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Abstract
Crop-raiding is a pertinent problem in a decreasing world. Fruit bats represent an understudied
fauna I relation to crop-raiding dynamics which usually focus on large bodied organisms. In addition
the genus Pteropus, the mega bats represent a highly threatened group of species that act as
keystone species on threatened island ecosystems. Flying foxes however, often come into conflict
with people and are often persecuted as pests. An investigation into the role in crop-raiding of the
critically endangered species Pteropus rodricensis revealed wide spread but low intensity damage
throughout the island. Estimates of damage varied but in group situations, people’s perceptions of
damaged appeared to increase by 4-20%.There were strong temporal trends within data, co-inciding
with the main fruiting season of November - February. These data should be treated with some
degree of sceptism, as they are based on perception alone, cross referencing with off-take data
would be useful to qualify the results. In addition, the following also describes the socio-political
context and the crop-raiding problem in Rodrigues. These data can inform local conservation
planning and provide a framework method for similar studies, especially on larger islands.
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1.0.

Introduction

1.1. Research context
Human-wildlife conflict and in particular, crop-raiding of agricultural land by wildlife are major
problems within conservation management (Dickman, 2010; Fungo, 2011; Osborn & Hill, 2005).
Although this area is well studied there is a gap in the knowledge of the role of small mammals in
island ecosystems. Pteropodid fruit bats for example, are a keystone species (Cox, Elmqvist, Pierson,
& Rainey, 1991; Cox & Elmqvist, 2000; Kunz, Braun de Torrez, Bauer, Lobova, & Fleming, 2011; S. P.
Mickleburgh, Hutson, & Racey, 2002) and thus have an important role to play in the persistence of
threatened island ecosystems (Carroll & Feistner, 1996).
The family Pteropididae, to which flying foxes belong, are a highly threatened group with a close
association to islands (S. P. Mickleburgh et al., 2002). Increasingly on islands around the world,
Pteropodid bats are coming into conflict with humans due to crop-raiding of home grown and
commercial fruits (S. P. Mickleburgh et al., 2002). The involvement of threatened, island species in
HWC is problematic due as they are highly vulnerable to extinction, mainly due to their restricted
distributions. In addition to this, island ecosystems are being increasingly degraded. Maintenance of
healthy fruit bat populations are integral to conservation of numerous endangered and irreplaceable
plant species and habitats (Cox et al., 1991).

1.2. Research focus and significance
Fruit crop-raiding has become a pertinent issue for fruit bat conservation in the Western Indian
Ocean. The regional fruit bat working group has recognised that human-wildlife conflict is a major
threat to Pteropus spp. persistence in the Indian Ocean and has prioritized research into ‘exploring
the conflict between Pteropodid bats and commercial fruit growers’ (Jenkins & Tatayah, 2009).
Bats are the only terrestrial mammals native to the Mascarene Islands. Most islands have
experienced later introductions of non-native mammal species including Black Rats Rattus rattus,
and Crab-eating Macaque Macaca fascicularis. These species, alongside various frugivorous bird
species (e.g. Indian Mynah Acridotheres tristis) and fruit flies may also have deleterious effects on
fruit crop quality and yield (pers. comm. John Fa, 2013). There is limited empirical evidence that
examines the role of any of the above species in crop raiding incidents, the intensity of their impact
and the various stakeholder attitudes towards the species.
In Mauritius, endemic fruit bats are known to eat some commercially important fruits (Nyhagen,
Turnbull, Olesen, & Jones, 2005) and are considered to be pests of commercial and non-commercial
crops (Ramlugun, 2013). The Mauritian Government recently discussed the possibility of culling the
Mauritian flying fox , despite its IUCN listing (Endangered), in order to protect the interests of fruit
farmers (Florens, 2012). P.niger has recently been up-listed from Vulnerable to Endangered by the
IUCN, due to its reduced range, continuing habitat loss and degradation and the impending threat of
legalized culling (IUCN, 2008).
Parallels to Mauritius can be drawn with the island of Rodrigues. Following the population increases
of Pteropus rodricensis in recent years (pers. comm. Vikash Tatayah, 2013), there have been
increasing concerns that fruit bats are a ‘nuisance’. There is not the same level of political pressure

to control P. rodricensis in Rodrigues, but similar problems persist and it may be that over time the
perilous situation of P.niger will be imitated in the Rodrigues. Likewise, a bill to cull endemic bats in
Mauritius may increase pressure to introduce a cull in Rodrigues, who are an autonomous island of
Mauritius. P. rodricensis are listed as critically endangered on the IUCN red list (S. Mickleburgh,
Hutson, & Bergmans, 2008),mainly due to their limited range. Therefore, Rodrigues could provide an
ideal pilot study to examine the role of wildlife damage to fruit crops in the socio-political context.
People’s perceptions of fruit bats and the intensity of crop raiding need to be known and addressed
empathetically in order to tackle the problem thoroughly. This study aims to identify and quantify
the impact of nuisance species according to local stakeholders. This study will provide a useful study
to inform conservation managers, scientists and policy makers of local perception of P. rodricensis in
Rodrigues. Eventually, results should form part of a sustainable management plan for the species
that is mutually beneficial for people and wildlife. Methods and findings may be applied to studies
other restricted island species that are threatened by HWC.

1.3. Aims and objectives
Aim: To investigate and understand the dynamics of fruit crop-raiding on the island of Rodrigues
according to local perceptions.
Objective 1: Identify the species involved in crop-raiding and their relative input to the problem
Associated research questions:
1. Which species are identified as fruit crop-raiders?
2. Which fruit crops are known to be consumed?
3. How can the damage to crops be characterized?
Objective 2: Analyse spatio-temporal trends associated with crop-raiding.
Associated research questions:
1. What is the extent of damage caused by wildlife on Rodrigues?
2. Are there spatial characteristics associated with high fruit crop damage?
3. Are there temporal patterns to crop-raiding behaviour?
Objective 3: Investigate local perception of the problem
Associated research questions:
1. What influences opinion about of fruit bat damage?
2. Are there commonly held views of respondents?
3. How do people respond to damage?
Objective 4: Critical analysis and recommendations
Associated research questions:
1. How well does the method explain the problem?
2. What are the possible ‘solutions’ and what recommendations can be made?

2.0 Background
2.1 An introduction to human-wildlife conflict
Human-wildlife (HWC) events have been commonly documented throughout time and they are likely
to continue to be a problem across the globe as natural habitat dwindles and human populations
begin encroach on areas of natural habitat (Naughton-Treves, Treves, Chapman, & Wrangham,
1998). HWC refers to a variety of ‘conflicts’ for which people take retaliatory measures against
wildlife. HWC can be the result of either direct or indirect experience (Kanga, Ogutu, Piepho, & Olff,
2012) and is characterized by a variety of interactions including crop-raiding, livestock depredation,
direct threats to human health or lives, competition for prey species, and damage to capital
investments and infrastructure (Osborn & Hill, 2005).

2.2. Conflict and crop cultivation
One of the largest issues in HWC literature is the damage and retaliatory killing of nuisance species.
Crop-raiding refers to the consumption of cultivated crops by wildlife which can occur at any stage in
the plants life cycle This behaviour is exhibited a breadth of species, usually vertebrates, from small
rodents to mega-fauna such as elephants and hippopotamuses. Crop-raiding is a worldwide problem
and includes all varieties of crop including cereals, root vegetables, fruits and coffee. Crop-raiding is
a major source of conflict between wildlife and rural communities, and can have substantial negative
impacts particularly for the rural poor, who are particularly vulnerable due to lack of sufficient
coping mechanisms (Naughton-Treves & Treves, 2005, Fungo, 2011; Hill, 2000; Treves et al., 2006).
HWC can be the result by real costs imposed upon a community or simply the perceived damage
caused (S. P. Mickleburgh et al., 2002; Treves, Wallace, & White, 2009). The perception of damage
refers to the loss that stakeholders believe to have occurred, irrespective of whether this belief is
factually accurate or not. The literature largely agrees that perceived damage, due to the nature of
the conflict is habitually inflated (Dickman, 2010; Fungo, Eilu, & Tweheyo, 2010; Fungo, 2011; Treves
et al., 2006).
Responses to crop-raiding events by local communities varies in intensity across time and space but
retaliatory killing and persecution of nuisance species is a commonly adopted strategy by affected
stakeholders (Kanga et al., 2012; Naughton-Treves & Treves, 2005). This is of concern, particularly
for threatened species as evidence indicates that mortality of nuisance populations increases with
escalating conflict (Kanga et al., 2012).
Crop-raiding by larger mammals such as elephants and primates (Chiyo, Cochrane, Naughton, &
Basuta, 2005; Kanga et al., 2012; Naughton-Treves et al., 1998; Sitati, Walpole, Smith, & LeaderWilliams, 2003; Treves et al., 2009) is well documented but there is less work available that focuses
on small, highly mobile species of small mammals such as rodents and fruit bats. Similarities may be
drawn from the literature on birds( for example: Parks, 2010), but mammalian groups remain understudied and there is little advice on how to deal with them (Korine, Izhaki, & Arad, 1999; Nyhagen et
al., 2005). This is likely due to the difficulty in studying small, cryptic species despite the fact that it is
likely that small bodied mammals are likely to be responsible for more damage in the long-term
(Treves et al., 2006). Fruit bats in particular, are considered to be a pest in many regions throughout
the world (Simon Mickleburgh, Waylen, & Racey, 2009)but the scale and spatio-temporal dynamics
remains under-studied.

2.3. Common themes in the literature
Common themes do arise from the literature which can be broadly be split into three broad themes;
(1) quantifying the scale problem, (2) addressing the reliability of the data collected and, (3)
identifying interventions that are mutually beneficial for wildlife and people. The questions below
summarise some of the key questions arising from the literature currently.
2.3.1. When does a species become a pest?
A pertinent question in relation to crop-raiding is to identify when a species becomes a ‘pest’. A pest
is defined as “a destructive insect or other animal that attacks crops, food livestock etc.” (Oxford
University Press, 2013). Increasingly, native and endangered vertebrate species are being recognised
as agricultural pests which can influence the success of achieving conservation goals associated with
a given species or habitat (Arlet & Molleman, 2010; Fungo, 2011; Kendall, 2011).
Many species identified as ‘pests’ may have been classified as such without sufficient evidence. The
Egyptian fruit bat was identified as a pest species in Israel but, Korine, Izhaki & Arad (1999)
demonstrated that there was a lack of evidence to support this assertion. In fact, some species that
are considered to be pests may be having a beneficial affect on the plants that they consume, by
encouraging secondary growth and resulting in an increase crop yields (Dickman, 2010; Siex &
Struhsaker, 1999).
The word ‘pest’ is often associated with exotic or introduced species (Carey, Sanderson, Barnas, &
Olden, 2012). Carey et al. (2012) suggest that native species can become ‘invasive’ themselves, often
initiated by human mediated habitat change. Pest behaviour is probably encouraged by human land
use and management practices, creating exploitable niches for competitive species. This can lead to
nuisance behaviour and cause hardship for local stakeholders (Hill, 2000; Kanga et al., 2012; Siex &
Struhsaker, 1999)
2.3.2. Is damage to crops quantifiable?
Various methods have been adopted to quantify the damage caused by wildlife. Two broad scale
approaches prevalent within the literature are; (1) scientifically controlled observations and (2) recall
interviews with local stakeholders. The usefulness and reliability of these data vary depending on the
studies aims, objectives and methods and often the chosen method is based upon trade-offs
between time and resources. In an ideal scenario, the two types of data would be collected and
compared(Fungo, 2011; Siex & Struhsaker, 1999).
Methods previously used to quantify impacts of nuisance species include; examining guano (Korine
et al., 1999; Nyhagen et al., 2005), recall surveys(Arlet & Molleman, 2010), studies of food
preferences (Andrianaivoarivelo et al., 2012), meta-analyses of conflict reports (Mkanda, 1994),
matched experimental plots (Siex & Struhsaker, 1999)and semi-structured interviews (Arlet &
Molleman, 2010; Kendall, 2011; Siex & Struhsaker, 1999). There is no common consensus on which
method work best although it agreed upon that direct scientific observations are more
reliable(Fungo, 2011; Treves et al., 2006) although successful methods combine both. For example
Siex & Struhsaker (1999) were able to compare perceptions and off-take to reveal primates had a
beneficial role on crops.
Difficulty arises with scientific studies when attempts are made to extrapolate the data through
space and time. All studies are limited by time and resources and thus most studies must restrict

