
Oryx Vol 39 No 2 April 2005

© 2005 FFI, Oryx, 39(2), 196–203 doi:10.1017/S003060530500044X Printed in the United Kingdom196

The Tongan flying fox Pteropus tonganus: status, public attitudes and
conservation in the Cook Islands

Jenny A. Cousins and Steve G. Compton

Islands to determine current status and to identify forag-
ing and roosting requirements, as well as a public aware-
ness campaign highlighting the importance of the bats.
P. tonganus is not on the IUCN Red List (IUCN, 2004) but
its trade is controlled by being on CITES Appendix I.

Located in the South Pacific Ocean, the Cook Islands
consist of a Northern Group of six low-lying islands
and a Southern Group of nine islands. Only Rarotonga
and Mangaia, situated in the Southern Group, currently
have flying foxes. Rarotonga is a high volcanic island
with a land area of c. 67 km². Although the habitats on
Rarotonga have been greatly altered by human activities,
the rugged interior remains largely intact, supporting
105 native flowering plant species (Marshall, 1983). The
lowland forests have largely been converted to housing
and agriculture. Mangaia is a largely makatea (raised
limestone) island with an area of c. 52 km². Its central vol-
canic plateau, altered greatly by human activity (Merlin,
1991), is surrounded by a 50–70 m high ring of cliffs of
fossilized coral (Steadman, 1985). A plantation of mainly
Pinus caribaea (Marshall, 1983) largely covers the volcanic
uplands; the majority of the lowlands are swamps of
cultivated taro. The human populations on Rarotonga
and Mangaia were 11,225 and 1,108 respectively in 1996
(Cook Islands, 2000; Census of Agriculture and Fisheries,
2001).

Flying foxes are the only native mammals on the Cook
Islands. Having become extinct in Rarotonga, bats were
reintroduced from Mangaia in the 1870s (no further

Introduction

Of the 67 species of flying foxes (Family Pteropodidae;
Genus Pteropus), 27 are restricted to islands in the Pacific
(Simmons, in press). On these islands, in forests with
depauperate faunas, it has been hypothesized that flying
foxes are the principle pollinators and seed dispersers
(Cox et al., 1991; Fujita & Tuttle, 1991). Given this role, the
maintenance of plant diversity and the conservation of
natural forest are largely dependent upon bats.

Despite the importance of bats, virtually no baseline
population data or monitoring exist for the majority
of species (Fujita & Tuttle, 1991). Although historically
abundant on the Pacific islands, there have been numer-
ous accounts of declines in flying fox populations due
to overhunting (Wodzicki & Felten, 1980; Wiles, 1992;
Bowen-Jones et al., 1997). Pteropus tonganus tonganus is
a subspecies of the Tongan flying fox P. tonganus,
which has a distribution that includes American Samoa,
Cook Islands, Fiji, Niue, Samoa, Tonga, and Wallis and
Futuna. Conservation recommendations for P. tonganus
(Mickleburgh et al., 1992) include a survey of the Cook
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Abstract In the Cook Islands the population of Pteropus
tonganus tonganus is thought to be declining, but a lack of
knowledge of its status, feeding and roosting require-
ments has precluded effective conservation plans. We
surveyed P. t. tonganus on the Cook Islands through
observations, counts and interviews with local residents.
We estimated the population to be c. 1,730 on Rarotonga
and 78 on Mangaia. A lack of suitable habitat on Mangaia
was the most important factor affecting abundance.
Overhunting appears to have reduced the populations
on both islands. All roost sites were found in undis-
turbed forest on steep slopes and ridges in the inner and
most inaccessible parts of the islands, with roost prefer-
ence determined by the relative safety from humans

rather than food availability. The residents of the Cook
Islands seem generally unaware of the serious threat
the bats face, with little thought for sustainable hunting.
For successful conservation it will be important to alter
people’s negative perception of these mammals, promo-
ting the value of the bats both ecologically and as a
potential source of income from tourists. Habitat protec-
tion and enhancement, particularly on Mangaia, will be
essential.

Keywords Attitudes, Cook Islands, habitat, Pteropus
tonganus, status, Tongan flying fox.
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details are available; A. Tuara, pers. comm.). A compre-
hensive survey on Rarotonga in 1997 estimated the popu-
lation to be 1,784P SE 548 (Kelly & Bottomley, 1997).
There have been no such surveys on Mangaia, although
Blackburn (1998), based on discussions with Mangaians,
estimated the population to be 500–1,000 individuals.

