coconut plantations and primary forests in 2014 (2.4/km) (Pierce
2014). Pteropus tuberculatus is thus common in coastal regions where food trees
such as coconuts and breadfruit are plentiful.
Breadfruit (concentrated near villages along coastlines) was in season during our
surveys and each afternoon we observed Vanikoro flying-fox visiting these trees to
feed on the fruits. Pteropus tuberculatus was seen frequently during these surveys.
We highly recommend that any future work on this species that requires them to be
captured in mist nets should coincide with breadfruit season. Otherwise, it would
also beneficial to conduct surveys outside of this time to gain a better understanding
of seasonal food requirements. Breadfruit may have attracted P. tuberculatus to
roost in higher densities along the coastline and thus we warn our density estimates
may be higher than interior extents of the island.
Respondents to our questionnaires indicated that the meat of Vanikoro flying-fox
does not have a nice flavour. Few people seemed interested in hunting the species,
focusing their attention instead on the Pacific flying-fox. Although we did record
anecdotal evidence that young people often kill P. tuberculatus for fun. The extent
and impacts of this are yet to be quantified. Overall, we suspect that hunting is not
as great a threat for P. tuberculatus as for other island endemic Pteropus. Instead,
logging of the limited areas of lowland forests appears to be the greatest threat to

Flying-foxes of Temotu & Torba

Page 27 of 31

this species. We observed a logging camp close to Peu village and conducted a
survey transect through an area of recently logged forest (< 3months). We did not
detect any P. tuberculatus in this area. It was clear that the loss of forest structure
and degraded nature of recently logged forest is not suitable as a roost site for this
species. However, we did document P. tuberculatus in secondary forest and
agroforests indicating it is somewhat tolerant of disturbance and fragmented
forests. Rehabilitated logged forests thus probably constitute suitable roosting
habitat for Vanikoro flying-fox.
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