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Abstract 

Background: There is a rich body of literature addressing the topic of illegal hunting of wild terrestrial mammals. 
Studies on this topic have risen over the last decade as species are under increasing risk from anthropogenic threats. 
Sub-Saharan Africa contains the highest number of terrestrial mammals listed as vulnerable, endangered or critically 
endangered. However, the spatial distribution of illegal hunting incidences is not well documented. To address this 
knowledge gap, the systematic map presented here aims to answer three research questions: (1) What data are avail-
able on the spatial distribution of illegal hunting of terrestrial mammals in Sub-Saharan Africa in relation to environ-
mental and anthropogenic correlates i.e. proximity to roads, water bodies, human settlement areas, different land 
tenure arrangements and anti-poaching ranger patrol bases? (2) Which research methodologies have primarily been 
used to collect quantitative data and how comparable are these data? (3) Is there a bias in the research body toward 
particular taxa and geographical areas?

Methods: Systematic searches were carried out across eight bibliographic databases; articles were screened against 
pre-defined criteria. Only wild terrestrial mammals listed as vulnerable, endangered or critically endangered by the 
International Union for Conservation of Nature (IUCN) whose geographical range falls in Sub-Saharan Africa and 
whose threat assessment includes hunting and trapping were included. To meet our criteria, studies were required to 
include quantitative, spatially explicit data. In total 14,325 articles were screened at the level of title and abstract and 
206 articles were screened at full text. Forty-seven of these articles met the pre-defined inclusion criteria.

Results: Spatially explicit data on illegal hunting are available for 29 species in 19 of the 46 countries that constitute 
Sub-Saharan Africa. Data collection methods include GPS and radio tracking, bushmeat household and market sur-
veys, data from anti-poaching patrols, hunting follows and first-hand monitoring of poaching signs via line transects, 
audio and aerial surveys. Most studies have been conducted in a single protected area exploring spatial patterns in 
illegal hunting with respect to the surrounding land. Several spatial biases were detected.

Conclusions: There is a considerable lack of systematically collected quantitative data showing the distribution of 
illegal hunting incidences and few comparative studies between different tenure areas. The majority of studies have 
been conducted in a single protected area looking at hunting on a gradient to surrounding village land. From the 
studies included in the map it is evident there are spatial patterns regarding environmental and anthropogenic corre-
lates. For example, hunting increases in proximity to transport networks (roads and railway lines), to water sources, to 
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Background
We are now in the geological epoch of the Anthropocene, 
where human activity is the dominant force of change on 
earth and the planet is undergoing a sixth mass extinc-
tion [1]. Rising human populations and industrialisation 
is causing habitat fragmentation reducing habitat con-
nectivity for many species [2, 3]. Restricted home ranges 
mean species have greater contact with human settle-
ments resulting in increased retaliatory killing. This is 
particularly noticeable in the case of elephants who have 
less foraging space and resort to crop-raiding [4–6] and 
carnivores who predate on livestock and, occasionally, 
humans [7–9]. In addition to habitat fragmentation, one 
of the primary drivers of species decline is an increase in 
illegal hunting used as a source of subsistence and income 
driven largely by poverty and limited employment oppor-
tunities [10]. Due to these converging pressures, an 
increasing number of terrestrial mammals have been up-
listed into the endangered categories by the International 
Union of Conservation for Nature (IUCN)—the leading 
international authority on species population monitor-
ing [8]. Sub-Saharan Africa is the region that contains the 
highest number of terrestrial mammals listed as vulner-
able, endangered or critically endangered by the IUCN, 
and is the focus region of this study.

The landscape of anthropogenic risk is shifting as 
land tenure and land ownership arrangements change. 
While tenure arrangements (i.e. who holds owner-
ship rights) are different to how land is managed and 
administered, ownership has a significant impact on 
the potential land uses of an area. Domestic specula-
tion and erosion of tribal controls and mores are sig-
nificantly altering local land ownership arrangements 
[11, 12]. Globally, increasing liberalisation of land mar-
kets is leading to the rising privatisation of land. This 
trend is particularly noticeable in Sub-Saharan Africa, 
where 60% of the world’s uncultivated arable land is 
found—acquiring this land is highly attractive to for-
eign agribusiness investors, particularly as large tracts 
of land are meeting less than 25% of potential yield [13]. 
In Sub-Saharan Africa, over 80% of land outside of pro-
tected areas is under a customary land tenure arrange-
ment. While there is a rich literature on the impact 
foreign land acquisition has on local communities, 

there are few studies on the way the shifting land own-
ership mosaic is affecting wildlife [14–16]. Generating 
a better understanding of the spatial distribution of 
illegal hunting incidences can guide conservation prac-
titioners to identify locations that would be most ben-
eficial to position wildlife ranger posts and concentrate 
anti-poaching activities.

