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Abstract

As wilderness areas under anthropogenic pressure become increasingly fragmented, natu-
ral movement and dispersal of wild animals is becoming progressively limited. Cheetah
(Acinonyx jubatus) are a free-roaming and wide-ranging species; however, the influence
of human development has resulted in isolated and often diminished populations. This has
prompted the need for metapopulation intervention through human-mediated transloca-
tions which seek to mimic natural dispersal processes and facilitate population recovery.
As such intervention carries inherent risk, especially for threatened species, we aimed to
create a framework which may guide the translocation of cheetah by allocating a conserva-
tion value to proposed movements, towards ensuring that these opportunities are serving
both individual duty-of-care and species-level conservation. We then retrospectively ap-
plied this framework to five key cheetah translocations in southern Africa. We highlight
that translocations into extensive open systems (i.e. unfenced) objectively provide higher
conservation value as they have the potential to support long-term self-sustaining cheetah
populations, whereas translocations into closed systems (i.e. fenced) provide a relatively
lower, but important conservation value due to the need for long-term intensive meta-
population management. High levels of anthropogenic pressure and a lack of post-release
management are both associated with lower conservation value translocations. Therefore,
we propose that large predator density (i.e., mainly lion and spotted hyaena populations)
and human-wildlife conflict in the recipient system are the two biggest factors determining
the conservation value of a translocation. Accounting for these threats prior to transloca-
tions may reduce the instances of ostensibly ‘failed’ reintroductions. As active manage-
ment becomes critical for conserving threatened species, frameworks such as these are
becoming increasingly valuable for strategic intervention and responsible management.
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Introduction

Biological diversity is experiencing widespread declines due to the impacts of human popu-
lation expansion and pressure on natural resources (Gerland et al. 2014; Ceballos et al.
2015). One of the biggest impacts of increased human density is habitat loss and frag-
mentation, which leads to altered ecosystem dynamics and functioning (Sanderson et al.
2002; Dobson et al. 2006). Land conversion for anthropogenic purposes not only reduces
available habitat for wildlife, but also increases the risk of species extinction (Seddon 2010;
Buk et al. 2018). In addition, as protected areas shrink in size the close proximity of human
settlements to wildlife has led to increased human-wildlife conflict (HWC) and poaching
of wildlife for bushmeat and body parts (Packer et al. 2013; Weise et al. 2015; Boast et al.
2016). Wild animals may also become more susceptible to diseases due to this proximity
with domestic animals (Purchase 2007a).

Translocation is the human-mediated movement of wildlife from one area to another
(IUCN/SSC 2013). Here, the term ‘translocation’ is used as an overarching term to describe
species’ reintroductions and population augmentation (i.e., reinforcement). Translocations
for reintroduction refer to the movement of animals back into an area where they historically
occurred but have been extirpated from, whereas translocations for reinforcement, or aug-
mentation, include the movement of animals into an existing population for demographic or
genetic purposes (IUCN 1998; Seddon 2010). Wildlife translocations have become increas-
ingly important as anthropogenically-driven environmental changes have adversely affected
populations of many species (Stepkovitch et al. 2022). The translocation of large carnivores
is particularly important due to their top-down regulatory effects on herbivores and meso-
carnivores in an ecosystem (Buk and Marnewick 2010; Alston et al. 2019), and their role
as keystone species (Dalerum et al. 2008). They are also often considered umbrella species,
meaning that their protection benefits the conservation of many other species (Buk and
Marnewick 2010). Translocation of large carnivores is an important conservation manage-
ment tool and has been conducted successfully for several decades across southern Africa
for threatened species such as lion (Panthera leo), African wild dog (Lycaon pictus) and
cheetah (4cinonyx jubatus; Woodroffe and Ginsberg 1999; Miller et al. 2013; Table S1).

