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ABSTRACT

Globally, human population growth and unequal resource use are driving land use change, exacerbating resource competition between wildlife and people. Managing
wide-ranging species with large dietary requirements including the African savannah elephant (Loxodonta africana) is especially challenging, with conflict over space
and resources threatening conservation and human well-being. We systematically mapped peer-reviewed and grey literature to describe the evidence on conflict
between people and African savannah elephants, identifying 136 eligible studies from 14,239 potential records. We determined temporal and spatial patterns in
research effort, characterised the literature and described the conflict management interventions evaluated. Research effort was geographically uneven, with no
studies identified in 13 of 24 range countries. Kenya and Tanzania accounted for 58% of the research, a frequency not explained by proportion of elephant range or
elephant population density of either country, suggesting research effort may be influenced by other factors. Most studies focused on impacts of conflict on humans
(89%), particularly crop damage (79%). Twenty-one different metrics for measuring conflict were recorded, most common was conflict event frequency (61%).
Management interventions were evaluated in 55 studies across nine countries. Technical strategies (89%), including barriers and guarding, were the most commonly
evaluated, followed by social strategies (20%) including promoting human behaviour change. The systematic map shows a growing body of human-elephant conflict
literature that is uneven in geographic scope and the management interventions evaluated. Priorities for future research include broadening geographical coverage,

applying socio-ecological systems frameworks, adopting standardised metrics for measuring conflict, and critically appraising management interventions.

1. Introduction

The global human population has grown at annual rates of 0.8-2.1%
since 1970 (The World Bank Group, 2025) and is projected to rise from
8.2 billion people in 2024 to 10.3 billion people by the mid-2080s
(United Nations, 2024). Population growth, combined with dispropor-
tionate resource consumption by wealthier nations, is driving increased
demand for land and resources often resulting in large-scale habitat
conversion and encroachment of natural lands (Foley et al., 2005; Tian
et al., 2026). This process exacerbates competition between wildlife and
people for space and resources, which can lead to conservation conflicts
(Balmford et al., 2001). In turn, competition has the potential to increase
the intensity of human-wildlife conflict (HWC) events with species
capable of negatively affecting human well-being and livelihoods, such
as through crop foraging and deaths, (McGregor, 2005; Agetsuma, 2007;
Nyhus, 2016; Hill, 2018; IUCN, 2023) as well as humans negatively
affecting wildlife through retaliatory killings (Viollaz et al., 2021). The
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International Union for Conservation of Nature (IUCN) Species Survival
Commission (SSC) Human-Wildlife Conflict & Coexistence Specialist
Group (HWCCSG) defines HWC as “struggles that emerge when the
presence or behaviour of wildlife poses actual or perceived, direct and
recurring threats to human interests or needs, leading to disagreements
between groups of people and negative impacts on people and/or
wildlife” (IUCN, 2023).

Between 2022 and 2050, over half of human global population
growth is expected to occur in sub-Saharan Africa (UN DESA, 2022).
Furthermore, the African continent is particularly rich in critical min-
erals sought after by global industries and economies (Boafo et al.,
2024). These demographic and economic pressures mean that conflict
between wildlife and people over space and resources is a notable
challenge across the region (Gayo, 2025). The physical and ecological
traits of the African savannah elephant (Loxodonta africana, referred to
as “elephant” hereafter) make it a species particularly prone to nega-
tively impacting people. Their large body size, substantial nutritional
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demands and wide-ranging behaviour means that contact with people in
a fragmented landscape is likely, with 57% of elephant range existing
outside Protected Areas (PAs; Wall et al., 2021). For instance, when
people undertake activities such as natural resource collection, unex-
pected encounters with elephants can result in injuries and deaths
(Buchholtz et al., 2019). Moreover, as agricultural activities encroach on
natural habitats and natural food availability declines, elephants are
more likely to graze on crops (Montero-Botey et al., 2024), especially
when crops have higher nutritional value compared to natural forage
(Chiyo et al., 2005; Branco et al., 2019). Crop foraging may also maxi-
mise foraging efficiency by reducing time spent and distance travelled to
meet nutritional demands (Chiyo and Cochrane, 2005). As well as crop
damage, elephants have also been found to damage water pipes and
boreholes, affecting access to water for households and livestock (Ramey
etal., 2013; Mariki et al., 2015). Such damage is of particular concern as
droughts become more common due to climate change (IPCC, 2022).
These issues facilitate “hidden costs” on people, including feelings of
reduced safety and restricted mobility, which affects mental well-being
and children's access to school (Sitati, 2003; Barua et al., 2013; May-
berry et al., 2017; Nyumba and Leader-Williams, 2022).

Elephants play vital ecological roles, shaping the environment
through their foraging behaviour and seed dispersal (Valeix et al., 2011;
Haynes, 2012; Bunney et al., 2017), and generate substantial economic
benefits through tourism (Naidoo et al., 2016). Despite positive national
population trends for elephants in Botswana, Kenya, South Africa,
Malawi, Uganda, Zambia and Zimbabwe, the species is experiencing a
continental population decline at a rate of 8% per year (Chase et al.,
2016) and is now listed as Endangered on the IUCN Red List (Gobush
et al., 2022). Although population declines are largely attributed to the
increase in illegal killing for ivory (UNEP et al., 2013; Wittemyer et al.,
2014; Schlossberg et al., 2020), human-elephant conflict (HEC) also
contributes to mortality by eroding human tolerance, and sometimes
provoking retaliatory killings (Dunham et al., 2010; Kansky et al., 2021;
Usman et al., 2023). Habitat loss from agricultural expansion and
human encroachment (Douglas-Hamilton, 1987; Geldmann et al., 2014)
can exacerbate HEC, while climate change presents an additional long-
term threat (Mpakairi et al., 2019).

There has been a growing body of HEC literature in recent years
regarding crop foraging (Osborn, 2004; Chiyo et al., 2005), human
injury and death, property damage (Gross et al., 2021) and hidden costs
(Mayberry et al., 2017). Consequently, HEC research has adopted a
variety of approaches, such as ecological methods to study elephant
behaviour within human-dominated landscapes (Graham et al., 2009;
Vogel et al., 2020; Tiller et al., 2025), but also social science frameworks
to investigate aspects such as human tolerance towards elephants
(Dickman, 2010; Usman et al., 2023). Additionally, interdisciplinary
studies embrace a more holistic approach, often adopting both social
and ecological methods (Sanare et al., 2022). More specifically, socio-
ecological systems frameworks are used to investigate bidirectional
feedback processes between the social factors of human societies and the
biophysical factors of ecosystems (Ostrom, 2009; Milner-Gulland, 2012;
Malley and Gorenflo, 2023). Given the endangered status of elephants
(Gobush et al., 2022), the negative well-being pressures that people can
face living alongside them (Mayberry et al., 2017; Nyumba et al., 2020),
and the illustrated complexity of this research area, it is crucial to build a
reliable resource that can be used to inform future research and subse-
quently, conservation management actions (Haddaway and Pullin,
2014; Xiao and Watson, 2019).

Narrative reviews and systematic assessments examining global
trends and research gaps in HEC studies across Asian (Elephas maximus)
and African savannah (Loxodonta africana) and forest (Loxodonta
cyclotis) elephant species have been conducted (Shaffer et al., 2019;
Saha and Soren, 2024). However, HEC dynamics and management
effectiveness often depend on species ecology, behaviour and regional
population size (Pozo et al., 2017; Matsuura et al., 2024). Aggregating
species may therefore obscure patterns of research effort and
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intervention evidence across ecologically distinct systems. We under-
take a species-focused systematic mapping approach to comprehen-
sively describe the current evidence-base concerning conflict between
humans and African savannah elephants. Because ranges of African
savannah elephants and African forest elephants overlap in parts of
Central Africa (Gobush et al., 2021, 2022) and studies do not always
distinguish between species, this exclusion may underrepresent research
effort in forest-dominated regions and limit generalisability to forested
and mosaic landscapes. Our findings should therefore be interpreted
within the African savannah elephant context. By following well-
established guidelines (CEE, Collaboration for Environmental Evi-
dence, 2022; ROSES, Haddaway et al., 2018) our systematic approach,
eliminates reviewer bias and provides a repeatable method for cata-
loguing, describing and synthesising evidence. Consequently, we direct
researcher attention to key knowledge gaps, as well as identify more
specialised questions that can be addressed by systematic review (Pullin
and Stewart, 2006; Xiao and Watson, 2019).

To build on previous approaches, we collated literature from 1970 to
2023 on interactions between humans and African savannah elephants
that result in negative impacts on people and/or elephants, and which
may also lead to disagreements among people over wildlife manage-
ment, consistent with the IUCN definition of human-wildlife conflict
(IUCN, 2023). More specifically, we (1) identify country-level spatial
patterns in research effort in relation to the proportion of each country
covered by elephant range and its elephant population density, used
here as coarse descriptive ecological indicators of elephant presence, (2)
characterise the current HEC literature and (3) describe the HEC man-
agement interventions that were evaluated. Together, these objectives
establish the current state of knowledge on HEC and highlight key routes
for future HEC research.

We adopt the IUCN definition of HWC (IUCN, 2023), substituting the
term “wildlife” for “African savannah elephants”. Retaliatory killing is
included as a form of HWC, whereas illegal and legal hunting for sub-
sistence or commercial purposes is excluded (Lindsey et al., 2013; Duffy
etal., 2016). Although the term “conflict” has been critiqued as reducing
complex relationships between wildlife and people to dichotomous
antagonistic interactions (Redpath et al., 2015), the term “conflict” re-
mains prevalent in the empirical literature and policy discourse.
Therefore, in this systematic map we use the term “human-elephant
conflict” to reflect the terminology that is often still used in the records
we reviewed.

2. Methods

Following the principles of the RepOrting standards for Systematic
Evidence Syntheses (ROSES) (Haddaway et al., 2018) and guidelines
from the Collaboration for Environmental Evidence (2022) we under-
took a systematic search of the peer-reviewed primary (hereafter sci-
entific) literature and grey literature investigating HEC.

2.1. Search strategy

2.1.1. Scientific literature search

We conducted trial searches to establish the appropriate terms
required to return relevant scientific literature whilst balancing sensi-
tivity (returning all relevant records) with specificity (proportion of
relevant records; Pullin and Stewart, 2006). A log of these searches
recorded the database, search terms, number of results, and quality of
the search regarding sensitivity and specificity. Thirty benchmark re-
cords were identified by three experts to assess performance of the final
search string (Supplementary Material 1), which returned 29 of the 30
(97%) benchmark records. This confirmed strong performance of our
search approach (Collaboration for Environmental Evidence, 2022). All
terms were searched for in titles, abstracts and keywords to maximise
the chance of locating relevant studies. Web of Science and Scopus were
chosen as databases for the search because of their coverage of Natural
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Sciences (Pranckute, 2021).

We used the term “elephant$” to identify records on all elephant
species, as species names are not always listed in titles, abstracts or
keywords. To ensure that papers concerning human-wildlife in-
teractions/conflict (HWI/HWC) and human-elephant interactions/con-
flict (HEI/HEC) were included, we used search terms “human-wildlife
OR HWC OR HWI OR human-animal* OR human$ animal$ OR
anthropogenic wildlife OR anthropogenic animal$” and “human-
elephant* OR HEC OR HEI”. Accounting for human-wildlife and human-
elephant interactions in the search ensured identification of records
concerning human-wildlife interactions within the context of elephants but
do not explicitly mention human-elephant interactions.

We undertook the final literature search in April 2023. Date re-
strictions were not applied at this stage because HEC research is a
relatively new field of study, with the systematic study of HEC only
beginning in the mid-1990s (Hoare, 2012, 2015). Therefore, the amount
of literature returned was likely to be manageable for screening. Due to
resource constraints, we only included English-language records.

2.1.2. Grey literature search

We included grey literature from the African Elephant Library
(African Elephant Specialist Group (AfESG) and Save the Elephants
(STE), 2010) to reduce publication bias and identify relevant non-
academic records (Paez, 2017). The database holds records relevant to
the biology, ecology, behaviour and management of African elephants
across the species range. We included conference papers, letters, theses
and published reports with an ISBN from 1970 to April 2023. All other
publication types were excluded, including journal articles (Supple-
mentary Material 2) because scientific literature was already identified
through a systematic search process.

2.2. Screening process

Records from scientific and grey literature were screened according
to eligibility criteria. For scientific literature, screening was undertaken
in CADIMA (Kohl et al., 2018) after automated duplicate removal. Titles,
abstracts, and full texts were screened sequentially. Grey literature was
screened manually at the title stage and then the full-text level following
manual removal of duplicates. Where the whole of or parts of thesis
chapters were duplicates of a scientific literature record, the entire
chapter was discarded to avoid duplication. If it was unclear whether a
record met these criteria, it was forwarded to the next screening stage so
further details could be obtained. Where a single record contained
multiple studies (e.g. PhD theses), individual studies were delineated
before data extraction.

2.2.1. Eligibility criterion (a): the study collected empirical data post-1970,
or applied such data to a model for validation

Records that collected data after 1st January 1970 were included.
This was to eliminate historic and prehistoric records, for example in the
Pleistocene, and was in accordance with the assertion that the biodi-
versity crisis and related threats began to be defined in the 1970s
(Wilson, 1988).

