Buying through your teeth: traditional currency and
conservation of flying foxes Pteropus spp. in

Solomon Islands

Abstract Globally, island bats are vulnerable to subsistence
hunting, with widespread population declines, local extirpa-
tions and extinctions. Bats are important to the ecological
functioning of remote oceanic islands, and thus the sustain-
able management of hunting of flying foxes Pteropus spp. is
a conservation priority in the Pacific. In Solomon Islands
people hunt flying foxes for bushmeat and their canine
teeth, which are used as traditional currency. The value of
teeth potentially increases hunting pressure on species of
Pteropus. We interviewed 197 people on Makira Island to
determine the nature of this use and how it may influence
flying-fox populations. We asked questions to gather infor-
mation about hunting practices, the value of canine teeth,
utilization of traditional currency, and population trends
of Pteropus. Flying-fox teeth remain highly valued on
Makira. It is primarily the teeth of P. tonganus that are
used rather than those of the smaller P. cognatus.
Although flying foxes are not targeted solely for their
teeth, this added value seemingly drives hunters to focus
on P. tonganus. Hunting varied across five regions of
Makira and high hunting pressure corresponded with per-
ceived rarity of P. tonganus. Regions with low hunting pres-
sure may be opportune locations to initiate flying-fox
conservation on Makira.
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Introduction

O ver 60% of all bat species occur on islands, 24.5% are
island endemics, and 8% are endemic to single islands
(Jones et al., 2009). In the Family Pteropodidae there are 65
species of flying foxes (Genus Pteropus) and 53 of these are
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restricted to paleo-tropical islands (Vincenot et al., 2017). In
insular systems bats are often the only mammals present
and are keystone species, important for pollination, disper-
sal of plants, and maintenance of ecosystem functioning
(Cox et al., 1992; Cox & Elmqyvist, 2000). They are also a dis-
proportionately threatened group of mammals. Thirty-one
species of flying foxes are categorized as Critically
Endangered, Endangered or Vulnerable on the IUCN Red
List (IUCN, 2017) and 28 of these are island species
(Vincenot et al, 2017). Pteropus bats generally have low
reproductive rates, are predictable in their habits, are a
valuable source of protein, and can be susceptible to over-
harvesting (Mildenstein et al., 2016). The threat of hunting
can be greatly accentuated on islands where habitat is lim-
ited, there are high frequencies of natural disasters such as
cyclones, and human populations are rapidly increasing
(Mickleburgh et al., 2002).

Solomon Islands is part of a global biodiversity hotspot,
supporting a diverse mammalian fauna that is largely
endemic (Mittermeier et al., 2004; Lavery et al,, 2016). The
majority of Pteropus species that occur in the archipelago
are endemic and the distributions of several species are lim-
ited to a single island (Lavery et al., 2016). All species are
hunted to varying degrees (T. Lavery, unpubl. data). Over
95% of people in Solomon Islands rely on subsistence agri-
culture supplemented with wild-harvested foods from the
oceans and forests (Solomon Islands Government, 2009a).
The rate of human population increase is also the fastest in
the region (c. 2.3% per annum), placing increasing pressure
on natural resources (Solomon Islands Government, 2009a).

In Solomon Islands, cash is commonly used to pay for
day-to-day goods and services (e.g. buying food from stores
and markets). However, many societies continue to use
various forms of traditional currency for more important
cultural practices, including payment of bride price and
settling compensation claims (Connell, 1977). In Solomon
Pijin (the most commonly spoken language and lingua
franca of Solomon Islands) such traditional practices are
referred to as kastom (RAMSI, 2011). Shell money (shells bro-
ken into small disks, drilled, smoothed and threaded onto
strings) is the most widespread form (Woodford, 1908).
However, fossilized clam shell (Tridacna spp.) and mammal
teeth are also used to varying extents (Oremus et al., 2015).
Traditional currencies on Makira are shell money, dolphin
teeth, and canines of flying foxes and domestic dogs.
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Two species of flying foxes occur on Makira: the Pacific
flying fox Pteropus tonganus (categorized as Least Concern
on the IUCN Red List; Hamilton & Helgen, 2008) is a wide-
spread species that occurs from Papua New Guinea through
to Samoa in the eastern Pacific (Flannery, 1995; Lavery et al.,
2016), and the Makira flying fox P. cognatus (categorized as
Vulnerable; James et al., 2008) is endemic to Makira and
satellite islands. Hunting is a recognized threat for P. cog-
natus. The value of flying-fox teeth as currency could po-
tentially compound existing hunting pressure. However,
there is limited understanding of how this traditional
use might influence flying-fox populations. Using ques-
tionnaire surveys we aimed to quantify the nature of hunt-
ing, customary uses and opinions about the conservation
of flying foxes on Makira. We aimed to determine if peo-
ple hunt solely for teeth and which species are targeted,
and to quantify hunting pressures to understand the dy-
namics of the use of flying foxes.