Cheetah historically inhabited most of Africa’s savannahs and semi-deserts (Durant et
al. 2022), with southern Africa supporting the largest remaining contiguous populations,
including free-ranging populations across parts of Namibia, Botswana, Mozambique, South
Africa, Zambia and Zimbabwe (Weise et al. 2017). Metapopulation management was
developed as a strategy to overcome the impacts of isolation on wildlife populations, by
using human-mediated translocations to mimic natural processes that are precluded by a
lack of natural connectivity (Hanski 1999; Elmhagen and Angerbjorn 2001; Child et al.
2019). Cheetah populations in South Africa have been managed under a coordinated meta-
population approach which is considered successful (Buk et al. 2018; Olivier et al. 2009).
To date, these translocations have mostly occurred in small (< 1000 km?), closed reserves
where fencing and law enforcement efforts minimise threats to cheetah and reduce HWC.
However, these cheetah populations require ongoing demographic and genetic management
to ensure long-term viability (Lindsey and Davies-Mostert 2009; Buk et al. 2018). In com-
parison, cheetah translocations into large (> 1000 km?), open systems are scarce, with only
a few documented attempts (Purchase et al. 2006). While these systems are often exposed
to greater anthropogenic threats due to the absence of constraining boundaries (Pekor et al.
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2019), they arguably carry greater conservation value due to their potential for population
connectivity and natural maintenance of genetic diversity (Creel et al. 2013). Ultimately, the
translocation management of cheetah into both systems is imperative to facilitating range
recovery for the species, although a better understanding is needed for the prioritisation of
candidate sites, given the relatively limited supply of threatened cheetah and the duty-of-
care owed to these individuals.

Cheetah populations across their range are declining due to mounting anthropogenic
pressures (Durant et al. 2022). To counteract this global decline, cheetah translocations have
occurred since the 1960 s and 1970 s, with individuals released into fenced and unfenced
protected areas in South Africa and Namibia (Anderson 1983; Du Preez 1970). Transloca-
tions intensified in the 1990 s to mid-2000s, as the advent of democracy boosted ecotourism
in South Africa, resulting in a proliferation of private wildlife reserves (Van Hoven 2015).
While many of these translocations were successful, failures were also prominent due to
factors such as prey population declines, inbreeding, high mortalities attributed to high lion
density, escaped individuals resulting in human-wildlife conflict, as well as translocation-
related deaths (Hayward et al. 2007b; Buk et al. 2018; Bubac et al. 2019; Banasiak et al.
2021).

The loss of conservation potential and lack of high-level prioritisation plans for cheetah
translocation is a problem in southern Africa. At present, the lack of coordinated manage-
ment means there is no clear basis for selecting priority areas for translocation (Gopal-
aswamy et al. 2022). Consequently, the full conservation value of translocation as a tool
is not being realised, with critical habitats being overlooked and potentially significant
populations not being established. At worst, this shortfall could often lead to compromised
cheetah welfare and wellbeing, for instance through a lack of mitigation of threats to their
post-release survival and inadequate fencing (Marnewick et al. 2023), arguably the result
of a poorly conceived translocation. While IUCN guidelines provide an overarching frame-
work to advise wildlife translocations (IUCN 1998; IUCN/SSC 2013), a more nuanced and
practical guide is urgently required for the translocation and management of cheetah, which
focuses on coordinated decision-making to minimise subjective and discretionary decisions.

Here, we offer a review-based framework to assess the relative conservation value of
proposed translocations, to maximise cheetah survival, prioritise the welfare and wellbeing
of individual cheetah, ensure the prudent use of conservation funds, as well as foster stake-
holder, community and government support through successful implementation. Cheetah
reintroductions from South Africa to Malawi, Mozambique, and Zambia, occurring over the
last seven years, were used as a basis for creating this framework. Identifying the key crite-
ria for assigning value rankings to proposed translocations is important to ensure that future
cheetah metapopulation management decisions, including ongoing translocations and future
reintroductions can be effectively and objectively evaluated. We present an assessment of
overall suitability of cheetah reintroductions from South Africa into historic free-roaming
rangelands throughout southern Africa.
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Factors determining the conservation value of translocations

The guidelines developed by Becker et al. (2022) for lion translocations were reviewed and
adapted here to evaluate whether cheetah reintroductions provide conservation value (i.e.,
no, low, high, or ideal value). The causes of translocation success and failure described by
Bubac et al. (2019) were reviewed and built-on and incorporated into this framework, to
motivate ranking of ideal conservation value translocations.