data collection to a set period of time. When short-term data are extrapolated through time, many
assumptions are placed upon the data. For example, observations might assume through
extrapolation, that off-take rates remain constant throughout the night, week, season, months or
indeed year/s in which the sample was taken (Golden, Wrangham, & Brashares, 2013).
A the model must account for differences spatially, no one landscape is homogenous and this will
affect results of extrapolations from localised data collection, for example data from HWC ‘hotspots’ may exaggerate damage. A simple model might ignore changes in levels of vulnerability of
individual sites throughout the landscape. For example, differences in location, management
techniques, abiotic affects, species behaviour and social factors might all influence the susceptibly
of each farm to damage (Hill, 2000) The complexity the problem and variety inter-acting factors
influencing the extent of crop-raiding behaviour make modelling the interaction notoriously difficult
(Fungo, 2011).
Similarly, in perception studies, ability to quantify damage may be limited by literacy, numeracy and
willingness of respondents and research assistants (Treves et al., 2006). Much of the interesting
detail may be lost in translation and it may be difficult to convey concepts in different cultures and
backgrounds. It could be the case that records or not kept of damage which further restricts ability
to quantify damage based on stakeholder reports.
Aside from the possibility of deliberate misrepresentation of HWC events, respondents typically give
inaccurate off-take estimates due to human error. Perception studies that attempt to quantify
damage are often based upon the respondents to accurately recall HWC events. Within the social
sciences, it is recognised that recall is not accurate. Retrospective surveys are challenging to design
and implement well. Evidence that suggests that seasonal events such as those linked to cropraiding can be even more difficult to recall (Golden et al., 2013).
‘Hyper-awareness’ of an issue means that people who may have not had any direct experience of a
crop-raiding may be still be more aware of the issue from talking to others and more likely to inflate
the extent of the problem from common ‘fear’ (Treves et al., 2009). This is not a limitation if the
researcher is looking at perceptions alone as arguable every data point is valid but, if inferences on
the real world are to be made hyper-awareness must be considered.
One of the biggest issues and particularly in perception studies, there are inherent problems with
detectability of less visible species. Some species' inherent biology makes them more conspicuous
within the environment and more likely to be noticed by people. This can be due to visibility ,
behaviour or activity patterns. Over-detectability within itself is a problem for species but, in
addition, much of the damage caused by less visible, cryptic species may be blamed upon the more
obvious organisms (Fujita, Marty S., Tuttle, 1991; Fungo, 2011). This is a common problem when
attempting to quantify crop damage by individual species and can occur in both qualitative and
quantitative surveys.
It can be difficult to quantify crop-raiding events accurately using either of the current methods as
each have inherent caveats, assumptions and biases. It is very difficult to accurately estimate cropraiding damage by wildlife. That being said, studies can provide useful indicators of correlates of
risk. Investigations into crop-raiding are useful for wildlife managers and stakeholders alike in order
to move towards useful solutions to the problem.

2.3.3. How are HWC events influenced by spatial and temporal variables?
Studies have attempted to correlate damage with spatial and/or temporal variates in order to
identify correlates of raiding risk (Fungo, 2011; Wallace & Hill, 2012). There are strong spatial
variables that influence patterns of crop-raiding behaviour across landscapes (Osborn & Hill, 2005).
For large, terrestrial species, damage is often dependent upon distance from natural habitat
(particularly forests) (Wallace & Hill, 2012) and population density (Siex & Struhsaker, 1999)of
potential raiders but, for highly mobile species, spatial trends can be much more sporadic (Wallace &
Hill, 2012). Nevertheless, most crop-raiding studies agree that distance from habitat is a major
predictor of susceptibility to damage (Fungo, 2011; Kanga et al., 2012; Kendall, 2011; Wallace & Hill,
2012).
Where studies incorporate some sort of temporal scale, there are often strong underlying patterns
of changes in frequency and extremity of damage to crops through time(Osborn & Hill, 2005). These
temporal patterns can usually be linked to ecological patterns and process, perhaps tying in with
species biology, abiotic influences and plant phenology (Fujita, Marty S., Tuttle, 1991; Fungo, 2011;
Kendall, 2011).
2.3.4. Establishing the socio-economic context
It has been argued that the socio-economic context is equally and perhaps more important the
environmental one when addressing HWC issues (Dickman, 2010; Treves et al., 2006).. There are
many factors that may affect an individuals or groups response to crop-raiding phenomena. Figure 1
represents a framework for tackling people’s responses to HWC and demonstrates the importance
of including socio-economic analyses into studies before planning and implementing conservation
interventions. One element overlooked by Dickman’s (2010) model, and indeed many other authors,
is the role of emotion in informing perceptions of crop-raiding damage in the minds of stakeholders
(Fungo, 2011; Wieczorek Hudenko, 2012).

Figure 1: Influences on response to crop-raiding behaviour, from Dickman (2010).

Apart from informing and understanding existing views and attitudes of stakeholders, the sociopolitical context can also shape peoples expectations and response to conservation
interventions(Treves et al., 2009). Establishing the local socio-economic context is essential to both
the success and impact of the project. For example, rural communities often exhibit resentment to
local conservation workers if they feel that current ‘rules’ restrict their activities and thus, are likely
to be unco-operative with other interventions as in Bwindi, Uganda (Fungo, 2011).
Dickman (2010) argues that studies often over-simplify the complexities of the social environment
and how attitudes and social norms shape peoples attitudes to nature thus, conflict may not be
resolved simply by reducing to conflict per se. He suggests long-term change in attitude may be
difficult to achieve as changes to perceptions and attitudes are unlikely to change immediately, a
dislike of animal is usually more deep-rooted and complex.
Treves, Wallace, Naughton-Treves, & Morales (2006) agree that developing an understanding of the
local dynamics is an integral part of any HWC research and include an assessment of local people’s
perceptions as a key objective for researchers/practitioners initiating a project (Figure 2).

Step 1: Baseline Research
Objectives

Step 2: Participatory Planning

Study the timing and locations of
conflicts including the behaviors of
the involved individuals (wildlife and Objectives
human).
Define joint objectives, build
consensus on which inter- ventions
to implement and recruit
Critical Components
participants.
Measure perceptions of conflict and
its management
Critical Components
Identify shared objectives between
wildlife conservation and human
welfare
Analyze interventions by their
effctiveness, feasability and
sustainability.

Step 3: Monitoring
Objectives
Measure the success of the comanagement project at three levels:
(a) implementation
(b) threat-reduction

(c) outcomes for targets
Critical Components
Prepare two monitoring plans for
approval by affected stakeholders
consider monitoring team
composition carefully;

take maximum advantage of
fortuitous controls or randomized
control- treatment opportunities

Figure 2: Steps in project initiation research. Adapted from Treves, Wallace, Naughton-Treves, & Morales (2006).

The broader, regional, national and even international political landscape also have an important
role to play(Dickman, 2010; Florens, 2012; S. P. Mickleburgh et al., 2002; Treves et al., 2006).
Conflicts arise from lack of congruence of local populations with wider abundance trends, in that
species that are considered rare in the wider context may be locally abundant and perceived to be a
nuisance. When a species is threatened, there may national or international laws restricting a

communities control of the problem they perceive. This may lead to a lack of understanding as to
why a species is protected by legislation and dis-trust of institutions which may undermine the
conservation of a given species.
Dickman (2010) suggests that social science techniques are highly relevant to HWC issues and should
be readily applied to crop-raiding studies. There is also an increasing awareness that for HWC
interventions to work they must adopt a thoroughly inter-disciplinary approach, especially in regard
to the social sciences (Buijs, 2009; Cox & Elmqvist, 2000; Dickman, 2010; Treves et al., 2006).
2.3.5. Are social data in relation to HWC valid or reliable?
There are inherent drawbacks in using perception data to inform HWC studies, however this is
dependent upon how the resulting data is collected and interpreted. While trying to make
inferences of the real world from this type of data may be questionable to some, researchers are
beginning to see the usefulness of perception studies as an important dataset in its own right(Cox et
al., 1991; Dickman, 2010).
While perception data is useful in examining the spatial extent and underlying social influences of
HWC conflict issues, depending on how it is utilised, it does have limitations many of which are
addressed in section 2.3.2.
The biological sciences rely heavily upon objective research design, data collection and
interpretation of results. This is often at odds with the philosophy underlying the social sciences,
which can be more qualitative in their design and as a result open to subjective input and
interpretation. This is not a bad thing, although some scientists readily shy away from collecting
using qualitative data as it introduces too many biases. Qualitative data can fill out a lot of the
complexity that ecological models simply can’t account for.
HWC, as identified above is an emotive issue and thus is open to subjective interpretations. Issues
with exaggeration and recall (addressed above) are possible, usually opinions formed by
respondents are based on some element of fact and though distasteful to some scientists, social
data can still inform us of underlying processes and particularly, with issues affecting HWC.
Quantifying perceived loss unveils the extent of the damage according to people most affected by
HWC and indeed the scale of the ‘PR’ problem for conservation managers. Intelligent research
design can often help to reduce biases associated with collecting social and recall data.
Perception data is most meaningful when collected with actual off-take data. It’s important that this
is not confused with using this data to tell people they’re incorrect (Dickman, 2010) but simply to
inform managers of the social and physical characteristics of HWC events before interventions are
devised.
2.3.6. Which methods of deterrent are the most useful?
Designing interventions to tackle HWC can be complex and problematic. Adopting methods to
reduce crop-raiding events is already common practice amongst farmers worldwide. Fifty per cent
of farmers in Uganda used more than one method to act as crop-raiding deterrents (Fungo et al.,
2010). Deterrents have varying degrees of success and some methods are more effective than
others at reducing crop-raiding (Fungo, 2011).

