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coexistence, umbrella species strategic prioritisation. Flagship species generate public attention but may not

adequately represent and protect biodiversity. Integrating species-centric ap-

proaches with area-based strategies may refine conservation outcomes and
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3. We identified research trends and gaps, and estimated the biodiversity value
associated with cheetah occurrence throughout its free-ranging distribution.
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4. Although the existing body of literature encompasses insights from diverse
interdisciplinary approaches, current knowledge is mostly derived from a
limited number of localised study areas, whereas most populations are un-
derstudied. Cheetahs inhabit more than half of Africa’s ecoregions and their
contemporary occurrence coincides with areas valuable for biodiversity con-
servation, in particular, closer to the equator where ecoregions are poorly
protected and human footprint is high.

5. Cheetah conservation efforts could yield substantial biodiversity benefits, par-
ticularly outside protected areas, thereby complementing current area protec-
tion networks. Growing pressures on remaining habitat will require adaptive
conservation strategies; hence, it becomes imperative to embrace a more
inclusive and comprehensive approach to the protection of cheetahs, a flag-
ship species for drylands and landscapes shared with humans.
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From popularity to preservation

INTRODUCTION

The natural world is imperilled and suffers severely from
inadequate funding and lack of political and public interest
(Butchart et al. 2010, Waldron et al. 2013, Diaz et al. 2019).
To allocate limited conservation resources, global biodi-
versity conservation priorities have been identified and
include among others biodiversity hotspots, areas of en-
demism, taxon-specific approaches and securing ecosystem
services (Myers et al. 2000, Brooks et al. 2006, Grenyer
et al. 2006, Nicholson et al. 2009). Similarly, research
prioritisation efforts have been comprehensive (Greggor
et al. 2016, Sutherland et al. 2023), but the vast and
expanding number of conservation challenges can be daunt-
ing (Cristescu & Boyce 2013) and pessimism can be preva-
lent and counterproductive in conservation (Swaisgood &
Sheppard 2010). Ecoregions were created to map terrestrial
life and act as conservation units comprising geographi-
cally distinct assemblages of natural communities and
species (Olson et al. 2001). An aspirational goal of pro-
tecting half the terrestrial realm emerged as ‘Nature Needs
Half, yet only 12% of ecoregions exceed ‘Half Protected’
(Locke 2013, Dinerstein et al. 2017). Attracting sufficient
conservation attention for area protection remains chal-
lenging and therefore hinders area-based conservation
strategies (Maxwell et al. 2020).

Charismatic species on the other hand broadly appeal
to the public and are central as flagship species in con-
servation marketing campaigns (Verissimo et al. 2011,
Macdonald et al. 2015). While these species, particularly
large mammals, receive substantial research attention and
inform species-based conservation initiatives (Bonnet
et al. 2002, Clark & May 2002), the flagship approach
has faced criticism for misallocating funds and its failure
to adequately represent broader biodiversity (Andelman
& Fagan 2000, Williams et al. 2000, Joseph et al. 2011).
In addition, even the most charismatic species fail to gen-
erate sufficient funding for effective ecosystem conservation
(Lindsey et al. 2018), underscoring the need for innovative
and smart approaches to inform decision making (Bottrill
et al. 2008).

Integrating species-centric approaches with area-based
strategies may refine conservation priorities (McGowan
et al. 2020). For the most charismatic species with the
highest fundraising potential, it would therefore be worth-
while to evaluate their biodiversity representativeness. In
addition, identifying thematic and geographic research gaps
may inform and redirect species-based conservation ac-
tions. We present this case for the cheetah (Acinonyx
jubatus), a globally appealing flagship species of high con-
servation priority (Belbachir et al. 2015, Dickman
et al. 2015, Albert et al. 2018). The International Union
for the Conservation of Nature (IUCN) lists the cheetah
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as Vulnerable under the Red List of Threatened Species
(Durant et al. 2022). Five subspecies are recognised, with
two subspecies listed as Critically Endangered (Acinonyx
jubatus venaticus in Asia and Acinonyx jubatus hecki in
northwest Africa), one as Endangered (Acinonyx jubatus
soemmeringii in northeast Africa), and two as Vulnerable
(Acinonyx jubatus jubatus in southern Africa and Acinonyx
jubatus raineyi in east Africa) (Schmidt-Kiintzel et al. 2018,
Durant et al. 2023).