Recipient: Extant population, recipient system and management factors
Carrying capacity of cheetah in the recipient system

Prior to reintroduction, a thorough assessment should be conducted to determine cheetah
carrying capacity at a particular site. Carrying capacity can be determined by assessing the
availability of suitable habitat in an area, accounting for habitat preferences and minimum
area requirements for cheetah (Lindsey et al. 2011). If resident cheetah populations already
occur at carrying capacity, supplementation or augmentation may not be required (e.g.,
large populations that are functionally connected in open-systems), unless demographic or
genetic management is required (e.g., smaller populations that are functionally isolated in
closed-systems). If population reinforcements are required for these reasons, then some
existing individuals may need to be swapped out to prevent excessive intra-specific com-
petition, prey base depletion, or dispersals and escapes into surrounding unprotected areas
(Hunter et al. 2007; Briers-Louw et al. 2019). These translocations thus provide objectively
lower conservation value.

Potential for in-situ natural recovery and recolonisation

Translocations into an area should only be considered when natural recovery or recolonisa-
tion has been ruled out. Where the prospect of natural recovery and recolonisation is low
or non-existent (i.e., the resident population continues to decline or is not re-established by
neighbouring source populations, if extirpated, despite landscape restoration efforts), the
value of translocation will be highest. In such scenarios, supplementation is recommended
for the cheetah population and the translocation would be considered of high conservation
value.

Assessment of historical cheetah range, including suitability and availability of habitat

The IUCN reintroduction guidelines stipulate that historical ranges must be assessed prior
to translocations (IUCN/SSC 2013), with the evaluation of current habitat suitability and
availability equally as important for assessing conservation value in an area. If an area that
falls outside of historic cheetah range is considered for a translocation, additional justifica-
tion is needed. Translocations outside of historic range, but into suitable and available habi-
tat, do hold value to prevent local extinctions and introduce a greater level of certainty as to
the long-term viability of reintroduced cheetah population (Seddon 2010). Translocations
into unsuitable and unavailable habitat, with no potential for feasible restoration provide no
conservation value.
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Compatibility with local politics and conservation plans

Regional action plans are compiled to ensure an interdisciplinary approach is applied to any
conservation efforts to account for the ecological, economic, political, and social aspects
of these decisions (Berger-Tal et al. 2020), as well as outlining current cheetah status and
regional threats (IUCN 1998; IUCN/SSC 2015). All translocations should consult region-
specific cheetah conservation strategy and action plans for a high conservation value trans-
location to take place, ensuring the motives for a translocation align with these objectives
and range-wide strategies (Lindsey and Davies-Mostert 2009).

Achieving local community and landowner support for translocations

The success of cheetah translocations across their range always hinges on community sup-
port and engagement, especially in open systems. The attitudes of communities surrounding
or within proposed recipient systems are often mixed when faced with the prospect of chee-
tah reintroductions (Boast et al. 2018). Cheetah are typically seen as a threat by these com-
munities, primarily due to real or perceived livestock depredation, which directly impacts
their livelihoods (Dickman et al. 2011). Engaging local communities to discuss the possibil-
ity of a cheetah translocation ahead of time is a vital step in obtaining support and reducing
the prospect of HWC (Hayward et al. 2007b; Weise et al. 2015). Additionally, conversion
of former cheetah habitat to human-modified landscapes has led to major increases in HWC
in such areas, with cheetah often killed if caught on ranches or pastoralist land (Buk and
Marnewick 2010; Boast et al. 2016). Translocated cheetah can display homing behaviour
when introduced into a new area, as well as roaming or ‘transient’ behaviour, with solitary
males often dispersing in search of females outside of protected area boundaries (Buk et al.
2018). Persecution by local people can rapidly drive cheetah populations to local extinction,
thus, ensuring that there is local community and landowner support for reintroduction is
key for high conservation value translocations. The translocation of cheetah for ecotour-
ism purposes is a solution, generating conservation funds for communities, as cheetah are
a charismatic species, appealing to tourists and helping reduce HWC (Dickman et al. 2011;
Banasiak et al. 2021; Sievert et al. 2022).

Adequate consideration and management of factors that extirpated or reduced
populations

A prerequisite for reintroductions is to ensure the initial cause of the extirpation/decline
has been addressed or mitigated to a manageable level (IUCN/SSC 2013). Habitat loss
and human persecution are key drivers of cheetah extirpation across their range (Buk and
Marnewick 2010). Other threats include prey loss due to bushmeat poaching and direct mor-
tality from snaring, and in the case of closed systems, high densities of competing predator
species also lead to cheetah extirpation (Buk et al. 2018). Snaring is widespread and is likely
to be substantial when there is a lack of funding for anti-poaching efforts, presenting a man-
agement issue in the area, not only to cheetah caught as bycatch, but also the targeted prey
base (Becker et al. 2024). Where threats have been addressed and effective mitigation plans
are in place (e.g., increased anti-poaching patrols, community engagement activities, etc.),
the site will be considered a relatively high conservation value translocation. Alternatively,
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if not addressed, the site will be considered of lower conservation value, as the translocated
cheetah will likely be eliminated by the original threat.