Designing effective deterrents often relies upon knowledge of relevant species and possessing a
good understanding of it’s biological and behavioural drivers (Treves et al., 2006)The methods which
famers currently use may be limited by resources (money, time, labour, materials).Choosing
appropriate methods based upon available local knowledge, informed by current tools and to
species biology, may signpost suitable deterrent designs for reducing the extent of crop-raiding
(Treves et al., 2006). Authors have spent time attempting to classify the various different approaches
to managing HWC, which will not be discussed at length here.
Overall, ‘Barrier’ methods (Treves et al., 2009) that reduce accessibility to crops (such as fencing and
nets) are considered to be the most popular methods to both communities and international donors
due to their low labour costs and long-term efficacy (as a passive method). However, if not properly
used barriers are one of the least effective deterrent methods (Fungo ,2011). Barriers can be an
effective option if they are designed and maintained well .
2.3.7. How should we choose and use management recommendations?
The most important element of dealing with HWC is to ensure that any interventions are practical,
feasible and effective. Mkanda (1994) recognised that the use of ultimately ineffective management
strategies can undermine stakeholder confidence and in turn, lead to failure in meeting conservation
objectives.
Treves, Wallace, & White, 2009 recommend utilising a particpatory approach involving stakeholders
from an early stage will increase cost-effectiveness, local acceptance and support capacity building.
Specifically, managers should take time identify to identify cause and effect relationships of the
underlying issues including social aspects and initiate partcipatory planning workshops with local
stake-holders in order to choose locally appropriate ands mutually agreed upon methods of
intervention.

2.4. The role of fruit bats in crop-raiding
On the whole, most studies on human-wildlife conflict, including those above, focus on mega-fauna.
Small mammals role in HWC are understudied yet possibly more influential . Fruit bats are often
seen as a pest throughout the globe. They often roost in large numbers and due to their penchant
for fruit, often come into direct conflict with farmers who may persecute fruit bats to protect their
crops. This is certainly true of the old world bats [Genus: Pteropus] who mainly feed on fruit, pollen
and nectar and often come into conflict with local people in agricultural matrices (Cousins &
Compton, 2005; Fujita, Marty S., Tuttle, 1991; S. P. Mickleburgh et al., 2002; Ramlugun, 2013).
Pteropus species fulfil many of the low tolerance criteria identified by Naughton-Treves and Treves
(2005) and thus could be considered group at high risk of encountering conflict (Table 1) This,
coupled with other threats particular to some Pteropus species such as loss of habitat, small
distributions, vulnerability to climate and over-exploitation suggest that flying foxes are a vulnerable
group to negative interactions (Fujita, Marty S., Tuttle, 1991; S. P. Mickleburgh et al., 2002).

Table 1: Socio-economic and ecological factors influencing tolerance. The Rodrigues fruit bat offers an example
of a low tolerance threshold for small mammals. Adapted from identified by Naughton-Treves and Treves
(2005).

Socio-economic

Ecological factors

Higher tolerance
indicators
Land availability
Abundant land
Ownership of
God, self.
wildlife
Community
Coping strategies Varied,
unregulated
Social unit
Community,
absorbing loss
group
Labour availability Abundant,
inexpensive
Value of wildlife
High (game,
tourism etc.)
Capital & labour
Low
investment in
crop
Type damage
Subsistence crop
Alternate income Various
Body size
Small, nonthreatening
Timing of raid
Early
relative to harvest
Wildlife group
Solitary
size
Damage pattern
Cryptic
Crop preference
Narrow, one crop
of species
Crop part
Leaves only
damaged
Circadian timing
Diurnal
of raid
Crop damage in
Self-limited
each raid
Frequency of
Rare
raiding

Lower tolerance
indicators
Scarce land
Government or
elite
Narrow, highly
regulated
Individual or
household
Rare, expensive

Example of:
P. rodricensis
X
X

X

Low (pest,
vermin)
High

X

Commercial crop
None
Large, dangerous

X

Late

X

Large

X

Obvious
Any crop

X
X

Fruit, tuber, pith,
grain
Nocturnal

X

Unlimited

X

Chronic

X

B

X

Previous work identifies commercial fruits often only form a small part of Pteropus diet (Korine et
al., 1999) and native alternatives are often preferred by bats (Andrianaivoarivelo et al., 2012;
Nyhagen, Turnbull, Olesen, & Jones, 2005). Therefore habitat loss and degradation may have a role
in conflict, driving nuisance behaviour. High occurrences of fruit crop-raiding might coincide with a
seasonal lack of fruit in wild habitats (Korine et al., 1999). This highlights the need to examine fruit
crop-raiding behaviour by Pteropus bats across both spatial and temporal scales, especially in areas
where habitat loss and degradation is a current threat (Andrianaivoarivelo et al., 2012; Fujita, Marty
S., Tuttle, 1991).

Aside from any damaging foraging activities flying foxes may be beneficial to fruit farmers, they have
an important role in the functioning of native ecosystems, acting as plant pollinators and seed
dispersers of native species (Cousins & Compton, 2005; Cox et al., 1991; Fujita, Marty S., Tuttle,
1991; Kunz et al., 2011; Nyhagen et al., 2005; Whittaker & Jones, 1994). These services may also be
of value to fruit farmers as cross pollination increases yields of commercial crops (Proctor & Yeo,
1958). It’s also important to note that other native or introduced species may only contribute to the
deleterious effects of raiding behaviour without providing the added benefits of services provided
bats. The extinction of flying foxes on oceanic islands in Samoa have been shown to have negative
cascading trophic effects on surrounding ecosystems (Cox et al., 1991; Cox & Elmqvist, 2000; Treves
et al., 2009).
Little is known about the role of small bodied species such as bats n crop-raiding. As an example,
little is known about the diet, biology and behaviour of the majority species of bat(Fujita, Marty S.,
Tuttle, 1991; S. P. Mickleburgh et al., 2002). Work that has already been carried out has been
insightful in questioning perceptions of bats as key crop-raiders (Andrianaivoarivelo et al., 2012;
Nyhagen et al., 2005). In some parts of the world, some species of bats are threatened and endemic
but are still perceived to cause a significant problem to cultivators of fruit crops which leads them to
conflict with people and authorities, further threatening the future of the species (Florens, 2012; S.
P. Mickleburgh et al., 2002).
The lack of knowledge regarding perceptions and actual off-take of many species of Pteropodid bats
is sparse (Andrianaivoarivelo et al., 2012; Nyhagen et al., 2005). It has been recognised that HWC is
a major threat to Pteropus spp. persistence and research into perceptions has been prioritized
research for research (Fujita, Marty S., Tuttle, 1991; Jenkins & Tatayah, 2009). More research is
needed to by address the role of small but conspicuous species in agricultural matrices. These
species pose a significant conservation problem and a gap in the knowledge of HWC issues.

3.0 Methods
3.1 Site Description
The study took place on the Mascerene island of Rodrigues in the western Indian Ocean (LONG/LAT
19°43’ S 63°25’ E), 650km east of Mauritius. The island is small at 18km long, 10km wide and 104km²
in area. Rodrigues is a volcanic island with a complex topography and a surrounding lagoon.
Rodrigues has two main seasons, summer and winter. Summer brings hotter, wetter weather and is
also tropical cyclone season (November-April). The mean summer temperature is 25.9 degrees
Celsius and mean winter temperature is around 22.3 degrees Celsius.
The island has an abundant endemic flora and 3 extant endemic vertebrates including the Rodrigues
fruit bat. A number of introduced vertebrates also inhabit the island including the brown rat, shrew,
house sparrow and the Indian Mynah. There has been significant de-forestation across the island.
Wide-scale conservation and reforestation work are carried out across the island and two nature
reserves by MWF Rodrigues.
Approximately 40,434 people inhabit the island. The population is largely made up of people of
African Creole descent. Smaller ethnic groups are represented on the island include Chinese, Muslim
and Hindus. Most people are employed in fishing, agriculture or handicrafts.

.Figure 3: Rodrigues and key sites
including Port Maturin.

3.2 Survey method
To address the research questions, the study utilised techniques developed for Rapid Rural Appraisal
(RRA). RRA is a collective term for group of methods, often using interdisciplinary approaches and
heavily reliant on social research techniques (Beebe, 1995; Chambers, 1992). RRA methods aim to
collect a broad spectrum of data quickly and efficiently, to gather relevant and appropriate
information (usually of an area or region) to inform context and understanding in a problem in a
cost-effective manner (Chambers, 1981). RRA lends itself well to the design of the study as it works
upon integrated learning and adaptive research design. A key aim of the study was to develop a
rapid and in-depth understanding of the problem of fruit crop-raiding as perceived by the local
people. Through use of RRA the aim was to collect a large amount of data, both qualitative and
quantitative to achieve holistic view of fruit crop-raiding by wildlife in Rodrigues.

3.3 Data Collection
Data collection focused on two groups: the fruit producers (FP) and the lychee growers (LG). The
fruit producers were classified as people who grow fruit in their gardens for any purpose. FP
represent the core respondents in the study whereas LG were targeted separately as part of a
smaller survey. The methods for both groups are described below.
3.3.1 Species selection
The two species selected as case studies were mango and lychee, based upon focus group
information. Both fruits were thought to suffer crop damage by wildlife but are cultivated for
different reasons. Mangoes are grown commonly by people in their back gardens and lychees are
was grown commercially, but at a small scale.
Mangoes also lend themselves to the study design because the species is commonly cultivated by
local people and are one of the most continuously distributed crops grown across the extent of the
island. Mangoes therefore, provide the opportunity to collect a comparable and representative
sample of damage in Rodrigues.
As the sole commercial fruit producers in Rodrigues, LG produce fruit for local trade. There are no
national records or turnover as sales are conducted at LG homes. LG do not export fruit to mainland
Mauritius or any other country. Due to differences in sample size and coverage, lychee and mango
data are treated as separate datasets for the purposes of analysis.

3.3.2 Research Framework

Four core methods were used to collect data, questionnaires, semi-structured interviews, rapid bean
counts and focus groups. Research design and activity was adapted in modified in line with RRA
techniques during the course of the study in response to pilot results, team recommendations. New
information fine-tuned understanding and influenced research emphasis (Figure 4). Both qualitative
and quantitative data were collected.

Figure 4: The data collection process using RRA research design detailing how the data were collected and
adapted. Resulting data, their use in the analysis and links to the research objectives are also presented.

