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Abstract Feeding by Critically Endangered forest elephants
Loxodonta cyclotis in rural plantations is a conservation
issue in Gabon, but studies characterizing drivers of spatio-
temporal patterns of human–elephant interactions remain
sparse, hindering mitigation. In this study, we use GPS
tracking data from two elephants to characterize temporal
patterns of village visitation, and surveys of  local farmers
across seven villages to determine local patterns of crop
planting and harvesting and of human–elephant interac-
tions. Local farmers’ perceptions of elephant visitations
and empirical data on such visits were positively correlated
with local crop availability. However, considering the two
elephants separately revealed that the correlations were dri-
ven by just one individual, with the second elephant show-
ing weak links between crop availability and visitation,
highlighting the challenges in reliably predicting human–
wildlife interactions. The most popular local perceptions
of the drivers of elephant visitation were the presence of
crops (%of responses) and logging (%). Themost popu-
lar proposed interventions were letting the government find
a solution (%), killing problem elephants (%) and pro-
viding compensation for lost crops (%). We discuss the
potential feasibility and efficacy of the proposed solutions
in the context of human–elephant interactions. Future re-
search efforts should focus on collaring elephants in zones
with high potential for negative human–elephant inter-
action and expanding perception surveys to villages with
contrasting ecological contexts (e.g. with and without log-
ging in their surrounding forests), as these could influence
local perceptions of conflicts and conservation initiatives.
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Introduction

Human land-use practices and encroachment into nat-
ural habitat can have harmful effects on wildlife, often

forcing animals to modify their travelling routes and for-
aging behaviour, potentially resulting in negative interac-
tions between people and wildlife. This is particularly true
for forest elephants Loxodonta cyclotis, a species categorized
as Critically Endangered on the IUCN Red List because of
poaching for ivory, habitat degradation and human–ele-
phant conflicts (Gobush et al., ). Land-use change ap-
pears to be increasing contact events between people and
elephants, and negative interactions occur when people
and elephants compete over shared resources (e.g. water,
trees, fruits and leaves; Kharel, ; Buchholtz et al.,
). Human–elephant interactions are common around
villages in Gabon, whose estimated c. , forest ele-
phants represent over half of the remaining global
population (Maisels et al., ; Laguardia et al., ).
Pervasive foraging by forest elephants in crops (often re-
ferred to as crop raiding) threatens the food security of
local people and increases their antipathy towards conserva-
tion efforts (Walker, ; Ngama et al., ; Terada et al.,
). Consequently, it is important to characterize the spa-
tial and temporal patterns of elephant activities around
villages to design effective management interventions for
minimizing negative human–elephant interactions. To do
this, we need to understand how factors such as the timing
of crop planting influence elephant movement (Nsonsi
et al., ).

Research suggests that forest elephant movements are
strongly predicted by the presence of human settlements
and associated activities (Blake et al., ; Molina-Vacas
et al., ), and it is only within such human-disturbed
habitat that other environmental conditions start to influ-
ence elephant spatial patterns (Wall et al., ). However,
in Gabon, human pressure and protected areas are not the
strongest factors predicting forest elephant abundance, as
elephant population densities are high throughout the
country (Laguardia et al., ). Furthermore, GPS collaring
of  elephants across Gabon showed that individuals show
movement behaviours that cannot be explained by environ-
mental factors alone, and analysing trends in the move-
ments of specific individuals could help identify so-called
problem elephants that feed on crops (Beirne et al., ).
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Where people and elephants coexist, human activity can
influence elephant behaviour in several ways. For example,
elephants in locations with high human disturbance levels
move in larger groups, move faster, show increased noctur-
nal activity (Graham et al., ; Songhurst et al., ) and
approach villages for forage (Cook et al., ). Damage
caused by elephants is of particular conservation interest be-
cause where it occurs it is often both frequent and severe
(Osborn & Parker, ; Prins et al., ). In the villages
of south-west Gabon, for example, encroachment into vil-
lages and crop damage by elephants have remained the
major drivers of negative human–wildlife interactions over
the last decade and are amongst the main causes of the im-
poverishment of local people (Fairet, ; Hill, ; Terada
et al., ). This situation is reported in public dialogue
across rural Gabon, although studies on the exact extent
of the damage from crop-foraging elephants and how to
identify the individual elephants that engage in it are rare.