Cheetahs have been subject of extensive research efforts,
yet it is key to evaluate whether these research patterns
comply with the principles and broader desired outcomes
of biodiversity conservation (Czech et al. 1998, Bonnet
et al. 2002, Clark & May 2002, Marker et al. 2018a).
Cheetahs predominantly occur outside protected areas
(Durant et al. 2017) and require wildlife-friendly land-use
practices (i.e. land sharing approach) (Green et al. 2005,
Powell et al. 2018). Across these unprotected lands, the
cheetah’s wide-ranging behaviour makes it a potential
candidate as umbrella species (Roberge & Angelstam 2004).
However, species with broad habitat tolerances may persist
in degraded landscapes, and the umbrella concept has been
challenged for wide-ranging species (Linnell et al. 2000,
Rozylowicz et al. 2011). The potential of large carnivores
to act as biodiversity indicators is therefore also debated,
and case-by-case evaluations should bring clarity (Dalerum
et al. 2008, Natsukawa & Sergio 2022).

We provide an overview of cheetah research trends and
themes to synthesise past research efforts and to identify
gaps and avenues for future conservation research (1).
Additionally, we overlay the cheetah’s range with species
richness and ecoregion layers to estimate its biodiversity
value and to identify conservation priority areas, ultimately
aiming to facilitate more efficient and directed conserva-
tion actions (2).

METHODS

Research trends

We performed a literature search in Scopus (https://www.
scopus.com/) on 17 August 2022, with the search term
‘TITLE-ABS-KEY (cheetah OR acinonyx)’. We retained
only empirical research articles and reviews, and discarded
duplicate items, errata, editorials, book chapters, confer-
ence proceedings, data papers, letters, commentaries and
responses. We classified each article under a specific re-
search theme, described in Appendix S1. If more than
one research theme was suited, we assigned two or at
most three research themes to one article. We explored
interdisciplinarity of cheetah research based on network
analysis of research themes classified together. The
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classification was performed by two researchers indepen-
dently to account for extraction errors, and we discussed
disagreements until consensus was reached. To identify
the relative importance of each research theme, we cal-
culated the total number of articles, the mean number
of citations of articles and the mean number of annual
citations of articles (i.e. the average of the number of
citations per article divided by the number of years since
published). The latter was done to account for the posi-
tive relationship between time since publication and citation
rate. Additionally, we derived the h-index per research
theme (i.e. the number of publications for which a research
theme has been cited by other publications at least that
same number of times). We present the cumulative in-
crease of research outputs over time for articles published
since 1990, when more than 10 articles per year were
published that met our search criteria. When applicable,
we recorded the country where the research was performed
to identify geographical bias in research efforts focusing
on cheetahs. We acknowledge that research articles that
considered regional distributions, or distributions of car-
nivore communities more broadly may have been omitted
for this analysis. Our literature search followed the guide-
lines of PRISMA in ecology and evolutionary biology
(O’Dea et al. 2021).