Prey suitability and availability

Prey availability is a key determinant of predator density and distribution (Hayward and
Kerley 2008). A range wide cheetah diet assessment revealed a preference for medium-
sized prey between 23-56 kg (Hayward et al. 2006), and preferred prey species included
blesbok (Damaliscus pygargus), impala (Aepyceros melampus), and springbok (Antidor-
cas marsupialis). However, cheetah may exhibit variable site-specific preferences based
on prey availability and habitat (Purchase and du Toit 2000). Before translocations occur,
a sufficient seasonal prey base must be identified to ensure that cheetah are sustained and
inter-specific competition is minimised (i.e., sufficient prey to support cheetah and other
carnivore populations; Broekhuis et al. 2018). This is crucial given that cheetah may roam
large distances in search of prey to overcome scarcity in a given area (Houser et al. 2011).
If prey is unsuitable or unavailable, the translocation will provide a low conservation value.
In fact, wild prey density declines below certain thresholds may increase the likelihood of
HWC, especially in open systems, with cheetah potentially switching to livestock to satisfy
their energetic requirements (Khorozyan et al. 2015), often leading to the loss of translo-
cated animals.

Predator conflict management and inter-specific competition

Cheetah are considered subordinate predators as their survival, behaviour, and reproductive
success is limited by the abundance of competing, dominant predators (i.e., lion, leopard,
and spotted hyaena [Crocuta crocuta]; Buk et al. 2018; Marker et al. 2018). Cheetahs are
highly susceptible to kleptoparasitism, with their kills often stolen by these dominant preda-
tors (Mills et al. 2004; Donadio and Buskirk 2006; Hunter et al. 2007). This may result
in unnecessary energy expenditure to hunt once again, which can threaten their survival
(Scantlebury et al. 2014). In response, cheetahs may display predator avoidance behaviour,
possibly leading to translocated cheetahs dispersing into sub-optimal habitats, where both
dominant carnivore and prey densities are typically lower (Caro and Stoner 2003; Hunter et
al. 2007). Consequently, recipient areas with high competitor densities (including resident
cheetahs) will likely negatively affect the success of cheetah translocation, whereas areas
with low or zero competitor densities are more favourable for cheetahs and may improve
translocation success (Caro and Stoner 2003; Briers-Louw et al. 2019). Considering eco-
logical theory, cheetahs should ideally be the first carnivore translocated before other larger
carnivores (e.g., lions), as this provides the opportunity to familiarise themselves with the
area, find refuges, and establish themselves before facing competition and predation pres-
sure (Hayward et al. 2007a; Sievert et al. 2022). When reintroductions into new systems do
not follow this progression, the survival and adaptive capacity of subordinate predators is
potentially reduced, lowering the conservation value (Broekhuis et al. 2018; Bouley et al.
2021).
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Health and welfare risk management

Most felids have a relatively low susceptibility to population-level regulating diseases, but
disease risk management remains important (Marker and Dickman 2003). Translocations
into populations with unmanaged disease risk compromises cheetah health and welfare,
providing low conservation value. A major threat to the long-term viability of cheetah popu-
lations is weak genetic diversity (Prost et al. 2022). Cheetah have low genetic heterozygos-
ity and several hypotheses have been suggested as the cause, such as several population
bottlenecks (O’Brien et al. 1987). High inbreeding frequency is another potential factor
among closely related individuals (i.e., parent-offspring, sibling and nibling dyads), further
decreasing heterozygosity (Hayward et al. 2007b; Prost et al. 2022). Inbreeding is becom-
ing more common due to ongoing habitat fragmentation, causing isolated populations to
occupy smaller areas (Buk et al. 2018; Mohammadi et al. 2018; Banasiak et al. 2021). This
has likely led to numerous diseases and health concerns in cheetah populations, including
physical deteriorations, such as oral, maxillofacial and dental conditions (Steenkamp et al.
2018), and reduced resilience to disease outbreaks (e.g., Feline Immunodeficiency Virus
(FIV), Bovine Tuberculosis (bTB), rabies and anthrax), all of which could be contributing
factors supporting the urgent need for translocations as part of metapopulation management.
Besides targeted individual translocations to maintain genetic diversity, increasing land-
scape connectivity between isolated populations represents one possible solution (Johnson
et al. 2010). Genetic rescue of unrelated individuals can successfully reduce inbreeding,
increasing individual fitness within populations and improving genetic diversity (Buk and
Marnewick 2010; Hedrick and Garcia-Dorado 2016; Gippoliti et al. 2018).