Analysing spatial variation in poaching incidences is 
of increasing relevance as an increasing number of tools 
using Artificial Intelligence (AI) and Machine Learning 
are developed to predict where illegal hunting incidents 
will take place [17]. Analysing patrol data is complex 
because of biases in the way data are collected i.e. rang-
ers more frequently patrol around posts and locations 
where carcasses were previously detected. Improved ana-
lytical insight is now possible due to improved modelling 
capabilities, which work to account for collection bias 
[18], however, outputs will always be highly dependent 
on the quality of the input data. One model using data 
from the Serengeti, Tanzania assessed the cost and ben-
efit of different poaching hotspots in the landscape. The 
model made high accuracy predictions when compared 
with areas where animals were subsequently snared [19]. 
Another predictive spatiotemporal model applied in 
Uganda evaluated against 5 months of field data was able 
to successfully predict poaching locations [18].

Generating an overview of the spatial distribution 
of illegal hunting incidences in Sub-Saharan Africa 
can guide conservation efforts. The map outlines the 
research methodologies that have been used to collect 
illegal poaching data.

The questions this systematic map responds to were 
identified as a knowledge gap during several meetings 
at the Wildlife Conservation Research Unit, University 
of Oxford. It has been requested that the findings from 
this map be presented at the Fourteenth United Nations 
Congress on Crime Prevention and Criminal Justice 
in Kyoto, Japan at an event considering “Rethinking 
the ‘boundary-arrangement’ for an evidence-based 
approach in addressing wildlife and forest crime”.

The objective of the review
The objective is to collate the spatially explicit evidence 
on the illegal hunting of wild terrestrial mammals of 

the border of protected areas and to village land. The influence of these spatial features could be further investigated 
through meta-analysis. There is a diverse range of methods in use to collect data on illicit hunting mainly drawing on 
pre-existing law enforcement data or researcher led surveys detecting signs of poaching. There are few longitudinal 
studies with most studies representing just one season of data collection and there is a geographical research bias 
toward Tanzania and a lack of studies in Central Africa.

Keywords: Poaching, Snaring, Bushmeat, Wildmeat, Wildlife, Trapping, Conservation, Biodiversity, Anthropocene
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conservation concern in Sub-Saharan Africa. The map 
answers three research questions:

(1) What data are available on the spatial distribution 
of illegal hunting of terrestrial mammals in Sub-Saharan 
Africa in relation to environmental and anthropogenic 
correlates i.e. proximity to roads, water bodies, human 
settlement areas, different land tenure arrangements and 
anti-poaching ranger patrol bases? (2) Which research 
methodologies have primarily been used to collect quan-
titative data and how comparable are these data? (3) Is 
there a bias in the research body toward particular taxa 
and geographical areas?

The map analyses comparable static geographical infor-
mation across various locations. It is recognised that 
there are important sociological drivers of illegal hunting 
i.e. education level, wildmeat value chains and alternative 
sources of protein, among others, however, these are not 
the focus of the study.

To understand the spatial distribution of illegal hunting 
of terrestrial mammals in Sub-Saharan Africa, the main 
components of the question are as follows:

• Population: Wild terrestrial mammals listed as vul-
nerable, endangered or critically endangered by 
the IUCN for whom the threat assessment includes 
hunting and trapping and whose geographical range 
falls in Sub-Saharan Africa (listed in Additional 
file 1).

• Exposure: Location of illegal hunt
• Comparator: Contrasting proximity of illegal hunt 

to the following geographical variables—water bod-
ies, transport networks, anti-poaching range patrol 
bases, human settlement areas.

• Outcomes: Spatial data on the geographic distribu-
tion of illegal hunting.