This study aimed to estimate the population size of P. t.
tonganus on Rarotonga and Mangaia, to describe habitat
preferences, and to identify any major threats. In any
conservation initiative it is important to understand the
local communities’ attitudes towards the focal species,
and we therefore also aimed to gain an insight into cur-
rent public attitudes towards the bats as a basis for future
conservation intervention.

Methods

Fieldwork was carried out between 24 May–6 July 2002.
Roosts were found using dusk surveys, local knowledge
and previously recorded sightings. As the bats dispersed
to forage at dusk, successive nightly surveys mapped the
bats’ flight paths and determined the general area of a
roost. Day transect walks focused on these areas to pin-
point exact locations. Our population estimates are based
on counts of dispersal columns from roosts at dusk and
day counts. Each roost was counted on five consecutive
nights by two observers. Counting started at c. 18.00 and
continued until all bats had left the roost. The greatest
numbers of bats were recorded between 18.11 and 18.41,
after which there was a dramatic decline in activity. We
were still clearly able to see the bats at this time of day,
and are therefore confident that the majority of bats were
recorded. A daytime count at each roost gave a second
estimate after the dusk counts were completed. Binocu-
lars and a hand tally counter were used for all counting.
Five roosts on Rarotonga were identified in this way,
with details of four more provided by the Takitumu
Conservation Area research officer on Rarotonga. Similar
counting techniques were employed by the research
officer over a period of 6 months prior to our survey.

Roost trees were identified and type of habitat/land
use surrounding the roost, terrain and accessibility were
noted. Information on past roosting preferences were
obtained from the islands’ inhabitants. To gain an insight
into the current public attitudes towards flying foxes,
two questionnaires were designed (Appendices 1–2), one
for the general public and one for school children aged
12–16. Their purpose was to ascertain people’s knowl-
edge and awareness of the bats’ ecology and status, their
attitudes to the bats and the hunting of them, and reac-
tions to potential conservation intervention. Question-
naire design followed standard techniques (Oppenheim,
1992; Foddy, 1993; Gillham, 2002) and was refined
through small pilot projects. A total of 100 questionnaires

were completed on each island, 40 of these by school
children. Fifteen bat hunters on Mangaia and 12 on
Rarotonga were among the respondents to the question-
naire. Further information was gathered from influential
people such as ministers, mayors, policemen and gov-
ernment officials at either arranged or opportunistic
meetings, such as at social occasions.

Results

Current status and distribution

There are nine extant roosts on Rarotonga (10–18, Fig. 1)
five of which have population estimates made by JAC
and four by the Takitumu Conservation Area Research
Officer (Table 1). The overall population size is estimated
to be c. 1,730, with estimated roost sizes from 15 to
491. The Takitumu Conservation Area has the largest
bat populations on Rarotonga. Comparing previously
known roosts with the present ones (Fig. 1) it is clear
that all were in different locations. Colony 4, reported to
have been stable for many years (G. McCormack, pers.
comm.), has now moved. The many new housing devel-
opments on Rarotonga are cutting higher into the interior
forest, potentially leaving roosts vulnerable to hunting
and causing them to move further into the mountains.
Shooting was heard most nights in the latter part of the
dusk counts, targeting bats that had left their roosts to
forage. Colony 7 was seen to abandon its roost following
local hunting; it had previously been relatively inacces-
sible to hunters (in dense vegetation and at a remote loca-
tion), but the recent clearing of forest and construction of
a house had opened up this roost to hunters. One large
and previously unrecorded roost (colony 18) was found
further up the mountains in dense forest. It is possible
that a number of formerly smaller roosts in this area (5, 8
and 9) have amalgamated into this one relatively large
roost that is now in a higher and more isolated location.

Only one roost of c. 78 bats was found on Mangaia
(Fig. 2). The consecutive night count results were 70, 79,
80, 84, and 86 bats, and the day count was 76. Bats
from this single roost were being hunted at a number of
locations around the island.

Habitat preference and fruit availability

On Rarotonga all roost sites are in relatively undisturbed
forest on steep slopes and ridges high up in the moun-
tains. The roosting trees were Cananga ordorata and
Cerbera manghas, both tall canopy emergents with sparse
leaves. On Mangaia, contrary to previous reports
(Wodzicki & Felten, 1980), flying foxes no longer live on
the makatea, but have moved onto the upper plateau,
roosting within a deep valley in the area of a plantation.
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The steepness of the valley sides and the dense vegeta-
tion means that this colony is well hidden from view and
access is difficult. Once found by hunters, however, the
bats would easily be dispersed by the sound of guns
firing. Through discussions with c. 80 local people, and
having surveyed both the makatea and the area of planta-
tion, it appears that this change in preferred habitat is
due to hunting pressure. In the past hunters would regu-
larly find roosts in the makatea but now that the bats have

moved, they are less accessible and hunters wait on the
roads and tracks for the bats to fly overhead. The colony
therefore appears to have found some respite in the plan-
tation area. The dominant species in the plantation is the
introduced pine Pinus caribaea, although the bats were
found roosting in mature Paraserianthes falcataria, a tall
wide-spreading tree. The pines are probably less suitable
for bats because of their weaker branches and denser
foliage. Neither the roosts in Rarotonga or Mangaia were