An important factor to consider when studying human–
elephant interactions is how local people perceive forest
elephants and the issues related to them (Tutin et al., ;
Walker, , ; Ngama et al., ; Prins et al., ).
Perceptions represent a form of evidence that deserves
a central place in monitoring, evaluating and adapting
conservation programmes and policies (Bennett, ).
Qualitative and quantitative studies based on perceptions
are effective, holistic and better suited to certain questions;
in particular, knowledge of the perceptions of people re-
garding human–elephant conflict through local assess-
ments can facilitate understanding of the social impacts of
conservation (Bennett, ).

Here we use GPS tracking data to characterize spatio-
temporal patterns in elephant village visitations, and we
use surveys to determine local perceptions of crop seasonal-
ity and human–elephant interactions. We integrate data on
elephant movements and perception of local farmers to
explore the potential drivers of negative human–elephant
interactions around villages. We hypothesize that elephants

approach villages more closely and frequently when crop
availability is high and that peaks in elephant visitation
should coincide with local perceptions of when negative in-
teractions occur. We further hypothesize that local farmers
would perceive that food availability in plantations, logging
and conservation policies are the key drivers of negative
human–elephant interactions.

Study area

We conducted this study in the area bordering the north of
Ivindo National Park near the town of Makokou in the
Ogooué-Ivindo Province of north-eastern Gabon (Fig. ).
The area exhibits bimodal seasonality, with two dry sea-
sons (December–February and June–August) and two wet
seasons (September–November and March–May). Mean
annual precipitation is c. , mm and mean annual
temperature is . °C (Beirne et al., ). Ivindo National
Park is one of  national parks established in Gabon in
, and in  it became the second park in Gabon to
be recognized as a UNESCO World Heritage Site. The vil-
lages in the region are known to experience strong human–
elephant conflict, and this figures prominently in rural and
urban conversations broadcast in the national media.

Methods

Satellite collar data

In October , the National Park Authority of Gabon in-
itiated a forest elephant collaring programme across Gabon
(Mills et al., ; Beirne et al., ). Two of the  ele-
phants collared thus far have approached village plantations
north of Ivindo National Park: Amelia, a female with two
juveniles during the time of study, and a male named
Nzamba (Fig. ). We processed the GPS collar data of
these two elephants, which recorded their location once

FIG. 1 Home ranges of the two collared
study elephants Loxodonta cyclotis,
Amelia (female) and Nzamba (male),
near the town of Makokou and the
locations of the seven study villages north
of Ivindo National Park, Gabon. The
larger polygons with light shading
represent % minimum convex
polygons and the smaller polygons with
dark shading represent % kernel
density estimates of all geographical
locations recorded by the collars. Neither
elephant appeared to venture south of the
Ivindo river. (Readers of the printed
journal are referred to the online article
for a colour version of this figure.)
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every hour, using the following steps: () imported the geo-
graphical locations of the two elephants during April –
April  (representing , recorded locations) to
ArcMap . (Esri, Redlands, USA); () computed the
home ranges of the two elephants, and used the villages
within these ranges as focal villages; () drew a -m buffer
around each of the focal villages (the distance within which
almost all plantations occurred), using the houses visible
from satellite imagery to define the village extent; and
() intersected the geographical locations with the village
polygons (including the -m buffer), providing a filtered
data set of elephant presence, a hybrid metric representing a
combination of the frequency and duration of elephant
approaches to villages (e.g. three locations could represent
either three separate approaches or one approach lasting
 h). We also extracted the time of day and month and
identified the nearest village to each presence location.

To estimate the home ranges of both elephants, we cre-
ated a % minimum convex polygon of all of their loca-
tion points. To identify the area where they spent % of
their time, we created a % kernel density estimate
(Seaman & Powell, ; Mohaymany et al., ; Bonnier
et al., ) using the adehabitat package (Calenge, )
in R .. (R Core Team, ).