Study area

Makira lies at the eastern end of the main Solomon Islands
chain (Fig 1), and is c. 3,190 km? in size, reaching over
1,000 m in elevation. The island supports a population
of > 40,000 people (Solomon Islands Government,
2009b). Seventeen species of bats from five families have
been recorded on the island (Flannery, 1995; Lavery
et al., 2016). On Makira flying-fox canine teeth are incor-
porated into necklaces (Plate 1) for use as traditional
currency.

Methods

Data collection

We used a mixed methods approach (Creswell, 2012) to gen-
erate information about how and why flying foxes are
hunted on Makira. We used both quantitative structured
questionnaires and qualitative semi-structured interviews
as concurrent data collection and analysis tools (Stange
et al., 2006; Johnson et al., 2007). Both methods were ac-
corded equal significance (Greene et al., 1989; Cameron,
2009; Jeanty & Hibel, 2011). The two species of Pteropus
on Makira 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 both species during questionnaires to ensure we were
collecting data that referred to the correct species.

During 4 weeks in October 2016 four enumerators sur-
veyed 197 participants using structured questionnaires. All
four enumerators were mature males above the age of 40.
We chose a stratified sampling approach, aiming to admin-
ister 200 questionnaires in total, evenly distributed between
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Fic. 1 Makira Island, Solomon Islands, in the south-west Pacific.
Indices of hunting pressure on flying foxes, as derived from
questionnaire surveys, are indicated for each region.

Index = regional population x mean number of days spent
hunting/1,000 (a higher index indicates greater hunting
pressure).

five regions of Makira. We achieved the following samples
across the five regions: Bauro (40), Star Harbour/Santa
Ana (40), Wainoni/Kahua (40), Rawo (36) and Arosi (41).
Within each region we further stratified our sampling by
selecting both men and women of various age groups.
Eighty-two participants were female and 115 were male.

Our structured questionnaires were divided into three
sections to identify (1) gender, age, Christian sect, marital
status, and location (i.e. region), (2) views on the current
and future uses of traditional currencies, and (3) flying-fox
hunting practices, and perceived population trends of P. cog-
natus and P. tonganus. For questions relating to the current
and future uses of traditional currencies, we used a four-
measure Likert scale with no midpoint, to ensure that parti-
cipants made a clear choice rather than opting for a neutral
position: 1, Strongly disagree; 2, Disagree; 3, Agree; and 4,
Strongly agree (Garland, 1991). An additional seven partici-
pants (four male, three female) took part in semi-structured
interviews. The 10-minute interview involved five open-
ended questions, facilitating free conversation between the
interviewer and interviewee (Jeanty & Hibel, 2011).
Interviews were conducted in Solomon Pijin, recorded
with a voice recorder and transcribed verbatim. In
Solomon Islands hunting bats is not illegal and thus we
had no reason to believe respondents would have withheld
information.

Data analysis

Structured questionnaires were analysed quantitatively. We
used log-linear models to test if the proportions of people
hunting flying foxes differed by age, gender, location or
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PLaTE. 1 Solomon Islands traditional currencies and ornaments
incorporating Pteropus canines and mammal teeth: (a-d) from
the anthropological collections of the Field Museum of Natural
History, Chicago; and (e) at Ngora Ngora Village, northern
Makira Island (Fig. 1). Images (not to scale) by J. Weinstein
(a-d) and T. Lavery (e).

Christian sect. We also tested for interactions between age
and gender. All statistics were calculated using the MASS
library (Venables & Ripley, 2002) in R v. 332 (R
Development Core Team, 2016).

We calculated an index of hunting pressure for each of
the five regions. 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 spent hunting flying foxes in that
region.

The relative importance of various commodities to
culture and society was gauged by asking participants to
rank each using the following categories: 2 = very valuable;
1= valuable; —1 =least valuable; and —2 =no value. Using
this scale we identified the value of traditional currency,
Solomon Islands dollars, pigs, local food (taro, yams,
sweet potatoes and bananas), and store-bought food. In a
separate question we asked people to use the same ranking
for four forms of traditional currency: shell money, flying-
fox teeth, dolphin teeth, and dog teeth. Data were summar-
ized using the mean values of responses, such that a value
of 2.0 would indicate that all participants thought a com-
modity was very valuable and a value of —2.0 would

Flying foxes in Solomon Islands

indicate that all participants considered a commodity
had no value.

