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Abstract Conflict between farmers and primates increasingly impacts conservation
efforts in Africa and Asia. Field crops provide a reliable and readily-accessible source of
food for primates coping with habitat loss. However, crop-raiding undermines food
security and tolerance of wildlife within neighbouring human communities. Many primates
consume crops regularly yet there are few accounts of systematic evaluation of techniques
to deter them. Working in partnership with farmers, this study was conducted over two
growing seasons within four villages adjacent to the Budongo Forest Reserve, Uganda.
Using systematic observational sampling, semi-structured interviews, and focus groups, we
(i) monitored primate crop-raiding behaviour prior to and after installing locally-appro-
priate deterrents, developed with local farmers, and (ii) explored farmers’ initial responses
to the methods trialled. Deterrent efficacy was assessed by comparing the frequency and
characteristics of raiding events across seasons. Primates were the predominant diurnal
crop-raiders; six species were observed raiding. Deterrents implemented included barriers,
alarms, repellents, and systematic guarding. Incidence of raiding and crop loss decreased in
almost all cases, often by shifting raiding to unprotected fields or adjacent farms. Farmers
identified benefits and shortcomings for each deterrent, and considered most to be effective
and valuable. Insights from the research directly inform intervention strategies to address
crop-raiding issues and extend options to mitigate human—wildlife conflict.
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Introduction

Conflict between subsistence farmers and wildlife due to crop-raiding is an increasingly
crucial conservation issue in Africa and Asia. Raiding can compromise local food security
(Hill 2000), reduces tolerance of wildlife (Sekhar 1998) and undermines management
efforts (Osborn and Parker 2003). There is an extensive literature reviewing techniques to
deter crop-raiding (Conover 2002; Sitati and Walpole 2006; Graham and Ochieng 2008).
However, despite the prevalence of crop-raiding by non-human primates, virtually all
accounts of techniques to protect crops from primates are indirect and anecdotal (Osborn
and Hill 2005), without verification or structured evaluation (CARE et al. 2003; Reynolds
2005; Hockings and Humle 2009). Consequently, efforts to address raiding by these ani-
mals risk being ineffective and of little value to farmers, compromising conflict mitigation
and conservation efforts (Madden 2004).

The context of crop-raiding must be understood before implementing deterrent inter-
ventions (Sitati et al. 2005), including the behavioural ecology of raiding species, crops
grown on farms, and extent and frequency of raiding events (Hill et al. 2002). Farmers’
perceptions about crop-raiding and raiding animals should be assessed to ensure actions
and anticipated outcomes address farmer concerns (Gillingham and Lee 1999). Consul-
tation with farmers and other key local people is imperative to agree plans and goals, and
be informed about steps, limitations, local resources, or timeframes to take into account
(Strum 1986; Webber et al. 2007).

We use the term ‘deterrent’ to refer to any technique intended to protect crops from
damage by animals, irrespective of how and at what stage of a crop-raiding event the
technique influences raider behaviour. An effective deterrent increases animals’ perceived
risks, overriding the benefits of raiding crops (Lee and Priston 2005). Because many
animals habituate to deterrents, the most effective deterrents are likely to be adaptive and
inexpensive rather than complex (Osborn and Hill 2005). The utility of an effective
deterrent can be quantified by comparing crop-loss savings with deterrent costs over time
(Wallace 2010). However, utility is also qualitative and influenced by perceptions about
effort, expense, and opportunity cost to implement, use, and maintain a deterrent (Conover
2002). Accordingly, deterrent value is a function of how well it addresses the need to
reduce crop-raiding, relative to the time and resources a farmer is willing or able to invest
in crop protection. It is therefore productive to approach deterrent strategies as cost-benefit
scenarios.

Deterrents used frequently or widely are not necessarily effective; rather, subsistence
farmers may lack feasible alternatives. Farmers’ traditional deterrents may be labour-
intensive, inefficient, and ineffective but the only options they can afford or access (Hill
et al. 2002). However, traditional deterrents such as basic fences, vigilance, guarding,
throwing objects, chasing, and/or culling raiders may be appropriate in many contexts,
especially when used systematically (Osborn 2002). These options should be considered
first because techniques already familiar to farmers are likely to be locally acceptable and
easier to modify when greater efficiencies or efficacy are required. Farmers are also more
likely to support and maintain novel deterrents when they build on familiar methods
(Osborn and Hill 2005).

Interventions should fit with local social norms, gender- or age-specific roles, and labour
availability across agricultural seasons (Hill et al. 2002). Involving farmers actively in
planning, implementing, and evaluating deterrents increases their ownership of techniques
and commitment to finding solutions, decreasing dependency on ‘outsiders’ (Osborn and
Parker 2002). Ideally, deterrents should be part of a mitigation strategy to not only decrease
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Fig. 1 Map showing location of the 4 villages where study farms are located around the southern edge of
the Budongo Forest Reserve, Masindi District, Uganda

raid frequency and severity, including requests for compensation, but also increase toler-
ance of wildlife by reducing the impacts of crop-raiding for farming communities
(Naughton-Treves 1998).