Methods
The protocol of this review was published in November 
2018 [20]. The protocol largely focuses on how tenure 
influences illegal hunting, however, once the review was 
underway the focus shifted toward the spatial distribu-
tion of illegal hunting in relation to numerous geographic 
variables e.g. proximity to water, transport networks, 
ranger patrol posts. This shift was necessary because it 
became apparent that the majority of studies analyse ille-
gal hunting in one protected area looking at distribution 
in relation to surrounding village land. Many articles that 
analyse illegal hunting do not go into detail on what con-
stitutes illegality, cross-border trafficking chains compli-
cate legality as legal status changes across borders. It was 
decided that if the study referred to hunting as illegal it 
would be included.

Search for articles
We searched the eight academic databases outlined in 
the protocol; the review team validated the search terms 
across databases testing alternative search strings. The 
terms were tested against four known articles; these 
articles were selected as the benchmark articles as they 
reflect a selection of methodological approaches relevant 
to the systematic map (Additional file  2). The search 
strings were developed in the Web of Science Core Col-
lection. The search string was designed with assistance 
from information specialists at both the Oxford Bodleian 
Library and the University of Exeter to ensure that vari-
ations of relevant terms were included, and the Boolean 
logic applied was consistent across databases. All 
searches were conducted between December 2018 and 
January 2019.

All results were exported into EndNote X8 and the 
searches from Web of Science Core Collection and SCO-
PUS were used as the reference set for de-duplication. 
The search terms and results per database are recorded 
in Additional file 2. Access to all databases was provided 
by the University of Oxford Bodleian Library Institu-
tional License. The search was restricted to studies con-
ducted in the last three decades, since 1990; this cut off 
was chosen so the results have contemporary relevance. 
Only articles published in English were screened and the 
search string was applied under Topic subject covering 
Title, Abstract, and Keywords.

Search string
TS = ((mammal* OR fauna OR wildlife OR animal*) AND 
tenure OR land NEAR/2 (ownership OR right* OR hold-
ing* OR title OR administration OR management OR 
tenan* OR deed* OR pastoral OR private OR commun* 
OR customary OR state) OR “natural resource” NEAR/2 
(ownership OR right* OR management OR regim* OR 
private OR commun* OR customary OR state) OR “prop-
erty regime” OR area NEAR/2 (communal OR protected 
OR communit* OR freehold OR “free leasehold” OR 
“Wildlife Management”) OR ownership NEAR/2 (pas-
toral OR private OR commun* OR customary OR state) 
AND (hunt* OR poach* OR bushmeat OR trap* OR snar* 
OR vulnerabl* OR endangered OR threatened OR risk 
OR “conservation dependent” OR extinct*)).

The search terms were kept as consistent as possible 
and all searches were recorded so the searches can be 
easily repeated in the future.

All the following databases were searched using the 
subscription of the University of Oxford:

• Agricola [http://agric ola.nal.usda.gov].
• AGRIS [http://agris .fao.org/].

http://agricola.nal.usda.gov
http://agris.fao.org/
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• BIOSIS: Biological Abstracts (Accessed via Web of 
Science—BIOSIS Citation Index-1969-Present).

• CAB Abstracts (Accessed via Ovid).
• PAIS Index (Accessed via ProQuest).
• SCOPUS (http://www.scopu s.com).
• Web of Science Core Collection: citation indexes 

listed in Additional file 2.
• Zoological record (Accessed via Ovid).

Deviations from the protocol
To ensure the expanded focus was encapsulated in the 
search strategy the search terms were rerun removing 
keywords relating to tenure. The resulting articles which 
met the inclusion criteria remained the same. The popu-
lation criteria were amended to include studies focused 
on multiple species where it is stated hunting is illegal, 
but the species hunted is not specified. It was necessary 
to interpret this criterion liberally as a large number of 
studies focused on the illegal hunting of multiple species 
using the umbrella term ‘bushmeat’—referring broadly to 
mammals killed for subsistence.

Article screening
Screening process
The inclusion criteria were applied during the title and 
abstract screening and all articles were double screened 
by two authors. Once 20% of articles had been screened, 
the corresponding authors met to check for consistency 
between the screening choices. All disagreements dur-
ing screening were discussed and reconciled between 
the team of three reviewers. Cohen’s kappa statistic was 
calculated after double screening all articles (12,403) by 
three authors, resulting in 0.929 and 0.884 (Additional 
file  2). Articles set aside for inclusion after screening 
abstracts were single screened at full text with 20% of 
articles double screened at full text to ensure consist-
ency. All articles screened and excluded at full text were 
recorded, the methodology was coded and a brief outline 
of the content and the reason for exclusion is provided 
(Additional file 3). No articles included in the final syn-
thesis were authored by the reviewers so there is no con-
flict of interest. None of the articles we screened were 
unobtainable. The systematic map guidelines were fol-
lowed via the ROSES checklist (Additional File 4).