Perceptions surveys

We identified seven villages that were visited by one or both
of the elephants during the study period and were accessible
by the survey team. In July , we administered a semi-
structured standardized survey (Hill et al., ; Treves
et al., ; Fairet, ) to  households (one adult
from each) across each of the seven villages to determine:
() what crops each farmer grows and when; () when farm-
ers perceive crop use by elephants to be high; () which
crops farmers perceive elephants to prefer; () what farmers
currently do to reduce crop damage; and () what farmers
perceive as being principal drivers of human–elephant con-
flict. Our survey contained  questions collecting both
qualitative and quantitative data of respondent perceptions
(Supplementary Material ). We first conducted a pilot
study in the village of Mbes ( respondents), and sub-
sequently adjusted the survey as necessary by editing
questions to ensure clarity. We included the pilot data in
the data analysis.

We administered the surveys using a random
procedure in all study villages. We first divided the village
into two parts separated by the national road (north and
south) and flipped a coin to determine where to begin the
survey. We then flipped a coin again to determine whether
to begin the survey at the eastern or western end of the vil-
lage. After surveying % of households in each of the four
sections (e.g. north-west), we moved to the opposite section,
and we repeated this process for the remaining two sections.

The data from this survey include information on the
plantations, their distance from the village, the type of
crop, the period of planting, the time of harvest and the
crops preferred by elephants (in order of preference).
Other questions included whether the presence of elephants
was a problem, the level of impact of the problem, the causes
of the problem, the financial valuation of losses, the distance
from the village to the crops where elephants foraged and
any mitigation strategies used.

We categorized and codified the survey transcripts, col-
lapsing similar response categories into broader ones. For
example, ‘loggers’, ‘deforestation because of all the noise
[frommachinery] in the forest’ and ‘they follow the food be-
cause loggers have cut everything [fruit-bearing trees]’ were
all grouped under the category ‘logging’.

Data analysis

To characterize the daily and monthly trends in elephant
visitation events, we used the activity package (Rowcliffe
et al., ) in R. In both instances we used the number of
elephant visitation events as the response variable and
month of the year or time of day as explanatory variables.
We also characterized temporal patterns in crop availability
and perceived patterns in elephant visitation from the sur-
vey data using the same technique as described above. For
this, we used the number of respondents reporting elephant
visitation, crop planting and crop harvest as the response
variables and month of the year as the explanatory variable.
In all instances we converted time of day or month of the
year into radians and then used the default settings of the
fitact() function to estimate a kernel density distribution
for each response term.

We used correlation coefficients to explore how the
empirical elephant visitation data and perceptions surveys
were linked. In each instance we used monthly elephant vis-
itation data or the perceptions of survey respondents report-
ing elephant visits each month as the response variable.
The significance of the correlation coefficient was deter-
mined using the F-statistic from linear models in R, for
which we deemed P, . as strong evidence of a link be-
tween actual/perceived visits and crop availability.

Results

Elephant movements and patterns of village visitation

There was considerable difference between the ranging be-
haviours of the two focal elephants: Amelia had a %min-
imum convex polygon of  km and a % kernel density
estimate of  km, whereas Nzamba had a % minimum
convex polygon of  km and a % kernel density esti-
mate of  km (Fig. ). Amelia approached within  m
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of four study villages, although just one of these (Loaloa)
comprised % of her village presence. She also spent a
lot of time near the Ipassa Research Station within Ivindo
National Park. Nzamba also approached within  m of
four study villages: Loaloa rarely (% of his presence) and
three villages (which were not visited by Amelia) to a rela-
tively similar degree (,  and % of his village presence).

Both elephants had bimodal patterns of visitation, with
peaks in April and September for Amelia (Fig. ) and in
July and December/January for Nzamba (Fig. b).
Collared elephants were typically present near villages
from dusk to dawn (% of visitations were during .–
.), with Amelia being slightly less nocturnal in her
time near villages than Nzamba (% from dusk to dawn
vs %; Fig. ).