The data collection process was carried out along dual but complimentary lines of enquiry. General,
qualitative data were collected continuously throughout the study period to provide context and
meaning to all of the resulting data and, to inform the on-going data collection process. Quantitative
data and additional data were collected after a series of pilots and reviews of the method.
3.3.3 Methods: Fruit Producers
Focus groups
An initial focus group of informed respondents was undertaken to gain local context. With
information gathered from the group, an initial questionnaire was designed. Four additional focus
groups were carried out during the course of the study. Group interviews were used to triangulate
quantitative data and generate additional qualitative information to inform core data collection.
Focus group activities included individual and group bean counts, semi-structured questions and a
participatory timeline activity in line with social research methods. Questions were in regard to use

of deterrents, opinions on possible solutions and general feelings towards bats. Focus groups were
carried out in conjunction with a study on people’s perception to P. rodricensis.
Locations for focus groups were chosen using villages that MWF already have permissions to work
in, in order to expedite data collection. Focus groups were advertised via word of mouth by local
people and MWF staff. Occasionally focus groups were attached on to organised events, such as
dance classes or talks. Participation was voluntary for local villagers to attend.
Pilot
Original questionnaires were designed as recall surveys to estimate the total numbers of mangoes
damaged within a twelve month time period as recommended by (Golden et al., 2013). However,
initial pilots identified core issues with the survey design which questioned the validity of the
underlying research methods. The pilot interviews demonstrated that people’s concept of the
damage caused by wildlife is highly complex and that the actual scale problem was not easily
quantified by people. The actual number of fruits produced by the tree, harvested or damaged were
unknown by respondents, which has implications for recall survey design.
Despite trialling methods for describing extent of damage such as actual numbers, percentages or
descriptive estimates (for example ‘none’, ‘less than half’, ‘half’, ‘more than half’ or ‘all’),
quantitative measures of loss proved difficult for respondents to express. In some cases even the
number of trees owned was unknown to interviewees . When questioned using semi-structured
interviews, it was uncommon for people to count damage nor keep any records. Number of animals
involved in the behaviour was also largely unknown.
Respondent-generated interval (RGI) methods could not rectify the situation as RGI assumes that a
‘true’ quantity was formerly known by the respondents and, that respondents would not purposely
deceive the interviewer. In face of this problem a visual activity was trialled, using dried beans and
a tree diagram (see below). This method had been previously piloted for focus groups and after
minor changes this method was adopted as a rapid interview technique .
In addition to discussions with in-country staff and translators, semi-structured interviews were
carried out with early respondents to identify issues with the questionnaires. As a result of feedback
from these three sources, face-to-face interviews were abandoned. Instead, simplified
questionnaires were written in French, based upon a successful method being carried out in a similar
study simultaneously.
Seventy one per cent of respondents of people in the pilot indicated that bats were the most
damaging species and 100% bats cited bats as within the top two most damaging species to fruit
crops. It was recognised during the pilot period and early data collection that people tended to
answer any question in relation to HWC with responses about bats. As people usually did not wish to
discuss other species continuing to collect data on all species, may have biased any other data
towards bats.
Questionnaires
Questionnaires (see Appendix II). were handed out opportunistically to local businesses, public
sector offices and community groups in Port Maturin and then collected three to ten days later. Port

Maturin was considered a suitable location as it attracts people from around the island for work.
Questionnaires were given to people who had fruit and people that didn’t.
This approach appeared to be more acceptable to both interviewers and interviewees. Some
questionnaires were also carried out through an interpreter in order to include people who could
not read (approximately most people over 40 years old). French was the chosen language for
questionnaires as this was the most commonly written language by local people and is readily
understandable by most of the population.
To improve response rates, questionnaires were kept simple, using check boxes as much as possible
and limiting open responses until the end of the questionnaire. This was due to people being more
confident with reading than writing and to keep the questionnaire short and simple. Direct ranking
activities were also avoided as these did not seem to be understood in pilot surveys.
Rapid bean count exercise
Due to the difficulty in quantifying damage, as discussed above, early tests showed that bean counts
were the most successful method of quantifying damage. The method was designed using concepts
borrowed from RRA methods. Twenty dried beans were placed in the centre of a tree diagram (see
Appendix I)). Participants were asked to divide the beans between four boxes: ‘fruit left on tree’,
‘fruit damaged by wild animals’, ‘fruit picked’ and ‘fruit damaged by cyclones, theft or disease’. The
numbers of beans were then counted for each category. Clarifying questions were then asked if any
of the selections seemed unclear to researchers. People were also asked to use the beans to rank
species contribution to crop damage (using a prompt sheet, see Appendix I)).
A single research assistant was used to ensure results were comparable. Interviewees were selected
opportunistically from people in the main town of Port Maturin, particularly around the bus station,
where there were people from all over the island. Market days were particularly targeted to ensure
a wide geographic spread of respondents. Toward the end of the period, gaps in the distribution
data were targeted, and the parts of the island were targeted opportunistically for data collection.
Random selection and home visits were not possible due to absence from home during data
collection periods and accepted cultural norms.
Semi-structured interviews
Semi-structured interviews were also carried out with key informants and individual respondents to
give a broad spectrum and context of the problem and explore issues further identified in focus
groups or questionnaires. The interviews were also used to explore people’s thoughts and opinions
about fruit crops and bats.
Interviewees were selected opportunistically from people encountered during the data collection
period. A few people were selected if they were known to have a lot to say about the issue of fruit
crop-raiding. . A few local people were identified as ‘key informants’ and were interviewed in this
context. For example fruit sellers were also targeted as in the market place ‘key informants’.
Interviews were recorded where possible and a single translator was used throughout.
Research Assistants

During the pilot it was established quality of results varied. Some interviewers struggled with
effectively explaining the bean count activity others stood out as excellent interpreters. Likewise,
some members of the team were better at conducting semi-structured interviews. After initial pilots
two specific research assistants were chosen, one for bean counts and one for semi-structured
interviews. Assorted local MWF staff were also used for handing out questionnaires and conducting
focus groups.
3.3.4 Methods: Lychee Growers
Structured interviews were used which incorporated the bean count exercise (described above)to
ask more in-depth questions of LG. Interviews were carried out with one assistant. Additional data
(n=12) were also collected on an ad-hoc basis as and when LG were encountered during the main
bean count data collection. There are few lychee growers on the island thus therefore LG were
selected through the snowball method. Finding LG relied upon local knowledge and
recommendations from other respondent.
3.3.5 Collating bat data
P. rodricensis roost locations were collected and provided by MWF Rodrigues. Roost data were
logged with Garmin e-trex handheld devices. Many of the data were taken from as near to the roost
as possible or view points. Where view points were used, data were manipulated to represent actual
roost location using topography and local knowledge. Approximately >25% of the sites were groundtruthed in July 2013, namely Accacia, Bel Air, Cascade Pistache, Citron Donis, Solitude I and Solitude
II.
Similarly, census data were from provided by MWF Rodrigues whom monitor populations regularly
using a systematic research method as per (V. Powell, 2005). The distance sampling tool in ArcGIS 10
was utilised to extract distance data between bat roost sites and village location data points.

3.4 Ethics
Local expertise, staff and resources were utilised throughout the study. The work was part of
collaboration between MWF Rodrigues , a local NGO who played a key role in the undertaking and
devising of the project.
Negative ethical impacts of the study were minimal. All respondents were given the right of refusal
and all data provided were confidential. Data collection was carried out within Imperial College
London’s codes of practice and ethical guidelines and within local and national law. Permission to
study was acquired from the Rodrigues Regional Assembly via MWF before survey work
commenced.

3.5 Data Analysis
3.5.1 Geospatial Mapping
Reliability of the data
All GPS data was double checked after download to qualify of the data. Some inconsistencies were
noticed at this stage, particularly in elevation data. To rectify this problem, data were joined and
compared to the 90 metre solution STRM raster layer. Some points were accurate but some were
very different, therefore all points were finally collected from Google earth, using village centres to
act as a local mean. Likewise, the data was joined and compared to the 90m STRM layer to double
check the accuracy and reliability of the data points.
Quantitative data
Spatial and temporal relationships between the data were explored using Arc GIS. Two separate data
sets were used to create the maps; the quantitative data was sourced using the bean count method
and the temporal maps were manufactured using qualitative questionnaire data. For mangoes, the
data collection method did not allow for individual site visits and collection of additional
environmental data, so the data were attributed to the respondents village. Spatial characteristics
of the village were then extracted using the STRM and GPS co-ordinates. Spatial characteristics
collected from mango data were elevation, distance from nearest forest patch and distance from
nearest bat roost.
Half of the lychee bean count data were collected as part of a larger questionnaire so additional
attributes were added to the point data including number of lychee trees and number of fruits per
tree (as a proxy for age of tree).
Any data lacking data points or individual bat damage estimates were excluded at this stage. In
addition, data were excluded if the during the collection stage, the respondents appeared to be
unconfident in their understanding and answering of the questions put to them. Mango and lychee
data were analysed separately as they represent very different data sets and damage levels.
Lychee data were likewise mapped, except each site was visited and logged using a Garmin e-trex
GPS. One site was not visited as the LG was not at home when he was interviewed, for this data
point, we used the central point of his village. Additional bean count data were also added to the LG
data set for the quantitative mapping analysis in order to triangulate existing data and increase
general coverage.
Temporal data
Temporal data were taken from questionnaire data (described in section 2.3.1 above) were use to
track the seasonal changes in bat damage. Similarly to above, data points were attributed to
individual villages rather than specific sites. Most people in Rodrigues do not have an ‘address’ and
thus it would be impossible to pinpoint each data point to a specific site. Shape files were generated
for each month according to respondent’s reports of occurrence of bat damage in gardens. These
were cross-referenced against seasonal qualitative statements and whether respondents believed
bat damage was high, medium, low or did not occur.

3.5.2 Statistical Analysis
The mango data were contained the largest sample size (n=175) and provided the most robust
quantitative estimates for damage. Therefore these data were used the majority of the statistical
analysis. A simple linear model was utilised to test for relationships between animal damage
(dependent) and independent environmental variables (elevation and distance to forest). A similar
model was run to test for a relationship between bat damage and the same environmental variables
with the addition of distance to nearest bat roost and number of bats per roost during the relevant
fruiting season (November 2012) of mango and lychee.
The lychee dataset was a lot subset (n=20) and thus, would t provide a particularly robust linear
model, therefore a series of Spearman’s rank correlation analyses were performed on the data to
identify whether there were basic relationships associated with the environmental variables and
perceived bat damage .
In addition to environmental analyses, evidence of spatial patterns were explored. A spatial autocorrelational analysis was run on the mango bean count data in ArcGIS (this was the only data set
with robust enough quantitative data and a reasonable sample size) to identify whether damage was
spatially discreet, using proportion damage as the dependent variable.
A large quantity of supplementary data were collected to assist in describing and understanding the
underlying system dynamics. These remaining data were collected qualitatively and did not lend
itself to statistical analysis, descriptive statistics and representative figures were used to express the
results of the data which are presented in the below section.

3.6. Constraints and Uncertainties
The method was originally designed to be carried out in Mauritius, where spatial and environmental
variables might be a bit more meaningful. Due to the small size of Rodrigues and the dispersal
abilities of fruit bats, the method and resulting analysis may be limited as to how far useful the
resulting analysis can be. Rodrigues could be considered as pilot of appropriate methods which could
be carried out on the mainland.
Due to the time of year, perceptions of crop damage could not be measured against actual off-take
of fruit (by people, wildlife or any other cause). Therefore, the study was highly reliant on the
respondent’s ability to accurately recall seasonal off-take events from the previous fruiting season.
This should not be too much of an issue though as the study is of perception alone, so precise recall
is not strictly necessary. The word ‘season’ was used to avoid geographical differences in the timing
of the fruit season.
Some elements that might be important to predicting bat damage may have not been collected. The
coarse scale of the analysis (e.g. village level) have restricted the type of data that could be collected
such as aspect and slops. Also, due to logistical reasons, researchers were unable to collect data on
farm characteristics, so important issues such as average tree height, surrounding habitat and
proximity of common fruit trees (for example Ficus spp.) were not collected.