2.2.2. Eligibility criterion (b): species focus

Records primarily focussing on HEC between humans and non-
captive African savannah elephants were included. Records on Asian
elephants (Elephas maximus) and African forest elephants (Loxodonta
cyclotis) were excluded due to their distinct biology, ranges, and cryptic
behaviour (Sukumar, 2003; Wrege et al., 2012; Turkalo et al., 2017;
Williams et al., 2020; Gobush et al., 2022), which complicates com-
parison with African savannah elephants. Where species or location
could not be reliably determined, especially prior to the recognition of
two African elephant species in 2001 (Roca et al., 2001), records were
discarded.
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2.2.3. Eligibility criterion (c): primary objective

Only records where (one of) the primary objective(s) directly related
to HEC were retained. If the primary research objective concerned
general HWC, and elephants arose only in data collection, the paper was
discarded. If explicit HEC data were collected, it had to be clearly
distinct from any illegal hunting data also collected. To be eligible, pa-
pers involving management interventions had to be specifically target-
ing HEC. For example, it was not enough for a study to assess the effect of
contraception on elephant population size; inclusion required also
addressing issues of elephant population size associated with HEC.
Although we use the term “human-elephant conflict” throughout this
manuscript for consistency, eligible records could use a range of ter-
minology, including “conflict”, “coexistence”, “interactions” and ‘“re-
lationships”. Records were included based on their substantive focus
rather than the specific terminology employed.

2.2.4. Screening quality checks

The same team member that screened records conducted two types
of quality checks. First, a random 10% of records were re-screened at the
title and abstract stage to evaluate within-reviewer consistency. A sim-
ilarity of >90% was chosen to determine that relevant records were not
missed between stages. Second, to provide independent verification of
inclusion decisions and to minimise potential reviewer bias, 10% (14
records) of the final grey and scientific literature were reviewed for
inclusion or exclusion by a second member of the review team. Agree-
ment between reviewers was 93% (13 out of 14 studies).

2.3. Data extraction

We developed a data extraction protocol (Supplementary Material 3)
with definitions of data variables and categories to code to avoid se-
lection bias and ensure repeatability (Haddaway et al., 2015). Initial
data categories were derived from previous systematic maps and re-
views. We assessed data extraction consistency by having two team
members independently extract data from a random 10% subsample of
studies. Studies spanning multiple data categories were counted in each
relevant group, so totals sometimes exceeded 100%.

2.3.1. Data extraction coding

We recorded authorship, publication year, study title, publication
type (e.g. thesis, report, or journal article), and study duration. Further
data were also extracted and categorised according to the three research
objectives. Categories and their descriptions can be found in Supple-
mentary Material 3.

To identify spatial patterns in research effort (Objective 1), we
recorded the study country and area (km?) and obtained range data on
all extant elephant populations from the IUCN Red List (Gobush et al.,
2022). Range data were unavailable for Burkina Faso, which was
excluded from this part of the analysis. Data on elephant population
density per km? were acquired from the 2014/2015 Great Elephant
Census (Chase et al., 2016), a standardised continent-wide survey con-
ducted over the same time period. This dataset distinguishes between
African forest and savannah elephants, and it is conservatively estimated
that 93% of African savannah elephants were recorded. Elephant pop-
ulation density data were only available for 15 of 24 range countries
(including Angola, Botswana, Cameroon, Chad, Ethiopia, Kenya,
Malawi, Mali, Mozambique, South Africa, Tanzania, The Democratic
Republic of the Congo (DRC), Uganda, Zambia, Zimbabwe; excluding
Burkina Faso, Eswatini, Eritrea, Central African Republic (CAR),
Namibia, Nigeria, Rwanda, Somalia and South Sudan).

To characterise the HEC literature (Objective 2), we extracted data
on proximity of study areas to PAs, stakeholder types involved in HEC,
primary study objectives, the direction of HEC investigated (negative
elephant impact on humans, vice versa or both), primary conflict type,
metrics used for measuring conflict (e.g. frequency, extent, probability,
or economic cost of conflict events), correlates of HEC, and
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methodological approaches. Describing HEC management interventions
(Objective 3) required extracting information on the intervention type
and whether it was evaluated. An intervention was evaluated if it was
assessed in accordance with the primary study objectives, HEC was
measured, and the outcome of the intervention on HEC was measured.
Evaluation of an intervention does not imply effectiveness of the strat-
egy or a robust study design.

2.4. Data analysis

Analyses were conducted in R v4.3.2 (R Core Team, 2025). The
number of studies in each data extraction category was calculated as a
percentage of the total number of studies. We then tested for differences
in research effort among countries by comparing observed study counts
with expected counts based on each country's proportional elephant
range and population density. A Fisher's Exact Test with Monte-Carlo
simulation was used due to small sample sizes (less than 5) of some
expected frequencies and a contingency table larger than 2 x 2
(Osterling et al., 2010). For contingency tables larger than 2 x 2, Fisher's
exact tests were used to assess overall associations; in these cases, a
single odds ratio and corresponding 95% confidence interval cannot be
meaningfully estimated and are therefore not reported. Comparing
observed with expected research effort based on elephant range size and
population density attempts to provide a broad heuristic for identifying
countries that appear relatively under- or over-represented in the liter-
ature. Importantly, this approach does not imply an optimal level of
research effort; rather, it reflects patterns arising from the distribution of
existing studies. We do not account for factors operating at finer
geographic scales, such as human population density, land use, fencing
regimes and governance, which may strongly influence both HEC and
research activity. Interpretation of these findings therefore requires
consideration of these contextual factors. Compiling such fine-scale data
was beyond the scope of this study, which aimed to provide a broad
continental overview of HEC research.

Following Gross et al. (2022), we categorised management in-
terventions found in the literature into six classes (Table 1). By building
on an existing framework, we can ensure consistency in reviewing HEC
interventions across the range of the African savannah elephant to
reinforce recommendations and bridge the gap between science and
practice. To see regional differences in research effort of various man-
agement interventions, we grouped Kenya, Tanzania and Uganda into
“eastern Africa”, and Botswana, Malawi, Mozambique, Namibia,
Zimbabwe and Zambia into “southern Africa”.

Table 1
The six classes of human-elephant conflict interventions and their definitions.
Adapted from Gross et al. (2022).

Class of strategy Definition

Technical Strategies to prevent and decrease material damage from
elephants, including deterrents and mitigation.

Resolving conflicts through inclusion of relevant stakeholders
using participatory methods, community outreach, and
education.

Tools used to monitor HEC events, management interventions
and elephant movement to develop early warning systems. For
instance, using geo-fencing, or mobile phone technology to
communicate movements with stakeholders.

Financial compensation or incentives to reduce the indirect or
direct costs experienced by people living alongside elephants.
Legal International, national and regional frameworks, guidelines

Social

Monitoring

Financial

environment and by-laws for HEC strategies and action plans.
Spatial Spatial organisation of landscapes through land-use planning
management and zonation. For instance, spatial population planning for

elephants (e.g. corridor plans), defining agricultural practices
for specific zones, and separating shared resources for elephants
and people.
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3. Results

A total of 14,239 records were returned from the scientific (n =
5489) and the grey (n = 8750) literature searches. For the scientific
literature database, 4196 sources remained after filtering for publication
type, English language and records post-1970. Removal of 1113 dupli-
cates left 3083 records, of which 115 met the eligibility criteria. Seven
were excluded due to incompatibility with the data extraction frame-
work meaning data could not be extracted according to our pre-
determined categories, leaving 108 records for analysis (Supplemen-
tary Material 1). From the African Elephant Library, 1063 grey literature
records were screened after filtering for date and publication type,
leaving 59 records. Of these, 38 were excluded, leaving 21 records
containing 28 studies (Supplementary Material 2). In total, 136 studies
from the scientific and grey literature were included in the analysis
(Fig. S1).

3.1. Temporal and spatial patterns

From our final records, the first study investigating HEC was pub-
lished in the grey literature in 1992 (Ngure, 1992); the first scientific
paper was published in 1994 (Thouless, 1994). The most recent publi-
cations for both scientific and grey literature were from 2023. Almost
twice as many studies were published between 2014 and 2023 (n = 87),
compared to 1970-2013 (n = 49) where annual outputs ranged from
zero to six. Overall, annual publications increased between 1992 and
2023, peaking at 14 in 2022 (Fig. 1a). Several studies spanned multiple
countries, yielding 148 country-level study occurrences across 11 of the
24 elephant range countries: Botswana, Cameroon, Kenya, Malawi,
Mozambique, Namibia, South Africa, Tanzania, Uganda, Zambia and
Zimbabwe (Fig. 1b).

Research effort was highly concentrated, with Kenya (40%),
Tanzania (18%), and Botswana (16%) accounting for 74% of all studies.
None of the 136 studies were conducted in the remaining 13 range
countries: Angola, Burkina Faso, CAR, Chad, DRC, Eritrea, Eswatini,
Ethiopia, Mali, Nigeria, Rwanda, Somalia and South Sudan (Fig. 1b). Of
the 136 studies, 7% were conducted across national borders. Studies
across Mozambique and Zimbabwe, and across Kenya and Tanzania
were the most common combinations accounting for 33% of trans-
national studies. Two studies explicitly occurred within Trans-Frontier
Conservation Areas (TFCA): the Great Limpopo (Mozambique-
Zimbabwe-South Africa) and Kavango-Zambezi (Botswana-Namibia-
Zambia).

3.1.1. Spatial distribution of research effort as a function of proportion of
country covered by elephant range

There was a significant difference between observed and expected
number of studies if research effort was based on the proportion of each
country covered by elephant range (Fisher's Exact Test; p < 0.001).
Research effort was greater than expected in Kenya, Tanzania, Botswana
and Zimbabwe (Fig. 2a; Table S17; Fig. S2). Kenya showed the greatest
deviation, with the observed number of studies exceeding the expected
by 49 (Nexpected = 10,Mobservea = 59).In contrast, Zimbabwe had a similar
number of observed and expected studies with only one paper more than
would be expected (Texpecred = 9:Mopserved = 10). Research effort matched
expectations in Nigeria, Somalia, South Africa and Eswatini, where
number of studies corresponded to the proportion of country covered by
elephant range. Research effort was lower than expected in the other 15
range countries (Fig. 2a; Table S17; Fig. S2). Of these range countries,
Angola and South Sudan had the greatest deviation, with no observed
studies despite large proportions of the country covered with elephant
range (26% and 49%, respectively) and expected research effort of 12
and 22 studies, respectively. Cameroon, CAR, the DRC, Ethiopia,
Malawi, Mali and Uganda had similar numbers of observed and expected
studies with only one study fewer than expected.
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Fig. 1. (a) Timeline showing key dates in human-wildlife and human-elephant conflict research, and the number of published human-elephant conflict studies per
year up to April 2023 (b) Geographical distribution of country-level study occurrences. Shades of blue indicate the number of studies. Grey countries indicate African
savannah elephant (Loxodonta africana) range countries where no studies were identified.

AfESG: African Elephant Specialist Group; HEC: human-elephant conflict; HWC: human-wildlife conflict; IUCN: International Union for Conservation of Nature. (For
interpretation of the references to colour in this figure legend, the reader is referred to the web version of this article.)

3.1.2. Spatial distribution of research effort as a function of elephant
population density

Across the 15 countries with elephant population density data, 144
studies were identified. Namibia was the only country with published
studies (n = 4) for which elephant population density data were un-
available. There was a significant difference between the observed and
expected number of studies if research effort was based on country-level
elephant population density (Fisher's Exact Test; p < 0.001). Research
effort exceeded expectations in Kenya, Tanzania, Mozambique and
Cameroon (Fig. 2b; Table S18). Kenya showed the greatest deviation,
with 51 more studies than expected (expeced = 8, Mobservea = 59).
Cameroon had a more similar number of observed and expected studies
(nexpected = 07 Nobserved = 2).

The remaining 11 range countries had fewer studies than expected
(Fig. 2b; Table S18). South Africa and Zimbabwe had the greatest de-
viation, with 23 and 22 less studies than expected, respectively.
Botswana had a slightly lower deviation of 10 studies less than expected.
Five countries with available elephant population density data (Angola,
Chad, The DRC, Mali and Ethiopia) had no observed studies. Of these,
Angola, Chad, Mali and Ethiopia had the lowest elephant population
densities (0.02-0.08 km™2) compared to the ten other countries for
which elephant population density is available (aside from Cameroon,
0.01 km~2), with 1-2 studies expected per country. In comparison, the
DRC had a higher elephant population density (0.21 km~2), based on
which, six studies were expected. (Fig. 2b; Table S18).

3.2. Study characteristics

Most studies (82%) occurred within or directly adjacent to PAs while
38% occurred outside PAs (Fig. 3; Table S19). The most frequently
studied stakeholder type was farmers (82%), of which over one-third
were explicitly identified as subsistence farmers (35%). Residents
(26%) were the second most frequently studied, followed by govern-
ment and Non-Government Organisation (NGO) personnel (each, 2%)
and researchers (0.7%; Fig. 3; Table S20). The most common primary

study objective was assessing HEC interventions (44%), followed by
identifying correlates of HEC (39%; Table S21). Concerning the direc-
tion of HEC investigated, most studies assessed the negative impact of
HEC on humans (89%), with fewer investigating negative impact on
both humans and elephants (5%) or on elephants (4%) (Fig. 3;
Table S22).