Eligibility criteria
Eligible population
The focus is on terrestrial mammals that are listed as vul-
nerable [21], endangered (EN) or critically endangered 
(CR) on the IUCN Red List. This is the global authori-
tative list of species in decline. Species included were 
further restricted to those for whom the IUCN threat 

assessment includes hunting and trapping as a key threat 
of which there are 172 species (listed in Additional file 1). 
The regional area of focus is Sub-Saharan Africa, as 
defined by the United Nations inclusive of 46 countries 
(Additional file 1). Many studies include multiple preda-
tor and prey species or use the catch-all expression bush-
meat, if one species listed met the inclusion criteria the 
study was included.

Eligible exposure
The exposure of the populations outlined above to illegal 
hunting is the focus of this paper. While it is not neces-
sary for a study to explicitly state the reason for the hunt, 
e.g. local subsistence hunting or transnational traffick-
ing, the location of the kill must be included. The focus 
is on unregulated illegal hunting, hence studies on tro-
phy hunting were excluded as this is a legal form of reg-
ulated hunting where quotas are set considering local 
population dynamics. Studies looking at mortality from 
zoonotic disease or other anthropogenic causes were also 
excluded.

Eligible comparator(s)
Various kinds of study designs are included in the map as 
shown in the results (Fig. 3). As the search progressed it 
became evident that including only studies that explicitly 
mention property rights arrangements would yield very 
few eligible studies despite shifting land use and owner-
ship being an international cause of concern for wildlife. 
It was decided that studies would be included so long as 
the status of the land was mentioned, e.g. protected area, 
village land, rather than the explicit ownership arrange-
ment. Various environmental and anthropogenic cor-
relates were assessed between studies i.e. proximity of 
illegal hunting incidences to roads, water bodies, human 
settlement areas and anti-poaching ranger patrol bases.

Eligible outcomes
The evidence has to be geolocated. The locations of the 
kill sites were required to include primary data and not 
via referenced data from other studies. Data collected 
first hand can include records of carcass locations or 
signs of hunting, i.e. used shrapnel, snares, hunter arrest 
records or via hunter follows, interviews and/or surveys. 
Variation in the number of species consumed or sold 
is also an eligible outcome if the capture location(s) is 
included.

Exclusion criteria
Demographic studies containing data only on species 
abundance and distribution were excluded. Similarly, 
studies that only contain data on species behaviour in 
response to a perceived threat, e.g. monitoring flight 

http://www.scopus.com
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initiation time were excluded. Studies that infer the level 
of illegal hunting by providing proxies, e.g. bushmeat 
price as an indicator of supply were excluded. All articles 
excluded at full text were recorded with a description 
of the focus of the article and the reason for exclusion 
(Additional file 3).

We excluded the following kinds of articles:

• Theoretical or modelling studies and purely qualita-
tive research that does not include any quantitative 
data.

• Editorials and commentaries.
• Social commentaries that do not include any quanti-

tative data.
• Literature reviews.

Study validity assessment
We did not conduct a study validity assessment on the 
results of our searches as the purpose of the searches 
was to cover a broad spectrum of methods. Articles were 
judged against the eligibility criteria outlined above.

Data coding strategy
Data extraction consisted of two stages carried out by 
three reviewers. Once articles were screened at the 
level of title/abstract, 206 articles were put aside to be 
reviewed at full text. At this stage the title, focus of the 
study and method used for data collection was recorded, 
alongside the reason why articles were excluded (Addi-
tional file 3). The methods used to collect data on illegal 
hunting were reviewed and grouped and codes were cre-
ated (Additional file 5). Once this stage was complete and 
the 47 articles that met the inclusion criteria remained, 
we used a separate coding sheet (Additional file  6) to 
extract the following relevant information:

1. Bibliographic information: publication type, title, 
publication year, etc.

2. Study context: country, land tenure type, size of study 
area, number of sites, taxa.

3. Study design: method used for data collection, unit of 
analysis, sample size, length of data collection.

4. Outcomes: spatial variation in the level of hunting, 
stated conclusion/finding of study.

To ensure consistency the first 20% of articles was 
coded by two reviewers. It was necessary to consult the 
supplementary material in several cases and in four cases 
to directly contact the authors for information.