Perceptions

The survey responses suggested that local farmers perceived
a bimodal peak in elephant visitations, with peaks during
March–April and September–October (Fig. ). The most
frequent perceptions of farmers regarding the factors driv-
ing elephant visits (Fig. ) were proximity of fields to villages
(‘crops’; n = , %), followed by logging activities, primar-
ily the felling of fruiting trees (a primary food source for
forest elephants) and increased elephant access to villages
via logging roads (‘logging’; n = , %) and local conser-
vation policy as the source of elephant encounters around
houses (‘policy’; n = , %). Self-reported crop planting
and harvest were also markedly seasonal (Fig. ). The
most widely cultivated crops were manioc (cassava), banana
(plantain), peanuts and maize, which were typically plant-
ed during August–September (rainy season; Fig. ). All of
these crops were widely perceived as being affected by
elephants. Also cultivated in smaller quantities were sugar-
cane, yams, African pistachios (commonly called cucum-
bers), pineapples and a variety of vegetables (amaranth,
sorrel, aubergine, okra). Of these, sugarcane and yams
were widely perceived as being affected by elephants.

Correlations between perceptions and elephant visits

Taking the data from both elephants together suggests that
elephant presence near villages (location points and per-
ceived) was generally positively correlated with crop avail-
ability (Table ). There was strong support for corn
harvest timing and weak support for peanut harvest timing
being correlated with perceived elephant activity, and both
of these correlations were negative (peanut and corn har-
vests generally occur when perceptions of conflict are
low). The empirical visitation data showed different pat-
terns: there was strong support for a positive correlation be-
tween sugarcane planting and weaker support for a positive
correlation between manioc planting and elephant visit-
ation. However, analysis of the two individuals separately
reveals a more complex pattern of behaviour: Amelia’s visits
generally correlate positively with crop availability (with
strong support for a positive correlation with banana plant-
ing and harvest and manioc corn and yam planting), where-
as Nzamba’s visits generally, although weakly, correlated
negatively with crop availability. The correlation between
the timing of the different crop planting and harvest times
makes it difficult to determine which crops might be the
most important in driving elephant visits; for example, su-
garcane planting occurs during banana harvest (Fig. ).

Solutions

Participants in the survey proposed six distinct solutions to
human–elephant conflict in the area (Fig. ). Over  re-
spondents proposed government authorities must find a so-
lution (%), killing elephants that approach villages (%)
and compensation for their lost crops (%). Ten respon-
dents proposed building electric fences (%; this has been
implemented as a mitigation strategy since August  in
one of the study villages, Simintang), and five respondents
proposed a halt to logging (%). A single person proposed
development of animal husbandry initiatives to replace the
food and income lost as a result of elephant crop use (%).

FIG. 2 Overview of location points of the
two elephants (Amelia, female; Nzamba,
male) within  m of study villages in
Gabon (Fig. ) by month and time of
day. Lines represent the fitted model of
seasonality and time of day from the
activity package in R. Note that for
seasonality the scale of the y-axes differs
between graphs.
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Discussion

This is one of the first studies to empirically link the
perceptions of communities experiencing interactions with
forest elephants with elephant presence near villages as

derived from GPS collar data (but see Ngene et al., ,
and Buchholtz et al., , for savannah elephant examples).
We discuss the perceived patterns and drivers of human–
elephant interactions from the social surveys, how they
link to both the elephant movement data and the proposed
solutions put forward by farmers, and implications for
conservation in Gabon.

We found that the majority of survey participants per-
ceived that crop availability around villages was the most
important factor driving elephant visitations to villages in

FIG. 3 Perceptions of respondents regarding the monthly elephant visitation patterns and the reasons for their visits (for the latter, see text
for details) and of the monthly availability of six crops, by planting and harvest. Note that the scale of the y-axes differ across graphs.

TABLE 1 Correlation coefficients between monthly indices of forest
elephant Loxodonta cyclotis presence around villages in Gabon
determined from both local perceptions and from geographical
locations #  m from villages of two collared elephants
(Amelia, female; Nzamba, male) and timing of planting and
harvest of six crops, as determined from the surveys.