Of the nine primary conflict types investigated, most studies focussed
on elephant damage to human livelihoods, assets and well-being (n =
182), with the majority focusing on crop damage (79%). In comparison,
seven (5%) studies investigated human damage to elephant physical
health and connectivity (Table S23). Across 136 studies, we found a total
of 21 different metrics for measuring HEC, with conflict event frequency
being most common (61%), followed by spatial extent of impacts, such
as crop damage area (23%; Table S24). Over half of the studies (56%)
statistically investigated the relationship between a metric for
measuring HEC (e.g. human death) and correlates (e.g. land use
change). Of these studies, spatial correlates, such as distance from water
sources (10%) or PAs (9%), and study location (9%), were most common
(28%). HEC intervention characteristics were the second most studied
correlate (22%), followed by temporal, biological and human socio-
demographic correlates (18%, 16%, 15%, respectively; Table S25).
Interdisciplinary methods were more common than single-disciplinary
approaches. A socio-ecological approach (using both social and
ecological methods) was used in 44% of studies, whereas 33% and 20%
of studies used only social or ecological methods, respectively. Two
(1.5%) studies used a socio-ecological systems framework, investigating
bidirectional ecosystem-human behaviour feedbacks (Fig. 3; Table $26).

3.3. Management interventions

3.3.1. Management interventions evaluated

HEC management interventions were evaluated in 40% of studies (n
= 55). All percentages are expressed as a proportion of these 55 studies.
Technical strategies were most frequently evaluated (89%), followed by
social strategies (20%; Table 2). The remaining four management
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Fig. 2. The deviation of actual number of studies per elephant range country
from the expected number of studies: (a) according to proportion of each
country covered by elephant range; (b) according to elephant population den-
sity per range country. Red bars indicate fewer studies were conducted than
would be expected. Green bars indicate more studies were conducted than
would be expected.

CAR: Central African Republic; DRC: Democratic Republic of the Congo. (For
interpretation of the references to colour in this figure legend, the reader is
referred to the web version of this article.)
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Fig. 3. Number of studies according to (a) proximity of the study to Protected
Areas (PA), (b) stakeholder type, (c) direction of human-elephant conflict
investigated and (d) methodological approaches. Stacked bars indicate number
of studies. Categories within study characteristics a-d are not mutually exclu-
sive meaning, for example, that within stakeholder type, a single study can be
recorded as collecting data from both farmers and researchers. Consequently,
totals across a-d differ.

n = 136 studies

NGO: Non-Governmental Organisation; PA: Protected Area.

intervention classes (financial, n = 5; monitoring, n = 2; legal envi-
ronment, n = 1; and spatial management, n = 1) were evaluated in 16%
of studies and were not further categorised. The most frequently
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Table 2
Categorisation of technical and social management intervention strategies
evaluated in studies.

Management Intervention

Category Subcategory

Description

TECHNICAL (n = 49)

Barriers Chilli-Beehive Fence
(n = 35)
Beehive Fence
Chilli-Based Fence
Chilli Plant Buffer
Electric Fence
Unfamiliar Items on
Fence
Soft Virtual Boundary
(SVB)
Traditional Barrier
Strobe Lights
Guarding -
(n=15)
Acoustic Deterrents Playback of Negative
(n=14) Audio
Trip Alarm
Traditional Acoustic
Deterrents
Chilli Methods Chilli Briquettes
(Excluding Chilli
Barriers) Chilli-Based Spray
(n=9)
Unspecified Chilli Method
Other Non-Chilli Briquettes
(n=11)

De-Tusking
Injure or Cull Elephant
Translocation

Unmanned Aerial Vehicle
(UAV)

Projectiles

Any Unspecified

SOCIAL (n =11)

Promoting Change Cultivating Alternative

in Human Unattractive Crops
Behaviour
n=7) Relocating Human

Activities
Change in Timing for
Farming Practices

Fencing material soaked with
chilli, and beehives on fences
along the boundary of human
areas

Beehives along the boundary
of human areas

Fencing material soaked with
chilli

Chillis planted on the
boundary of crop fields
Electrified fence

Items hanging from fence, e
g. metal strips that reflect
light and create loud noises,
cow bells/tin cans hanging
from fence that create loud
noises, and coloured cloths
Foreign, flimsy visual items,
e.g. bottles, deployed across
short distances across
multiple routes into human
areas

Barriers traditionally used by
communities e.g. trenches,
moats, wire fences, non-
vegetative buffer
Solar-powered strobe lights
enclosing an area

Keeping watch e.g. using
watchtowers, dogs, torches
Audio recordings of elephant
warning calls or gun shots
played aloud

Sound alarm triggered by
elephant tripping a cord
Includes banging drums,
hitting sticks, and yelling
Burning chilli objects such as
dung mixed with chilli
Unpleasant olfactory spray
made up from mostly chilli
and sometimes also multiple
bad smelling ingredients
Any chilli-based method that
is not specified

Burning non-chilli objects
such as tyres, dung
Removing tusks from
elephant

Culling or injuring elephants
e.g. using guns

Relocating elephants
Herding elephants away from
human areas using drones
with whirring noises and
blinking red and green lights
Gas dispensers with ping
pong balls filled or not filled
with chilli oil, fired at
elephant and making a noise
Any technical strategy that is
not specified

Changing crop composition
by growing crops that are less
palatable to elephants
Moving people or their
livelihoods to other areas
E.g. early ploughing or
synchronised farming
activities

(continued on next page)
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Table 2 (continued)

Management Intervention Description
Category Subcategory
Promoting Local Cooperation Within  Collaborate on implementing
Knowledge Community human-elephant conflict
Exchange solutions within local
Between People communities, e.g. among
(n=6) farmers
Awareness, Education, Awareness campaigns,
Knowledge (AEK) environmental education
Exchange and Training programmes and farmer-to-
Programmes farmer exchange
programmes
Government-Led Group Government group providing
Offering Conflict elephant guarding
Intervention
Involve Technical Support or advice using
Support vertical (non-governmental
organisations, government,
local communities) and
horizontal cooperation
strategies (rangers across
regions)
Other (n = 1) Unspecified Social Any social strategy that is not
Strategy specified

evaluated technical management intervention category was barriers
(64%) followed by guarding (27%). The most frequently evaluated so-
cial management intervention category was promoting changes in
human behaviour (13%), followed by knowledge exchange between
people (11%).

3.3.2. Management interventions evaluated per country

Of the 55 studies evaluating management interventions, some
spanned multiple countries; therefore, country-level study occurrences
differ from the overall number of studies for some management inter-
vention types. The spatial distribution of studies evaluating manage-
ment interventions reflects wider spatial patterns in the overall
literature (Fig. 4 and S5). Management interventions were evaluated in
80 studies across nine elephant range countries (Kenya, Tanzania,
Botswana, Mozambique, Zimbabwe, Malawi, Namibia, Uganda and
Zambia; Fig. 4). The following percentages are expressed as a proportion
of these 80 studies. Social and technical strategies were most frequently
evaluated across eastern Africa (n = 11, 14% and n = 55, 69%,
respectively; Fig. 4a, b) compared to southern Africa (n = 4, 5% and n =
35, 44%, respectively; Fig. 4a, b). Distinct categories of management
interventions were evaluated in 118 studies across nine elephant range
countries. The following percentages are expressed as a proportion of
these 118 studies. Barriers were the most evaluated category of technical
strategy (n = 38, 32%), primarily in Kenya (n = 18, 15%, Fig. 4b).

4. Discussion
4.1. Overview and key findings

Our systematic map collated existing literature on conflict between
humans and African savannah elephants to establish the current state of
knowledge, identify research priorities and identify more refined ques-
tions for detailed evidence syntheses. A total of 136 studies from 11 of 24
elephant range countries met our eligibility criteria. These were ana-
lysed to identify spatial patterns in research effort, characterise HEC
literature, and describe HEC management interventions. There was a
general increase in the frequency of studies published per year, with
notable reductions during periods of increased illegal elephant hunting.
Research effort varied by country and often differed from expectations
based on elephant range or population density. The final 136 studies
predominantly focused on the impacts of HEC on humans rather than
effects on elephants, and metrics used to measure conflict were
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Fig. 4. Structural matrices of the distribution and frequency of studies
reporting on the linkages between country and (a) social intervention strate-
gies, and (b) technical intervention strategies. Darker shaded cells indicate
higher number of studies. Lighter shaded cells indicate lower number of studies.

inconsistent across studies. Fewer than half of studies evaluated HEC
management interventions, and these were all within nine elephant
range countries. Technical strategies, namely barriers (such as electric
fences), were most frequently evaluated.

4.2. Temporal patterns

Temporal patterns in HEC studies aligned with growing international
government interest in environmental issues. HEC studies that met our
eligibility criteria began in 1992, the same year as the Earth Summit
(Keating, 1992), which led to the Convention on Biological Diversity
(CBD), a legally binding international agreement between 168 signa-
tories to safeguard biodiversity (UNEP, 1992). After 1992, there was a
general increase in studies, likely reflecting wider academic publishing
trends (Thelwall and Sud, 2022), and human population growth (UN
DESA, 2022) increasing the probability of human-wildlife contact. A
noticeable peak in studies occurred in 1998, one year after the launch of
the HEC Taskforce of the IUCN African Elephant Specialist Group, which
promotes collaborative HEC mitigation, continent-wide technology
harmonisation and data-sharing between practitioners and researchers
(IUCN SSC AfESG, 2025).

Despite the establishment of the African Elephant Specialist Group in
1975 and the African Elephant Database in 1986, no studies met our
eligibility criteria between 1970 and 1991. This absence perhaps reflects
other research priorities during this period, including the illegal hunting
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for ivory, culminating in the 1989 global ban on international ivory
trade (Lemieux and Clarke, 2009). We identified temporal variation in
the number of HEC studies published across the review period, including
two notable reductions in HEC studies that broadly coincide with a surge
in illegal elephant hunting in 2006-2007 (UNEP et al., 2013; Wittemyer
et al., 2014; Schlossberg et al., 2020) and the African Elephant Summit
held in 2013 to address the escalating crisis ({IUCN, 2013). During these
periods, data collection for illegal wildlife trade research increased
globally, with a peak in 2014 followed by a general decline (Kemp,
2025). However, since 2013, we found that almost twice as many HEC
studies were published compared to all previous years. Although our
results do not imply a causal link between HEC and illegal hunting
research, it does highlight the possible lack of investigation of potential
connections between the two topics. Previous research has shown that
where people have negative experiences with wildlife, it is likely that
they will have less support for conservation and towards efforts to
reduce illegal hunting (Kansky et al., 2014; Montanheiro Paolino et al.,
2024). Therefore, future research examining connections between the
two topics would be useful for informing effective strategies to both
mitigate HEC and reduce illegal hunting.

4.3. Spatial patterns

4.3.1. Spatial distribution of research effort

Spatial patterns of research effort might be expected to reflect a
range of ecological, social, and institutional factors within a country. We
examined whether research effort aligned with two ecological proxies,
the proportion of a country covered by elephant range and the elephant
population density. Greater elephant range coverage increases the
likelihood of human-elephant spatial overlap and thus the potential for
conflict (Sitati et al., 2003). Higher elephant population densities may
increase the frequency of elephant presence in shared landscapes and
potentially lead to greater competition between elephants and people
for space and resources (Pozo et al., 2017; Supanta et al., 2025).
Consequently, HEC research in such areas could be particularly impor-
tant for informing land use decisions, conservation planning and conflict
management interventions. However, we found that research effort
often deviated from expectations, potentially suggesting the relevance of
other social and institutional factors in determining research effort.
Gross and Heinsohn (2023) reported similar findings of geographic
publication bias towards countries such as Kenya.

One explanation is that much of the research in the Global South is
conducted by institutions based in the Global North (Miller et al., 2023),
and so research effort could be attributed to a nation's accessibility for
international researchers, including perceived safety and proportion of
English-speakers to enable research collaboration (Amano and Suther-
land, 2013). For example, research effort in the three most studied
countries of Kenya, Tanzania and Botswana, exceeded expectations
based on elephant range size. All three countries are English-speaking,
perceived as relatively safe, as demonstrated by high tourism (World
Bank Group, 2019), and host well-established elephant conservation
NGOs. However, compared to Kenya or Tanzania; Angola, South Sudan,
and Mozambique had higher proportions of elephant range, and the
DRC, Uganda, Malawi and Zimbabwe had higher elephant population
densities, but all received less research attention in our final records
than expected based on these respective ecological proxies. The lower
research output in these countries could be due to perceptions of
reduced safety from political and economic instability, including civil
conflict (Pearce, 2012; Rapanyane and Tirivangasi, 2020; Dendere and
Taodzera, 2023), which could reduce research effort. Furthermore, it is
possible that the search restrictions to English-language records did not
capture as many records from countries where English is not an official
national language, such as Angola, Mozambique, and the DRC.