Fig. 1 (a) Rarotonga, showing the location of P. t. tonganus colonies (1–18). White circles represent past colonies (1–9), black circles represent
extant colonies (10–18). The white area represents the forested mountainous inner area of Rarotonga, the grey shading the outer flatter area
of urban and agricultural land. Bat hunting takes place across the whole of the island. Colonies 12–14 are within the Takitumu Conservation
Area. (b) Mangaia, showing the location of the single P. t. tonganus colony represented by a black filled circle. The white area represents the
central forested volcanic plateau, the grey shading the lowlands, which mainly comprise cultivated taro and housing. The stars indicate the
locations at which bats are commonly hunted whilst flying from their roost at night to feed.
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situated where there was a high percentage of feeding
trees, contrary to the situation reported from other
islands (Brooke et al., 2000).

Local attitudes

Results from the questionnaire suggest that there is more
knowledge about the flying fox on Mangaia (Table 2),
where more children learn about the flying fox in school
and show a greater interest in learning more. Flying foxes
are considered to be a nuisance by almost half of the
people surveyed on Rarotonga, the commonest reason
being the eating of their fruit crops. On Mangaia they are
also perceived by some as dangerous, but only when out
hunting: ‘when the flying fox is still alive, it might bite
your hand’. Others, whilst not considering the bats a
threat, simply do not like them, regarding them as ‘nasty
little rat-like creatures’. Despite this, the bats are seen to
be important to the islands, especially by the residents of
Mangaia, for various reasons. Adults viewed the bats
as an important feature of their island and a potential
tourist attraction; the children viewed them as a source of
food.

Hunting was consistently believed to be the greatest
threat to the bats (Table 2), but encouragingly the major-
ity of residents on both islands said they would welcome
hunting restrictions, given evidence that flying fox num-
bers were decreasing. The most common suggestion on
both islands was to have a hunting season and a bag
limit: ‘I am worried that many females will be shot whilst
carrying young, because you can’t tell the difference
between the two whilst hunting, and I therefore think
you should only be allowed a few months hunting when
they are not breeding or the young are growing’. A com-
plete ban was also suggested on Mangaia: ‘Flying fox
hunting should be stopped to preserve them for others to
enjoy. People will have to accept it’.

The children on Rarotonga showed a keen interest in
hunting (Table 2) and a typical view was that ‘it would
be fun to kill them’. In contrast a typical response from

children on Mangaia was: ‘I want to see what the flying
fox looks like, where they live and how they eat’. All
the bats killed on Rarotonga and Mangaia were killed
for personal consumption (Table 2). The bats are more
widely eaten on Mangaia, where the residents greatly
overestimated the number of bats, and the long-term
survival of the flying fox is currently not something that
many of the hunters think about.

Discussion

The population size of P. t. tonganus on Rarotonga was
c. 1,730 in July 2002, compared to a previous estimate of
1,784 (Kelly & Bottomley, 1997). The earlier survey did
not, however, include the majority of the Takitumu
Conservation Area and, given that we found 57% of the
bats roosting there, the earlier count was probably an
underestimate. Studies elsewhere have reported that
roosts fragment when hunted (Brooke et al., 2000) but on
Rarotonga disturbance appears to have resulted in amal-
gamation in areas of relative safety. Our estimate of the
population on Mangaia, c. 78, is much lower but without
previous censuses for comparison it is difficult to draw
conclusions regarding changes. The available informa-
tion indicates there has probably been a substantial
decline. Archaeological evidence shows decreasing num-
bers of flying foxes (Steadman, 1985) and discussions
with Mangaians also suggest far greater numbers in the
past. The nightly hunting on Mangaia poses a great
threat to the current population. Assuming that 50% of
the bat population is female, with a reproductive rate of
one bat per adult female per year it is feasible that if only
one bat is killed per week the population will be extinct
within 3 years. This figure is conservative as it assumes
that all females will survive to reproduce, that every
female reproduces each year, and does not take into
account the number of bats that are shot carrying young
or other causes of death. In comparison with roosts
on other islands, those on the Cook Islands are very
small (Mickleburgh et al., 1992), underlining their
vulnerability.