Long-term financial support and security within donor network

Translocations of large carnivores are costly but typically high-profile, with significant pub-
lic appeal generating the initial funding required. However, securing long-term investment
to support post-release management and monitoring is often challenging (Berger-Tal et al.
2020). In most cases, augmentations to bolster the founder cheetah population are inevita-
ble, which requires additional funds and long-term donor support. This can occur over mul-
tiple years, with funds dwindling towards the end as the excitement and novelty of the initial
translocation dissipates. A cheetah reintroduction or translocation should not be undertaken
without evidence and commitment of sufficient funds, to ensure high conservation value.

Long-term management capacity of recipient system

For translocations to be considered a high conservation value, an adaptive cheetah manage-
ment plan is required from the start. A long-term translocation strategy must be included in
the management plan to ensure that the reintroduced population can become, and remain,
viable over time (Banasiak et al. 2021). In highly fragmented landscapes, continued meta-
population management is essential for cheetah population viability, and there is an ethical
obligation to continually augment a translocated cheetah population as necessary, to increase
population size and genetic diversity (Boast et al. 2018; Buk et al. 2018; Marnewick et al.
2023). Importantly, species with long-term reintroduction programmes are generally more
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likely to experience improvements in their conservation status and survival probability,
resulting in high conservation value translocations (Hayward 2011; Seddon 2015).

Long-term veterinary capacity of the recipient system

Veterinary capacity of a recipient system is important for cheetah translocations, as effective
animal welfare and veterinary care requires qualified and well-trained personnel, who have
extensive experience in handling cheetah (Aguirre 2009). Without on-site or readily avail-
able and accessible support for cheetah translocations and management, a translocation has
little conservation value. There is a duty-of-care to translocated animals, especially through-
out the translocation process and after release into the recipient system. Veterinary care is
important when individuals are being translocated, as exposure to high-stress levels can
impact their survival and ability to establish in the recipient system (Teixeira et al. 2007).
Long-term animal welfare is important in any landscape to ensure individuals have the best
chance of survival, improving adequate management of issues relating to disease risk.

Long-term monitoring capacity of recipient system

To ensure the success of a long-term translocation programme, post-release monitoring is
vital (Hayward et al. 2007a; Houser et al. 2011; Miller et al. 2013). A recipient system
requires sufficient monitoring staff, monitoring equipment (i.e., GPS/VHF collars, telem-
etry equipment), and relevant infrastructure (i.e., bomas) for translocations into a new area
(Berger-Tal et al. 2020). While monitoring large carnivores may be challenging, it is essen-
tial that interventions are rapid and adequately addressed (e.g., capturing escapees or treat-
ing injured individuals). Where sufficient and adequate monitoring is present, translocation
value is high.

Donor: Source populations and related management factors
Translocation impact on the donor cheetah population

Removing individuals from a source population for translocation purposes can impact the
genetic and demographic composition of the source population, its overall viability, and
its ecological function (IUCN/SSC 2013). The size and composition of the population at
the donor site should not be compromised for translocations. Suitable candidate cheetahs
for removal should be chosen, accounting for the age and sex structure of their existing
population, to ensure their absence will not have negative impacts (Berger-Tal et al. 2020).
Therefore, considering the suitability of a potential translocation candidate for the recipient
system, in terms of their demographic composition, behavioural characteristics, and genetic
diversity, and the impact of their absence from the donor population, are important consid-
erations behind any high conservation value cheetah translocation.