We used ordinal regressions (Fernandez-Navarro et al.,
2015) to test if the age (binned by decade), gender or region
of participants influenced their Likert scale responses to
three statements: (1) Solomon Islands dollars are replacing
traditional currency; (2) Traditional currency is becoming
more difficult to find or more expensive; and (3) In the fu-
ture there will be no need for traditional currency. The de-
pendent variables in each regression were the ranked
responses of participants: strongly disagree, disagree,
agree, and strongly agree (Boone & Boone, 2012). The best-
performing models for each test were selected based on
Akaike’s information criterion values (Akaike, 1973).

All studies involving human participants were compli-
ant with the University of Queensland Institutional Ethical
Standards, which conform to provisions contained in the
National Statement of Ethical Conduct in Human
Research.

Results

Demographics and geography of hunting

Males were more likely to hunt flying foxes than females
(F=3.48, df =2, P < 0.001). There was no overall bias in
the age of people who hunted (F=3.48, df=2, P=0.38),
and the age of people who hunted did not vary between
men and women (there was no interaction between gender
and age; x* =3.48, df = 2, P = 0.18) (Fig. 2).

The proportion of people that hunted and the frequency
with which they hunted flying foxes varied regionally
(F=7.31, df=4, P=0.03; Table 1; Fig. 1). Respondents
from Bauro hunted most frequently (mean 66.1 £ SD 103.3
days per year), and from Arosi least frequently (mean 5.6 =
SD 9.9 days per year). In the four regions with greatest
hunting pressure the majority of people believed that both
species of Pteropus were in decline (Table 1). Arosi was
the only region where a large proportion of the population
believed both species of Pteropus were either stable or in-
creasing in number (Table 1).

Hunting and conservation

A majority of questionnaire participants (78%) reported that
flying foxes were hunted on Makira both for bushmeat and
for their teeth. Eleven of these (all from Bauro) indicated
that selling flying foxes for money was an additional motive
for hunting. Forty-two respondents (21.4%) reported that
flying foxes were hunted only for their meat, and only one
stated that hunting was for the sole purpose of collecting
canine teeth.
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Fic. 2 Reponses of (a) female and (b) male survey participants in
five age groups on Makira Island (Fig. 1) to the question ‘Do you
hunt flying-foxes?’.

A majority of participants (91.9%) reported that both
species of Pteropus were eaten on Makira. The remaining
8.1% of participants (all from Star Harbour, Rawo and
Arosi) stated that P. tonganus was the only species hunted
for bushmeat. Over 20% of respondents (9 of 41) from
Arosi (the region with the lowest hunting index) stated

that only P. tonganus was eaten. In response to the question
‘The teeth of which flying fox are used for traditional
money? 88.2% of people reported P. tonganus. The remain-
ing 11.8% indicated the teeth of both P. tonganus and P. cog-
natus were used.

Responses to the question “Which flying fox do you see
most often? varied geographically. Regions with the highest
hunting pressure indices (Bauro and Star Harbour) reported
P. cognatus as being the most common species, whereas re-
gions with the lowest hunting pressure indices (Wainoni/
Kahua, Rawo and Arosi) reported P. tonganus as being
most common (Fig. 3).

Customary use

The ranking of various commodities and forms of traditional
currency was consistent across age groups (Fig. 4a,b).
Overall, participants ranked the values of five commodities
to culture and society in the following order: (1) traditional
currency and local foods (taro, sweet potato, etc.) (index =
1.54); (2) pigs (index =1.38); (3) Solomon Islands dollars
(index=1.17); and (4) store-bought food (index =o0.33).
When asked about four forms of traditional currency used
on Makira, participants ranked them in the following
order of value: (1) shell money (index =1.31); (2) flying-fox
teeth (index =0.30); (3) dolphin teeth (index =o0.08); and
(4) dog teeth (index = —1.1).

The frequencies with which currencies were used corre-
sponded with values assigned to them by respondents. The
most valuable currency (shell money) was also the most
commonly used for paying bride price and compensation
claims, and for buying local food. Flying-fox teeth and dol-
phin teeth were the second and third most commonly used
currencies, respectively, and dog teeth were the least com-
monly used (Fig. 5). In semi-structured interviews partici-
pants from Star Harbour/Santa Ana advised that dog teeth
were once second in value to shell money, but their use has
declined.