Table 1 Estimated size of the nine colonies of P. t. tonganus on Rarotonga, based on combinations of dusk and day-time counts (colonies 10,
11, 15, 16 and 18) and on data from the Takitumu Conservation Officer (12–14, 17) (see text for details).

Extant colony codes Consecutive dusk counts Mean dusk counts Day Counts Estimated totals

10 27, 28, 31, 34, 37 31 32 31
11 17, 17, 20, 14, 15 17 13 15
12 294
13 206
14 491
15 25, 25, 28, 30, 29 27 31 29
16 21, 23, 26, 24, 23 23 26 25
17 457
18 202, 211, 178, 186, 176 191 172 182
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Table 2 Summary of P. t. tonganus questionnaire responses, as percentages. Adults and children were polled separately, with some of the
questions in common. A poll specific to hunters was also conducted.

Questions Responses (%)

Adults and children*
What type of animal is the flying fox? Mammal Bird Other Don’t know

Rarotonga 47, 52 32, 42 10, 6 11, 0
Mangaia 77, 97 2, 3 21, 0 0, 0

What does the flying fox eat? Fruit Leaves Insects Other
Rarotonga 82, 53 14, 35 4, 12 0, 0
Mangaia 86, 94 7, 6 7, 0 0, 0

How many flying foxes do you think live on 0–500 500–1000 1000–5000 5000 + Don’t know
your island?

Rarotonga 32, 5 0, 0 42, 76 5, 19 21, 0
Mangaia 33, 18 42, 16 8, 66 0, 0 17, 0

Do you think that flying foxes are important to Yes No Don’t know
Rarotonga/Mangaia?

Rarotonga 42, 38 0, 10 58, 52
Mangaia 64, 67 18, 3 18, 30

Are flying foxes a nuisance or danger? Nuisance Danger Neither
Rarotonga 43, 54 0, 0 57, 46
Mangaia 9, 36 18, 27 73, 37

Would you consider any of the following to be a Hunting Lack of habitat Other Don’t know
threat to the flying fox on Rarotonga/Mangaia?

Rarotonga 61, 45 34, 15 5, 5 0, 35
Mangaia 62, 100 16, 0 22, 0 0, 0

Would it upset you if flying foxes disappeared Yes, greatly Yes, a little No
from Rarotonga/Mangaia?

Rarotonga 53, 14 37, 34 10, 52
Mangaia 58, 63 25, 33 17, 4

Would you welcome hunting restrictions if there Yes No Don’t know
was evidence to suggest that flying fox numbers
are decreasing?

Rarotonga 78, 47 22, 16 0, 37
Mangaia 55, 97 45, 0 0, 3

Adults
Have you noticed a change in the number of Increase Decrease No change Wouldn’t notice
flying foxes?

Rarotonga 10 25 15 50
Mangaia 8 75 8 9

Would you encourage future generations to go Yes No
hunting?

Rarotonga 25 75
Mangaia 18 82

Would you be interested in getting involved in Yes No Don’t know
any conservation projects on Rarotonga/Mangaia

Rarotonga 33 62 5
Mangaia 36 64 0

Have you gone flying fox hunting in the last year? Yes No
Rarotonga 20 80
Mangaia 25 75

Children
Have you studied the flying fox in school? In detail A little No

Rarotonga 10 4 86
Mangaia 83 10 7

Would you like to learn more about the flying fox? Yes, much more Yes, a little No
Rarotonga 24 14 62
Mangaia 83 10 7

Have you eaten flying fox? Yes No Don’t know
Rarotonga 14 71 15
Mangaia 40 60 0

*Percent responses are provided separately for adults and then children as, for example, 47, 52.
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Whilst bats appear to select roost trees that yield the
fruits they eat (Brooke et al., 2000), this was not the case
on Rarotonga and Mangaia. On both islands the bats
have moved away from their major food sources (agri-
cultural fruits) to the interior of the islands. Roosts were
found in relatively undisturbed forests on steep slopes
and ridges in the inner and most inaccessible parts of the
islands. The largest roosts on Rarotonga were found in
the Takitumu Conservation Area where, although there
is no law against hunting, it is generally frowned upon
to do so. In the Cook Islands roost preference of P. t.
tonganus therefore appears to be determined by their
relative safety from humans and not food availability. In
a broad comparison of the fruit available to P. t. tonganus
on Rarotonga and Mangaia, there appears to be more
fruit (both agricultural and of the forest) available to the
bats on the former. Fruit is grown for export as well as
local consumption on Rarotonga, and is much more
plentiful in the interior of the largely undisturbed forests
of Rarotonga than in the pine plantations of Mangaia. For
such a small bat population the limited amount of fruits
is not currently a problem on Mangaia. On Rarotonga,

where there is a larger food source and a much greater
area of undisturbed habitat and suitable roosting trees,
the bats have bred successfully and increased in numbers
following their reintroduction from Mangaia in the
1870s.