Although South Africa and Botswana have well-established research
centres and international research attention, as well as relative political
stability and security (Zikalala, 2021; Reiter, 2024), both countries
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exhibited lower research effort than expected based on elephant popu-
lation density. This is notable for Botswana, which has the highest
elephant population density in Africa (Chase et al., 2016). However,
elephant populations are unevenly distributed in Botswana, with higher
elephant population densities concentrated in northern regions where
HEC has been extensively documented (Pozo et al., 2018; Buchholtz
et al, 2023; Songhurst, 2023). Therefore, the apparent under-
representation of Botswana likely reflects a concentration of research
effort at the regional scale relative to country-level ecological indicators,
rather than a lack of research activity in areas where elephants and
people interact. Furthermore, recent elephant range expansion into
southern areas of Botswana (Thouless et al., 2016; Evans, 2019; Statis-
tics Botswana, 2022), could be leading to emerging HEC dynamics that
are not yet reflected in the literature. South Africa's use of fenced re-
serves limits human-elephant contact and resultant HEC (Taylor et al.,
2021; Wagner et al., 2024; Burudi et al., 2025), and likely explains the
lower-than-expected research effort based on elephant population den-
sity. The low number of studies from South Africa may also result from
our eligibility criterion excluding general HWC research in which ele-
phants were only incidental. Consequently, the observed research effort
reflects how studies are framed, and our systematic map highlights a
particular scarcity of research focused on HEC in South Africa.

4.3.2. Geographic coverage

Mozambique-Zimbabwe was the most common country combination
for transnational studies, followed by Kenya-Tanzania, the latter of
which likely reflects transboundary elephant populations in the
Amboseli-Kilimanjaro and Serengeti-Mara ecosystems (Osipova et al.,
2018; Kinyanjui et al., 2019; Hahn et al., 2022). Despite extensive cross-
border elephant movement (Thouless et al., 2016), we found only a few
transboundary HEC studies, potentially due to complex permit pro-
cesses, financial cost, and differing research priorities depending on
political contexts and national management goals. Our finding aligns
with elephant ecology research where most research occurs within states
rather than across borders (Gross and Heinsohn, 2023).

Transboundary research is crucial in shaping national and interna-
tional policy decisions that impact elephants and people both within and
beyond state boundaries (KAZA-TFCA, 2016). For instance, it is believed
that warfare and illegal hunting have reduced elephant populations in
Angola and Zimbabwe, displacing many elephants into Botswana (STE,
2020; MENT, 2021; Schlossberg and Chase, 2024), potentially
increasing chances of HEC in this country. Although eight TFCAs in
Africa have been set up to collaboratively manage ecosystems across
borders, only two studies explicitly took place within a TFCA. More HEC
research within TFCAs would facilitate international collaboration be-
tween academics, governments and NGOs to achieve successful cross-
border HEC management.

4.4. Study characteristics

Our results show a strong anthropocentric focus, with most studies
assessing HEC impacts for people compared to elephants. This bias is
further supported by the prevalence of studies primarily investigating
elephant damage to human livelihoods, assets and well-being. The pri-
oritisation of human dimensions is not unexpected. The widespread use
of the term “conflict” in academic and political discourse portrays
people as victims and wildlife as conscious antagonists towards people
(Peterson et al., 2010; Pooley et al., 2017). This framing could be driving
research priorities into HEC impacts on human well-being because it is
perceived as urgent. Nevertheless, there is evidence that HEC has a
substantial negative impact on elephants, such as physiological stress
(Ahlering et al., 2011; Chiyo et al., 2011), which could result in
behavioural changes such as increased aggression (Poole et al., 2023). In
turn, heightened aggression in elephants could exacerbate HEC through
increased risk of elephant attacks on humans, but it remains unclear
whether more aggressive elephants tend to engage more readily in high-



P.L.A. Downes et al.

risk conflict behaviours, such as crop foraging. A socio-ecological sys-
tems framework seeks to investigate possible bidirectional feedback
loops such as this one, concerning human and elephant behaviour
(Milner-Gulland, 2012). However, we found a distinct lack of studies
adopting this methodological framework. Greater use of socio-
ecological systems frameworks in future research would situate nega-
tive human-elephant interactions within the broader contexts of human
societies and biological and behavioural processes of elephants (Ostrom,
2009; Milner-Gulland, 2012; Malley and Gorenflo, 2023).

We identified 21 distinct metrics used to measure HEC across the 136
studies. These metrics differed in what they measured (e.g. frequency,
severity and rate of conflict event, or human perception of damage) and
the units of reporting. This diversity indicates inconsistency in how HEC
is measured, which could hinder cross-site comparison of HEC man-
agement needs and limit the ability to synthesise evidence to inform
resource allocation and area prioritisation (Daly et al., 2018; Carroll
et al., 2025). To address this, previous work has called for spatially and
temporally comparable continental-scale metrics used to measure con-
flict, such as “number of HEC incidents per square kilometre of human
settlement area per year” (Hoare, 1999).

Related efforts are now underway through the IUCN Species Survival
Commission Human-Wildlife Conflict & Coexistence Specialist Group.
The group is undertaking a participatory and collaborative process to
develop context-specific metrics for monitoring progress towards the
CBD target to “effectively manage human-wildlife interactions” (CBD,
2022; TUCN SSC HWC Task Force, 2022). We recommend that future
HEC studies consider adopting appropriate standardised metrics such as
those suggested by this group if deemed suitable. Importantly, this
suggestion does not eliminate the utility of past studies. Data on conflict
event frequency could be incorporated into standardised density metrics
using available spatial and temporal data. Moreover, building on our
findings, a systematic review or meta-analysis could be conducted to
assess the reliability, replicability and common elements across existing
metrics, thereby laying the groundwork for a standardised metric used
to measure HEC and support continental-scale conservation
prioritisation.

4.5. Management interventions

Several previous and ongoing efforts have synthesised and evaluated
HEC management interventions, offering valuable resources for practi-
tioners. These syntheses have typically focused on a single conflict type
(e.g. crop foraging; Montgomery et al., 2022), compiled current methods
without formal evaluation of effectiveness (e.g. Human-Elephant
Coexistence Toolbox; King et al., 2022), or used a Delphi process to
rapidly evaluate effectiveness of conservation and conflict management
strategies (Sutherland et al., 2021). While prior resources and studies
provide valuable overviews of HEC management interventions, they
offer limited insight into how current research is distributed across
intervention types and regions within sub-Saharan Africa. Our study
complements the existing syntheses by systematically characterising the
evidence base, allowing us to examine which intervention types are most
frequently evaluated, in which contexts, and where important gaps
remain.

Technical strategies were the most commonly evaluated manage-
ment intervention, perhaps due to their perceived effectiveness and
accessibility compared to social, financial, monitoring, spatial and legal
methods, making them appealing to funders, policymakers and com-
munities. Technical strategies can provide immediate visible results and
are easily implemented, often independently or alongside local NGOs.
This offers farmers agency and control over HEC, which in turn can
reduce negative attitudes towards elephants and foster co-existence
(Nkansah-Dwamena, 2023). For example, farmers can build chilli fen-
ces using readily available materials, such as engine oil, tobacco,
homegrown chillies, ropes and wooden poles (Sitati and Walpole, 2006).
This aligns with our finding that most studies focussed on subsistence
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farmers, a group that can be vulnerable to food insecurity due to
elephant crop-foraging. On the other hand, social, financial, monitoring,
legal and spatial strategies can involve technical expertise (Treves et al.,
2009), considerable coordination efforts and time to build trust between
parties for stakeholders to consider supporting such interventions
(Baynham-Herd et al., 2020), such as community-based insurance
schemes (Sherchan et al., 2022). Overall, this makes them less appealing
to funders, policymakers and communities who seek immediate results
for conflict mitigation. Nevertheless, studies evaluating financial stra-
tegies exist, but these often focus on broader HWC rather than specif-
ically on elephants (Bulte and Rondeau, 2007). Therefore, the apparent
lack of research into financial mechanisms in our systematic map should
be interpreted as a consequence of how research is framed, rather than a
true absence of evidence.

There was a higher frequency of technical and social management
interventions evaluated in eastern Africa, namely Kenya and Tanzania,
compared to southern Africa. This mirrors general research effort pat-
terns, and it is likely this variation aligns with explanations for
geographic patterns in general research effort, including accessibility
and perceived safety. This is further supported by barriers being the
most evaluated management intervention, not only across Africa, but
most notably in Kenya. Kenya contains the well-established NGO, Save
The Elephants, that pioneered beehive fences as a management strategy
and continues to conduct studies evaluating their effectiveness to miti-
gate HEC (King et al., 2009, 2024). The high number of studies evalu-
ating barriers is also likely influenced by the historic and socio-political
context of Kenya. Following colonial land reforms and a transition from
mobile pastoralism to sedentary agriculture, fences became a prominent
method of separating people from wildlife (Evans and Adams, 2016).
Although we acknowledge that much of the country remains unfenced,
this legacy may be shaping current HEC intervention strategies.

4.6. Limitations

Screening and data extraction were conducted by a single reviewer,
introducing potential subjectivity, however the eligibility criteria were
applied consistently. Bias was mitigated through comprehensive
searches using benchmark records and rigorous quality checks, although
not conducting chain citation searches may have led to some omissions.
Furthermore, nine of the 13 countries with no studies do not have En-
glish as an official language, so restricting the review to English-
language sources may have contributed to their underrepresentation.
Importantly, we acknowledge that a lack of HEC research in certain
countries may reflect search framing and eligibility criteria and should
not be understood solely as evidence of limited HEC research taking
place. Therefore, geographic gaps found in our systematic map are
indicative of gaps in the accessible and eligible evidence base.

Many elephant range countries have national HEC strategies or
elephant action plans that guide intervention strategies. Financial,
monitoring, spatial, and legal-based interventions may be embedded
within policy instruments but remain underrepresented in peer-
reviewed literature. We attempted to account for this through a grey
literature search that was sourced exclusively from the African Elephant
Library, an ongoing project collating records on African elephant
biology, ecology, and management. While this approach ensured
transparency and reproducibility, it may have excluded internal NGO
reports, national action plans, or consultant evaluations not yet incor-
porated into the database. Limiting published reports to those with an
ISBN may have further restricted available records. The apparent scar-
city of financial, monitoring, spatial, and legal-based intervention types
in the mapped evidence should be interpreted in the context of existing
policy frameworks. Publication time-lags may also have influenced the
evidence base. Final searches were conducted in 2023, so recently
implemented management interventions, particularly those requiring
longer evaluation periods, may not yet be published. To support future
efforts, we provide data extraction guidelines (Supplementary Material
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3) so larger, multi-lingual teams can expand this literature database as
additional grey literature becomes accessible.

Our exclusion of broader HWC research in which elephants were
only incidental may have contributed to the observed geographic gaps
and the limited identification of financial interventions. These in-
terventions are often embedded within wider HWC frameworks and may
therefore have been under-detected due to our search terms, classifica-
tion decisions, and eligibility criteria. Consequently, studies addressing
HEC in practice may not have been captured. We emphasise that our
findings reflect not only underlying HEC research activity, but also how
studies are framed, indexed, and selected within systematic mapping
processes.

Inferences regarding spatial patterns in research effort as a function
of elephant population density may be more accurate if we tracked
national elephant population trends alongside number of studies per
year. However, we do not believe doing so would alter our conclusions.
We also assumed that spatial extent of elephant range increased pro-
portionately to level of spatial overlap with human areas, affecting
chances of HEC (Sitati et al., 2003). In reality, elephant range may
overlap with areas of low or zero human population density as in the
Okavango Delta (Statistics Botswana, 2022). Future studies could
conduct regional analyses with fine-scale spatial data on human settle-
ments and livelihood activities.

4.7. Research gaps

4.7.1. Geographic patterns

Our results show that studies were conducted in only 11 of 24
elephant range countries, with distributions that deviate from expecta-
tions based on ecological proxies. This uneven coverage highlights a
geographic bias in the evidence base, limiting its applicability across
Africa. Researchers should aim to address country-level differences in
HEC studies to build a more equitable and effective evidence base for
supporting HEC management across Africa. Fine-scale regional analyses
would also allow for inclusion of factors that might impact geographical
patterns in research effort, such as human population density, accessi-
bility and management strategies (e.g. fenced reserves), which were not
captured in our broad systematic map. Such analyses would provide
greater explanatory power to differences in research effort.

4.7.2. Conceptual frameworks

Our synthesis indicates that the HEC literature is predominantly
anthropocentric and reveals a lack of integrated approaches capable of
capturing the dynamic interactions between human and elephant
behaviour. Adopting socio-ecological systems frameworks would help
address this gap by explicitly incorporating feedbacks between human
and ecological components of HEC.

4.7.3. Metrics for measuring HEC

We identified 21 distinct metrics used to measure HEC across the
evidence base, indicating substantial inconsistency in how conflict is
quantified. This lack of standardisation limits comparability across
studies and regions. The development and adoption of standardised,
continent-wide metrics for measuring HEC would improve cross-study
comparisons and enable strong decision-making of policy and manage-
ment practice.