Perceived Amelia Nzamba

Banana planting 0.45 0.68* −0.29
Banana harvest 0.49 0.64* −0.40
Sugarcane planting 0.43 0.85* −0.14
Sugarcane harvest 0.27 0.17 −0.24
Peanut planting 0.31 0.54† −0.25
Peanut harvest −0.56† −0.28 0.29
Manioc planting 0.43 0.66* −0.28
Manioc harvest 0.49 0.38 −0.37
Corn planting 0.35 0.57* −0.27
Corn harvest −0.58* −0.32 0.28
Yams planting 0.34 0.59* −0.26
Yams harvest −0.10 0.06 −0.23

*, strong evidence of relationship (P, .); †, weak evidence of a relation-
ship (.. P, .).

FIG. 4 Solutions to reduce negative human–elephant
interactions, as proposed by survey respondents in Gabon.
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this study area, and we identified manioc and banana as the
most widely planted crops and those in which elephants
most commonly foraged, as also reported in other studies
(Fairet, ; Nse Nkoghe, ). However, elephants were
also perceived to forage in other crops such as yams and
sugar cane. There was a general consensus that elephants
fed on crops at specific times of the year (February–May
and August–November), although this was also reported
at other times (albeit it at a c. % lower rate).

The two elephants had markedly different patterns in
their interactions with people. The visits of Amelia were
positively related to the planting and harvesting of most
crops ( of  crops assessed, significant for six of the )
defined as attractive to elephants by survey participants.
The significant connection with banana harvesting and
planting and the cultivation of all other crops in August
and September implies a compelling attraction to villages
during these periods. However, Nzamba’s visits were con-
sistently negatively correlated with the planting and harvest-
ing of most crops ( of ), and most strongly so for the
banana (R =−.) and manioc harvest (R =−.).

Although there was a general agreement between the em-
pirical elephant visitation data and participant perceptions,
the two elephants did not respond to crop availability in the
same way: one elephant appeared drawn to periods of high
human activity and high resource abundance (the planting
and harvesting periods), whereas the other appeared to
avoid these periods. Previous research has highlighted that
elephants show consistent differences in their movement
responses to anthropocentric disturbance and seasonality
(Blake et al., ; Bastille-Rousseau & Wittemyer, ;
Beirne et al., ; Wall et al., ), which is in part because
of sex differences in movement behaviour. The same could
be true here: the elephant drawn towards the availability
of crops is female (Amelia), whereas the male (Nzamba)
showed a lower affinity for crops, perhaps because male
elephants are more likely to have larger tusks and are
targeted more by ivory poachers. Nzamba’s village visits
were slightly more nocturnal than Amelia’s, perhaps in-
dicating greater caution (Gaynor et al., ); when follow-
ing elephants for another project, we have also found him to
be fearful of human scent and presence. These differences
could also represent different foraging tactics, with Nzamba
visiting many villages frequently, less predictably and for
shorter durations, whereas Amelia is more predictable
in her movements and stays longer in each location
because of the lower threat of poaching that she faces
and the need to provide for her offspring. The differences
observed could also be because of reproductive tactics, with
the larger home range of Nzamba reflecting a search for
potential mates (Vidya & Sukumar, ). Additionally,
the use of a -h resolution of location fixes, as common
in other studies, could mask crop visitation by Nzamba
between fixes.

Even at this local scale it is clear that caution must be ex-
ercised in generalizing results from individual elephants to
broader mechanisms of human–elephant interactions with-
out collaring larger numbers of both sexes. The majority of
forest elephant collaring initiatives to date have focused on
protected areas, often far from human settlements (Beirne
et al., ), but forest elephants occur across almost all of
Gabon (Laguardia et al., ), and % of potential forest
and savannah elephant habitat across Africa lies outside
current protected areas (Wall et al., ). Consequently,
we recommend that future collaring targets elephants that
might specialize in foraging in and around villages outside
protected areas. Only then will we be able to determine
whether the tactics adopted by the male and female in
this study are consistent with other individuals in other
locations and what proportion of elephants regularly use
crops. During the course of our surveys some participants
indicated they could recognize the individual elephants
who foraged in their crops. Such local knowledge should
be combined with GPS collar data in future initiatives to
identify elephants that consistently visit crops.