Biodiversity value

Cheetahs occur across various landscapes, but typically
more so in semi-arid to arid environments (Durant
et al. 2022). These ecosystems harbour unique species
compositions, yet species richness is lower compared to
more tropical systems (Kareiva & Marvier 2003). To ad-
dress this, we explored ecoregion coverage by the cheetah’s
range and compared species richness values of the cheetah-
covered portion of each ecoregion to the entire ecoregion.
We used the most recent distribution map of the cheetah
as determined by the International Union for the
Conservation of Nature (IUCN, Fig. la) (Durant et al.
2022) and derived terrestrial ecoregion layers (Dinerstein
et al. 2017) (Fig. 1d). We overlaid both data sources with
four species richness rasters assessed by IUCN: all amphib-
ians, birds and mammals (ABM, Fig. lc); amphibians,
birds and mammals that are listed as threatened
(‘Vulnerable’, ‘Endangered’, ‘Critically endangered’; tABM);
all mammals (M); and mammals that are listed as threat-
ened (tM) (IUCN 2021). The species richness rasters date
from 2021 and reflect the number of species in
30km x 30 km pixels, which roughly corresponds with mean
cheetah home range size across published studies (Marker
et al. 2018b). We extracted pixel-based means for the
extant cheetah range and for the different ecoregions.
Subsequently, we calculated for each ecoregion and for
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each TUCN species richness raster the difference in mean
species richness between the extant cheetah range of the
ecoregion and the entire ecoregion. For example, the aver-
age number of species present per 30kmXx30km pixel in
the West Sudanian savanna ecoregion was 437 (ABM),
81 (M), 14 (tABM) and 1 (tM). The average number of
species present per 30kmx30km pixel in the cheetah-
covered portion of the West Sudanian savanna ecoregion
was 478 (ABM), 94 (M), 22 (tABM) and 7 (tM).
Subsequently, this resulted in species richness difference
values of 41 (ABM), 13 (M), 8 (tABM) and 5 (tM).

We derived four sets of species richness difference values
consisting of 54 data points each, corresponding with the
number of overlapping ecoregions of the extant cheetah
range. Values above zero indicated that mean species rich-
ness for the cheetah-covered portion of the ecoregion was
higher compared to the respective ecoregion, and values
below zero indicated that mean species richness was lower
compared to the respective ecoregion. The differences in
species richness were interpreted as a proxy for the bio-
diversity value of cheetah occurrence, where large positive
values may indicate ecologically valuable areas for cheetah
conservation efforts.

We explored variation in species richness differences
with a Principal Component Analysis (PCA) of ecoregions
(observations) based on the four sets of difference values
(active variables). We added supplementary variables that
were related to geographical, environmental and anthro-
pogenic attributes of ecoregions to better understand the
dimensions of the variation (Table 1).

All statistical analyses were done in R version 4.2.2 (R
Core Team 2022) using the packages igraph (Csardi &
Nepusz 2006) and factoextra (Kassambara & Mundt 2020).

RESULTS

Research trends

We identified 1860 articles that met our search terms and filtered
this number down to 1424 items to only include research articles
and reviews. We discarded an additional 492 items which were
artidles irrelevant for our purposes and mostly pertaining to
the development of new applications, processes and technologies
that were named after or with reference to cheetahs because
of certain properties, most often their speed. Although these
articles were not included, they may reflect the perception of
cheetah in modern-day society. We retained 932 empirical re-
search articles on cheetahs of which 655 articles were assigned
to one research theme, 255 articles were assigned to two research
themes and 22 articles were assigned to three research themes.
The number of articles showed a substantial increase over the
past three decades and gradually expanded across the different
research themes (Fig. 2, Table 2). Most research articles were
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Fig. 1. (a) IUCN cheetah range (Durant et al. 2022); (b) Published literature on cheetah per country; (c) Species richness raster for all amphibians, birds
and mammals assessed by IUCN overlaid with extant cheetah range; (d) Ecoregion coverage by the extant cheetah range (Dinerstein et al. 2017).

classified under the theme ‘Disease’ (n=309), with studies focus-
ing on the formation, course, transmission and treatment of
various kinds of disease in captive and free-ranging individuals
and populations. Studies pertaining to themes ‘Behaviour’,
‘Conservation’, ‘MorphoPhysio’ and ‘Population’ were well-
represented, and of particular relevance to the umbrella concept
were the studies on inter-specific interactions, population ecology,
distribution and conservation management. Dietary studies and
reviews were less represented, but the high number of citations
reflects their relevance within the field.

Cheetah research was interdisciplinary with 30% of research
articles classifying under two or three research themes.
‘Conservation’ and ‘MorphoPhysio’ were the most connected
and most central research themes, with both themes having
a node degree of 8 (i.e. number of connecting themes) and
a betweenness centrality of 1.35 (i.e. measure of centrality
based on shortest paths) (Fig. 2). ‘Conservation’ was most
often connected with ‘Behaviour’ (36 research articles) and

‘Population’ (30 research articles), while ‘MorphoPhysio’ was
most often connected with ‘Disease’ (30 research articles).