4.7.4. Evaluation of management interventions

Our results suggest that technical interventions are most frequently
evaluated, while social, financial, monitoring, legal and spatial ap-
proaches are underrepresented. This imbalance constrains understand-
ing of the full range of management options. Future systematic reviews
should critically appraise the effectiveness of HEC interventions across
technical and non-technical approaches, including policy instruments
such as legal, financial and governance-based interventions. Explicitly
evaluating the alignment between published evidence and the priorities
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articulated in national HEC strategies and action plans would help
identify gaps between research and implementation, enabling practi-
tioners to select management tools with greater confidence and
contextual relevance.

4.8. Conclusion

Our systematic map summarises HEC research conducted across
Africa, which uses varied conceptualisations and methods to address
complex challenges. We provide evidence that the current scope of HEC
research identified in our final records shows strong geographical pat-
terns, as well as being focused on impacts to humans and on the eval-
uation of technical conflict management interventions. We reveal
insight into how national contexts and a need for immediate conflict
mitigation to improve human well-being could be shaping these
observed patterns in research effort. Research into conflict between
people and the African savannah elephant has grown in recent decades
to address the pressing conservation issue of increasing human-wildlife
contact. Our overview highlights critical research gaps, while providing
an extensive database to support future syntheses that inform policy and
guide the implementation of effective mitigation strategies essential for
human-elephant coexistence.

CRediT authorship contribution statement

P.L.A. Downes: Conceptualization, Methodology, Formal analysis,
Investigation, Data curation, Writing - original draft, Writing - review &
editing, Visualization, Project administration. F.A.V. St John: Writing —
review & editing, Supervision, Project administration, Methodology,
Funding acquisition, Conceptualization. K.E. Evans: Writing — review &
editing, Validation, Supervision, Methodology, Funding acquisition,
Conceptualization. S. Willcock: Writing — review & editing, Supervi-
sion, Methodology, Funding acquisition, Conceptualization. G. Shan-
non: Writing — review & editing, Validation, Supervision, Project
administration, Methodology, Funding acquisition, Conceptualization.

Declaration of Generative AI and Al-assisted technologies in the
writing process

During the preparation of this work the authors used Google Gemini
and ChatGPT to check for spelling errors and verify whether references
were cited in the text and reference list. After using this tool/service, the
authors reviewed and edited the content as needed and take full re-
sponsibility for the content of the published article.

Declaration of competing interest

The authors declare that they have no known competing financial
interests or personal relationships that could have appeared to influence
the work reported in this paper.

Acknowledgements

This work was funded by the Natural Environment Research Council
NE/S007423/1, which provided Penny Downes with a studentship
through the Envision Doctoral Training Partnership. Envision DTP is a
consortium consisting of Bangor University, British Geological Survey,
Centre for Ecology and Hydrology, Lancaster University, Rothamsted
Research and the University of Nottingham. St John has received
funding from the European Research Council (ERC) under the Horizon
2020 research and innovation programme (grant agreement No.
755965). We appreciate discussions with William Sharkey, which hel-
ped to guide our grey literature search, and we gratefully acknowledge
our access to the African Elephant Library provided by Save the Ele-
phants and the IUCN/SSC African Elephant Specialist Group. We further
thank the reviewers and editorial team for helping improve this



P.L.A. Downes et al.
manuscript.

Appendix A. Supplementary data

Supplementary data to this article can be found online at https://doi.

0rg/10.1016/j.biocon.2026.111853.

Data availability

Data is publicly available in a Zenodo repository: https://doi.

org/10.5281/zenodo.17455113.

References

e R., Hoare, 1999. Determinants of human-elephant conflict in a land-use mosaic.

J. Appl. Ecol. 36 (5), 689-700. https://doi.org/10.1046/.1365-2664.1999.00437 .x.

African Elephant Specialist Group (AfESG) and Save the Elephants (STE) (2010) African
Elephant Library (AEL). ITUCN/SSC African Elephant Specialist Group. Available at:
https://www.zotero.org/groups/29010/ael (Accessed: 12 September 2023).

Agetsuma, N., 2007. Ecological function losses caused by monotonous land use induce
crop raiding by wildlife on the island of Yakushima, southern Japan. Ecol. Res. 22
(3), 390-402. Available at: https://doi.org/10.1007/s11284-007-0358-z.

Ahlering, M.A,, et al., 2011. Elevated levels of stress hormones in crop-raiding male
elephants. Anim. Conserv. 14 (2), 124-130. Available at: https://doi.org/10.1111
/j.1469-1795.2010.00400.x.

Amano, T., Sutherland, W.J., 2013. Four barriers to the global understanding of
biodiversity conservation: wealth, language, geographical location and security.
Proc. R. Soc. B Biol. Sci. 280 (1756), 20122649. Available at: https://doi.org/10.
1098/rspb.2012.2649.

Balmford, A., et al., 2001. Conservation Conflicts Across Africa. Science 291 (5513),
2616-2619. Available at: https://doi.org/10.1126/science.291.5513.2616.

Barua, M., Bhagwat, S.A., Jadhav, S., 2013. The hidden dimensions of human-wildlife
conflict: health impacts, opportunity and transaction costs. Biol. Conserv. 157,
309-316. Available at: https://doi.org/10.1016/J.BIOCON.2012.07.014.

Baynham-Herd, Z., et al., 2020. Intervener trustworthiness predicts cooperation with
conservation interventions in an elephant conflict public goods game. People and
Nature 2 (4), 1075-1084. Available at: https://doi.org/10.1002/pan3.10134.

Boafo, J., et al., 2024. The race for critical minerals in Africa: a blessing or another
resource curse? Res. Policy 93, 105046. Available at: https://doi.org/10.1016/j.re
sourpol.2024.105046.

Branco, P.S,, et al., 2019. Determinants of elephant foraging behaviour in a coupled
human-natural system: is brown the new green? J. Anim. Ecol. 88 (5), 780-792.
Available at: https://doi.org/10.1111/1365-2656.12971.

Buchholtz, E.K. et al. (2019) ‘Temporal partitioning and overlapping use of a shared
natural resource by people and elephants’, Front. Ecol. Evol., 7. Available at: https
://www.frontiersin.org/articles/10.3389/fevo.2019.00117 (Accessed: 21 November
2022).

Buchholtz, E.K. et al. (2023) ‘A mixed-methods assessment of human-elephant conflict in
the Western Okavango Panhandle, Botswana’, People Nat., pp. 1-15. Available at:
doi:https://doi.org/10.1002/pan3.10443.

Bulte, E., Rondeau, D., 2007. Compensation for wildlife damages: habitat conversion,
species preservation and local welfare. J. Environ. Econ. Manag. 54 (3), 311-322.
Available at: https://doi.org/10.1016/j.jeem.2007.02.003.

Bunney, K., Bond, W.J., Henley, M., 2017. Seed dispersal kernel of the largest surviving
megaherbivore—the African savanna elephant. Biotropica 49 (3), 395-401.
Available at: https://doi.org/10.1111/btp.12423.

Burudi, J.W., Tormané Kovacs, E., Katona, K., 2025. Wildlife fences to mitigate
human-wildlife conflicts in Africa: a literature analysis. Diversity 17 (2), 87. https://
doi.org/10.3390/d17020087.

Carroll, K.A,, et al., 2025. Biodiversity metric selection and their applications for spatial
conservation planning. Divers. Distrib. 31 (1), e13952. https://doi.org/10.1111/
ddi.13952.

CBD, 2022. Kunming-Montreal Global biodiversity framework’. Conference of the Parties
to the Convention on Biological Diversity. Zenodo. https://doi.org/10.5281/
ZENODO.3831673. Available at.

Chase, M.J., et al., 2016. Continent-wide survey reveals massive decline in African
savannah elephants. PeerJ 2016 (8), e2354. https://doi.org/10.7717/PEERJ.2354/
SUPP-16.

Chiyo, P.I., Cochrane, E.P., 2005. Population structure and behaviour of crop-raiding
elephants in Kibale National Park, Uganda. Afr. J. Ecol. 43 (3), 233-241. Available
at: https://doi.org/10.1111/j.1365-2028.2005.00577..x.

Chiyo, P.I, et al., 2005. Temporal patterns of crop raiding by elephants: a response to
changes in forage quality or crop availability? Afr. J. Ecol. 43 (1), 48-55. Available
at: https://doi.org/10.1111/j.1365-2028.2004.00544.x.

Chiyo, P.I, et al., 2011. No risk, no gain: effects of crop raiding and genetic diversity on
body size in male elephants. Behav. Ecol. 22 (3), 552-558. Available at: https://doi.
org/10.1093/beheco/arr016.

Collaboration for Environmental Evidence (2022) Guidelines and Standards for Evidence
synthesis in Environmental Management. Version 5.1. Available at: www.environ
mentalevidence.org/information-for-authors (Accessed: 15 September 2023).

11

Biological Conservation 319 (2026) 111853

Daly, A.J., Baetens, J.M., De Baets, B., 2018. Ecological Diversity: measuring the
Unmeasurable. Mathematics 6 (7), 119. Available at: https://doi.org/10.3390/math
6070119.

Dendere, C., Taodzera, S., 2023. Zimbabwean civil society survival in the post-coup
environment: a political settlements analysis. Interes. Groups Advocacy 12 (2),
132-152. Available at: https://doi.org/10.1057/s41309-023-00186-3.

Dickman, A.J., 2010. Complexities of conflict: the importance of considering social
factors for effectively resolving human-wildlife conflict. Anim. Conserv. 13 (5),
458-466. Available at: https://doi.org/10.1111/j.1469-1795.2010.00368.x.

Douglas-Hamilton, I., 1987. African elephants: population trends and their causes. Oryx
21 (1), 11-24. Available at: https://doi.org/10.1017/50030605300020433.

Duffy, R., et al., 2016. Toward a new understanding of the links between poverty and
illegal wildlife hunting. Conserv. Biol. 30 (1), 14-22. Available at: https://doi.org
/10.1111/cobi.12622.

Dunham, K.M,, et al., 2010. Human-wildlife conflict in Mozambique: a national
perspective, with emphasis on wildlife attacks on humans. Oryx 44 (2), 185-193.
Available at: https://doi.org/10.1017/5003060530999086X.

Evans, K.E., 2019. Elephants for Africa: male Savannah elephant Loxodonta africana
sociality, the Makgadikgadi and resource competition. International Zoo Yearbook
53 (1), 200-207. Available at: https://doi.org/10.1111/izy.12238.

Evans, L., Adams, W., 2016. Fencing elephants: The hidden politics of wildlife fencing in
Laikipia, Kenya. Land Use Policy 51, 215-228. Available at: https://doi.org/10.10
16/j.landusepol.2015.11.008.

Foley, J.A., et al., 2005. Global Consequences of Land Use. Science 309 (5734), 570-574.
Available at: https://doi.org/10.1126/science.1111772.

Gayo, L., 2025. A review of climate change, human population growth and poverty as
potential drivers of human wildlife conflicts in Africa. Discover Anim. 2 (1), 49.
https://doi.org/10.1007/544338-025-00088-5.

Geldmann, J., Joppa, L.N., Burgess, N.D., 2014. Mapping Change in Human Pressure
Globally on Land and within Protected Areas. Conserv. Biol. 28 (6), 1604-1616.
Available at: https://doi.org/10.1111/cobi.12332.

Gobush, K.S., et al., 2021. Loxodonta cyclotis (errata version published in 2021). The
TUCN Red List of Threatened Species 2021: e.T181007989A204404464. Available at:
https://doi.org/10.2305/IUCN.UK.2021-1.RLTS.T181007989A204404464.en.

Gobush, K.S., et al., 2022. Loxodonta africana (amended version of 2021 assessment). The
TUCN Red List of Threatened Species 2022: e.T181008073A223031019. Available at:
https://www.iucnredlist.org/species/181008073/223031019. (Accessed 11 July
2023).

Graham, M.D., et al., 2009. The movement of African elephants in a human-dominated
land-use mosaic. Anim. Conserv. 12 (5), 445-455. Available at: https://doi.org/10.
1111/j.1469-1795.2009.00272.x.

Gross, E.M., et al., 2021. Elephants in the village: causes and consequences of property
damage in Asia and Africa. Conserv. Sci. Pract. 3 (2). https://doi.org/10.1111/
csp2.343.

Gross, E.M., et al., 2022. Exploring routes to coexistence: developing and testing a
human-elephant conflict-management framework for African elephant-range
countries. Diversity 14 (7), 525. https://doi.org/10.3390/d14070525.

Gross, R.B., Heinsohn, R., 2023. Elephants Not in the Room: Systematic Review Shows
Major Geographic Publication Bias in African Elephant Ecological Research.
Diversity 15 (3), 451. Available at: https://doi.org/10.3390/d15030451.

Haddaway, N.R., Pullin, A.S., 2014. The Policy Role of Systematic Reviews: Past, Present
and Future. Springer Science Reviews 2 (1), 179-183. Available at: https://doi.
0org/10.1007/s40362-014-0023-1.

Haddaway, N.R., et al., 2015. Making literature reviews more reliable through
application of lessons from systematic reviews. Conserv. Biol. 29 (6), 1596-1605.
Available at: https://doi.org/10.1111/cobi.12541.