Interdisciplinary research often requires a degree of compromise where quantitative and
qualitative strategies are combined. Here we use quantitative data collection and analysis
techniques typical of behavioural ecology with qualitative, social science techniques to
evaluate (i) deterrent effectiveness in changing animal behaviour and (ii) farmer views
about deterrent utility and uptake. Our results demonstrate the efficacy of barriers, repel-
lents, early warning systems and active guarding in reducing crop losses to primates, and
outline farmers’ preliminary assessments of deterrents.

Materials and methods
Study area and sample

A total of 10 deterrents were tested on 13 farms within 4 villages (Marram, Nyabyeya 2,
Nyakafunjo, Panyana) around the southern edge of the Budongo Forest Reserve, Masindi
District, Uganda (Fig. 1). All farms lay at the forest edge, and all deterrents were posi-
tioned at the farm-forest interface (FFI).! The realities of working with small-scale farmers

! Each FFI comprised a distinct section of farm—forest boundary and included farmland, forest, buffer zones
and any regenerating areas perpendicular to the farm—forest boundary.
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in isolated communities, combined with the need for an interdisciplinary, two-tiered
approach, preclude having a larger sample size.

Data were collected February to September 2006 (Year 1) and February to September
2007 (Year 2), coinciding with the primary crop-growing season each calendar year. Study
farms were typical for the area in terms of farm size, crop types grown and crop protection
methods already in use (Hill 2005).

Data collection

Observation sites were selected to allow continuous viewing of farmer and wildlife activity
and an unobstructed view of the farm-forest edge. A ‘hide’ was constructed (by the farm
owner) at most observation sites to conceal observer presence from wildlife on or near the
farm. Data collection schedules were agreed in advance with each farmer to ensure they
were aware of when their farm and behaviour were being observed.

Six people, working in pairs, carried out data collection (GW and 5 research assistants).
To minimise observer fatigue observation sessions were limited to 5-6 h per day per
observer, and observers completed approximately 5 sessions per week. Observation ses-
sions were scheduled to begin between 6.30 and 7.00 (sunrise) or end between 17.30 and
18.30 (sunset). All days of the week, and all hours of daylight, were sampled. However,
observations were conducted less frequently during weekends to allow study households
days without observers on their farms. Total observation sampling time exceeded 4,080 h
across 786 sessions.

Inter-observer reliability trials were conducted regularly in both study seasons to assess
and monitor consistency of observational data sampling across and within observers
(Martin and Bateson 1986). One-way analysis of variance was used to test for statistical
differences between and across observers (Fowler et al. 1998). The criterion for reliability
(p = 0.95) was attained for 19 of 20 trials of behavioural observation datasets (scan data
and continuous data), confirming a high level of inter-observer and within-observer con-
sistency. Distance estimates were monitored under field conditions to ensure consistency
across and within observers as well as accuracy with measured values. The criterion for
reliability (p > 0.9) was attained in all trials, indicating distance estimation was consistent
and sufficiently accurate for analysis.

In Year 1 standard systematic behavioural observation techniques (Altmann 1974) were
used to collect data regarding (i) primate behaviour on farms and at farm-forest boundaries
(species, raid duration and location, responses to human activity) and (ii) farmers’ on-farm
behaviour (presence, detection of primates, responses to raids). In Year 2 deterrents were
implemented at study FFIs, and the same data collected as in Year 1 to evaluate the impact
of each intervention. Instantaneous scan-sampling was carried out by one observer at
10-minute intervals throughout each sampling session. Scanning occurred from left to right
across the farm and FFI. Scanning frequency was increased to 1-minute intervals for the
duration of each crop-raiding event (CRE) to facilitate fine-scale analysis of crop-raiding-
related behaviour and interactions with farmers. A CRE was defined as a behaviour
sequence when one or more animals entered a farm and interacted with one or more crop
items. It commenced when the first animal entered the farm and ended when the last animal
left the farm. Each CRE only comprised crop interaction by a single species; simultaneous
raiding by more than one species was recorded as separate CREs. Categories of behaviour
used for scan sampling are presented in Table 1.

All-occurrences continuous sampling, carried out by the second observer, was used to
record details of specific events such as animals or humans entering a farm, farm entry and
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Table 1 Categories of behaviour used for scan sampling (Adapted from Wallace 2010, Appendix 5)

Behaviour Description of behaviour

Animal behaviours

Carry crop Carrying crop item away from crop-interaction location

Eating Consuming or ingesting crop items

Enter Entering farm

Feeding Consuming or ingesting non-crop food item

Flee Escaping quickly from farm or adjacent area in response to action(s) by human(s) and/
or dog(s)

Interact crop Interacting with crop item: handing, manipulating, digging, breaking, processing but
excludes eating or carrying crop item

Leave Exiting farm

Resting Inactive, stationary, and passive. Excludes social and vigilant

Social Interactions between or involving 2 or more conspecifics. Includes playing, grooming,
touching, mating and agonistic behaviours