The majority of in situ research performed on cheetahs
was focused on Namibia, South Africa, Tanzania, Kenya
and Botswana, as well as on the Iranian cheetah popula-
tion (Fig. 1b). Other cheetah range countries were notably
underrepresented, in particular, in northwest and central
Africa and in the Horn of Africa. One hundred forty-nine
publications (16%) included the term ‘captive’ in their
title and reflected ex situ research.

Biodiversity value

The cheetah’s current range covers 54 ecoregions where
it is extant and 49 ecoregions where it is possibly extant,
totalling a combined coverage of 57 ecoregions out of
119 ecoregions present in Africa, and a remaining 4 ecore-
gions out of 193 ecoregions in mainland Asia excluding

4 Mammal Review (2024) © 2024 The Author(s). Mammal Review published by Mammal Society and John Wiley & Sons Ltd.
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Table 1. Active and supplementary variables used in the principal component analysis to understand variation in species richness differences

Variable

Description

Source

A Species richness (ABM)
A Species richness (M)

A Species richness (tABM)

A Species richness (tM)

Latitude (x)

Longitude (y)

Area (A)

Natural habitat remaining (H)
Average annual precipitation (R)
Average annual temperature (T)
Species richness (S)

Cheetah coverage (Ch)

Human footprint (HFP)

Protected area coverage (PA)

Protection status (Categorical)

Differences in species richness between the cheetah-covered portion of each
ecoregion and the entire ecoregion for all amphibians, birds and mammals

Differences in species richness between the cheetah-covered portion of each
ecoregion and the entire ecoregion for all mammals

Differences in species richness between the cheetah-covered portion of each
ecoregion and the entire ecoregion for amphibians, birds and mammals that are

listed as threatened

Differences in species richness between the cheetah-covered portion of each
ecoregion and the entire ecoregion for mammals that are listed as threatened

Latitude of ecoregion centroid
Longitude of ecoregion centroid

Area of ecoregion

Remaining natural habitat of ecoregion

Long-term average of annual precipitation in the ecoregion (pixel-based mean)
Long-term average of annual temperature in the ecoregion (pixel-based mean)
Number of amphibians, birds and mammals in the ecoregion assessed by IUCN

(pixel-based mean)

Proportion of ecoregion covered by the extant cheetah range

IUCN (2021), Durant
et al. (2022)

IUCN (2021), Durant
et al. (2022)

IUCN (2021), Durant
etal. (2022)

IUCN (2021), Durant

et al. (2022)
Dinerstein et al. (2017)
Dinerstein et al. (2017)
Dinerstein et al. (2017)
Dinerstein et al. (2017)
Fick and Hijmans (2017)
Fick and Hijmans (2017)
IUCN (2021)

Dinerstein et al. (2017),
IUCN (2021)

Human pressure imposed on the ecoregion based on built environments, population ~ Mu et al. (2022)
density, nighttime lights, crop and pasture lands, roads and railways, and navigable

waterways (pixel-based mean)

Proportion of ecoregion covered by protected areas designated under IUCN

categories | to VI

Ecoregion classification based on the extent of both remaining natural habitat and

Dinerstein et al. (2017)

Dinerstein et al. (2017)

protected area coverage: Half Protected (HP), Nature Could Reach Half (NCRH),

Nature Could Recover (NCR), Nature Imperilled (NI)

1200 1

Number of published articles

Fig. 2. Cumulative increase of published articles on cheetah Acinonyx jubatus (dashed line) and categorised per research theme (colours) since 1990.
The network represents connections between research themes classified together.

800 1

400 1

1990 2000 2010
Year

Russia. Average ecoregion coverage by the cheetah’s range
was 23% (£28 SD) where it is extant and 11% (£16 SD)
where it is possibly extant (Fig. 1d, Appendix S2).