Suitability of the genetic composition of the donor source
Given the genetic history of cheetahs across Africa resulting in low overall heterozygos-

ity, knowledge of source individual genetic status (i.e., origin, relatedness, and individual
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lineage) should be determined prior to translocation (Schmidt-Kiintzel et al. 2018). The
importance of identifying the DNA profile of translocated cheetahs ensures individuals can
be easily traced and their origin is known (Purchase 2007a; Naude et al. 2020). Severe frag-
mentation of historic cheetah range means that metapopulation management is often neces-
sary to mimic natural dispersal and gene flow (Durant et al. 2017; Buk et al. 2018). Given
that these movements are human-mediated, it is critical to determine relatedness and genetic
diversity of source as well as resident cheetah, to prevent inbreeding (Prost et al. 2022).
Furthermore, to improve successful establishment, a minimum viable number of founder
individuals should be identified for reintroduction. Cheetahs recently reintroduced into
Malawi, Zambia, and Mozambique were mostly sourced from South Africa (e.g., Sievert et
al. 2022), demonstrating how greater national and regional cooperation would significantly
aid in acquiring cheetahs with appropriate genetic profiles, thereby improving genetic diver-
sity. Sourcing unsuitable donor individuals will provide low conservation value.

Demographic composition of the cheetahs to be translocated

Demographic composition (i.e., age and sex) is an important consideration when sourc-
ing individuals for translocation. Currently, little is known about the ideal composition of
founder groups of cheetahs. Female cheetahs are known to anchor populations and sibling
groups, or male coalitions, which fare better against inter- and intra-specific competition
(Crooks et al. 1998; Boast et al. 2018). Innate sex-biased dispersal and larger home range
sizes mean that males typically engage in long-range movements, which may increase risk
to anthropogenic-related mortality (Broekhuis and Gopalaswamy 2016; Buk et al. 2018).
Therefore, when re-establishing new populations, it is recommended that males and females
be released simultaneously or that females be introduced prior to males. While introduc-
ing younger founder individuals can lead to higher incidences of dispersal and mortality,
cheetahs of all ages move widely (Weise et al. 2015). Introducing older, experienced female
cheetahs is valuable as they have a higher success rate in raising cubs to independence,
although such individuals are generally difficult to source for translocations (Durant et al.
2004). By assessing demographic composition suitability prior to a translocation, the con-
servation value of the translocation can be increased.

Experience profile of cheetahs for translocations

The behavioural profile of cheetahs, including factors such as human habituation levels,
hunting ability, predator avoidance skills, and ranging behaviour of cheetah candidates
should be considered, as it impacts their survival probability in recipient systems (Dona-
dio and Buskirk 2006). The translocation of wild-sourced cheetahs provides the highest
conservation value (Fig. 1). While the use of captive-bred or captive-raised cheetahs for
augmentation in southern Africa is considered successful (Houser et al. 2011; Walker et al.
2022; Magliolo et al. 2023), these animals have not been exposed to the same natural and
anthropogenic pressures as wild-born cheetahs (Williams and Hoffman 2009; Willoughby
and Christie 2019; Wemer et al. 2022). It is important that translocated cheetahs should be
familiar with large predators present in recipient systems to improve the likelihood of preda-
tor avoidance (Rowell et al. 2020; Sievert et al. 2022). Several studies caution against the
translocation of ‘problem’ animals (i.e., habitual livestock killers) due to the likelihood that
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Fig. 1 Framework designed to determine the conservation value of a cheetah translocation

these individuals will resume these activities in recipient reserves (Linnell et al. 1997; Boast
et al. 2016). However, Melzheimer et al. (2020) found that conflict often arises more from
‘problem areas’ than ‘problem individuals’, as cheetahs typically resort to livestock when
located within their core territory. Cheetah revert to wild prey when livestock is relocated
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beyond this core, suggesting that such individuals remain viable candidates for transloca-
tions (Melzheimer et al. 2020).

Translocations within a metapopulation-managed landscape
Source-site categories for translocations of cheetahs

In the interest of this framework, potential source sites for cheetahs are separated into two
categories: support systems or self-sustaining systems. Support systems have stable or
growing cheetah populations and can provide suitable candidates for cheetah range expan-
sion and metapopulations. There are two types of support systems: i) a passive support site
is generally a relatively small, fenced system that can facilitate low value translocations to
other closed systems and, ii) an active support site is generally a large, fenced system that
can support high value translocations that augment self-sustaining populations or facilitate
reintroductions into open systems. Self-sustaining recipient sites can support the long-term,
sustainable growth of a cheetah population and provide connectivity throughout a land-
scape. This is often through corridors and other mechanisms, which facilitate transient gene
flow between cheetahs over at least three generations, providing an ideal conservation value.
Translocations can also occur for species-level benefits to bolster populations and create
genetic reservoirs. These translocations often occur for demographic or genetic reasons and
can determine if a system becomes a passive or active support site to the metapopulation.
Due to this, passive support systems can still support the metapopulation through genetic
and demographic aspects, despite not being able to themselves become a self-sustaining
population in the long-term.