Travelling Travelling-related movement. Includes walking and running

Vigilant Actively watching or scanning surrounding environment

Human behaviours

Actively Responding actively to animals on or near farm. Excluding guarding and deterring
responding

Deterring Action(s) intended, usually used, or likely to deter animals from entering farm and
raiding crops

Enter Entering farm

Guarding Actively watching, scanning, or overseeing farm, forest edge, crops, and surrounding
environment

Leave Exiting farm

Resting Inactive, stationary, and passive. Excludes guarding

Travelling Travelling-related movement. Includes walking and running

Working Actively working on or adjacent to farm. Includes all farming activities other than

actively responding, guarding or deterring

exit points, or human activity within forest buffers and at farm edges. It was also used to
record the following for each CRE: time when each animal entered farm; estimated dis-
tance of animal to nearest human on entry to farm; behaviour of human; number of animals
on farm; number of animals remaining at or near forest edge; number of animals inter-
acting with crop items; location of interaction with crop items; species of crop damaged;
where crop item consumed; nature and extent of crop damage; detection of raiding animals
by humans; actions by humans; responses by animals; estimated average distance animal/
group travelled onto farm; estimated maximum distance any animal travelled onto farm;
time last animal exited farm; estimated distance to nearest human when last animal left
farm.

Crops planted were determined while mapping farms each study season. Maize and
beans were predominant. Amount of crop damage was estimated from counts of crop
interaction behaviour, crop items consumed, and carrying of crop items by animals during
each CRE. One crop stem was defined as (a) one plant or stalk, including leaves, or (b) one
fruit, cob or tuber. When possible, further assessment of crop damage occurred following
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CREs or observation sessions. However, this was infrequent because observers were to
remain hidden from animals that often stayed near the FFI after a CRE. Average planting
densities were calculated for each crop stand on each farm, based on total number of stems
counted in randomly selected 5 x 5 m plots.

Three focus groups were conducted prior to Year 2 to explore farmers’ ideas and
experiences for developing deterrents. All study farmers, 4 village chairpersons and
additional members of study farm households participated. Participants were asked to
consider ideas for possible deterrents, considerations when constructing and monitoring
deterrents, and their prior experiences with crop-protection methods. Semi-structured
interviews were conducted in Year 2 to investigate farmers’ assessments of deterrents.
Questions focussed on a comparison of crop yields in Years 1 and 2, how much guarding
farmers engaged in during Year 2 compared with Year 1, any change in farmer on-farm
behaviour across the two years, positive and negative aspects of the deterrent measures
tested, would they continue to use and maintain any deterrent measures tested, and did they
experience problems or concerns with observers on their farm?

All data were collected only after consultation with stakeholders, and with consent and
support from village councils and participating farmers. Farmers were assured deterrents
would be removed at their request at any time. The university research ethics committee
granted ethics clearance, prior to beginning fieldwork. Research permits were granted by
the Uganda National Council for Science and Technology.

Deterrents

The aim was to determine which deterrents were effective or not, and why. This was best
achieved by matching deterrents to specific FFIs based on observations of CRE frequency
and animals’ raiding behaviour during Year 1. For example, barrier deterrents designed
specifically to deter baboons were trialled at FFIs that experienced frequent baboon CREs
during Year 1. Farmers were advised that deterrents differ in operation, require different
levels of farmer input, and some farmers might experience better results than others
because of the specific deterrents trialled on their farm. Farmers were assured that results
and information from testing each deterrent would be shared to benefit all farmers over
subsequent seasons.

Three categories of techniques were trialled: barriers, warning systems, and repellents
(Table 2). Barriers (e.g. fences) impede or prevent entry to fields. They operate before
raids occur and, where effective, restrict or eliminate raiding. Barriers typically require
only minor input from farmers, other than construction and maintenance. Warning systems
(e.g. bells) alert farmers to animals entering fields. They require farmers to construct and
maintain the deterrents, and actively respond when signalled. Repellents (e.g. guarding)
operate when animals are already in fields. They require farmers to be vigilant, allocate
time to monitoring, and actively respond when raiders are detected; construction or
maintenance is only necessary for guard huts. The deterrent categories are not mutually
exclusive.

Details of the deterrent structures and their distribution across FFIs are summarised in
Table 2. Two hedging materials were trialled, jatropha (Jatropha curcas) and ocimum
(Ocimum kailimandscharicum). Jatropha is a drought resistant shrub sometimes used as a
living barrier to livestock (Makkar et al. 1997). The seeds are toxic (Henning 2000),
enhancing any deterrent impact of the hedge structure. The hedge was expected to obscure
primates’ view of crop fields from the forest, and their on-farm view of the forest, thereby
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reducing their information about human on-farm activity and escape routes, increasing
perceived risks of raiding.

Ocimum is a perennial, aromatic shrub, forming a dense, interwoven barrier from
ground level. Local rhetoric suggests ocimum has repellent properties due to its strong
odour and attractiveness to bees (M. Diedonne, pers. comm.). It was anticipated that adding
ocimum to a fence would (i) make crops less accessible to primates because the plants form
a dense barrier, (ii) render the fence aversive due to odour and presence of bees, and (iii)
increase raiding risks by enlarging the barrier to be negotiated and reducing line of sight
between the forest and farm.