The best ordinal logistic regression models on Likert data
showed age and region were important variables in deter-
mining responses to three statements about the use of trad-
itional currencies (Table 2, Fig. 6). Older age groups were
more likely than younger people to disagree or strongly dis-
agree that cash was replacing traditional currency, and that
there would be no future need for traditional currencies
(Fig. 6a,c). A greater proportion of people from Arosi dis-
agreed or strongly disagreed that traditional money was be-
coming more rare or expensive and that there would be no
future need for traditional currencies (Fig. 6b,d). Responses
to the three statements, by gender, age group and region, are
in Supplementary Table S1.

In semi-structured questionnaires, interviewees stressed
the significance of traditional currencies and were concerned
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TaBLE 1 Data from five regions of Makira Island (Fig. 1), with the most common Christian sect, population, percentage of survey respon-
dents that hunted, mean number of days spent hunting per year, and percentage of respondents that perceived the Makira flying fox
Pteropus cognatus and the Pacific flying fox P. tonganus were in decline.

Perceived Perceived
% of Mean no. of days  P. cognatus P. tonganus
Most common Population  respondents  spent hunting in decline in decline
Region Christian sect (2009) that hunt per year (% respondents) (% respondents)
Bauro Catholic 10,112 75.0 66.1 = SD 100.3 100.0 100.0
Star Harbour Anglican 6,758 64.1 61.3+SD 119.1 85.0 90.0
Wainoni/Kahua  Catholic/South Seas 4,619 65.0 31.9£SD 79.0 95.0 97.5
Evangelical Church
Rawo South Seas Evangelical 4,979 58.3 153 £SD 17.8 97.2 100.0
Church
Arosi Anglican 9,416 53.6 56£8D 9.9 12.2 21.9
30 Pteropus cognatus was because the former has larger canines. All Pteropus
Il Pteropus tonganus canines may be used as traditional money but it is more
M oth species difficult to drill holes in the smaller teeth of P. cognatus
@ for necklaces. Both species of Pteropus were commonly
8% eaten, but our data suggest there is preferential targeting
5 of P. tonganus. Pteropus tonganus was considered to be in-
g creasingly common across the regions as indications of
‘5 hunting pressure decreased. In Arosi, where hunting
g pressure is lowest and P. tonganus was considered to be
most common, 20% of people reported it was the only spe-
cies they hunted.
Regional variation in hunting pressure was independent
° of population size. There was considerable variation in the
Arosi Rawo Wainoni Star Bauro . .
Kahua Harbair proportions of people that hunted, and hunting frequency,

Increasing hunting pressure

FiG. 3 Responses of survey participants from five regions of
Makira Island (Fig. 1) to the question “Which flying-fox species
do you see most often?’. Regions are listed in order of hunting
pressure from lowest (Arosi) to highest (Bauro).

about the future of their use on Makira. All respondents made
similar statements to the effect that the use of flying-fox teeth
is not as significant as it was in the past.

Discussion

Traditional currencies remain highly valued on Makira,
more so than modern currency (Solomon Islands dollars).
Among the four forms we investigated, flying-fox teeth
were the second most highly valued (after shell money).
Our results suggest the value of flying-fox teeth on
Makira may not be an independent driver of hunting but
potentially compounds hunting pressure for bushmeat.
Only a single interviewee reported hunting flying foxes sole-
ly for their teeth. Teeth used as traditional currency are de-
rived almost entirely from P. tonganus. Interviewees
reported the preference for P. tonganus over P. cognatus

between Bauro and Arosi, even though both regions have a
similar population size. There are a number of external in-
fluences not captured by our surveys that may explain why
hunting pressure varied between regions. For example,
Makira’s capital (Kirakira) lies within Bauro, and attracts
people from other regions (> 2,000 people live in
Kirakira; Solomon Islands Government, 2009b). In
Kirakira cash income is more essential because of reduced
access to land for gardening, and increased reliance on
store-bought commodities. Bauro was the only region
where interviewees reported selling flying foxes for money.

Unsustainable harvesting of P. tonganus has led to sig-
nificant population declines, and extirpations on a number
of Pacific Islands (Graham, 1992; Craig et al, 1994a,b;
Koopman & Steadman, 1995; Brooke & Tschapka, 2002;
Mickleburgh et al, 2002; Mildenstein et al, 2016).
Residents from regions with the highest hunting pressure
agreed almost unanimously that P. fonganus populations
were declining, and that it was the least common of
Makira’s two flying-fox species. As a widespread and wide-
ranging species, P. tonganus plays a key role in the mainten-
ance of forest ecosystems throughout many parts of the
Pacific (Cox et al., 1992; Cox & Elmgqvist, 2000; McConkey
et al., 2004; McConkey & Drake, 2006). As only two
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FiG. 4 Values to culture and society of (a) commodities used on Makira Island (Fig. 1) and (b) four forms of traditional currency,
assigned by survey respondents in five age groups. Note the different value index scales of (a) and (b).