Haddaway, N.R., et al., 2018. ROSES reporting standards for systematic evidence
syntheses: pro forma, flow-diagram and descriptive summary of the plan and
conduct of environmental systematic reviews and systematic maps. Environ. Evid. 7
(1), 7. https://doi.org/10.1186/s13750-018-0121-7.

Hahn, N, et al., 2022. Risk perception and tolerance shape variation in agricultural use
for a transboundary elephant population. J. Anim. Ecol. 91 (1), 112-123. https://
doi.org/10.1111/1365-2656.13605.

Haynes, G., 2012. Elephants (and extinct relatives) as earth-movers and ecosystem
engineers. Geomorphology 157-158, 99-107. Available at: https://doi.org/10.101
6/j.geomorph.2011.04.045.

Hill, C.M. (2018) ‘Crop foraging, crop losses, and crop raiding’, Annu. Rev. Anthropol., 47
(Volume 47, 2018), pp. 377-394. Available at: doi:https://doi.org/10.1146
/annurev-anthro-102317-050022.

Hoare, R., 2012. Lessons from 15 years of human-elephant conflict mitigation:
Management considerations involving biological, physical and governance issues in
Africa. Pachyderm 51, 60-74.

Hoare, R., 2015. Lessons From 20 Years of Human-Elephant Conflict Mitigation in Africa.
Hum. Dimens. Wildl. 20, 289-295. Available at: https://doi.org/10.1080/1087120
9.2015.1005855.

IPCC, 2022. Climate Change 2022: Impacts, Adaptation and Vulnerability. Contribution
of Working Group II to the Sixth Assessment Report of the Intergovernmental Panel
on Climate Change. Cambridge University Press, Cambridge, UK and New York, NY,
USA, p. 3056. https://doi.org/10.1017/9781009325844.

TUCN (2013) ‘African Elephant Summit Draft: Urgent Measures’. Available at: https://ui
cn.fr/wp-content/uploads/2013/12/African_Elephant Summit_urgent_measures.pdf
(Accessed: 29 July 2025).

TUCN, 2023. IUCN SSC guidelines on human-wildlife conflict and coexistence, 1st edn.
IUCN, Gland, Switzerland. https://doi.org/10.2305/YGIK2927.

TUCN SSC AfESG (2025) ‘Task Forces / Working Groups’, AfESG. Available at:
https://www.afesg.org/task-forces-working-groups/ (Accessed: 28 August 2025).


https://doi.org/10.1016/j.biocon.2026.111853
https://doi.org/10.1016/j.biocon.2026.111853
https://doi.org/10.5281/zenodo.17455113
https://doi.org/10.5281/zenodo.17455113
https://doi.org/10.1046/j.1365-2664.1999.00437.x
https://www.zotero.org/groups/29010/ael
https://doi.org/10.1007/s11284-007-0358-z
https://doi.org/10.1111/j.1469-1795.2010.00400.x
https://doi.org/10.1111/j.1469-1795.2010.00400.x
https://doi.org/10.1098/rspb.2012.2649
https://doi.org/10.1098/rspb.2012.2649
https://doi.org/10.1126/science.291.5513.2616
https://doi.org/10.1016/J.BIOCON.2012.07.014
https://doi.org/10.1002/pan3.10134
https://doi.org/10.1016/j.resourpol.2024.105046
https://doi.org/10.1016/j.resourpol.2024.105046
https://doi.org/10.1111/1365-2656.12971
https://doi.org/10.3389/fevo.2019.00117
https://doi.org/10.3389/fevo.2019.00117
https://doi.org/10.1002/pan3.10443
https://doi.org/10.1016/j.jeem.2007.02.003
https://doi.org/10.1111/btp.12423
https://doi.org/10.3390/d17020087
https://doi.org/10.3390/d17020087
https://doi.org/10.1111/ddi.13952
https://doi.org/10.1111/ddi.13952
https://doi.org/10.5281/ZENODO.3831673
https://doi.org/10.5281/ZENODO.3831673
https://doi.org/10.7717/PEERJ.2354/SUPP-16
https://doi.org/10.7717/PEERJ.2354/SUPP-16
https://doi.org/10.1111/j.1365-2028.2005.00577.x
https://doi.org/10.1111/j.1365-2028.2004.00544.x
https://doi.org/10.1093/beheco/arr016
https://doi.org/10.1093/beheco/arr016
http://www.environmentalevidence.org/information-for-authors
http://www.environmentalevidence.org/information-for-authors
https://doi.org/10.3390/math6070119
https://doi.org/10.3390/math6070119
https://doi.org/10.1057/s41309-023-00186-3
https://doi.org/10.1111/j.1469-1795.2010.00368.x
https://doi.org/10.1017/S0030605300020433
https://doi.org/10.1111/cobi.12622
https://doi.org/10.1111/cobi.12622
https://doi.org/10.1017/S003060530999086X
https://doi.org/10.1111/izy.12238
https://doi.org/10.1016/j.landusepol.2015.11.008
https://doi.org/10.1016/j.landusepol.2015.11.008
https://doi.org/10.1126/science.1111772
https://doi.org/10.1007/s44338-025-00088-5
https://doi.org/10.1111/cobi.12332
https://doi.org/10.2305/IUCN.UK.2021-1.RLTS.T181007989A204404464.en
https://www.iucnredlist.org/species/181008073/223031019
https://doi.org/10.1111/j.1469-1795.2009.00272.x
https://doi.org/10.1111/j.1469-1795.2009.00272.x
https://doi.org/10.1111/csp2.343
https://doi.org/10.1111/csp2.343
https://doi.org/10.3390/d14070525
https://doi.org/10.3390/d15030451
https://doi.org/10.1007/s40362-014-0023-1
https://doi.org/10.1007/s40362-014-0023-1
https://doi.org/10.1111/cobi.12541
https://doi.org/10.1186/s13750-018-0121-7
https://doi.org/10.1111/1365-2656.13605
https://doi.org/10.1111/1365-2656.13605
https://doi.org/10.1016/j.geomorph.2011.04.045
https://doi.org/10.1016/j.geomorph.2011.04.045
https://doi.org/10.1146/annurev-anthro-102317-050022
https://doi.org/10.1146/annurev-anthro-102317-050022
http://refhub.elsevier.com/S0006-3207(26)00164-3/rf0215
http://refhub.elsevier.com/S0006-3207(26)00164-3/rf0215
http://refhub.elsevier.com/S0006-3207(26)00164-3/rf0215
https://doi.org/10.1080/10871209.2015.1005855
https://doi.org/10.1080/10871209.2015.1005855
https://doi.org/10.1017/9781009325844
https://uicn.fr/wp-content/uploads/2013/12/African_Elephant_Summit_urgent_measures.pdf
https://uicn.fr/wp-content/uploads/2013/12/African_Elephant_Summit_urgent_measures.pdf
https://doi.org/10.2305/YGIK2927
https://www.afesg.org/task-forces-working-groups/

P.L.A. Downes et al.

IUCN SSC HWC Task Force, 2022. Post-2020 Global Biodiversity Framework Information
document on developing indicators for a target on human-wildlife conflict in the
framework. IUCN.

Kansky, R., Kidd, M., Fischer, J., 2021. Understanding drivers of human tolerance
towards mammals in a mixed-use transfrontier conservation area in southern Africa.
Biol. Conserv. 254, 108947. Available at: https://doi.org/10.1016/j.biocon.2020.10
8947.

Kansky, R., Kidd, M., Knight, A.T., 2014. Meta-Analysis of Attitudes toward Damage-
Causing Mammalian Wildlife. Conserv. Biol. 28 (4), 924-938. Available at: https
://doi.org/10.1111/cobi.12275.

KAZA-TFCA (2016) Assessment of the human wildife conflict mitigation measures being
implemented by the Kavango-Zambezi Transfrontier Conservation Area (KAZA
TFCA) partner countries. (Report to the KAZA TFCA Secretariat).

Keating, M. (1992) ‘The Earth Summit's Agenda for Change’, Earth Summit Times
[Preprint].

Kemp, R., 2025. A systematic map of illegal wildlife trade literature: global trends,
distributions, and patterns. Master’s thesis. University of Helsinki.

King, L., et al., 2009. Beehive fence deters crop-raiding elephants. Afr. J. Ecol. 47 (2),
131-137. https://doi.org/10.1111/j.1365-2028.2009.01114.x.

King, L., et al., 2022. Part I: development of a new Human-Elephant Coexistence Toolbox
for communities living with African savannah elephants (Loxodonta Africana).
Pachyderm 63, 153-157.

King, L.E., et al., 2024. Impact of drought and development on the effectiveness of
beehive fences as elephant deterrents over 9 years in Kenya. Conserv. Sci. Pract. 6
(11), e13242. https://doi.org/10.1111/csp2.13242.

Kinyanjui, M., et al., 2019. Local attitudes and perceived threats of human-elephant
conflict: a case study at Lake Jipe, Kenya. Pachyderm 61, 120-130.

Kohl, C., et al., 2018. Online tools supporting the conduct and reporting of systematic
reviews and systematic maps: a case study on CADIMA and review of existing tools.
Environ. Evid. 7 (1), 8. https://doi.org/10.1186/s13750-018-0115-5.

Lemieux, A.M., Clarke, R.V., 2009. The International Ban on Ivory Sales and its Effects on
Elephant Poaching in Africa. Br. J. Criminol. 49 (4), 451-471. Available at: https
://doi.org/10.1093/bjc/azp030.

Lindsey, P.A., et al., 2013. Benefits of wildlife-based land uses on private lands in
Namibia and limitations affecting their development. Oryx 47 (1), 41-53. Available
at: https://doi.org/10.1017/50030605311001049.

Malley, G.S., Gorenflo, L.J., 2023. Shifts in the conflict-coexistence continuum: exploring
social-ecological determinants of human-elephant interactions. PLoS One 18 (3
March). https://doi.org/10.1371/journal.pone.0274155.

Mariki, S., Svarstad, H., Benjaminsen, T., 2015. Elephants over the Cliff: Explaining
Wildlife Killings in Tanzania. Land Use Policy 44, 19-30. Available at: https://doi.
org/10.1016/j.1andusepol.2014.10.018.

Matsuura, N., et al., 2024. Human-elephant conflict in the African rainforest landscape:
crop-raiding situations and damage mitigation strategies in rural Gabon. Front.
Conserv. Sci. 5. https://doi.org/10.3389/fcosc.2024.1356174.

Mayberry, A.L., Hovorka, A.J., Evans, K.E., 2017. Well-being impacts of human-elephant
conflict in Khumaga, Botswana: Exploring visible and hidden dimensions. Conserv.
Soc. 15 (3), 280-291.

McGregor, J., 2005. Crocodile crimes: people versus wildlife and the politics of
postcolonial conservation on Lake Kariba, Zimbabwe. Geoforum 36 (3), 353-369.
Available at: https://doi.org/10.1016/j.geoforum.2004.06.007.

MENT, 2021. Non-detriment findings for Loxodonta africana (African Elephant)
Controlled Hunting in Botswana. Ministry of Environment, Natural Resources,
Conservation and Tourism, Gaborone, Botswana.

Miller, J., White, T.B., Christie, A.P., 2023. Parachute conservation: investigating trends
in international research. Conserv. Lett. 16 (3), e12947. Available at: https://doi.org
/10.1111/conl.12947.

Milner-Gulland, E.J., 2012. Interactions between human behaviour and ecological
systems. Philos. Trans. R. Soc. B 367 (1586), 270-278. Available at: https://doi.
org/10.1098/RSTB.2011.0175.

Montanheiro Paolino, R., et al., 2024. Poaching and hunting, conflicts and health: human
dimensions of wildlife conservation in the Brazilian Cerrado. Front. Conserv. Sci. 4.
https://doi.org/10.3389/fcosc.2023.1221206.

Montero-Botey, M., et al., 2024. Deforestation and water availability as main drivers of
human-elephant conflict. Global Ecology and Conservation 54, e03068. Available at:
https://doi.org/10.1016/j.gecco.2024.e03068.

Montgomery, R.A., et al., 2022. The efficacy of interventions to protect crops from
raiding elephants. Ambio 51 (3), 716-727. https://doi.org/10.1007/513280-021-
01587-X/TABLES/2.

Mpakairi, K.S., et al., 2019. Futuristic climate change scenario predicts a shrinking
habitat for the African elephant (Loxodonta africana): evidence from Hwange
National Park, Zimbabwe. Eur. J. Wildl. Res. 66 (1), 1. https://doi.org/10.1007/
s10344-019-1327-x.

Naidoo, R., et al., 2016. Estimating economic losses to tourism in Africa from the illegal
killing of elephants. Nat. Commun. 7. https://doi.org/10.1038/ncomms13379.
Ngure, N., 1992. History and present status of human-elephant conflicts in the Mwatate-

Bura area, Kenya. MSc. Nairobi University.

Nkansah-Dwamena, E., 2023. Lessons learned from community engagement and
participation in fostering coexistence and minimizing human-wildlife conflict in
Ghana. Trees, Forests and People 14, 100430. Available at: https://doi.org/10.101
6/j.tfp.2023.100430.