A 1 m high wire-mesh fence was included within the construction of the 2 ocimum
hedges to assess whether deterrent efficacy (if any) depended on, or was augmented by, a
fence. In each case the fence was on the farm side of the hedge, ensuring animals
approaching from the forest encountered the hedge first. Twelve millimetre mesh made it
difficult for primates to secure a foothold on the wire; the lower edge was fixed to the
ground to prevent easy passage under it.

From observations made on study farms during Year 1 it was apparent that guarding
was sporadic, occurring less frequently than farmers’ claimed, and comprising only 15.5 %
of their activity budget (Wallace 2010). Farmers were often distracted or preoccupied with
other tasks and only intermittently vigilant, usually remaining at one location without
patrolling fields or boundaries. Guarding was typically in short bouts of less than two
hours. Consequently, 3 guards were hired in Year 2. Each had experience of farming and
raiding by wildlife. They were required to guard from sunrise to sunset, be vigilant
throughout this period, patrol fields and farm edges frequently although not at regular
intervals or in patterns animals might discern, and actively respond to wildlife observed on
the farm or at the FFI. Men were selected to avoid any confounding effect of guard age—sex
category.

Guards maintained a written record of all animals they observed on-farm, near the FFI,
or responded to. Information recorded included species, time, location, number of animals
encountered, guarding actions, and animals’ responses. Guards could carry weapons, chase
animals, and/or throw objects at them but not kill, trap or injure animals.

Two guarding schedules were trialled from June to September 2007. At FFI04 guarding
occurred throughout all days of each week. This full-time schedule reflected the maximum
effort a farmer could invest in guarding during daylight hours, and represents a continuous
and predictable risk for animals raiding crops. Guarding was on a part-time basis at FFI0S,
occurring throughout 50 % of days, assigned randomly to vary each week. This schedule
reflected feasible guarding effort when farmers needed to undertake other tasks regularly
and/or could share guarding with family members or neighbours; it provides a sporadic but
unpredictable risk for animals raiding crops.

All costs for materials and related expenses were paid from project funds. Although
farmers incurred effort costs in trialling deterrents, funding meant they accrued any ben-
efits without monetary investment, allowing them to focus on utility. The deterrents were
affordable, easy to use, low maintenance, and used locally-sourced materials purchased in
nearby markets. Local people with bicycles were hired to transport deterrent materials.
Savings are expressed in Ugandan shillings (UGX) where 1 GBP = 3,300 UGX or
1 USD = 2,100 UGX.

Frequencies of CREs for Year 2 were compared with baseline values for Year 1 to
determine effectiveness of each deterrent, i.e. whether there was a substantial reduction in
CRE frequency in Year 2 compared with Year 1.
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Data analysis

Quantitative data are analysed using non-parametric tests with SPSS 14 for Windows
(SPSS Inc., USA). Categorical data (frequency of CREs under different conditions) were
analysed using y” or Fisher exact tests and continuous data (number of crop stems dam-
aged; size of raiding group; duration of CRE; distance animals travel onto farm; number of
CREs detected/undetected by farmers) were analysed using Mann—Whitney U tests. Tests
were two-tailed and p < 0.05 was considered significant. Quantitative data are supple-
mented with qualitative data from interviews with study farmers where appropriate, to
explain farmers’ viewpoints and, in some cases, actions.

Results

Olive baboons (Papio anubis), blue monkeys (Cercopithecus mitis stuhlmanni), red-tailed
monkeys (Cercopithecus ascanius schmidti), vervet monkeys (Chlorocebus aethiops),
black and white colobus monkeys (Colobus guereza occidentalis), and chimpanzees (Pan
troglodytes schweinfurthii), were recorded crop-raiding each season.

Fences

Barbed-wire fences were trialled at FFI17 (4-strand fence) and FFIOS (3-strand fence). The
results are summarised in Table 3. In Year 2 CREs only occurred in unprotected fields and
those bordered by the 3-strand fence. Estimated maize damage by primates in Year 2 at
FFI17 (82 cobs) was 80 % less than Year 1 (405 cobs). Maize cobs sold for 100 UGX each
at local markets (M. Diedonne, pers. comm.); gross savings therefore exceeded
30,000 UGX, representing approximately 12 % of average annual income for rural
households (UBOS 2010). The farmer envisaged the 4-strand fence at FFI17 would require
only minor maintenance over 3—4 years. Costs to replace the wire were viewed as potential
shortcomings, although the farmer added he had “many years to save the shillings” for
this, and the fence would “help him to save more money”.

The 3-strand fence at FFI08 did not deter primates from raiding (Table 3). There was a
56 % increase in raids during Year 2 despite equivalent availability of maize and beans in
adjacent fields. The lower fence height at FFIO8 compared to that at FFI17 possibly
removed any deterrent effect for primates. In Year 2 primates were observed entering and
exiting the enclosed field by jumping over the wire.