Theme

Behaviour

. Conservation

Diet

B oisease

Genetic

B vetnoo

MorphoPhysio

. Population

Review

Species richness was generally higher within the cheetah-
covered portion of the ecoregion compared to the entire
ecoregion. Based on different species groupings assessed

Mammal Review (2024) © 2024 The Author(s). Mammal Review published by Mammal Society and John Wiley & Sons Ltd.
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Table 2. Summary of research themes identified in published literature
on cheetahs. Relative importance of each research theme is identified by
the number of articles, the mean number of citations per article, the
mean number of annual citations per article and the h-index for each
research theme. Description of research themes is presented in Table S1

Mean number Mean number

S. Verschueren et al.

by IUCN, 50% (ABM), 69% (M), 81% (tABM) and 83%
(tM) of ecoregions had a higher species number in areas
where cheetahs were extant (Figs 3 and 4). We identified
two principal components (PC) that explained 93% of
variation in the differences in species richness (PC1=61%,
PC2=32%; Fig. 4). We found a positive correlation along

Number  of citations of annual the first principal component (i.e. x-axis) for all active
Theme of articles (5D) citations (+5D) ~ h-index variables (ABM, M, tABM, tM), and a negative correlation
NA* 223 _ _ _ along the second principal component (i.e. y-axis) between
Application* 269 - the variables including threatened species (tABM, tM) and
Behaviour 150 44 (£53) 286 (£3.72) 45 the variables including all species (ABM, M).
+ + . . . .
Conservation 232 27(x33) 167(x2.28) 41 The correlations with ecoregion attributes showed that
Diet >2 38 (+53) 243(x369) 21 oorly protected ecoregions with little natural habitat r
. W1 1 -
Disease 309 24 (+45) 152 (+3.04) 40 poorly protecte glons with e atre
Genetic 93 35 (+48) 231(x338) 31 maining (i.e. ‘Nature Imperilled’) had a higher species
Method 60 23 (+28) 142 (£1.94) 20 number in areas where cheetahs were present than where
MorphoPhysio 208 31 (x43) 2.00 (x2.95) 43 they were not, while ecoregions with a better protection
. . ¢
Population 115 28 (+39) 1.85(x272) 32 status and more natural habitat (i.e. ‘Half Protected’,
Review 9 55 (76 2.18 (+4.35 4 ¢ > .
- (+76) ( ) Nature Could Reach Half Protected’) had only small dif-
Taxonomy 3 18 (£13) 0.86 (+0.98) 2 . R
ferences in species number regardless of cheetah presence.
* 1 i . . . .
*Not included and irrelevant for further analyses. Similarly, ecoregions under high human pressure had a
Before 1990. . . . .
higher species number in areas where cheetahs were still
ABM M tABM tM
Serengeti volcanic grasslands 4 ° ° o °
East African montane moorlands ® L o0 oo
Eastern Arc forests L L oo [
East African montane forests oo L ® oo
East African halthytics- oo (& [ L)
Southern Acacia-Commiphora bushlands and thickets 4 L o o [
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Fig. 3. Species richness per ecoregion (black) and for the cheetah-covered portion of the ecoregion (coloured) for four species groupings assessed by
IUCN: All amphibians, birds and mammals (ABM); all mammals (M); threatened amphibians, birds and mammals (tABM); threatened mammals (tM).
Red dots are mean species richness values for the cheetah range higher compared to the respective ecoregion; blue dots are mean species richness