Data mapping method
Comparable points of information were extracted to 
categorise and compare, variables such as proximity to 
roads, water bodies, distance to human settlements and 
ranger patrol bases were recorded as were the countries 
and the list of species included in the study (Additional 
file 6). To gain an understanding on the different meth-
ods in use we created a key of methods in use (Additional 
file 5), these were grouped and visualised in a bar graph 
showing included and excluded studies. To show the 
geographic distribution of studies we grouped these via 
a choropleth map and the variety of taxa were visualised 
via a Sankey diagram. This enabled us to identify knowl-
edge gaps. For example, there is a lack of research outside 
protected areas and geographically there is a lack of stud-
ies in central and west Africa.

Results
Number and types of articles
Figure 1 details the step-by-step results of the systematic 
mapping process. 12,645 articles were screened at title 
and abstract, 206 articles were read at full text of which 
47 met the criteria.

1. What data are available on the spatial distribution of 
illegal hunting of terrestrial mammals in Sub-Saharan 
Africa in relation to environmental and anthropo-
genic correlates i.e. proximity to roads, water bod-
ies, human settlement areas, different land tenure 
arrangements and anti-poaching ranger patrol bases? 

a. What evidence exists on the impact of transport 
corridors on the spatial distribution of illegal 
hunting?

 Studies that include proximity to transport net-
works in analysis span a diverse range of meth-
ods, including recording poaching signs e.g. car-
casses, snares, cartridge shells; using tracking 
data to look at species mortalities; household die-
tary recall surveys and bushmeat market surveys. 
In Guinea higher carcass numbers were found in 
villages bordering a heavily trafficked road com-
pared with rural villages in the same landscape 
[23]. In Nigeria and Cameroon, the price of bush-
meat was found to increase closer to roads as it 
is thought that this increases access to distant 
markets [24]. A study in Ghana on the Pangolin 
trade found hunting frequency increased on busy 
roadside verges as this provides a point of direct 
sale to customers [25]. Increased hunting was 
found to increase in proximity to railway lines 
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as shown in a study on lions in Zimbabwe [26]. 
Another common impact of roads is accidental 
roadkill [27]. Proximity to transport networks 
was included in several analyses [23–30], explor-
ing whether hunting pressure increases closer to 
transport networks globally would be amenable 
to systematic review (Fig. 2).

b. What evidence exists on how seasonal varia-
tion and the spatial distribution of water bodies 
impact upon illegal hunting incidences?

 Proximity to water resources is included in sev-
eral analyses [26, 28, 31–36]. An analysis of 
6  years of snare data in Tsavo National Park, 
Kenya found snare numbers were higher around 

Fig. 1 Search, screening and full-text assessment flow chart [22]



Page 7 of 14Duporge et al. Environ Evid            (2020) 9:15  

water holes [28], the same was found in a study 
on lions in Zimbabwe [26] and for elephants in 
Tanzania [34]. Mammals tend to be easier to 
locate and hunt at water holes as they become 
stationary when drinking. The impact of sea-
sonal variation on illegal hunting varies between 
studies, some report increases during the dry 
season and others during the wet season. Vari-
ous reasons are given for the differences; the wet 
season offers an advantage to hunters as large 
areas of reserves and national parks cannot be 
accessed by roads which become muddy, washed 
out and often impassable, reducing access for 
patrol forces. Poachers can take advantage of the 
lack of enforcement in the wet season, although 
difficulty traversing the landscape will increase 
the unit of effort per catch. Another factor that 
makes it easier to hunt illegally in the wet season 
is the closing of tourism operations, i.e. legal tro-
phy hunting operations, this enables poachers to 
move around with less risk of being caught [37]. 
In Gabon, hunting increased in the dry season 
during circumcision ceremonies as there is an 
increased demand for meat [38].

 The rhythm of the agricultural season is men-
tioned as an influencing factor in several studies. 
During periods of low agricultural activity, hunt-
ing provides a replacement source of income, this 
was found in Cameroon [39], Ghana [40, 41] and 
Guinea [23]. During the wet season, hunters are 
largely occupied by other economic activities. In 
Guinea hunting varied between seasons for dif-
ferent species, e.g. hunting for ungulates and 
rodents increases in the dry season, while pri-
mates are more highly threatened in the mid-to-
late rainy season when they are shot to prevent 
crop-raiding [23]. The majority of studies were 
conducted over a year or less, therefore seasonal 
variation could not be factored in. Seasonal vari-
ation is species and context-specific affected by 
many economic, social and cultural factors.

c. What evidence exists on how proximity to human 
settlement areas impact illegal hunting?