Hedges

A jatropha hedge was trialled at FFI18. Primate CRE frequency was similar in both years
(Table 4). However, there was an 85 % decrease in raid frequency in fields bordered by the
hedge and a significant increase in raids in adjacent fields without the hedge during Year 2
(f* = 26.5, df = 1, p < 0.001). Because crop availability and level of raiding activity
were similar across the two seasons, we conclude the hedge was an effective deterrent to
crop-raiding by primates.

In Year 2 no raiding occurred in the field most enclosed by the jatropha hedge (Field 1)
even though 86 % of Year 1 CREs occurred there. The three baboon raids during Year 2
occurred close to the end of the hedge: each raider entered and exited through an unpro-
tected field, avoiding the hedge. Immediately prior to 10 CREs in Year 2 primates were
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Table 3 Testing the efficacy of 2 different barbed-wire fences

FFI and type Fields Raiding species Frequency of CREs Difference in

of fence —  frequency
Year 1 Year 2 of CREs:

Year 2 — Year 1

FFI17 Fields 1, 2 and 3 Baboon 6 0 —6
4 strand barbed-wire (protected by Blue monkey 1 0 -1
fence fence) .
Red-tailed monkey 2 0 -2
All raiding species 9 0 -9
Fields 4 and 5 (not Baboon 0 4 +4
protected by Chimpanzee 0 1 +1
fence) L .
All raiding species 0 5 +5
FFI08 Field (protected Baboon 1 1 0
3 strand barbed-wire by fence) Blue monkey 3 2 -1
fe
ence Red-tailed monkey 5 11 +6
All raiding species 9 14 +5

Frequency of crop-raiding events at FFI17 and FFIO8 in Year 1 and Year 2. CRE frequency is summarised
for fields protected by fences and those not protected by fences during Year 2

observed travelling along the jatropha hedge and then entering the farm at a point beyond
the end of the barrier. Animals were especially vigilant while travelling, appearing to
inspect the hedge. Primates were never observed climbing over or through it, using stems
as vantage points, or touching it, suggesting jatropha is also a repellent.

Median species-level raiding-group size, raid duration, and on-farm travel distance did
not differ significantly across seasons at FFI18. Estimated number of crop stems damaged
by primates was not significantly different across seasons. The farmer was observed to
guard less frequently in Year 2 (5.2 % of scans) than Year 1 (12.9 % of scans). The farmer
thought the barrier would reduce the need to guard, including fields not bordered by the
hedge. Because most raiding had been in Fields 1 and 2 in Year 1 the farmer put less effort
into guarding Fields 3 and 4, not expecting raiding to shift to unprotected fields as much as
it did. However, he did not increase guarding effort in response.

Three-row and single-row ocimum hedges, with and without mesh fences, were trialled
at FFI16 and FFI06. The results are summarised in Table 4. The 3-row hedge (FFI16)
alone had negligible deterrent impact but was effective when combined with the mesh
fence (Fisher exact test, two-tailed, p < 0.004). During Year 2 only one raid occurred
within the area bordered by the combined 3-row hedge plus fence (FII16), whereas 12 raids
(57 % of all raids) had occurred within this area in Year 1. The raid in Year 2 occurred in
June when the hedge was less dense, and involved two red-tailed monkeys entering via the
hedge, avoiding the fence, and fleeing when chased by the farmer.

The single-row ocimum hedge plus wire-mesh fence (FFI0O6) was also an effective
deterrent to raiding and shifted raids away from crop fields it bordered (Table 4). Eighty
percent of Year 1 CREs were in Fields 1 or 2 and only 9 % occurred there in Year 2.
The 3 Year 2 baboon raids in Field 2 were of cassava in April, before maize cobs were
present; baboons appeared to ‘target’ the cassava then restrict raiding to Fields 3 or 4 for
the remainder of the season when maize was available in all fields. The 90 % reduction in
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Table 4 Testing the efficacy of jatropha and ocimum hedges

Type of hedge FFI and field Raiding species Frequency of CREs Difference in
status —  frequency
Year 1  Year 2  of CREs:
Year 2 — Year 1
Jatropha hedge FFI18 Baboon 13 3 -10
Fields I and 2 Red-tailed monkey 6 0 -6
(protected by v " 1 1
hedge) ervet monkey 0 -
All raiding species 20 3 —-17
FFI18 Baboon 1 11 +10
Fields 3 and 4 (not  gje monkey 0 2 +2
protected by Red-tailed K 7 7
hedge) ed-tailed monkey 0 +
All raiding species 1 20 +19
3 row FFI 16 Baboon 3 3 0
ocimum hedge Field edge Chimpanzee 1 3 +2
(protected by .
hedge only) Red-tailed monkey 0 2 +2
All raiding species 4 8 +4
FFI16 Baboon 7 0 —7
Field edge Blue monkey 3 0 -3
(protected by .
hedge and mesh Chimpanzee 2 0 -2
fence) Red-tailed monkey 0 1 +1
All raiding species 12 1 —11
Unprotected fields Baboon 0 11 +11
adjacent to Blue monkey 0 2 +2
FFI16 .
Chimpanzee 2 1 —1
Red-tailed monkey 0 4 +4
All raiding species 2 18 +16
1 row ocimum hedge  FFI06 Baboon 30 3 —27
and mesh fence Fields 1 and 2 Blue monkey 3 0 -3
(protected by .
hedge and mesh Red-tailed monkey 4 0 —4
fence) All raiding species 37 3 —34
FFI06 Baboon 8 13 +5
Fields 3 and 4 (not  gje monkey 0 15 +15
protected by dotailed "
hedge and mesh Red-tailed monkey 1 —1
fence) Chimpanzee 0 42
All raiding species 9 30 +21