Nyhus, P.J., 2016. Human-Wildlife Conflict and Coexistence. Annu. Rev. Environ.
Resour. 41 (1), 143-171. Available at: https://doi.org/10.1146/annurev-environ
-110615-085634.

Nyumba, T., Emenye, O., Leader-Williams, N., 2020. Assessing impacts of human-
elephant conflict on human wellbeing: an empirical analysis of communities living

12

Biological Conservation 319 (2026) 111853

with elephants around Maasai Mara National Reserve in Kenya. PLoS One 15 (9).
https://doi.org/10.1371/journal.pone.0239545.

Nyumba, T.O., Leader-Williams, N., 2022. Villain or scapegoat? Elephants and academic
achievement of pupils and schools in Trans Mara District, Kenya. Conserv. Sci. Pract.
4 (4). https://doi.org/10.1111/csp2.12645.

Osborn, F.V., 2004. Seasonal variation of feeding patterns and food selection by crop-
raiding elephants in Zimbabwe. Afr. J. Ecol. 42 (4), 322-327. Available at: https://d
oi.org/10.1111/j.1365-2028.2004.00531.x.

Osipova, L., et al., 2018. Fencing solves human-wildlife conflict locally but shifts
problems elsewhere: A case study using functional connectivity modelling of the
African elephant. J. Appl. Ecol. 55 (6), 2673-2684. Available at: https://doi.org/1
0.1111/1365-2664.13246.

Csterling, M.E., Arvidsson, B.L., Greenberg, L.A., 2010. Habitat degradation and the
decline of the threatened mussel Margaritifera margaritifera: influence of turbidity
and sedimentation on the mussel and its host. J. Appl. Ecol. 47 (4), 759-768.
Available at: https://doi.org/10.1111/j.1365-2664.2010.01827 .x.

Ostrom, E., 2009. A General Framework for Analyzing Sustainability of Social-Ecological
Systems. Science 325 (5939), 419-422. Available at: https://doi.org/10.1126/scienc
e.1172133.

Paez, A., 2017. Gray literature: an important resource in systematic reviews. J. Evid.-
Based Med. 10 (3), 233-240. https://doi.org/10.1111/jebm.12266.

Pearce, J., 2012. Control, Politics and Identity in the Angolan Civil War. Afr. Aff. 111
(444), 442-465.

Peterson, M.N., et al., 2010. Rearticulating the myth of human-wildlife conflict. Conserv.
Lett. 3 (2), 74-82. Available at: https://doi.org/10.1111/J.1755-263X.2010.00099.
X.

Poole, J., et al., 2023. A culture of aggression: the Gorongosa elephants’ enduring legacy
of war. Pachyderm 64, 37-62. Available at: 10.69649/pachyderm.v64i.518.

Pooley, S., et al., 2017. An interdisciplinary review of current and future approaches to
improving human-predator relations. Conserv. Biol. 31 (3), 513-523. Available at:
https://doi.org/10.1111/cobi.12859.

Pozo, R.A,, et al., 2017. Determining baselines for human-elephant conflict: A matter of
time. PLoS One 12 (6), e0178840. Available at: https://doi.org/10.1371/journal.
pone.0178840.

Pozo, R.A,, et al., 2018. Elephant space-use is not a good predictor of crop-damage. Biol.
Conserv. 228, 241-251. Available at: https://doi.org/10.1016/j.biocon.2018.10
.031.

Pranckuté, R., 2021. Web of Science (WoS) and Scopus: The Titans of Bibliographic
Information in Today’s Academic World. Publications 9 (1), 12. Available at: http
s://doi.org/10.3390/publications9010012.

Pullin, A.S., Stewart, G.B., 2006. Guidelines for Systematic Review in Conservation and
Environmental Management. Conserv. Biol. 20 (6), 1647-1656. Available at:
https://doi.org/10.1111/j.1523-1739.2006.00485.x.

R Core Team, 2025. R: A Language and Environment for Statistical Computing. R
Foundation for Statistical Computing, Vienna, Austria.. https://www.R-project.org/

Ramey, E., et al., 2013. Desert-dwelling African elephants (Loxodonta africana) in
Namibia dig wells to purify drinking water. Pachyderm 53, 66-72. Available at:
10.69649/pachyderm.v53i.325.

Rapanyane, M., Tirivangasi, H., 2020. Incidents of political violence, vote rigging and
post-electoral instability: What is going on in Malawi? Gender and Behaviour 18,
15176-15189.

Redpath, S.M., Bhatia, S., Young, J., 2015. Tilting at wildlife: reconsidering
human-wildlife conflict. Oryx 49 (2), 222-225. Available at: https://doi.org/10.101
7/50030605314000799.

Reiter, B., 2024. Participatory Democracy in Southern Africa: Explaining Botswana’s
Exceptionalism. Soc. Sci. 13 (10), 519. Available at: https://doi.org/10.3390/socsc
i13100519.

Roca, A.L. et al. (2001) ‘Genetic evidence for two species of elephant in Africa’, Science
(New York, N.Y.), vol. 293(5534), pp. 1473-1477. Available at: doi:https://doi.
org/10.1126/science.1059936.

Saha, S., Soren, R., 2024. Human-elephant conflict: Understanding multidimensional
perspectives through a systematic review. J. Nat. Conserv. 79, 126586. Available at:
https://doi.org/10.1016/j.jnc.2024.126586.

Sanare, J.E., et al., 2022. A socio-ecological approach to understanding how land use
challenges human-elephant coexistence in Northern Tanzania. Diversity 14 (7), 513.
https://doi.org/10.3390/d14070513.

Schlossberg, S., Chase, M., 2024. Population trends and conservation status of elephants
in Botswana and the Kavango Zambezi Transfrontier Conservation Area: A review of
elephant aerial surveys, 2010-2022. Elephants Without Borders, Kasane, Botswana.

Schlossberg, S., et al., 2020. State-space models reveal a continuing elephant poaching
problem in most of Africa. Sci. Rep. 10 (1), 10166. Available at: https://doi.
org/10.1038/541598-020-66906-w.

Shaffer, L.J. et al. (2019) ‘Human-elephant conflict: a review of current management
strategies and future directions’, Front. Ecol. Evol., 6. Available at: https://www.front
iersin.org/articles/10.3389/fevo.2018.00235 (Accessed: 6 December 2022).

Sherchan, R., et al., 2022. Designing a community-based insurance scheme to reduce
human-wildlife conflict. Environ. Dev. Sustain. 24 (4), 5112-5130. Available at: htt
ps://doi.org/10.1007/510668-021-01652-1.

Sitati, N., Walpole, M., 2006. Assessing farm-based measures for mitigating human-
elephant conflict in Transmara District, Kenya. ORYX 40 (3), 279-286. Available at:
https://doi.org/10.1017/50030605306000834.

Sitati, N., et al., 2003. Predicting spatial aspects of human-elephant conflict. J. Appl.
Ecol. 40 (4), 667-677. https://doi.org/10.1046/].1365-2664.2003.00828.x.

Sitati, N.W., 2003. Human-elephant Conflict in the Masai Mara Dispersal Areas of
Transmara District. University of Kent, PhD. Available at: http://hdl.handle.net/100
68/903095.


http://refhub.elsevier.com/S0006-3207(26)00164-3/rf0235
http://refhub.elsevier.com/S0006-3207(26)00164-3/rf0235
http://refhub.elsevier.com/S0006-3207(26)00164-3/rf0235
https://doi.org/10.1016/j.biocon.2020.108947
https://doi.org/10.1016/j.biocon.2020.108947
https://doi.org/10.1111/cobi.12275
https://doi.org/10.1111/cobi.12275
http://refhub.elsevier.com/S0006-3207(26)00164-3/rf0250
http://refhub.elsevier.com/S0006-3207(26)00164-3/rf0250
https://doi.org/10.1111/j.1365-2028.2009.01114.x
http://refhub.elsevier.com/S0006-3207(26)00164-3/rf0260
http://refhub.elsevier.com/S0006-3207(26)00164-3/rf0260
http://refhub.elsevier.com/S0006-3207(26)00164-3/rf0260
https://doi.org/10.1111/csp2.13242
http://refhub.elsevier.com/S0006-3207(26)00164-3/rf0270
http://refhub.elsevier.com/S0006-3207(26)00164-3/rf0270
https://doi.org/10.1186/s13750-018-0115-5
https://doi.org/10.1093/bjc/azp030
https://doi.org/10.1093/bjc/azp030
https://doi.org/10.1017/S0030605311001049
https://doi.org/10.1371/journal.pone.0274155
https://doi.org/10.1016/j.landusepol.2014.10.018
https://doi.org/10.1016/j.landusepol.2014.10.018
https://doi.org/10.3389/fcosc.2024.1356174
http://refhub.elsevier.com/S0006-3207(26)00164-3/rf0305
http://refhub.elsevier.com/S0006-3207(26)00164-3/rf0305
http://refhub.elsevier.com/S0006-3207(26)00164-3/rf0305
https://doi.org/10.1016/j.geoforum.2004.06.007
http://refhub.elsevier.com/S0006-3207(26)00164-3/rf0315
http://refhub.elsevier.com/S0006-3207(26)00164-3/rf0315
http://refhub.elsevier.com/S0006-3207(26)00164-3/rf0315
https://doi.org/10.1111/conl.12947
https://doi.org/10.1111/conl.12947
https://doi.org/10.1098/RSTB.2011.0175
https://doi.org/10.1098/RSTB.2011.0175
https://doi.org/10.3389/fcosc.2023.1221206
https://doi.org/10.1016/j.gecco.2024.e03068
https://doi.org/10.1007/S13280-021-01587-X/TABLES/2
https://doi.org/10.1007/S13280-021-01587-X/TABLES/2
https://doi.org/10.1007/s10344-019-1327-x
https://doi.org/10.1007/s10344-019-1327-x
https://doi.org/10.1038/ncomms13379
http://refhub.elsevier.com/S0006-3207(26)00164-3/rf0355
http://refhub.elsevier.com/S0006-3207(26)00164-3/rf0355
https://doi.org/10.1016/j.tfp.2023.100430
https://doi.org/10.1016/j.tfp.2023.100430
https://doi.org/10.1146/annurev-environ-110615-085634
https://doi.org/10.1146/annurev-environ-110615-085634
https://doi.org/10.1371/journal.pone.0239545
https://doi.org/10.1111/csp2.12645
https://doi.org/10.1111/j.1365-2028.2004.00531.x
https://doi.org/10.1111/j.1365-2028.2004.00531.x
https://doi.org/10.1111/1365-2664.13246
https://doi.org/10.1111/1365-2664.13246
https://doi.org/10.1111/j.1365-2664.2010.01827.x
https://doi.org/10.1126/science.1172133
https://doi.org/10.1126/science.1172133
https://doi.org/10.1111/jebm.12266
http://refhub.elsevier.com/S0006-3207(26)00164-3/rf0405
http://refhub.elsevier.com/S0006-3207(26)00164-3/rf0405
https://doi.org/10.1111/J.1755-263X.2010.00099.X
https://doi.org/10.1111/J.1755-263X.2010.00099.X
http://10.69649/pachyderm.v64i.518
https://doi.org/10.1111/cobi.12859
https://doi.org/10.1371/journal.pone.0178840
https://doi.org/10.1371/journal.pone.0178840
https://doi.org/10.1016/j.biocon.2018.10.031
https://doi.org/10.1016/j.biocon.2018.10.031
https://doi.org/10.3390/publications9010012
https://doi.org/10.3390/publications9010012
https://doi.org/10.1111/j.1523-1739.2006.00485.x
https://www.R-project.org/
http://10.69649/pachyderm.v53i.325
http://refhub.elsevier.com/S0006-3207(26)00164-3/rf0455
http://refhub.elsevier.com/S0006-3207(26)00164-3/rf0455
http://refhub.elsevier.com/S0006-3207(26)00164-3/rf0455
https://doi.org/10.1017/S0030605314000799
https://doi.org/10.1017/S0030605314000799
https://doi.org/10.3390/socsci13100519
https://doi.org/10.3390/socsci13100519
https://doi.org/10.1126/science.1059936
https://doi.org/10.1126/science.1059936
https://doi.org/10.1016/j.jnc.2024.126586
https://doi.org/10.3390/d14070513
http://refhub.elsevier.com/S0006-3207(26)00164-3/rf0480
http://refhub.elsevier.com/S0006-3207(26)00164-3/rf0480
http://refhub.elsevier.com/S0006-3207(26)00164-3/rf0480
https://doi.org/10.1038/s41598-020-66906-w
https://doi.org/10.1038/s41598-020-66906-w
https://doi.org/10.3389/fevo.2018.00235
https://doi.org/10.3389/fevo.2018.00235
https://doi.org/10.1007/s10668-021-01652-1
https://doi.org/10.1007/s10668-021-01652-1
https://doi.org/10.1017/S0030605306000834
https://doi.org/10.1046/j.1365-2664.2003.00828.x
http://hdl.handle.net/10068/903095
http://hdl.handle.net/10068/903095

P.L.A. Downes et al.

Songhurst, A., 2023. Probing the complexities of actual and perceived levels of human-
elephant conflict in the Okavango, Botswana. Diversity 15 (8). https://doi.org/
10.3390/d15080890.