4.0 Results
4.1 Which species are involved in the interaction?
The first objective of the study was to identify the species involved in the crop-raiding interaction,
both faunal and floral species.
4.1.1. Identifying the ‘conflict crops’
Mango trees were the highest ranked of the ‘conflict crops’ accounting for fifty three per cent of the
perceived problem (Figure 5). Mangoes were therefore the crop most likely to be owned and also,
damaged by wildlife. This is due to mangoes being identified as the most commonly owned crop
(74% of respondents said they owned mangoes) and because they were reported to be affected by
wildlife damage more frequently by locals. Fifty three per cent of respondents reported having one
or more mango trees in the garden reported damage by wildlife, this was higher than any other
crop.
Mangoes were closely followed by papaya and banana as the highest ranked ‘conflict crops’
accounting for 46% and 32% of fruit crop damaged in Rodrigues respectively (Figure 5). Again, this is
consistent with the number of people who own these species. Sixty seven per cent (papaya) and
sixty two per cent (banana) of people reported owning at least one tree of these species.
Lychees were owned by few people, only twenty seven per cent of respondents owned lychee trees,
but fifty nine per cent of people who owned lychees reported damage. Therefore, animal damage
was of much lower concern to the majority of people (Figure 5), based on how many people own the
fruit but those who do own fruit suffer substantial losses.

0

0

Figure 5: Proportional rank of perceived wildlife ‘problem’ to cultivated tree species on Rodrigues that
accounts for ‘commonness’ of ownership by locals and proportion of trees on the island that are
damaged (●), and the percentage of people who owned each tree species (bars). The percentage
total is worked out from a binary measure using the equation
where S is the percentage of cultivated species damaged, r is the occurrence of a the tree
species in the respondents gardens (presence or absence), d is the number of respondents who
reported animal damage to cultivated species, P is the percentage of people who own at least one
tree of a given species and n is the number of respondents (n=81). This does not represent extent of
damage.

Despite the overall vulnerability to damage of Rodriguan fruit trees (Figure 5), certain species may
be more suffer a greater overall extent of damage than others. Of the trees that were damaged, the
proportion of actual fruits damaged by wildlife were strikingly similar ( Table 2, Figure 6).
Proportion of fruits on, damaged by wildlife per household was estimated to be a mean of 36.4% for
a typical tree (Table 2). This figure accounts for all fruits of any species that were reported to be lost
to wildlife via consumption or damage which rendered the fruit in-edible. This result was mirrored in
initial questionnaires addressing the proportion of mango fruits damaged, which was estimated that
approximately 31% of the total mangoes on a single tree were damaged by wildlife. Confidence that
these data accurately represent local people’s of damage may be assumed due to the close
congruence of the data when broken down by species, all of the data (excepting coconut which had
a low sample size) agree upon similar percentages. It is also worth noting that lychee damage was
above average, but only marginally so.

Proportion of people who own trees

10

Jack fruit

10

Lemon

20

Grapefruit

20

Pineaple

30

Coconut

30

Badamier

40

Bread fruit

40

Other

50

Mandarin
e
Custard
apple

50

Lychee

60

Passion
fruit

60

Guava

70

Banana

70

Paypaya

80

Mango

Proportion of total repoted damage

80

Table 2: Percentage of fruit crops damaged during the last year (2012/13) taken from RBC data. Respondents
were asked to account for the last fruiting season of the given species. >90% respondents quoted that last year
was a normal year.

% fruits damaged
by wildlife

% fruits
harvested

% fruits
left on tree

ALL FRUITS
Mean %
Median %
BY SPECIES

36.40
35

27
25

19.13
20

Coconut
Lychee
Mango
Papaya

27.5
38.26
36.54
35.23

37.5
27.23
25.97
33.5

35
17.28
19.4
16.87

n
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2
12
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A. Coconut

B. Lychee
14.4

18.09

35.23

36.54
16.87
19.4

33.5

25.97

C. Mango

D. Papaya

Figure 6: Percentage of fruit crops damaged during the last year (2012/13) taken from RBC data. Respondents
were asked to account for the last fruiting season of the given species. >90% quoted that last year was a
normal year. Dark green, animals Striped harvested, light green left on tree, grey other. Damage attributed to
‘other’ include cyclones, theft and disease. The other here mostly represent damage by fruit fly, reports of
theft and cyclones were rare (<10) and (in the case of the former) localised..

The results also identify that according to local people’s perceptions, people harvest less fruit than is
lost to wildlife (again except coconut which has a small sample size, n=2). People usually harvest
approximately ten per cent less fruits (Table 2) than is damaged by wildlife. Fruits ‘harvested’ include
any fruit that were taken from the tree eat, sell or give away. They may be taken directly off the tree
or collected from the ground after falling from the tree. Conversely, a high proportion of fruits were
left on the tree and not utilised by owners. Caution would be advised in interpreting this figure as it
may incorporate some fruits that found on the ground and not collected.
4.1.2. Identifying fruit ‘crop-raiders’
A range species were recorded to engage in crop –raiding behaviour but, the Rodrigues fruit bat was
identified by locals most frequently as a fruit crop-raider (Figure 7). In addition to this P.rodricensis
were thought to be the most damaging to fruit trees (Figure 7).
Fruit flies were identified as a problem by 48% of respondents and 44% of people identified the
invasive Indian Mynah as a species that ate their fruit. Interestingly, rats were not as frequently cited
as crop-raiding species as might be expected from qualitative semi-structured interviews, where
they were identified as a crop-raider frequently. Shrews and rats could possibly be confused by some
people which may explain why rats were not reported as frequently as might be expected.
100
90

Proportion of respondents

80
70

60
50
40
30
20
10

0

Figure 7: Percentage of respondents (n=70) who identified any of these species as a ‘crop-raider’ for
any fruit from 2012-13 (dark bars) and species identified by respondents (n=63) as the primary cropraider (pale bars). Taken from questionnaire responses, cat and amphibian were included as controls.

Across all survey methods, people cited the fruit bat as the most problematic fruit raider. Eighty
eight of questionnaire respondents reported that they fruits bats were the most damaging species of
crop-raider. The figure can be revised up to 90% if people who reported two species were equally

damaging are included. This result was reflected in early bean count interviews, eighty two of
respondents identified fruit bats as the species that caused the greatest amount of damage to
garden fruits. This figure can be increased to 90%, if we include those respondents who stated that
bats were equally high as another species. Questionnaire and SSI data largely agreed with bean
count figures . Bats were consistently identified as the species responsible for the highest levels of
fruit crop damage.
For lychees, bats again were identified as the species to cause the most damage to crops. All of the
lychee growers reported damage to fruits by some species. Only one LG had not had experience of
crop-raiding by bats, but had been affected by Indian mynahs and fruit flies. Last season had been
his first year of producing lychees and his trees were low to the ground (<3m).
SSI results identified some species are thought to target certain fruit types. For example one 70 year
old gentlemen stated that Indian mynahs raided his papaya, lizards ate his bananas and bats
damaged his mangoes. This was a reoccurring theme in a lot of the qualitative interviews (Table 3).
4.1.3. Are there any preferences exhibited for certain types of fruit?
Of the fruits that were damaged specifically by bats, ripe fruits were the most frequently eaten,
followed by over-ripe. The taking of unripe fruits was reported, but at substantially lower rates than
other stages of development. No single respondent reported immature stage fruits to be the most
frequently damaged by bats (Figure 8).
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Figure 8: Proportion of cultivators that reported fruit bat damage for each stage of fruit development (dark
green bars) and the primary stage of development damaged/eaten on affected farms (light green bars) and
the proportion of (n=63).

Similarly, for mango alone, ripe mango fruits appear to be preferred by bats (Figure 9), followed by
over-ripe. For lychee the sample size was too small to infer anything meaningful, but it appears over
ripe lychees were preferred, followed by ripe. Seventy five per cent of eight respondents reported
that over-ripe fruits were preferred by bats. Fruit bats were not reported to feed primarily upon
unripe fruits of either lychee or mango. Unripe fruits were not reported to ever be damaged by fruit
bats.
80

Proportion of respondants

70
60
50
40
30
20
10
0
Unripe

Ripe
Stage of mango primarily eaten by bats

Over-ripe

Figure 9: Primary stage of fruit development for mangoes, damaged or eaten by fruit bats (n=72).

4.2 Extent of perceived damaging behaviours to fruit crops
Early on in the RRA process, it became evident that bats were perceived to be a major contributor
crop-raiding and often because of this, the wider context was often ignored by locals, who only
wished to discuss the ‘problem of bats’. It was evident that locals are aware that other species do
cause damage to garden fruits, but to a lesser extent than that of bats (Table 3). People only wanted
to discuss bats. Due to this, the research thrust was altered to focus on bats alone to lessen bias.
4.2.1. What is the extent of damage caused by wildlife?
Extent of damage to mango crops

Over half the respondents reported that damage was <50% (Figure 10). A small proportion
of respondents reported damage to mango trees by bats to be as high as eighty per cent of
the seasonal crop for 2012/13.

Figure 10: Proportion of bat damage attributed to seasonal mango crops for 2012/13.

Damage to mangoes appears to be a widespread problem over much of the island. Areas of damage
appear to be restricted in high relief areas. Both low and medium levels of damage appear highly
common throughout the island. A Moran’s auto-correlational analysis carried out on the larger
mango data set, revealed that percentage of bat damage is significantly clustered (Z=2.032942,
P=0.042058) suggesting some villages have similar levels of damage, however this could be a result
of the coarse scale of the geographical data (Figure 11).

Figure 11: Damage intensity (high ●, medium ●, or low ●) to mango crops attributed to bats in the previous
season (2012/13). taken from bean count data (n=157). Classifications were based on percentages , low =
≤33%, medium = ≤66% and high ≤99%. There were no values of 100%. Bat roost locations (+) and forest extent
(green) are also displayed (adapted from Davies (2013).

Extent of damage to lychee crops
The distribution of damage to lychee crops is two tailed, respondents either responded that damage
was fairly high or fairly low. Only 5% of the lychee data reported damage of >50% the annual crop. A
single data point in La Ferme reported no damage. Data was again widespread (Figure 12), additional
spatial analysis wasn’t carried out due to sample size (n=20)

Figure 12: Damage intensity (high ●, medium ●, or low ●) to lychee crops attributed to bats in the
previous season (2012/13). taken from bean count data (n=20). Classifications were based on
percentages , low = ≤33%, medium = ≤66% and high ≤99%. There were no values of 100%. Bat roost
locations (+) and forest extent (green) are also displayed (adapted from Davies (2013).

4.2.2. Are there environmental factors associated with high fruit crop damage?
Mango
Over half of FP lived within 2km of a bat roost and no further than 3.5km. Strikingly, all of the FP
small-holdings were within 500m of a forest habitat, with the >50% inhabiting a site <100m from a
forested area (Figure 13).

A.

B.

Figure 13: Frequency distribution of respondents the distance to nearest bat roost (A) and the nearest patch of
forest (B).

The results of the linear models identified no significant predictors of increased bat damage nor
general animal damage (Figure 14). Different models were tried using a mixture of variables
extracted from the data (see section 2.0). Proximity of forest habitat appeared to be influential but
not significant. Model simplification did not reduce explanatory power but still did not find any
significant predictors of bat damage (including forest proximity).

A.

B.
Figure 14: Explanatory variables measured
in linear model (A) elevation, (B) distance
from forest and (C) distance from nearest
bat roost. None of the explanatory variables
significantly predicted extent of
damage.

C.

Lychee
The majority of the LG lived within 1.5km of a bat roost and no further than 2.5km. Startlingly, all of
the LG small-holdings were within 500m of a forest habitat, with the majority under 100m from a
forested area.
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B.

Figure 15: Frequency distribution of respondents the distance to nearest bat roost (A) and the nearest patch of
forest (B).