Frequency of crop-raiding events at FFI18, FFI16 and FFI06 in Year 2 compared to Year 1. CRE frequency
is summarised for fields protected by hedges compared with those not protected by hedges

baboon CREs within fields bordered by the barrier clearly indicates that baboons were
avoiding it (4 test, > = 24.926, df = 1, p < 0.001).

The single-row ocimum hedge plus wire-mesh fence had greatest impact on baboon
raiding but also shifted all blue monkey raids to Fields 3 and 4. Although reasons for the
five-fold increase in blue monkey CREs during Year 2 are not known, their presence at
FFI06 was consistent across seasons. Baboons and blue monkeys at FFI06 raided in smaller
groups closer to the forest edge in Year 2 compared with Year 1 (Mann—Whitney U tests
neyray = 17 neyriy = 30: group size U = 85.5, p < 0.001; average on-farm distance
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U = 146.5, p < 0.016; maximum on-farm distance U = 141.0, p < 0.011). Both chim-
panzee raids in Year 2 were of papaya close to the farmer’s house adjoining Field 4. There
was a significant reduction in estimated stem damage by primates from Year 1 (1,047
stems) to Year 2 (382 stems) (32 test, y* = 309.465, df = 1, p < 0.001). Median damage
per CRE was also significantly lower during Year 2 (11 stems) than Year 1 (15 stems)
(Mann—Whitney U test, niyray = 33 neyriy = 46, U = 493.0, p < 0.008). Based on local
prices for maize cobs (see above), the barrier generated a crop-loss saving for the farmer of
approximately 60,000 UGX.

Primates were never observed or reported climbing the ocimum and mesh fence, using it as
a vantage point, or otherwise interacting with it, suggesting ocimum, like jatropha, has
repellent qualities. During Year 2 primates were observed to avoid the barrier, travelling up to
70 m through trees before leaving the forest to enter beyond the barrier. Blue monkeys and
baboons were at the forest edge opposite Fields 3 or 4 more often in Year 2 (4.7 % of scans)
than Year 1 (2.8 % of scans), again indicating avoidance. Similarly, primates often used a
longer route to the forest to avoid the barrier when exiting the farm in Year 2, and generally
did not raid where the barrier was directly between them and the forest, even when near the
farm edge. This suggests the barrier also deterred raiding in fields where it impeded escape.

Guarding was observed infrequently at FFI06 in Year 1 (14.9 % of scans) and even less
often during Year 2 (4.6 % of scans), hence CREs were detected significantly less fre-
quently by the farmer during Year 2 than Year 1 (Mann—Whitney U test, niyro) = 18
neyrny = 33, U= 1545, p < 0.001). At the end of Year 2 the farmer stated he had
assumed the ocimum hedge plus mesh fence would be an effective deterrent, enabling him
to invest less time guarding crops.

The farmer (FFI16 and FFIO6) claimed he could not afford to erect a mesh fence
without saving for at least five years, even though he expected it to require little main-
tenance and reduce losses for many years. However, confidence in the barrier as a deterrent
had allowed him and his family more time to weed crops to improve yields and engage in
(illegal) pit-sawing. The farmer noted the mesh fence would “stay strong for many years”
but identified two shortcomings of ocimum. Firstly, he would need to set aside land to
cultivate seedlings because the plant’s lifespan is only 3—4 years. Secondly, over time the
hedge would occupy almost 3 m of land along the farm edge, reducing the area available
for primary crops. In contrast, the single row of ocimum at FFI06 occupied very little land;
the farmer considered this a key benefit, particularly as it retained repellent properties. The
farmer suggested the barrier’s efficacy was tied to ocimum’s odour and the presence of
bees, in addition to probably being difficult for primates to climb.

Repellent

Chilli paste applied to a rope fence was trialled as a repellent device at FFIO3. Crop avail-
ability differed across seasons, with only beans grown in Year 2. A total of 23 CREs occurred
during the 6 weeks before deterrent introduction but only one CRE was observed during the
6 weeks when chilli was used. The ratio of raids one month before versus one month after
deterrent introduction was 18:1. Farmer vigilance and guarding behaviour did not change
with use of the chilli paste, confirming the decrease in raiding activity was due to the barrier.