Statistics Botswana (2022) Population and Housing Census 2022: Population
Distribution Structure and Density in Botswana. Republic of Botswana. Available at:
https://statsbots.org.bw/sites/default/files/publications/Population%20Distributi
on%20Structure%20and%20Density%20in%20Botswana.pdf (Accessed: 11 July
2025).

STE (2020) ‘Botswana Wants Angola's Exiled Elephants to Return Home’, Save the
Elephants, 3 November. Available at: https://savetheelephants.org/news/botswana
-wants-angola-s-exiled-elephants-to-return-home/ (Accessed: 9 October 2025).

Sukumar, R. (2003) The Living Elephants: Evolutionary Ecology, Behaviour, and
Conservation. New York, NY: Oxford University Press. Available at: https://doi-org.
bangor.idm.oclc.org/10.1093/050/9780195107784.001.0001.

Supanta, J., et al., 2025. Human-Elephant conflict in Thailand over the past decade
(2014-2023): occurrence, geographical distribution, and temporal trends. Animals
15 (9), 1304. https://doi.org/10.3390/ani15091304.

Sutherland, W.J., et al., 2021. What Works in Conservation: 2021. Open Book Publishers.
https://doi.org/10.11647/0bp.0267.

Taylor, W.A., et al., 2021. South Africa’s private wildlife ranches protect globally
significant populations of wild ungulates. Biodivers. Conserv. 30 (13), 4111-4135.
Available at: https://doi.org/10.1007/510531-021-02294-5.

The World Bank Group, 2025. Population growth (annual %). Available at: https://data.
worldbank.org. (Accessed 19 August 2025).

Thelwall, M., Sud, P., 2022. ‘Scopus 1900-2020: Growth in articles, abstracts, countries,
fields, and journals’, Quantitative. Sci. Stud. 3 (1), 37-50. Available at: https://doi.
org/10.1162/qss_a_00177.

Thouless, C.R., 1994. Conflict between humans and elephants on private land in northern
Kenya. Oryx 28 (2), 119-127. Available at: https://doi.org/10.1017/50030605
300028428.

Thouless, C.R. et al. (2016) African Elephant Status Report 2016: An update from the African
Elephant Database. Occasional Paper Series of the IUCN Species Survival Commission.
No. 60. IUCN, Gland, Switzerland: IUCN / SSC Africa Elephant Specialist Group, p. vi
+ 309pp. Available at: doi:https://doi.org/10.2305/IUCN.CH.2007.SSC-OP.33.en.

Tian, P., et al., 2026. Consumption inequalities in material use undermining resources
sustainability. Nat. Sustainability 1-11. https://doi.org/10.1038/541893-025-
01726-2.

Tiller, L., et al., 2025. Elephant pathway use in a human-dominated landscape. Wildl.
Biol. 2025 (1), €01204. https://doi.org/10.1002/wlb3.01204.

Treves, A., Wallace, R.B., White, S., 2009. ‘Participatory planning of interventions to
mitigate human-wildlife conflicts’, Conservation Biology: The Journal of the Society for.
Conserv. Biol. 23 (6), 1577-1587. Available at: https://doi.org/10.1111/j.152
3-1739.2009.01242.x.

Turkalo, A.K., Wrege, P.H., Wittemyer, G., 2017. Slow intrinsic growth rate in forest
elephants indicates recovery from poaching will require decades. J. Appl. Ecol. 54
(1), 153-159. Available at: https://doi.org/10.1111/1365-2664.12764.

UN DESA (2022) World Population Prospects 2022: Summary of Results. United Nations
Department of Economic and Social Affairs, Population Division. Available at: http
s://www.un.org/development/desa/pd/sites/www.un.org.development.desa.
pd/files/wpp2022_summary_of results.pdf (Accessed: 6 May 2025).

13

Biological Conservation 319 (2026) 111853

UNEP (1992) Convention on Biological Diversity. Nairobi: United Nations Environment
Programme (UNEP). Available at: https://wedocs.unep.org/bitstream/handle
/20.500.11822/8340/-Convention%200n%20Biological%20Diversity,%20June%
201992-19923086.pdf?sequence=2&amp%3BisAllowed= (Accessed: 17 October
2025).

UNEDP, et al., 2013. Elephants in the dust: the African elephant crisis. A Rapid Response
Assessment. United Nations Environment Programme, GRID-Arendal, Nairobi,
Kenya.

United Nations (2024) World Population Prospects 2024: Summary of Results. UN DESA/
POP/2024/TR/NO. 9. New York: United Nations.

Usman, M.F., et al., 2023. Evaluating the determinants of wildlife tolerance in the
Kavango-Zambezi Transfrontier Conservation Area in Zimbabwe. J. Nat. Conserv.
75, 126466. Available at: https://doi.org/10.1016/j.jnc.2023.126466.

Valeix, M., et al., 2011. Elephant-induced structural changes in the vegetation and
habitat selection by large herbivores in an African savanna. Biol. Conserv. 144 (2),
902-912. Available at: https://doi.org/10.1016/j.biocon.2010.10.029.

Viollaz, J.S., Thompson, S.T., Petrossian, G.A., 2021. When human-wildlife conflict turns
deadly: comparing the situational factors that drive retaliatory leopard killings in
South Africa. Animals 11 (11), 3281. https://doi.org/10.3390/ani11113281.

Vogel, S.M., et al., 2020. Exploring movement decisions: Can Bayesian movement-state
models explain crop consumption behaviour in elephants (Loxodonta africana)?

J. Anim. Ecol. 89 (4), 1055-1068. Available at: https://doi.org/10.1111/1365-2
656.13177.

Wagner, C., et al., 2024. Fenced in: wildlife fencing intensification in southwest
Limpopo, South Africa. Afr. J. Wildl. Res. 54 (1), 1-14. https://doi.org/10.3957/
056.054.0001.

Wall, J., et al., 2021. Human footprint and protected areas shape elephant range across
Africa. Curr. Biol. 31 (11), 2437-2445.e4. Available at: https://doi.org/10.1016/j.
cub.2021.03.042.

Williams, C. et al. (2020) Elephas maximus. The IUCN red list of threatened species 2020:
e.T7140A45818198. Available at: https://dx.doi.org/https://doi.org/10.2305
/IUCN.UK.2020-3.RLTS.T7140A45818198.en (Accessed: 2 February 2024).

Wilson, E.O., 1988. Biodiversity. National Academies Press, Washington, DC.

Wittemyer, G., et al., 2014. Illegal killing for ivory drives global decline in African
elephants. Proc. Natl. Acad. Sci. 111 (36), 13117-13121. Available at: https://doi.
org/10.1073/pnas.1403984111.

World Bank Group (2019) International tourism, number of arrivals - Sub-Saharan
Africa, World Bank Open Data. Available at: https://data.worldbank.org (Accessed:
16 September 2025).

Wrege, P.H., et al., 2012. Opening a larger window onto forest elephant ecology. Afr. J.
Ecol. 50 (2), 176-183. Available at: https://doi.org/10.1111/j.1365-2028.2011.01
310.x.

Xiao, Y., Watson, M., 2019. Guidance on conducting a systematic literature review.

J. Plan. Educ. Res. 39 (1), 93-112. https://doi.org/10.1177/0739456X17723971/
ASSET/IMAGES/LARGE/10.1177_0739456X17723971-FIG 2.JPEG.

Zikalala, N.M., 2021. Ethnic diversity and democratic stability in South Africa. Master of
Arts in Political Studies. University of the Witwatersrand. Available at: https://hdl.
handle.net/10539/32123. (Accessed 9 October 2025).


https://doi.org/10.3390/d15080890
https://doi.org/10.3390/d15080890
https://statsbots.org.bw/sites/default/files/publications/Population%20Distribution%20Structure%20and%20Density%20in%20Botswana.pdf
https://statsbots.org.bw/sites/default/files/publications/Population%20Distribution%20Structure%20and%20Density%20in%20Botswana.pdf
https://savetheelephants.org/news/botswana-wants-angola-s-exiled-elephants-to-return-home/
https://savetheelephants.org/news/botswana-wants-angola-s-exiled-elephants-to-return-home/
https://doi.org/10.3390/ani15091304
https://doi.org/10.11647/obp.0267
https://doi.org/10.1007/s10531-021-02294-5
https://data.worldbank.org
https://data.worldbank.org
https://doi.org/10.1162/qss_a_00177
https://doi.org/10.1162/qss_a_00177
https://doi.org/10.1017/S0030605300028428
https://doi.org/10.1017/S0030605300028428
https://doi.org/10.2305/IUCN.CH.2007.SSC-OP.33.en
https://doi.org/10.1038/s41893-025-01726-2
https://doi.org/10.1038/s41893-025-01726-2
https://doi.org/10.1002/wlb3.01204
https://doi.org/10.1111/j.1523-1739.2009.01242.x
https://doi.org/10.1111/j.1523-1739.2009.01242.x
https://doi.org/10.1111/1365-2664.12764
https://www.un.org/development/desa/pd/sites/www.un.org.development.desa.pd/files/wpp2022_summary_of_results.pdf
https://www.un.org/development/desa/pd/sites/www.un.org.development.desa.pd/files/wpp2022_summary_of_results.pdf
https://www.un.org/development/desa/pd/sites/www.un.org.development.desa.pd/files/wpp2022_summary_of_results.pdf
https://wedocs.unep.org/bitstream/handle/20.500.11822/8340/-Convention%20on%20Biological%20Diversity,%20June%201992-19923086.pdf?sequence=2&amp;amp%3BisAllowed
https://wedocs.unep.org/bitstream/handle/20.500.11822/8340/-Convention%20on%20Biological%20Diversity,%20June%201992-19923086.pdf?sequence=2&amp;amp%3BisAllowed
https://wedocs.unep.org/bitstream/handle/20.500.11822/8340/-Convention%20on%20Biological%20Diversity,%20June%201992-19923086.pdf?sequence=2&amp;amp%3BisAllowed
http://refhub.elsevier.com/S0006-3207(26)00164-3/rf0565
http://refhub.elsevier.com/S0006-3207(26)00164-3/rf0565
http://refhub.elsevier.com/S0006-3207(26)00164-3/rf0565
https://doi.org/10.1016/j.jnc.2023.126466
https://doi.org/10.1016/j.biocon.2010.10.029
https://doi.org/10.3390/ani11113281
https://doi.org/10.1111/1365-2656.13177
https://doi.org/10.1111/1365-2656.13177
https://doi.org/10.3957/056.054.0001
https://doi.org/10.3957/056.054.0001
https://doi.org/10.1016/j.cub.2021.03.042
https://doi.org/10.1016/j.cub.2021.03.042
https://doi.org/10.2305/IUCN.UK.2020-3.RLTS.T7140A45818198.en
https://doi.org/10.2305/IUCN.UK.2020-3.RLTS.T7140A45818198.en
http://refhub.elsevier.com/S0006-3207(26)00164-3/rf0600
https://doi.org/10.1073/pnas.1403984111
https://doi.org/10.1073/pnas.1403984111
https://data.worldbank.org
https://doi.org/10.1111/j.1365-2028.2011.01310.x
https://doi.org/10.1111/j.1365-2028.2011.01310.x
https://doi.org/10.1177/0739456X17723971/ASSET/IMAGES/LARGE/10.1177_0739456X17723971-FIG 2.JPEG
https://doi.org/10.1177/0739456X17723971/ASSET/IMAGES/LARGE/10.1177_0739456X17723971-FIG 2.JPEG
https://hdl.handle.net/10539/32123
https://hdl.handle.net/10539/32123

	A systematic map of research on the conflict between humans and African savannah elephants
	1 Introduction
	2 Methods
	2.1 Search strategy
	2.1.1 Scientific literature search
	2.1.2 Grey literature search

	2.2 Screening process
	2.2.1 Eligibility criterion (a): the study collected empirical data post-1970, or applied such data to a model for validation
	2.2.2 Eligibility criterion (b): species focus
	2.2.3 Eligibility criterion (c): primary objective
	2.2.4 Screening quality checks

	2.3 Data extraction
	2.3.1 Data extraction coding

	2.4 Data analysis

	3 Results
	3.1 Temporal and spatial patterns
	3.1.1 Spatial distribution of research effort as a function of proportion of country covered by elephant range
	3.1.2 Spatial distribution of research effort as a function of elephant population density

	3.2 Study characteristics
	3.3 Management interventions
	3.3.1 Management interventions evaluated
	3.3.2 Management interventions evaluated per country


	4 Discussion
	4.1 Overview and key findings
	4.2 Temporal patterns
	4.3 Spatial patterns
	4.3.1 Spatial distribution of research effort
	4.3.2 Geographic coverage

	4.4 Study characteristics
	4.5 Management interventions
	4.6 Limitations
	4.7 Research gaps
	4.7.1 Geographic patterns
	4.7.2 Conceptual frameworks
	4.7.3 Metrics for measuring HEC
	4.7.4 Evaluation of management interventions

	4.8 Conclusion

	CRediT authorship contribution statement
	Declaration of Generative AI and AI-assisted technologies in the writing process
	Declaration of competing interest
	Acknowledgements
	Appendix A Supplementary data
	Data availability
	References