The lychee data set was considerably smaller (n=20) than the mango sample but had more variables
attached that arose from the questionnaires. As a result of the small sample size, the use of a linear
model was rejected as the fit and power of the model would be limited. Simple univariate tests
(Figure 16) identified the only predictor of increased bat damage was the number of bats within the
roost which showed a negative correlation with level of bat damage (p-value = 0.027, rho 0.4910009). This indicates there may be a relationship between the two variables but cause and
effect must be borne in mind.
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Figure 16: Explanatory variables measured: (A) elevation, (B) distance from forest, (C) distance from nearest
bat roost, (D) approximate population of bats in nearest roost in November 2013 (during the relevant fruiting
season), (E) type of roost (permanent or temporary) and (F) number of lychee trees owned by respondent.
None of the explanatory variables significantly predicted extent of bat damage except for the number of bats
in the nearest roost (D) which showed a significant negative correlation (*).

There was also an indication that the number of lychee trees owned may influence a farms
vulnerability to high levels of bat damage which perhaps might have an influence if a larger
sample size were collected. According to local sources, there are not there are thought to be a
many more LG on the island, so it might be assumed that opinion as to extent of damage to lychees
reflects this pattern.
4.2.3. Are there temporal patterns and can we explain these?
HWC events involving bats appear to be more frequent in the summer months. A high frequency of
respondents reported seeing considerably more bats in their gardens from October-March peaking
in November-February (Figure 17). Similarly, all the interviewed LG reported more bats in their
garden in November and December (n=10). This co-insides with the main fruiting seasons on the
island and breeding peaks for bats
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Figure 17: Seasonal fluctuations in bat crop-raiding events involving mango trees: (A)January, (B) February, (C) March, (D)April, (E) May,
(F) June, (G) July, (H) August, (I) September, (J) October, (K) November an (L) December. Larger circles indicate high overall damage,
small circles represent low overall damage.

Short term temporal trends
Bats appear to visit gardens regularly during the fruiting season. Over seventy per cant of
respondents to questionnaires, stated that bats visit every night in a normal week during the fruiting
season (Figure 18). This was supported in the qualitative data collection. The distinction between
seven nights and more than once a night is hard to define as most people in early pilots said they do
not keep track of every visit it is such a common occurrence. Also it was rare for anyone to count the
number of bats that visited each night so this remains unknown.
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Figure 18: Number of visits per day/night by bats (n=66). Questionnaire data variety of fruit

4.3. Exploring perceptions and their influences
4.3.1 Why people grow fruit
People reported growing fruits for various reasons, including to for personal pleasures, to eat, to
give to friends, to sell at market, to make conserves for sale and to sell from home. When
respondents were asked the main reason why they grow fruit, seventy two per cent reported
growing fruit for personal consumption (Figure 19). Few people grew for sale (only 10%) although
this figure increased depending on fruit. LG grow fruit primarily for sale and more lychee producers
said they sold fruit even if it wasn’t their primary reason.
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Figure 19: Respondents primary reason for growing garden fruits (n=69). Taken from questionnaire data.

When local small-holders were asked why the fruit in their garden was important to them,
most respondents commonly held perceptions were that people like fruits and enjoy eating
them (Figure 20). Other reasons people value fruit are associated with health reasons,
economical advantages and to feed the family (Figure 20).

Figure 20: Word cloud of respondents answers to the open ended question; ‘Why are your fruits important to
you?’ (n=69). Large fonts indicate a higher frequency of word being used.

4.3.2 Collective Inflation
Comparison of group estimates of damage to individual estimates during focus groups demonstrated
that group situations influenced the estimation of damage (Figure 21). Estimates of damage were
consistently estimated to be approximately 5% higher than the highest of the individual estimates
and between 4% -20% than the mean of the individual estimates. For one group , the estimate
matched the highest of the individual scores, but was still higher than the mean.
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Figure 21: Focus group estimates of bat damage, the group estimate is consistently the same as the
highest individual estimate and always higher than the mean (n=4/5/4/3 respectively).

4.3.3 Uncertainty

The mango damage data showed a normal distribution with a slight left skew however, most
people agreed that damage to mango trees accounted for around 15-30% of crop losses
(Figure 23). Contrastingly, distribution on the lychee data appears to have two tails, one that
estimates damage to be low (~15%) and one that suggests damage is higher (~35%). The
distribution could be a consequence of the smaller sample size.

Figure 22: Distribution of intensity of damage to lychee is two-tailed (n=20).

Opinion varied widely through the data set, but the mean amount of damage remained
fairly constant (Figure 23). Perceptions reveal that the mean amount of damage is likely to
lie approximately somewhere between 20-40% (figure 23) or, to be more accurate 36%
(Table 2). However, the data also exhibits a wide degree of variation in opinion in most of
the villages (Figure 23). For estimating damage by all vertebrates as a whole, there appeared
to be less divergence about the mean (Figure 24), despite damage being higher.

Figure 23: Variation of estimated bat damage in main villages (n=≥3) of damage to mango
(n=105)

Figure 24: Variation of estimated vertebrate damage in main villages (n=≥3) of damage to
mango (n=105).

4.4. Exploring commonly held opinions Table 3: Variation of estimated vertebrate damage in main villages (n=≥3) of damage to mango (n=105).
Common
themes
Bats cause a
lot of damage

"Bats eat all of the fruit"

"Bats take a bite out of every fruit"

"the bats are in my trees every night"

Possible
solutions
Population
control
Other animals

"Plant more fruit trees in the forest for the bats
to eat"
"there are too many bats"

"We want the authorities to provide
subsidised nets to protect our fruit"
"We can't do anything about bats"

"We don't have to kill them all"

"We can control the rats"

"mynahs eat my paypaya but they cause
less damage than the bats"

Bat
population
Social
vulnerability

"there are too many bats"

"mynahs eat my papaya, bats eat the
mangoes and lizards eat my bananas. But
bats are the worst"
"there are less bats"

"there are more bats than there used to
be"
"Nets are good but people can't afford them"

"For me it's o.k., bats can have their share, but
some people don't have jobs and need their
fruit to eat and sell."
Deterrents
"Nets are good as the bats can't get to the
fruit"
Non-animal of "Severe cyclones are devastating because you
damage
loose all your fruits, but they are rare"
Bat behaviour "bats are even coming out in the day time now,
I see them flying around in the afternoon and
morning"
Commercial
"I have had to get a new job and stop selling
affects
Tambes at the market because the bats eat all
of the fruits"
Forest
"Too many people pick wild fruits in the forest
degradation
to sell"
Alternatives
"the bats are not really a big problem"
Future

"the bats will increase and increase"

"Nothing works"

"We must reduce the number"

"Bats don't eat my lychees, I think it is
because the trees are still small"

"Fruit flies have been a big problem for me"
"In the last two year's they've started eating unripe mangoes"

"My business is limited by the bats, I could
make more money if the bats do not eat
the coffee"
"Too many goats graze in the forest and
eat all the plants"
"people in the South aren't used to the
bats, they've just spread there"
"there will be no fruit left in Rodrigues"

"If there were less bats, I could make more
jam to sell at the market"
"There were more natural fruits in the
forest when I was young".
"the bats get all the blame because we can
see them"
"they will decrease because people are
angry"

4.5. Exploring solutions
People use a varity of approaches in Rodgrigues to mitogate against the damage caused by bats.
(Table 4). Some methods are more common than others and small-holders report varying degrees of
success (Table 3). Some people do not think deterrents work and it was common for people to
suggest non-lethal or lethal contrl of the popultion.
Table 4: Types of deterrent identified throughout the study and relative frequency of reports.

Common
Scarecrow
Firecrackers
Lighting up the
tree
Casette tape
bunting
Plastic bag
bunting
Flags in trees
Nets (generic)

Occassional
Throwing stones
Tin can bunting
Slingshots

Rare
Dogs in the garden
Mosquito nets
Banging drums
Picking fruits early
Hanging bottles of urine in trees
Lighting fires to create smoke
Attaching a cat to a tree
Shooting

The most frequently use method of deterrent reported by respondents was plastic bags
followed by nets (Figure 26). In open ended questions people reported that these methods
were preferred as they were the most feasible. Plastic bags were reported to be cheap and
easy to put up wheras nets were effective (Figure 27) but expensive.

Figure 26: Word cloud of respondents answers to the question; ‘Which method of deterrent is used by most
people?’ (n=69). Large fonts indicate a higher frequency of word being used.

Figure 21: Word cloud of respondents answers to the question; ‘Which method of deterrent is the most
effective?’ (n=69). Large fonts indicate a higher frequency of word being used.

5.0 Discussion
5.1. Which species are involved in crop-raiding in Rodrigues?
5.1.1. Assessing vulnerability of garden fruits
Mango trees appear to be at particularly high risk of fruit crop-raiding by local wildlife. This may be
due to the high availability of mangoes in the surrounding environment however, low susceptibility
of other abundant fruits suggest this is not the sole reason (e.g. Lemon). If it is taken into account
that bats were the primary crop-raider then influence of bat preference is likely to explain the
patterns of vulnerability (Figure 5).
Consistent with current knowledge of P.rodricensis diet, the data indicate that the bats are more
likely to raid mango crops on the island (V. Powell, 2005). Despite high abundance of mangoes in the
environment, it is likely the data reveal some degree of preference for mangoes, consistent with
knowledge of Pteropus biology(Kunz et al., 2011).
Other fruits commonly consumed by fruit bats such as lychee, guava and grenadine (V. J. Powell &
Wehnelt, 2003; Ramlugun, 2013) appear to be suffer higher rates of damage (Figure 5) . Factors
known to influence Pteropoid bat fruit selection including size, lipid content and calcium content
(Andrianaivoarivelo et al., 2012; Nyhagen et al., 2005). The largest species were not always selected
suggesting some fruits are selected for nutritional content. In addition fructose content may have
influence over fruit selection, as bitter fruits were rarely reported to be damaged by wildlife (Figure
5).
Lychee are relatively high on the scale of conflict crops n Rodrigues considering how few people
owned trees. Results suggest people that as might be expected (Korine et al., 1999), they sustain
higher levels of damage. Other species sold in internal markets include mandarine and lemon which
do not appear to be highly affected by wildlife damage. Despite this and in parallel to Mauritius( pers
comm.Tatayah, V.; Ramlugun, 2013), damage to commercial crops is still of concern to local people
(Table 3).
The crux of the issue is that it appears bat consume more fruits than are harvested by people (Table
2) which is a substantial proportion of the crop. That said, a decent proportion of over-ripe are also
left in the tree that might attract bats into the garden as according to Mickleborough (2002),
Pteropodid bats usually feed on over-ripe fruit. Proper management of fruit trees might therefore
influence levels of damage.
5.1.2. Primary fruit crop-raiders in Rodrigues
It is evident that Pteropus rodricensis play a key role in the HWC in the minds of local communities.
Animal damage is perceived to account to for 36% of damage to fruit crops in Rodrigues. P.
rodricensis, a native, endemic species was identified to be the most problematic species by smallholders which is consistent with perceptions other small islands containing native Pteropodid bats
(Cox et al., 1991; Fujita, Marty S., Tuttle, 1991; Ramlugun, 2013). The scarcity of vertebrate fauna on
the island might lead to this conclusion, as the fruit bat has few competitors.
Other species were identified as crop-raiders on the island were introduced vertebrates. In
qualitative surveys, respondents often identified rats as a crop-raider but these results did not agree