 It is not possible to make an analysis on the 
impact of tenure as very few studies include more 
than one land tenure arrangement. Most stud-
ies in this map have been conducted in a single 
protected area looking at hunting incidences on 

Fig. 2 Chloropleth map of inlcuded articles



Page 8 of 14Duporge et al. Environ Evid            (2020) 9:15 

a gradient from the border to the interior. Other 
studies analyse illegal hunting in a protected area 
at varying distances to another site, e.g. game 
reserve, customary land area, game manage-
ment area. Logically, the majority of studies have 
focused on protected areas as this is where wild-
life numbers are highest.

 One study in Zimbabwe made a comparison 
between two areas of a conservancy: an area 
where adjacent land was settled by subsistence 
farmers after the fast-track land reform pro-
gramme and another in an unsettled area in the 
north [42]. The resettled area was more strongly 
affected by illegal hunting. This halo of defauna-
tion around a human settlement area has been 
identified in several studies [26, 32, 43, 44]. 
Increased hunting around a protected area was 
frequently cited, often referred to as an ‘edge 
effect’ [24, 25, 28, 29, 35–37, 45–54]. Different 
methods are used that find the same effect e.g. 
recording carcass and snare locations [28, 36, 
43–45, 48, 53, 54], one household survey in Tan-
zania found wild meat consumption increased in 
villages closer to the park boundary [46] and sev-
eral studies on bushmeat market surveys found 
the price decreased closer to protected areas 
indicating an increase in supply [24, 25]. Other 
studies using GPS or radio-tracking data to moni-
tor mortalities found hunting was higher on the 
border of protected areas compared to the inte-
rior [24, 25]. Illegal hunting likely increases on 
the border of protected areas as wildlife numbers 
increase by virtue of being next to a protected 
area.

d. What evidence exists to show how anti-poaching 
ranger patrol posts impact the spatial distribution 
of illegal hunting incidences?

 Several studies analysed the impact of anti-
poaching ranger posts and patrol routes on illegal 
hunting incidences. One study, looking at hydro-
carbon concessions in Central Africa, found, as 
expected, increased ranger patrols led to reduced 
poaching at a site [31]. However, in Tanzania 
mixed results were found: fewer elephant car-
casses were discovered near several wildlife 
ranger posts, while an increase was detected at 
others—the variance was put down to dispari-
ties in resource allocation between posts [34]. To 
accurately analyse spatial variation in poaching 
incidences it is necessary to account for patrol 
effort. Catch Per Unit of Effort (CPUE) calculates 
the number of illegal activities identified per unit 
of patrol effort which is often used as a metric to 

assess deterrence efficacy; however, this can often 
be difficult to interpret [55].

 An analysis of incidents at several sites where the 
SMART anti-poaching software is used found 
anti-poaching patrols had a greater impact in 
areas with open habitat, likely due to increased 
visibility [56]. Poaching threat maps that use ille-
gal hunting data can generate understandings of 
how ranger patrol posts impact upon the spatial 
distribution of poaching incidences in the land-
scape. Poaching heat maps of this kind can be 
used to identify suitable locations where addi-
tional ranger posts could be established to reduce 
poaching. However, it is necessary to be care-
ful with the use of poaching data as the primary 
focus of rangers is law enforcement, not moni-
toring [57]. Large portions of protected areas 
are unpatrolled due to limited resources, which 
makes inferences on the distribution of illegal 
activity challenging, at best, if not impossible in 
many locations. Rangers often cannot survey the 
landscape evenly as seasonal variation prevents 
access, i.e. during the wet season roads become 
washed out and it can be difficult to patrol in 
open savannah during hot periods. Patrol activ-
ity in most sites is badly understood due to a lack 
of recording and oversight. One recent study ana-
lysing spatio-temporal patrol presence in a large 
number of sites found patrols typically cover 
insufficient spatial scales to reduce illegal activity 
[56].

 There have been several attempts to apply Arti-
ficial Intelligence (AI) and Machine Learning to 
patrol data to predict future illegal hunting inci-
dents. The accuracy of predictions is based on 
biases contained within the collection of training 
data and should be treated cautiously [58]. Future 
primary studies regarding the impact of ranger 
posts on the distribution of illegal hunting inci-
dences are recommended.