Geographical variation in hunting pressure across

200

Makira may offer an opportunity for a regional approach
to managing this threat. Parts of Makira that already sustain
low hunting pressure could provide a useful starting point

for establishing conservation refuges; however, it will be im-
portant to consider the mobility and ecology of both species.
On Makira, flying foxes are commonly hunted using torches
and slings when they come to forage in village gardens, ra-
ther than by targeting diurnal roosts (JF & THL, pers. obs.).
If either species forages widely across regions, focusing ef-
forts in one area will provide limited benefit.

Our study revealed patterns that warrant further explor-
ation of ecological data. The crucial next step is to quantify
flying-fox populations on Makira and determine whether or
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Fic. 5 Responses of survey participants on Makira Island (Fig. 1)
to the question “Which forms of traditional currency are used for
paying bride price and compensation, and buying local food?’.

Pteropus species occur on Makira, their ecological import-
ance in terms of pollination and seed dispersal may be pro-
portionately greater than on islands with more diverse
assemblages of flying foxes. Furthermore, the role of flying
foxes as dispersers can depend on maintaining densities
above a certain threshold, and therefore their effectiveness
in this ecological function can be greatly reduced by
population decreases (McConkey & Drake, 2006, 2015).
Controlling the over-exploitation of flying foxes is therefore
an important conservation action for Makira and the wider

Solomon Islands (Bowen-Jones et al., 1997).

https://doi.org/10.1017/50030605317001004 Published online by Cambridge University Press

not current harvest rates are sustainable. Population studies
could also extend to the interactions between flying foxes
and plants to determine how seed dispersal and pollination
services may be affected by hunting.

According to younger Solomon Islanders, cash is re-
placing the use of flying-fox teeth and there will be no
need for traditional currency in the future. This may simply
indicate that younger people are less likely to have experi-
enced the need for traditional money (e.g. getting married,
contributing bride price for children, and indiscretions that
warrant compensation payments). Conversely, older people
who are proud of their culture may reject the idea that these
practices are being replaced. In semi-structured interviews,
people expressed the significance of traditional currency in
Makira culture and were apprehensive about its future use.

We recognize the explicit need to ensure the use of flying
foxes in Solomon Islands is sustainable, particularly given
the increasing human population. However, we do not
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TaBLE 2 The best performing ordinal regression models for Likert scale responses to three statements about the value of traditional
currencies on Makira, with Cox & Snell R?, Nagelkerke’s R?, and Akaike’s information criterion (AIC) values.

Question Best model Cox & Snell R Nagelkerke’s R> AIC

Solomon dollars are replacing traditional currency. Age 0.07 0.08 396.37
Traditional currency is becoming rare/expensive. Region 0.13 0.21 165.12
There will be no future need for traditional currency. Age + region 0.12 0.13 390.41

Strongly agree M Agree B Disagree l Strongly disagree‘

(a) Solomon dollars are replacing traditional currency

(b) Traditional currency is becoming rare/expensive

Proportion of respondents
o 5

[=]

(c) No future need for traditional currency

(d) No future need for traditional currency

52
o

Proportion of respondents
=}
(%)

0
11-20  21-30  31-40  41-50 51+
(n=28)  (n=44) (n=49) (n=52) (n=24)
Age group (years)

Bauro Star Wainoni Ravo Arosi
Harbour  Kahua
Region

Fic. 6 Responses of survey participants in five age groups (a & c) and five regions of Makira Island (b & d) to the statements (a)
Solomon dollars are replacing traditional currency to pay bride price and compensation; (b) Traditional currency is becoming more
difficult to find or more expensive; and (c) and (d) In the future there will be no need for traditional currency.

necessarily consider the curtailment of the customary use of
flying-fox teeth as currency to be a positive option for con-
servation. Species that provide an important cultural re-
source can be highly treasured, to the extent that even
introduced species can become incorporated into cultural
values (see Aslin & Bennett, 2000 and Robinson &
Whitehead, 2003 for Australian examples). Furthermore,
our data indicate that even if the use of flying-fox teeth is
declining this does not necessarily translate to a reduction
in hunting pressure. Highlighting the cultural value of flying
foxes and the threats they face could be a useful starting
point for building conservation awareness on Makira.
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