Understanding how many elephants visit crops and how
often they do so is potentially important for assessing
the effectiveness of conservation interventions designed to
reduce such visitation. This is relevant to the second most
frequent proposal by survey participants for reducing
elephant visitation (after the proposal that the govern-
ment finds a solution), to kill elephants that approach
villages. Knowledge of numbers visiting and frequency of
visitation would allow us to determine whether this
proposed solution would be appropriate. If a low number
of elephants consistently forage in crops, culling these
specific individuals might be a solution to protect local live-
lihoods without adversely affecting elephant conservation.
However, if a high number of elephants visit crops, even
infrequently, sustainable culling might be both impossible
and ineffective.

The third most frequent proposal was compensation for
lost crops. Gabon, like many other countries, lacks stan-
dardized assessment guidelines for compensation (Shaffer
et al., ). If Gabon were to scale up compensation, care
would be needed to avoid related problems faced else-
where (Shaffer et al., ). Electric fencing was the next
most frequently proposed solution. One of our study villages
had a large-scale electric fence, built by the national park
agency shortly before our fieldwork. In the years following
installation the fence suffered from low maintenance and
ultimately stopped working. This resulted in elephants
finding ways to circumvent the fence and enter the planta-
tion (Graham et al., ; Mutinda et al., ; Shaffer et al.,
), eventually resulting in the death of one person. There
have been recent efforts to implement smaller-scale fencing,
including in some of our study villages, but their efficacy
over time remains unknown.
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Only five interviewees proposed a halt to logging as a
resolution to human–elephant conflict, despite  intervie-
wees stating that logging is a driver of the conflict. Perhaps
people perceive the economic benefits of logging to out-
weigh the costs of human–elephant conflict, perceive stop-
ping logging as politically impossible or perceive it to be too
late to mitigate the damage done by logging. For example,
large moabi Baillonella toxisperma trees, a species cate-
gorized as Vulnerable on the IUCN Red List (White, )
because of overexploitation, the fruits of which are eaten
by elephants, have disappeared from logged forests near
villages. Changes in forest ecology beyond logging were
not mentioned by survey respondents but are also occur-
ring: in nearby Lopé National Park there was an % decline
in tree fruiting during –, associated with an %
decline in forest elephant body condition during –
 (Bush et al., ). The spatial and temporal dynamics
of ivory poaching and how elephants respond to this have
also undergone change. Studies comparing levels of
human–elephant interaction in villages with logged and
unlogged surrounding forests need to be conducted to
examine the relationship between logging and human–
elephant conflict.

Of the seven survey respondents who perceived conser-
vation policy as a driver of human–elephant conflict, four
came from a village on the banks of the Ivindo river, close
to the town of Makokou. This village is the closest of our
study villages to Ivindo National Park headquarters and,
of the villages in our study, has the most frequent interaction
with park personnel. The section of the National Park close
to this village is also contiguous with the forest around other
villages along the national highway. It is thus possible that
the National Park may not have differing effects on con-
flict across these villages but rather that local perceptions
of the park–human–elephant interaction vary. This would
contradict findings from a study in northern Congo that
showed perceptions of elephants to be most positive in the
village with the strongest conservation presence (Nsonsi
et al., ). Both human–elephant interactions and solu-
tions to any conflict can have effects on how conservation
efforts in general are perceived and thus responded to,
and effectively reducing negative human–wildlife interac-
tions remains a key challenge for the conservation not
only of forest elephants but of the wider biodiversity of
the Congo Basin rainforest.

The purpose of our study was to determine when and
where perceptions of negative wildlife interactions corre-
spond with actual visitation events and which factors (e.g.
crop availability) might drive these perceptions. We identi-
fied that the degree of agreement between perceptions and
actual human–wildlife interactions depended on the iden-
tity of the elephant and its movement patterns. This could
help future studies to determine the behavioural profiles of
the elephants responsible for crop damage and to make

more effective decisions about crop protection and elephant
conservation in Gabon.
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