with questionnaire data. This could be an indication that, in agreement with the literature, bats
appear to receive a disproportionate amount of blame for damage that might be attributable to
other species (Dickman, 2010; Fujita, Marty S., Tuttle, 1991).
It may be that fruit bats are perceived to cause inflated estimates of damage as they are a relatively
large, noisy and visible species. Studies on mega-faunal species suggest more conspicuous species
tend to receive a larger degree of blame for damage than they actually cause (Fujita, Marty S.,
Tuttle, 1991; Fungo et al., 2010). This appears to be the case in Rodrigues.
Similarly to findings of crop-raiding on lychees on nearby Mauritius, the Indian mynah was
frequently identified as a key avian crop raider(Ramlugun, 2013). However the damage caused by
this species was largely tolerated. Respondent s reported that bats are responsible for more damage
than other species. This is thought to be due to their foraging behaviour. Mickleburgh, Hutson, &
Racey (2002) state that the tendency of Pteropodid bats to cause damage to surrounding fruit
increases their susceptibility to conflict with fruit producers.
As in Mauritius (Manrakhan, A & Price, 1999), fruit flies also seem to be a major problem affecting
Rodriguan fruit producers, however the problem of fruit flies, despite the high damage do not seem
to be such an emotive issue. This may be because most people perceive fruit flies to be a disease
problem than a wildlife issue. The high level of damage caused by fruit flies in conjunction with high
overall tolerance may be an indicator that most of the problems with fruit bats arise out of
perceived levels of control. This is reflected in opinions of the Indian mynah and rat, those people
that see these species as a problem say that their ability to exert control against further damage
makes rats for example, a lesser problem than bats (Table 3). This agrees with Treves et al. (2009)
who hypothesized people are more willing to tolerate restrictive regulations when they can exert
some sort of control or self-regulation over the problem.
5.1.3. How can the damage to fruits be characterized?
Similarly to other studies on the genus (Fujita, Marty S., Tuttle, 1991), the results demonstrate that
fruit bats exhibit a preference for mature fruits. There are records of unripe fruit being consumed by
bats but these are minimal. This supports the work of Nyhagen et al. (2005) who conducted a study
on a closely related species, that suggests the consumption of unripe fruit occurs during periods of
low food availability and only occurs when ripe fruits are unobtainable. Increasing records of bats
eating unripe fruit (Table 3) may therefore suggest there is a lack of food in the natural environment
to sustain the population.

5.2. Extent of crop damage to fruit trees
5.2.1. Extent of the damage caused by wildlife
Damage to mango crops
Despite complaints of high crop damage (Table 3), and in agreement with findings in other HWC
studies, it was found that damage to crops was actually relatively low (Kendall, 2011; Korine et al.,
1999; Siex & Struhsaker, 1999). Most of the data fell under 30% of the annual crop which might be
considered surprising especially in relation to the magnitude of complaints. Although crop-raiding
was common, the extent of damage is actually very low (Figure 11). If qualitative reports alone were
used, it would suggest that damage is high and uniform across the island however, the bean count

activity appears to be an effective method of extracting more realistic estimates of damage in line
with peoples perceptions.
Damage to lychee crops
In line with attitudes expressed in Ramlugun's (2013) findings in Mauritius, qualitative reports of bat
damage to lychee fruits seem to be over-inflated once e compared to qualitative data. This is even
the case with perception data (Figure 12) The bean count exercise however, again appears to qualify
the data to a more representative figure of true damage. Interestingly little of the damage caused by
bats was estimated to be above 50%, which differs from qualitative opinion.
Often, qualitative reactions to quantifying bat damage to lychees were >50% for each respondent
(pers. obvs.). but after using the beans percentage off-take by bats were revised down. This could
suggest that the method is wrong or simply, when people are asked to represent the damage
explicitly, an amount closer to the real figure is revealed. Long term factors that might have negative
impacts (such as wind damage and cryptic species) on fruit yields may be over-looked. However,
some of the low damage might be explained by use of deterrents. Lychee farmers more frequently
owned at least some nets that may have afforded them some degree of protection and therefore
less overall damage to crops.
5.2.2. Spatio-temporal factors influencing risk to HWC
Studies in HWC have found that there are usually spatial changes in frequency and susceptibility of a
farm to damage by wildlife(Hill, 2000; Kendall, 2011). In the case this of P. rodricensis, this is
perhaps not the case. Spatial variates could not explain changes in intensity of crop damage. Autocorrelational analysis suggested there may be clusters of damage but this could also be a product of
how sites the geographic data were collected at the village scale. The data collected were therefore
not truly independent. Results also contradicted the most frequently significant variable of distance
to habitat. This likely to be a product of the size of the island.
The distribution of people that live close to forests suggests the island is not big enough to
appropriately test the model, as the scale was too small. The limitations with the scale of the data
mean that this could be restricting the power of the analyses. That being said, the model did indicate
a possible relationship (P=0.07) between extent of damage and proximity of forest habitat. Although
it was not significant, it may be may be more meaningful if replicated across a spatial distance scale.
Bats are a highly mobile group, species of the genus Pteropus can travel >38 km per night (Start
(1974) in: Fujita, Marty S., Tuttle, 1991). The size of the island is likely to again be influencing the
spatial data. Distance clearly is an important predictor of continental patterns of damage, but
perhaps not for highly mobile species, particularly those that inhabit small islands. This identifies a
gap in the knowledge of HWC and could have implications for other Pteropus species confined to
small islands, in that risk factors may be difficult to reliably quantify and mitigate against.
There are indications of relationships between some variables. Significantly, the number of bats in
the closest a roost was negatively correlated with bat damage to crops. This contradicts data that
presence of high densities of ‘nuisance’ species increase risk of damage to adjacent areas (Siex &
Struhsaker, 1999). Highly mobile species, particularly those that fly, are perhaps more likely to
spread in a non-linear way. Theory in bat conservation literature that supports the hypothesis that

bats disperse from the forest during times of year with high fruit availability (Cousins & Compton,
2005; Korine et al., 1999). It is likely that those sites closest to the forest are impacted by dispersing
bats. This also supports research by Powell (2005) who found numbers of P. rodricensis in roosts was
correlated with food availability in the forest. The reverse findings presented here suggest that
crop-raiding occurrence is affected by strong temporal relationships driven by fruiting phenology
and resource availability of natural sources (Powell, 2005).
5.2.3. Temporal trends in crop-raiding intensity
Likewise, and as indicated by above point, damage t crops is likely to be influenced by ecological and
biological traits. A large body of work has been published on temporal trends that appear to have an
important influence on the frequency and timing of crop-raiding events. In line with the literature,
local reports demonstrated that crop-raiding by bats exhibit strong temporal patterns(Nyhagen et
al., 2005). Research into a closely related species showed similar patterns to this study, flying foxes
were seen more regularly by stakeholders during fruiting peaks (Fujita, Marty S., Tuttle, 1991).
Whittaker & Jones (1994) suggest that adaptable species often use abundant, available resources
especially following loss and degradation of natural habitat. Highly nutritious species offer an
additional resource for bats when food in limited in forested areas. This might explain the higher
movements of bats and thus, the increased crop-raiding reports by local people.

5.3. Exploring perceptions and their influences
5.3.1. Perceptions in context
Fruit culture
People have a close relationship with fruit in Rodrigues. Fruits are grown for consumption and

please but are also used to meet family needs, for consumption and good health. A culture
of giving fruits to friends and family was seen as an important part of the local culture. The
selling of fruits were also identified as a factor. Respondents regarded their garden fruits as
part of the way of life on the island and were proud of the fruit of Rodrigues. A preference
for local fruits over imported varieties was often expressed by locals and there was a strong
interest in supporting the local fruit culture.
In parallel with findings in Mauritius generally, people think that there too many bats,
particularly commercial producers (Ramlugun, 2013). People are seeking a solution to the
‘problem with the bats’, a widespread belief. Various solutions were mentioned by
respondents to the study, and many believe nets are a solution (Table 3).
Uncertainty
The variation about the mean expressed (Figure 25), suggest on the whole there is uncertainty
about how much damage bats cause and that while it may be high, it may be equally likely to be low.

Contrastingly, respondents found it easier to agree upon the amount of damage caused by
wildlife as a whole (Figure 25), suggesting bat damage is both difficult to more difficult
quantify, perhaps because bats are a politically loaded issue for local people. Perception data
is known to be subjective so this is to be expected (Dickman, 2010; Fungo et al., 2010). The range of

responses here, and outliers are equally important results for assessing peoples true
perceptions(Dickman, 2010).

Deterrents
Stakeholders identified feasibility of deterrents as a major influence on choice of method.
Similarly to wider HWC, passive methods were favoured and cost and effectiveness were
reported to be the key factors in the most used methods (Fungo, 2011). Nets were
identified as the most effective method but all respondents said they were expensive and
unaffordable for most people. An ingenious solution was being used by some lychee
farmers, who used old mosquito nets, which are considerably cheaper to protect fruits from
bats.
5.3.2. Communal inflation

One of the most interesting results from the data collection was the inflation of damage
estimates by groups of people. In the literature, focus groups act as forums for publicly
accepted vies and thus tend to have the opposite effect of reducing exaggeration (Treves et
al., 2006). Similarly SSI respondents reported that talking with other people informed their
view on the amount of bat damage at their home.
The data may suggest that inflation of ‘the problem of the bats’ has become a modal view in
Rodriguan society, and people may even feel pressure to hyper inflate damage to crops in
these situations. Alternatively, the data could reflect concerns in reporting damage at an
individual level particularly to representatives from a local NGO. However, this disparity
could perhaps hint at an underlying factor affecting variation and uncertainty around
damage by bat (Figure 23).

5.4. Critical Evaluation and recommendations
5.4.1. How well can data describe HWC in Rodrigues?
In line with what might be expected (Dickman, 2010), there was a lot of variation around extent of
damage, even in similar geographical areas. This could be accurate or a consequence of imprecision
of the method in quantifying the damage. This lack of accuracy should not be of too much concern,
the data collected are intended to express both an indication of actual damage and the underlying
attitudinal influences rather than exact off-take.
The literature agrees that perception alone is not enough to inform decisions or recommendations
(Fungo et al., 2010; Siex & Struhsaker, 1999) however, perception data is useful and can tell us a lot
(Cox & Elmqvist, 2000; Dickman, 2010; Treves et al., 2006). It should be recognised that the blame
placed on bats is likely to be ultimately based upon real experience. P. rodricensis are likely
responsible for a proportion of the damage to garden fruits, regardless of the precise accuracy of the
data in regard to estimating precise off-take of fruit.