values lower compared to the respective ecoregion.
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Fig. 4. Spatial visualisation of the differences in mean species richness values of the cheetah-covered portion of ecoregion compared to their respective
ecoregions for (a) all amphibians, birds and mammals assessed by IUCN (ABM), and (b) amphibians, birds and mammals listed as threatened by IUCN
(tABM). The extant cheetah range overlaps with highlighted areas. Red shading indicates areas where mean species richness values for the cheetah
range are higher compared to the respective ecoregion; blue shading indicates areas where mean species richness values are lower compared to the
respective ecoregion. Principal Component Analysis output is presented for (c) active (black) and supplementary (blue) variables, and (d) ecoregions
categorised per protection status (Dinerstein et al. 2017). A, area; ABM, all amphibians, birds and mammals; Ch, Cheetah coverage; H, natural habitat
remaining; HFP, human footprint; HP, Half Protected; M, all mammals; NCR, Nature Could Recover; NCRHP, Nature Could Reach Half Protected; NI,
Nature Imperilled; PA, protected area coverage; R, average annual precipitation; S, species richness; T, average annual temperature; tABM, threatened
amphibians, birds and mammals; tM, threatened mammals; x, latitude; y, longitude.
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present, in particular, when considering threatened species
groupings. When a large portion of the ecoregion was
covered by cheetahs, the difference was naturally small.
Geographically, the differences in species richness tended
to be larger closer to the equator, reflecting remnant
cheetah populations in western Africa (e.g. W-Arly-Pendjari
complex in Benin, Burkina Faso and Niger), central Africa
(e.g. Greater Zakouma Ecosystem in Chad), eastern Africa
(e.g. transboundary population in Ethiopia, South Sudan,
Uganda and Kenya) and the Horn of Africa (e.g. Somali
Regional State in Ethiopia). Temperature, rainfall, species
richness and area of the ecoregion showed weak positive
associations with differences in species richness, mostly
for threatened species groupings.

DISCUSSION

The cheetah is an iconic dryland species attracting inter-
national attention and support. The extensive body of
scientific literature on cheetahs reflects this popularity,
attracting the curiosity and interest of scientists worldwide.
The various research themes emerging over the course of
more than three decades underscore the diverse facets of
cheetah biology, as well as the interdisciplinary nature of
cheetah research and the concerted efforts to link scientific
knowledge back to the conservation of this species.

Despite the research attention that the cheetah has received,
much of our current knowledge stems from the study of a
few populations, mostly inside protected areas (Cristescu
et al. 2018), and from ex situ research. Populations that are
large and found in protected areas located in countries that
are relatively safe may decisively determine research outputs,
a pattern similar to other African species (Strampelli et al. 2022,
Gross & Heinsohn 2023, Visser et al. 2023). Most cheetahs
are found in Africa and the conservation context of the con-
tinent is culturally, geographically and politically complex
(Bauer et al. 2020). Global research and conservation priorities
are influenced by socioeconomic dynamics (Czech et al. 1998),
wherein the allocation of limited resources is determined by
funding institutions and mechanisms with their own priorities
and preferences, leading to an unbalanced pattern (Wilson
et al. 2016, Watson et al. 2017). Consequently, research biases
exist and impact range distribution maps and the accuracy
and precision of population estimates, which ultimately affects
conservation actions. We recommend a more coordinated,
inclusive and comprehensive approach towards cheetah re-
search and conservation. This will involve broadening the
scope of efforts to encompass a wider range of populations
and habitats, and will rely on collaborations across different
regions and institutions.

Despite the limited geographical scope of published
research to date, the cheetah is a wide-roaming, land shar-
ing species inhabiting diverse habitats, ranging from dry

S. Verschueren et al.

forest and thick scrub to grasslands and hyper-arid deserts
(Durant et al. 2022). Nearly half of Africa’s ecoregions
appear suitable for cheetahs, and their presence often co-
incides with areas rich in biodiversity. The cheetah’s extant
range overlaps with a substantial number of threatened
species, which indicates that cheetahs inhabit important
biodiversity areas and remaining pockets of relatively intact
ecosystems, particularly for ecoregions that receive less
protection (i.e. ‘Nature Could Recover’, ‘Nature
Imperilled’). With 77% of the current range occurring
outside of protected areas (Durant et al. 2017, Marker
et al. 2018c), cheetah conservation may yield substantial
comparative gains for biodiversity, complementing the
current protected areas network which hosts distinct flag-
ship species, such as lion (Panthera leo). Lions are primarily
considered a land sparing species as their distributions
are more strongly influenced by area protection (Lindsey
et al. 2017). Cheetahs could therefore play a critical role
in biodiversity conservation beyond protected areas, but
this requires complementary conservation approaches that
include among others the coordination of large multiple-
use landscapes (Durant et al. 2017, Powell et al. 2018)
and the development of alternative human livelihoods
(Wykstra et al. 2018). Unprotected land is under increas-
ing pressure from human development, in particular, across
the fragmented cheetah populations closer to the equator
where conservation investments are lagging behind due
to poor governance (Dickman et al. 2015).