Methods

Framework to guide the suitability of cheetah translocations and their conservation
value

Recently, Becker et al. (2022), created a framework to aid and guide lion translocations
through valuation across Africa. Identifying a similar lack of translocation guidelines for
cheetah, we reviewed Becker’s original work and created a cheetah-specific framework.
The use of conceptual replication was determined to have higher value over novelty, as
it will contribute to creating a standardised benchmark for translocations of many species
globally. We have further built on Becker’s work by adding additional guidelines which
are particularly applicable to cheetahs and used real-world translocation events in southern
Africa to demonstrate the efficacy of the framework. For clarity, this framework is to be
applied to each cheetah translocation being considered, including several critical aspects,
from the characteristics of donor and recipient sites to the individual being translocated,
while incorporating socio-political and financial considerations which ensure sustainable
management. Work by Bubac et al. (2019) was also reviewed to guide the definition of an
ideal conservation value translocation, by using their informed insight into translocation
successes and failures. Figure 1 displays the framework created to determine the poten-
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tial conservation impact of cheetah translocations, with the following section applying this
framework to real-world translocations in southern Africa (Table 1, Fig. 2).

Cheetah translocations can therefore be classified as providing ideal, high, low, or no
conservation value ideal, high, low, or no conservation value. The outcome is dependent
on the translocation criteria outlined in Fig. 1, with some translocations considered suitable
and of a higher conservation value than others. The four conservation value outcomes can
be described as follows:

Ideal value translocations

Ideal value translocations require that the movement of cheetahs meets all framework
requirements and that translocations align with the objectives of cheetah metapopulation
management (IUCN/SSC 2015). The threats that led to the initial decline or extirpation
of cheetahs in the recipient area must be evaluated and addressed, to ensure they do not
threaten the translocated individuals. It must be determined whether natural recolonisa-
tion of the recipient area is possible, or if efforts to increase connectivity are concurrent
but not resulting in the natural recolonization of the cheetah population. Active and effec-
tive consultation must have occurred between governments, stakeholders and partners, with
evidence that attitudes are supportive towards translocation, ensuring that constant engage-
ment continues with effective conflict mitigation strategies in place. Translocated individu-
als must meet all criteria including genetic viability and being sourced from the nearest
suitable cheetah population. This ensures that the translocation will aid cheetah metapopu-
lation management, increasing connectivity between isolated populations and minimizing
the need for genetic rescue. These translocations may also be required to support genetic or
population control in the recipient system. A carrying capacity assessment of cheetah in the
recipient system should be conducted, verifying that the current cheetah population is not
at or near carrying capacity and that there is adequate prey availability. Problem cheetahs
must not be translocated into areas with high potential for livestock conflict, with effective
post-release monitoring plans in place as well as a clear translocation plan. Translocations
into open systems provide an ideal conservation value, as the populations have the potential
for self-sustained growth and connectivity, leading to the creation of cheetah strongholds.

High value translocations

High value translocations meet all the criteria discussed above in Scenario 1 (Ideal Value
Translocations), with the individuals meeting all the criteria outlined in the translocation
framework. The factor limiting the translocation from progressing to an ideal value, is the
potential of the system to become self-sustaining. While the cheetah population in this sce-
nario is sustainable, it does require continued long-term management. If the translocation
can become an ongoing source to the metapopulation (e.g., by providing future transloca-
tion candidates with known genetic make-up), but the system does not have the potential
for self-sustained growth and connectivity, then it will remain a high conservation value
scenario, acting as a source population for future translocations.
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Table 1 Assessment of the overall suitability of cheetah translocations at each site, according to the frame-