The farmer observed blue monkeys and red-tailed monkeys occasionally at the fence.
On each occasion monkeys were rubbing both hands vigorously; none entered the field and
the farmer chased them into the forest. The farmer noted that chilli paste was “easy to
mix” and “powerful”, and key to the fence’s effectiveness. He added that only one hour
was required every 3—4 days to apply the paste, and this was a small time investment
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relative to the fence’s benefits. The farmer planned to replace the ropes as needed and grow
chilli for paste, but noted that heavy rain could remove the chilli and weaken the ropes, and
if chilli paste had to be prepared and applied more than twice per week it would no longer
be cost-effective. However, he acknowledged that persistent rain usually only occurred
early in the season before crops are raided regularly.

Systematic guarding

Two guarding strategies were trialled: full-time (FF104) and part-time (FFIOS).

CRE frequency decreased from Year 1 to Year 2 under both guarding regimes
(Table 5), confirming guarding can mitigate raiding. The decrease was evident for each
raiding species, except baboons at FFI08, and was aligned with guarding effort (one-
sample ” test, x> = 16.277, df = 1, p < 0.001). The only raids at FFI04 occurred in June
(when guarding commenced), where baboons entered from another farm, raided far from
the guard’s hut, and were detected and chased when the guard patrolled. Observations and
neighbouring farmers’ reports indicated raids increased by 30-50 % at adjoining farms in
June and July. Most (79 %) raids at FFIO8 during the trial were on days when the guard
was absent; the owner guarded infrequently when the hired guard was off duty. Only 4
raids occurred while the guard was working. Results confirm that to be effective guarding
should be an active behaviour, and is more than simply on-farm human presence.

Warning systems

A net fence with bells attached was trialled as a warning system at FFI02. Crop availability
and farmer presence were equivalent across seasons. Results are summarised in Table 6.
There was a significant reduction in raids after introducing the net with bells (one-sample
¥ test, x> = 13.762, df = 1, p < 0.001) (Table 6). Only 2 raids occurred after deterrent
implementation. On one occasion baboons entered the field via a neighbouring farm,
bypassing the fence and bells. On the second occasion the farmer responded when a bell

Table 5 Testing the efficacy of different guarding strategies

Species Frequency of CREs Difference in
frequency of CREs:
Year 1 Year 2 Year 2 — Year |

FFI04: full-time guarding

Baboon 11 3 -8
Vervet monkey 14 0 —14
Sum of all species 25 3 -22
FFIO08: part-time guarding

Baboon 10 10

Blue monkey 4 1 -3
Chimpanzee 9 1 -8
Red-tailed monkey 10 7 -3
Sum of all species 33 19 —14

Frequency of crop-raiding events at FFI04 and FFIOS in Year 2 compared to Year 1. Refers to CREs from
June to September each season
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Table 6 Frequency of crop-raiding events within the field protected by the net fence with bells at FFI02

Period Frequency of CREs

Baboon Blue monkey Red-tailed monkey  Vervet monkey  Sum

Year 1 5 0 0 9 14
Year 2 prior to fence 3 2 4 10 19
Year 2 after fence 1 0 0 1 2
Difference in CRE frequency —2 -2 —4 -9 —17

after fence installed

sounded, chasing vervet monkeys from the field. The farmer repelled primates attempting
to enter the farm on 4 further occasions during Year 2.

The net fence was a novel structure that primates appeared to avoid during the first week
after construction; on 6 occasions primates were observed travelling along and visually
‘inspecting’ the netting without interacting with it. CREs within adjacent fields were
monitored for control purposes. In Year 1 there were 28 raids in neighbouring fields while
in Year 2 there were 13 prior to fence construction and 34 after fence construction. This
increase in CRE frequency in adjacent fields occurred despite relatively high levels of
guarding each season compared to other study farms.

A modified version, using a rope fence with bells attached, was trialled at FFIO8. In 4
instances baboons or chimpanzees triggered a bell on entering the field via the fence,
alerting the farm guard. However, primates avoided the fence to raid on 5 occasions and
primate activity near the fence only reduced slightly after installation. The system had
some deterrent value but did not reduce CRE frequency, probably because it was of
insufficient length to be unavoidable, demonstrating an alarm system is only a useful
adjunct to guarding if covering a sufficient portion of the boundary to force potential
raiders to interact with it.

Discussion

A range of tools and techniques to deter crop-raiding were trialled, including fences and
other barriers, chilli infusions, nets and bells, and systematic guarding. The deterrents
addressed crop-raiding by primates but may be effective against other species (Table 2).
Deterrents were rated favourably by farmers, who considered them easy to use and locally
appropriate. Barbed wire fences were designed primarily to deter crop raiding by wild pigs.
Consequently farmer comments about effectiveness of barbed-wire fences were only
reported where they relate directly to effectiveness against primate raiding species.
Therefore we had no specific feedback about the 3-strand fence’s efficacy against primate
raiding activity from the household trialling this fence.

Primates raided crops less frequently where a deterrent was used confirming deterrents
impeded or excluded raiders. Four-strand barbed wire fences, vegetation hedges (jatropha
and ocimum), and net fencing with bells shifted raiding to unprotected areas of the same or
neighbouring farms, including farm entry and exit points, as has been reported for other
species (Geisser and Reyer 2004; Sitati and Walpole 2006).