2. Which research methodologies have been used to 
collect quantitative data on illegal hunting and how 
comparable are these data?

 The variety of methods used to collect quantitative 
data on illegal hunting is shown in Fig. 3—this shows 
all the methods that document levels of illegal hunt-
ing that were screened at full-text, however several of 
these do not collect spatially explicit information thus 
cannot be used to analyse spatial dynamics. The most 
common method identified in this review is abun-
dance and distribution surveys which infer the sever-
ity of hunting by looking at fluctuations in population 
numbers. It is not possible to reliably attribute fluc-
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tuations in population numbers to illegal hunting as 
many variables impact survival rates. There are few 
longitudinal studies that include more than a year of 
data collection and no studies that survey the entire 
extent of a species range. Changes in the population 
at the site level do not reflect long-term population 
dynamics. As population numbers are a proxy indi-
cator of hunting pressure and do not provide spatially 
explicit information, these have been excluded from 
the final map.

 Several methods use animal movement data to 
assess the speed at which species flee when sensing 
an audible or visual threat; ‘flight initiation’ time is 
monitored visually or via radio or GPS tag to assess 
anti-predator behaviour [59, 60]. These studies were 
excluded as they are not a direct measure of illegal 
hunting. Many studies use bushmeat household and 
market surveys, however, often the species hunted 
are not in the IUCN endangered categories and were 
excluded. Three study designs labelled ‘tolerance 
and perception’, ‘genetic analysis’ and ‘threat index’ 
appeared frequently during the title and abstract 
screening. ‘Tolerance and perception’ studies aim 
to gauge the level of local animosity toward wildlife 
through a variety of survey methods; the results are 
then used to ascertain the level of hunting risk in 
the landscape [7, 61–65]. As no quantified data are 
included, these were excluded. Studies using ‘genetic 
analysis’ can be divided into two: studies that look at 
landscape connectivity and resistance to gene flow 

caused by human settlement and infrastructure, and 
studies that genetically analyse seized teeth or bones 
to locate poaching hotspots [66–68]. It is possible to 
genetically identify kill locations only at very coarse 
geographic scales, so these were not included in the 
final synthesis. ‘Threat index’ studies take differ-
ent forms, including modelling the optimal size of 
national park buffer zones to prevent hunting, mod-
elling species survival rates after release and develop-
ing threat indices to establish which properties in the 
landscape cause greatest threat [69–72]. While these 
are relevant for assessing the threat of illegal hunting 
they were excluded as they do not provide hunting 
locations.

 The majority of studies that met our inclusion criteria 
fall into two categories; they either use pre-existing 
law enforcement data collected on hunting inci-
dences or the authors of the study collected data on 
hunting incidences via line transects, aerial counts 
or hunter follows recording capture locations. An 
advantage to pre-existing data collected by wildlife 
authorities is that these are often longitudinal and 
cover a larger area beyond the capacity of an individ-
ual study.

3. Is there a preference in the research body toward 
particular taxa and countries? Countries

 Published data are only available for 19 of the 46 
countries that constitute Sub-Saharan Africa, this is 
a small sample size considering the size of the region. 
There is a concentration of studies in Tanzania and 

Fig. 3 Methods used to collect data on illegal hunting reviewed at full text
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a bias toward a single protected area—Serengeti 
National Park. Several of the largest countries in Sub-
Saharan Africa contain no studies, i.e. the Demo-
cratic Republic of Congo, Sudan, and Chad. In West 
Africa, the majority of studies have been conducted 
in Ghana.

Species included in the systematic map
Some data collection methods are not conducive to 
recording taxa, e.g. analysis of snare data, as the species 
killed can be difficult to identify. Household surveys and 
illegal bushmeat market surveys often experience the 
same problem where consumers or sellers do not know 
the species being consumed. Figure  4 shows all species 
included in the final synthesis.