That being said, the bean count method appeared to be useful in estimating realistic offtake. The method appears to have reduced hyper-inflation by encouraging people to
consider how all of the fruits on a tree are utilised or affected. This can only be tested by
comparing results to actual off-take. Nevertheless, in line with RRA techniques (Beebe,
1995; Chambers, 1992) the results offer a cost-efficient rapid assessment of crop-raiding
damage.
The data represent the full range of opinion, including outliers. Treves et al.(2009) state
that, unlike most analysis, outliers are equally important to consider in HWC as commonly
held perceptions. In fact outliers could be considered to have more of an influence, as these
incidents are what people respond to (Treves et al., 2009).
These spatially explicit data produced here are useful in visualising both the extent and
distribution of the problem in relation to people’s attitudes. As long as caution is used when
intepretating the data, it can be useful. This type of information is to conservation
managers in targeting resource effort and planning interventions (Dickman, 2010; Treves et
al., 2009) and also for local communities to provide evidences.
5.4. Limitations and constraints
To summarise, there were a number of limitations and constraints upon the data. The timing of the
fieldwork meant that it was not possible to compare perceived damage with actual damage which
would have added value to the study for local managers. Despite this a lot a lot of valuable
perception data was collected which could be compared to actual off-take at later date.
Key data were identified that might inform future studies into risk predictors of bat damage to fruit
crops. Many additional informative and possibly influential data were not collected due to
practicalities and data collection method. Site visits to homes would have been useful to collect
additional information on variables that may affect crop-damage including slope, aspect, proximity
of favoured fruit trees (e.g. Ficus spp.), tree height and more accurate methods of distance and
elevation. This method was used for some of the lychee data so is possible for smaller sample sizes
or pre-organise visits (as per local cultural norms).
The scale of the study was almost certainly a limiting factor for assessing the role of spatial variables
in HWC events, however, the initial models indicate that on a larger scale this method could be
useful. The study was originally designed to be carried out on a much larger island where resulting
models might have been more meaningful.
5.5. Recommendations for using the data
The data did go away to explain the dynamics of the problem and streamline people’s perception to
gave fairly consistent estimates, although they must be used with caution. A lot of time should be
spent on developing methods with communities where low literacy and numeracy skills persist. The
framework provided here could inform future studies
The study was useful in developing an understanding of the role of HWC in Rodrigues across space
and time and for assessing the socio-cultural aspects of the conflict simultaneously. A rich variety of
informative data were collected over a short space of time. The data can be used to inform

conservation managers as to the scale of the issue and avoid future inflation to similar situation
currently being played out in nearby Mauritius (Florens, 2012). Further studies to estimate actual
off-take would hugely benefit this data set .
The study was a useful pilot for future work on islands with a similar socio-cultural context. A

replicate study in Mauritius would be revealing. Simple improvements could be made to survey
design to account for the larger scale and it’s likely from indications in this study that spatiotemporal trends would for evident.
It would be recommended to use a random sampling design and collect data on site for precision.
And to collect the additional data described above. Actual off-take analysis undertaken and
compared during the same season would also add considerable value. Information should be
disseminated to stakeholders for participatory planning of conservation targets (Treves et al., 2009).
This technique could also be used for assessing other HWC, particularly for species or locations with
strong parallels to this study.
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APPENDIX I: BEAN COUNT DATA SHEET

FRUIT
LEFT ON
TREE

ALL
FRUIT
PICKED

FRUIT
DAMAGED
BY ANIMALS
ON TREES

OTHER FRUIT
DESTROYED
(E.G. BY
CYCLONES/
DISEASE/FALLEN)

APPENDIX I: MANGO QUESTIONNAIRE

Les informations contenues dans cette enquête sera utilisée dans un rapport et envoyé aux
personnes qui font descions sur la conservation de chauve-souris. Le rapport présentera la situation
actuelle et les opinions de la population locale sur la façon de gérer les chauve-souris afin de
protéger les intérêts de la population et la nature. Toutes les informations que vous fournissez sera
anonyme et confidentiel. S'il vous plaît répondre aux questions honnêtement.
Oú Habitez- vous? ………………………………………………………..
Gendre ;

Homme / Femme

OFFICE USE ONLY:
SPP: MANGUE
Date:
Respondent Number: RM ___

1. Quel arbre fruitier avez-vous dans votre jardin et combien?
VEUILLEZ ECRIRE LE NOMBRE DES ARBES DANS CHAQUE CASE.
Ananas
Limon
Banane
Litchi
Badamier
Mandarine
Fruit à pain
Mangue
Atte
Papaye
Grenadine
Pamplemousse
Goyave
Coco
Jacques
Autre
Je n’ai pas de fruit
Specifier……………………………………........
2. Lequel de ces arbres ont été endommage/mange par des animaux ?
VEUILLEZ COCHER TOUT APPROPRIER
Ananas
Limon
Banane
Litchi
Badamier
Mandarine
Fruit à pain
Mangue
Atte
Papaye
Grenadine
Pamplemousse
Goyave
Coco
Jacques
Autre
Je n’ai pas de fruit
Specifier……………………………………........
3. Pourquoi cultivez-vous des arbres fruitiers? VEUILLEZ COCHER TOUT APPROPRIER
Par plaisir personnel
Vendre au revendeur
Autre…………………………………

Propre consommation
Donner aux amis

Vendre au marché

4. Quel est votre raison principale de cultiver des arbres fruitiers ? VEUILLEZ COCHER UN SEUL
Par plaisir personnel
Vendre au revendeur
Autre……………………………………

Propre consommation
Donner aux amis

5. Avez-vous des manguiers dans votre jardin ?

Vendre au marché

OUI (CONTINUE LA QUESTION 6)

NON (PASSEZ A LA QUESTION 14)

6. Quels sont les animaux qui mangent vos mangues ? VEUILLEZ COCHER TOUT APPROPRIER
Colombe
Pigeon
Moineau
Martin
Mouche à miel
Mouche de fruit
Papillon
Mouche blanc
Aucun

Bebet argent
Chauves-souris
Lézard
Crapaud
Rat musqué
Le rat
Chat
Autre………………………….
Rien

7. Quel animal est responsable de la plupart de dommage de vos mangues ?
………………………………………………………………………………………………………………………………………………..
8. Comment savez- vous quel animal a endommagé/mange vos mangues ?

9. Combien de fruit de vos manguiers vous (mangez, donnez, ou vendez) ?
Aucun

Moins que moitié

Moitié

Plus que moitié

Tous

10. Sur votre manguier, combien des mangues les animaux ont-ils mangé ou endommagé ?
Aucun

Moins que moitié

Moitié

Plus que moitié

Tous

11. Sur votre manguier, combien des fruits vous reste-t- il après avoir été murit ?
Aucun

Moins que moitié

Moitié

Plus que moitié

Tous

12. Quel stage de mangue les chauves souris mangent- elle ? VEUILLEZ COCHER TOUT APPROPRIER.
Vert

Mure

Bien mure

13. Quel fruit mangent- elles le plus ? VEUILLEZ COCHER UN SEUL.
Vert

Mure

Bien mure

14. Avez-vous déjà utilisé protéger de protéger vos fruits
Oui

Non

15. Durant quel mois de l’année vous voyez des chauves souris dans votre jardin ?
VEUILLEZ COCHER POUR CHAQUE MOIS
Jan
Fev
Mar
Avr
Mai
Juin
Juil
Aout
Sept
Oct

Nov

Dec

16. Pendant quel moment de l’année remarquez-vous plus des chauves souris dans votre jardin?
VEUILLEZ COCHER TOUT APPROPRIER
Jan

Fev

Mar

Avr

Mai

Juin

Juil

Aout

Sept

Oct

Nov

Dec

Pourquoi est-ce-que vous pensez cela ?
…………………………………………………………………………………………………………………………………………………
………
17. Pendant quel moment de l’année remarquez- vous moins des chauves souris dans votre jardin ?
VEUILLEZ COCHER TOUT APPROPRIER
Jan

Fev

Mar

Avr

Mai

Juin

Juil

Aout

Sept

Oct

Nov

Dec

Pourquoi est-ce-que vous pensez cela ?
…………………………………………………………………………………………………………………………………………………
…………
18. Pendant la saison des mangues, quelle fréquence les chauves souris sont venus dans votre jardin
pendant une semaine normale (7 jours). Même si vous n avez pas de mangues. VEUILLEZ
COCHER UN SEUL
Plus
qu’une
fois par
jour/nuit

Chaque
nuits/jours
(7)

6 fois

5 fois

4 fois

3 fois

2
nuits/jours
par semaine

19. a) Quel est le niveau de dommage causé par les chauves souris?
Beaucoup

Moyen

Peu

Rien

Une
nuit/jours
par
semaine

Rien

b) Comment savez- vous le niveau de dommage ? VEUILLEZ COCHER TOUT APPROPRIER
Vu dans mon jardin
Entendre dans mon jardin
Vu dans mon village
Entendre dans mon village
Vu/ettendre dans le jardin du voisin
Le nombre de fois les chauves-souris sont
dans mon jardin
Le quantité de dommage des fruits
Vu les dommages chaque fois
Je compte les dommage chaque fois
Je ne vois pas tout les dommage
Je compte le nombre exact des fruits
Je compte le nombre exact de chauvesedommager
souris
Je note les dommage
Le quantité de chauves-souris dans l’arbres
Les gens parlent
Je ne sais pas
Je compte mes fruits
Autre
Specifier……………………………………....................
20. Comment vos voisins sont ils touché face à les animaux qui mangent leurs fruits?
Plus

Pareille

Moins

Ils n’ont pas des fruits

21. Avez-vous remarquer des changement dans les nombres de la chauve souris dans les dix
dernieres années) ?
OUI
NON
Si ‘OUI’, quel sont les différences.

22. Comment vos voisins sont ils touché face à les animaux qui mangent leurs fruits?
Plus

Pareille

Moins

Ils n’ont pas des fruits

23. Qu’avez-vous entendu sur la façon que les gens fassent pour protéger leur fruit de la chauve
souris ? COCHER TOUT APPROPRIER.
Filets
Pavillon
Sac à plastique
Chasser avec les tambours
Pétard
Cannette vide avec corde
La lumière
Cassette
Lancer des pierres
Fleche
Epouvantail
Attacher un chat à un arbre
Autre
Spécifier…………………………….
Autre
Spécifier…………………………….

24. Quelle méthode pensez- vous les gens s’enserre le plus ? VEUILLEZ COCHER UN SEUL.
Filets
Pavillon
Sac à plastique
Chasser avec les tambours
Pétard
Cannette vide à la corde
La lumière
Cassette
Lancer des pierres
Fleche
Epouvantail
Attacher un chat a un arbre
Autre
Spécifier…………………………….
Autre
Spécifier…………………………….
Pourquoi pensez-vous que les gens préfèrent cette méthode ?

25. Quel méthode les gens disent-il est plus efficace ? VEUILLEZ COCHER UN SEUL.
Filets
Pavillon
Sac à plastique
Chasser avec les tambours
Pétard
Cannette vide à la corde
La lumière
Casette
Lancer des pierres
Fleche
Epouvantail
Attacher un chat a un arbre
Autre
Spécifier………………………….
Autre
Spécifier………………………….
26. Comment La chauve souris dans votre jardin vous faites sentir ;
(VEUILLEZ COCHER UNE CERCLE SUR CHAQUE LIGNE)
Totalement en
Peu en
Aucun
désaccord
désaccord
En colère?
Joyeux ?
impuissant ?
Rien ?

27. Que pensez-vous serai le future de la chauve souris à Rodrigues ?

Peu d’accord

Totalement
d’accord

28. Pourquoi les fruits mangés par les chauves souris sont important pour vous ?

29. Autres commentaires ?

Merci beaucoup pour votre temps.
Si vous avez d’autres questions en ce qui concerne cette étude vous pouvez contacter la
MWF(WIldlife) ou Vikki (email: victoria.price12@imperial.ac.uk).