The concepts of flagship and umbrella species have faced
significant criticism (Andelman & Fagan 2000, Linnell
et al. 2000, Joseph et al. 2011), and we recognise the
identified biases in geographical and thematic research
efforts towards cheetahs. We also acknowledge that any
co-occurring species may exhibit similar biodiversity pat-
terns across their range (Williams et al. 2000). Rather
than seeking to independently validate these concepts for
cheetah conservation, our intention was to evaluate and
refocus research and conservation efforts for a globally
valued and IUCN Vulnerable red-listed species.

Our investigation into the umbrella role of a flagship
species, the cheetah, revealed that tangible biodiversity ben-
efits could be achieved across the cheetah’s range, with key
areas identified of high biodiversity value, especially for
threatened animal taxa. Leveraging the wealth of knowledge
accumulated on cheetah over the past decades may increase
the effectiveness of area-based conservation strategies to
protect the biodiversity patterns across the cheetahs’ range.

Species ranges are dynamic and current delineations
often rely on expert opinion (Schipper et al. 2008).
Consequently, species richness maps may overestimate
species occurrence, in particular, for narrow-ranging spe-
cies and ecological specialists (Jetz et al. 2008). Moreover,
species distributions are often clipped to protected area
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and ecoregion polygons, whereas species boundaries are
not strictly delineated in reality (Bailey 2004). Similarly,
ecoregion protection status may not necessarily be reflec-
tive of cheetah status and ecosystem integrity (e.g. the
Critically Endangered Asiatic cheetah in Iran covers ecore-
gions listed as ‘Nature Could Reach Half Protected’
(Farhadinia et al. 2017)), while data deficiencies from
understudied landscapes introduce additional uncertainties
(e.g. recent confirmation of cheetah presence in Djibouti
and Somaliland in areas with IUCN cheetah status ‘Possibly
Extinct’ (Marker et al. 2023, Murgatroyd et al. 2023)).
Given the broad scope of our study, using coarse-scale
information may yield relevant continental-level findings
(Hurlbert & White 2005), yet caution is warranted when
conducting and interpreting macroecological analyses
(Herkt et al. 2017). Additionally, up-to-date and empiri-
cally derived range maps are essential to effectively inform
and guide conservation initiatives, especially for TUCN
red-listed species like the cheetah.

Eventually, the long-term survival of free-ranging chee-
tahs and co-occurring wildlife will depend on the avail-
ability and connectivity of suitable habitat and on effective
strategies for coexistence. With over 90% of the cheetah’s
historic range already lost (Durant et al. 2017), and Africa’s
human population projected to more than triple by 2100
(Gerland et al. 2014), conservation scientists and society
face unprecedented challenges that will require adaptive
and timely approaches that safeguard current populations
but also consider potential range shifts (Durant et al. 2022)
and reintroductions (Tordiffe et al. 2023). This requires
collaborative efforts at national and international levels,
with the recent adoption of the Global Biodiversity
Framework offering hope to mobilise increased interna-
tional support. Recognising the global interest in cheetahs,
sharing costs involved with wildlife coexistence at global
levels may be one solution to empower local communities
to actively embrace and engage in conservation efforts,
which will be vital to safeguard dryland systems.
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SUPPORTING INFORMATION

Additional supporting information may be found in the
online version of this article at the publisher’s website.

S. Verschueren et al.

Appendix S1. Descriptions and examples of research themes
used for classifying research articles on cheetahs.
Appendix S2. Absolute and relative coverage of ecoregions
by the cheetahs (possibly) extant range. Ecoregions are
categorised by protection status.
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