One hundred and seventy-two species in Sub-Saharan 
Africa are in the IUCN endangered categories listed 
as being at risk from hunting and trapping. However, 

spatially referenced quantitative data are only available 
for 23 of these species. The largest class of threatened 
taxa is primates who comprise 96 of the 172 listed spe-
cies. This distribution is reflected in our review as spa-
tially explicit data on hunting location is available for 
ten primate species—more species than in any other 
taxonomic group. The taxa covered are relatively repre-
sentative of the distribution of species of conservation 
concern. There are some exceptions: no studies on bats 
met our inclusion criteria despite 14 bat species being 
listed in the IUCN endangered categories in Sub-Saharan 
Africa. Bats are relatively easy to hunt; hundreds can be 
trapped in a few hours as they cluster while roosting and 
netting are sold cheaply to protect crops. We expected 
spatially explicit data on the hunting of bats due to their 
connection with several vector-borne diseases, e.g. 
Rabies and Ebola. Hunting of certain species occurs for 
a variety of reasons; for cultural ceremonies, subsistence 

Fig. 4 Sankey diagram of all species included in the systematic map
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meat, ornaments, etc. and different parts of the animal 
are primarily sought, e.g. skin, teeth, bones, meat, organs. 
Specific cultural beliefs and taboos will also prevent some 
species being hunted over others.

Limitations of the map
Limitations due to the search strategy
One limitation in our search strategy was that we only 
consulted academic databases, we test ran the search 
terms on a number of organisational websites, but these 
did not yield any relevant results. Google Scholar was not 
consulted as we were advised by the University of Oxford 
Bodleian librarian that the peer reviewed articles it would 
provide would already be captured in the eight selected 
databases. Searches were only conducted in English as 
the majority of academic papers are published in English, 
the bias this introduces is likely to be small.

Limitations due to bias in pool of articles found
Our findings are restricted to Sub-Saharan Africa and 
to a small sample size. Spatial features included in this 
review may have a different effect in other locations and 
biomes. We only included articles on species of conser-
vation concern which reduced the number of articles 
included. The absence of studies with qualitative data is a 
limitation as social and cultural factors that drive hunting 
are not considered. Sociological information is critical 
for understanding the context in which poaching occurs, 
but these variables are not easy to compare across diverse 
geographical locations.

Conclusions
Implications for policy/management
This systematic map categorised all the available evidence 
relating to the research questions. The intention is that 
policymakers find the map useful to gauge the extent of 
available evidence on illegal hunting of species of conser-
vation concern. The key points of policy relevance are as 
follows:

• Few studies contain systematically collected data on 
poaching incidences; several applications have been 
developed to assist with data collection including 
Kobo Collect and the Spatial Monitoring and Report-
ing Tool (SMART). Funding these tools would enable 
the advancement of systematic data collection that 
would allow weights to be constructed in geospatial 
models to forecast future poaching incidents.

• Discerning what local spatial biases exist and includ-
ing these in the design of anti-poaching patrol sched-
ules would help to make best use of, often stretched, 
patrol resources.

• Seasonal fluctuations in illegal hunting varied 
between studies as seasonal employment opportuni-
ties for local people change. This shifting temporal 
factor should be considered in anti-poaching con-
servation programmes when planning annual patrol 
intensity.

• There is a research bias toward East Africa in the 
studies collected. It is recommended that conser-
vation funding be directed toward collection of 
improved illegal hunting datasets in central and west 
Africa so as to gain a better understanding of illegal 
hunting dynamics in these regions.

Implication for research
This map identified several understudied subtopics which 
would benefit from primary research. The research gaps 
identified were as follows:

• On review of the evidence base it is clear that an 
analysis on the influence of tenure is not possible as 
there are too few comparative studies between adja-
cent land tenure areas. Future longitudinal research 
studies comparing hunting incidences in adjacent 
land tenure sites, where other variables remain simi-
lar would allow for an assessment of this relationship.

• The studies included in this review show discernible 
spatial patterns in illegal hunting incidences, however 
due to variation in methodology and study length it 
would not be possible to compare studies directly via 
meta-analysis [69–72]. However, a systematic review 
could assess the spatial trends in the evidence glob-
ally to establish what spatial patterns are consistent 
across biomes. This information could then be used 
to guide anti-poaching patrols and optimally position 
wildlife ranger posts which is particularly relevant as 
predictive modelling using AI and Machine Learning 
is advancing.

• Biased collection of biodiversity datasets is well doc-
umented [73] as is apparent in this map-research is 
encouraged in these understudied areas. Several 
countries have no spatially explicit data available e.g. 
Angola, Democratic Republic of Congo.

• Future research assessing the relationship between 
the size of buffer zones and levels of illegal hunting is 
recommended to establish whether buffer zones act 
as an important deterrent.
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