Extensive crop availability and sporadic crop protection close to most study farms made
it relatively easy for deterrents to shift raiding location. This does not imply the deterrents
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were ineffective; however, it may be informative to assess raider behaviour when there are
fewer alternative crop-foraging options. This would provide a rigorous evaluation of
deterrent effectiveness because raiders may be more persistent in attempts to circumvent
the deterrent. It might also be useful to identify the threshold criteria that determine
whether or not raiders shift their effort to alternative locations; these features could then be
accentuated over time to maintain deterrent effect.

The results for shifting raid location demonstrate the importance of considering impacts
for neighbouring farmers. If crop-loss savings for some are offset by increased losses for
others there will be no change in community food security and tolerance of wildlife
(Rollins and Briggs 1996), compromising any conflict mitigation that deterrents were
intended to achieve. Similarly, extending a barrier to protect greater proportions of a farm
will probably shift raiding to adjacent fields without deterrents. This is likely for jatropha
or ocimum hedges, which are readily and inexpensively extended. Raiding patterns in
response to the ocimum and mesh fence at FFI06 were very similar to those for the jatropha
hedge at FFI18; CRE frequency decreased markedly in fields most enclosed by the barrier
but increased considerably in unprotected or only partly protected fields. We recommend
this be taken into account when developing deterrent strategies by (i) including all vul-
nerable farms in close proximity and (ii) installing deterrents simultaneously rather than
sequentially across farms to ensure that any delay in implementation does not render
individual farmers more vulnerable to crop losses as a consequence of raiding activities
being focussed on their farms.

It is possible that deterrents were partly effective because they were novel at farms. The
presence of construction activity, unusual structures, alarms, or guards that had previously
been absent might encourage raiders to be especially cautious and avoid fields, at least
initially. Deterrent effectiveness was also often greater when crop-protection techniques
were combined. Similarly, deterrent categories were not mutually exclusive. For example,
systematic guarding regularly warned of potential crop-raiding while the nets and bells
alarm system also acted as a barrier to impede farm entry.

Each farmer considered the deterrent(s) trialled at their farm useful, effective, and
beneficial. On project completion farmers requested structural deterrents remain in situ,
and stated they would continue to use them. Similarly, farmers claimed systematic
guarding would be used to the extent that resources allowed. All study farmers were
enthusiastic and actively involved in assessing deterrents, and often exchanged progress
reports about their utility. Farmers confirmed they would share information about the
deterrents within their village; other farmers were encouraged to visit study farms to
observe deterrents in use. This participatory and cooperative approach was central to
positive perceptions of deterrents, enhancing prospects for conflict mitigation. While
demonstrating the efficacy of deterrents does not ensure uptake (Sitati and Walpole 2006;
Graham and Ochieng 2008), positive perceptions increase the probability that farmers will
maintain and adapt deterrents, and continue to view them as beneficial. A follow-up survey
in 2008 confirms farmers were continuing to use many of the tools developed. Addition-
ally, some farmers not included in the original study have installed modified versions of the
original deterrents on their own farms (Hsiao 2008).

Farmers also identified indirect benefits from some deterrents. Farmers at FFI06 and
FFI16 considered ocimum potentially valuable as a cash crop, providing there were an
organisation or large group of farmers promoting it. The farmer at FFIO2 stated the nets
and bells alarm system allowed him to work and rest further than usual from the farm edge
(because he would be alerted if animals attempted to enter the farm) and to guard less
frequently. There was an unintended shift in farmer behaviour at FFI06 during Year 2,
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where the farmer spent more time organising pit-sawing teams and travelling to sawing
sites compared with Year 1. Consequently, increasing farmers’ time to engage in other
economic activities can be important for households but have unexpected conservation
implications.

Participatory projects build stakeholder relationships, improve communication, promote
understanding of alternative perspectives, and inherently reduce conflict and misconcep-
tions (Newmark et al. 1993; Hulme and Murphree 2001; Madden 2004). Deterrent
development should be participatory but not viewed as a complete solution to conflict
issues. In many cases deterrents might address the symptoms of conflict rather than causes
(Barnes 2002). However, the more intervention and mitigation strategies are based on
accurate comprehensive accounts of crop-raiding, incorporate an understanding of raider
and farmer behaviour, involve farmers, and acknowledge farmers’ interests and percep-
tions, the greater the probability that strategies will be effective.

Conclusions

Many crop-protection techniques are viewed as ineffective with primates (Warren 2003;
Webber 2006; Hockings 2007). However, we demonstrate that primate crop-raiding
activity can be reduced using relatively unsophisticated and inexpensive techniques,
including barriers. While most primate deterrents will require modification over time to
offset habituation, it is clear that primates can be deterred by a broader range of techniques
than usually proposed. The keys to efficacy are (a) understanding local primate raiding
behaviour, (b) selecting, fine-tuning, and varying deterrents to address this behaviour and
prevent animals habituating to them (Osborn and Hill 2005) and (c) working with farmers
as partners throughout the process (Wallace 2010).
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