The people of Mangaia rely on traditional family
smallholdings, and the hunting of bats for food is still
frequent. On Rarotonga there is wider-scale farming and,
although the hunting of bats is frequent, it appears to
have an element of sport. Most hunters reported that bat
roosts are becoming increasingly difficult to find and, on
Mangaia, low numbers are restricting the number shot.
On both islands they also reported that many of the bats
taken were pregnant or carrying young.

The children on Mangaia are far more interested
in learning about bats, and value them more highly,
than children on Rarotonga, probably as a result of learn-
ing about bats in school. Islanders seemed generally
unaware of the serious threats that the bats are facing,
and have little thought for sustainability whilst out
hunting. However, the majority said that they would
welcome hunting restrictions if there was evidence of a

Table 2 (continued)

Questions Responses (%)

Would you eat flying fox today if it was offered Yes No Don’t know
to you?

Rarotonga 29 52 19
Mangaia 20 70 10

Would you like to go flying fox hunting? Yes No
Rarotonga 76 24
Mangaia 33 67

Would you be interested in working in the field of Yes No Don’t know
animal biology or conservation when you leave
school?

Rarotonga 7 47 46
Mangaia 67 20 13

Hunters
How often do you go hunting? Regularly Occasionally Once or twice a year

Rarotonga 40 0 60
Mangaia 20 60 20

Would you have liked to have caught more? Yes No
Rarotonga 60 40
Mangaia 40 60

Were the flying foxes you caught for your Yes No
personal consumption?

Rarotonga 100 0
Mangaia 100 0

Do you have regular hunting places? Yes No
Rarotonga 67 33
Mangaia 100 0

Is the long term survival of the flying fox something Yes No
you think about when you go hunting?

Rarotonga 57 43
Mangaia 33 67
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decline. A substantial number of people on both islands
said that they would be interested in being involved in
conservation work.

Through the distribution of the questionnaires and fact
sheets used in this study and an article published in the
Cook Island News on 14 August 2002 there is now a wider
public awareness of the biology, importance and plight
of the bats. Both the Mayor and Minister on Mangaia at
the time appeared to be supportive of hunting restric-
tions, but as of December 2004 no such ban is in place
(C. Scott, J. Mason, pers. comms.).

Protection of both the bats and their habitat will be
necessary to secure the future of P. t. tonganus in the Cook
Islands. Flying fox populations are resilient and can
recover quickly once hunting ceases (Brooke & Tschapka,
2000). A valuable Conservation Area is in place on
Rarotonga but there are no areas free of disturbance on
Mangaia and the pine plantations produce little fruit for
the bats to eat. In the longer term a programme of fruit
tree planting in this area may be needed to provide food
and minimize conflict with farmers. A mixture of species
should be planted so that fruit is available all year round.
Overall, native fruits provide more variation and have
higher average values of several nutrients for fruit bats
than do agricultural fruits (Nelson et al., 2000), and native
fruit-producing species should therefore be planted.

An education campaign will be vital to the success of
any conservation work, and will need to be targeted not
only at the general public and school children but also at
other groups, such as farmers, fruit growers, forestry, the
building industry and local and national governments,
who may have impacts on the bats. Involvement within
the community was found to be very important to the
success of our project, and this should be noted for any
future conservation work on the islands. Much benefit
could be gained from exposing secondary school chil-
dren to tame bats, some of which are kept as pets by
the islanders. Perceptions of these mammals may also
be influenced by a wider recognition of their potential
for income generation from tourists, particularly on
Mangaia, where tourism is currently limited. If the
proposed hunting restrictions are effective the bats may
become as habituated to people as those on Tonga, where
the bats are considered to be sacred and only royalty are
allowed to hunt them or harm them in any way. Habitua-
tion would allow more ready access to roosts, making
ecotourism more attractive.

Flying foxes play an important role in tropical ecosys-
tems. On islands with depauperate faunas such as
Mangaia and Rarotonga it has been hypothesized that
fruit bats are vital pollinators and seed dispersers (Cox
et al., 1991), and crucial for the preservation of highly
endemic island flora. The declining populations of P. t.
tonganus on Rarotonga and Mangaia could have serious

implications for forest regeneration. The protection and
long-term preservation of fruit bat populations therefore
needs to be an essential component of conservation
programmes in the Cook Islands.
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