work’s criteria

Criteria Bangweulu Marromeu- Liwonde Majete Maputo
Wetlands  Coutada National Wildife Na-
Complex Park Reserve tional
Park
Are cheetah present and at carrying capacity in % x x b 4 x
the recipient system?
If yes, is the current population self-sustaining? — - - - -
If no, is in-situ natural recolonization or recov- % % % x %
ery feasible in a reasonable timeframe?
Is the system within suitable and available v v v v v
habitat range?
If no, can the recipient area be feasibly re- - - - - -
stored to become suitable habitat?
If yes, does recipient system politics allow for v v v v
long-term support through regional action
plans?
Are community and farmer support presentat v v v v v
the recipient system?
Have the threats that led to the extirpation/de- ¢ v v v S
cline of the original population been addressed
and managed?
Does the recipient system have suitable and v v v v v
available prey?
Is management in place and ongoing for preda- v v v v
tor conflict and competition?
Is disease risk addressed and managed? v v v v v
Is there long-term management, planning and v v v v v
financial security in the donor network?
Does the recipient system have management v v v v v
capacity?
Does the recipient system have veterinary v v v v v
capacity?
Does the recipient system have monitoring v v v v v
capacity?
Has the long-term genetic and demographic v v v v v
composition of the donor population been
ensured?
Has the genetic composition of the donor v v v v v
source been addressed and managed?*
Has the demographic composition of the donor ¢ v v v v
source been addressed and managed?*
Has the behavioural composition of the donor v v v v v
source been addressed and managed?*
Can the recipient system become a passive sup- ' v v v v
port population to secure the metapopulation?
Can the recipient system become an active v v v v X

support population to secure and grow the
metapopulation?
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Table 1 (continued)

Criteria Bangweulu Marromeu- Liwonde Majete Maputo
Wetlands ~ Coutada National Wildife Na-
Complex Park Reserve tional

Park

Does the recipient system have potential for v v X X X

self-sustained growth and connectivity?

Conservation Value (i.e. suitability of Ideal Ideal High High Low

translocation)

*Must be assessed on an individual basis
*Must be assessed on an individual basis, not at the entire population/system scale

“"Due to this criterion not being met, Maputo was classified as a low conservation value translocation. If
this criterion is met for future translocations, the rest of the criteria evaluation would apply, resulting in a
higher conservation value

28 -

m |deal
26 - » High
2 | u Low

m No
22 -

20 A

16

14 -

Number of Individuals

2017 2018 2019 2020 2021 2022 2023
Year of Translocation

Fig. 2 Timeline of individual cheetah reintroductions into Liwonde, Majete, and Maputo National Parks,
the Bangweulu Wetlands and the Marromeu-Coutada Complex, with their respective conservation value

Low value translocations

Low value translocations will not be beneficial to cheetah conservation and can cause more
harm than good through reputational risk and subsequent reduction of translocation or spe-
cies support. These occur due to any of the following factors: (i) source cheetahs are not
genetically viable due to being of a distant, unknown, or unsuitable hybrid genetic stock, (ii)
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initial threats affecting the cheetah population in the recipient area have not been evaluated
or mitigated, and (iii) natural recovery and recolonization of the original cheetah population
is possible or currently occurring unassisted resulting in augmentation not being required.
Recipient systems are also considered low value if: (i) they are not within either historic
range or new, suitable range, (ii) they have inadequate prey populations, (iii) they have very
high densities of competing carnivores, (iv) the existing cheetah population is near carry-
ing capacity, or (v) there are high occurrences of HWC with the surrounding communities
with no conflict mitigation plans implemented. When engagement with the government,
stakeholders, partners, and local community has been minimal or absent, with no long-term
support through management, monitoring, and veterinary capacity, it can lead to unsuccess-
ful cheetah translocations. This scenario describes when it would be of low conservation
value to translocate, as there are important factors missing, which will inhibit the long-term
growth and success of cheetahs in the area.

No value translocations

Translocations that provide no conservation value can occur when cheetahs are received by
systems with an existing cheetah population that is at carrying capacity and is already self-
sustaining in growth. If the existing population is demographically and genetically stable,
translocations may cause more harm than good. Finally, if the recipient system has no suit-
able or available habitat or prey, and the area cannot be feasibly restored, there is also no
translocation value.

Results
Application of this framework to cheetah translocations

We evaluated the translocation value for each of the five protected areas where cheetahs
were recently reintroduced, by applying the framework criteria to determine whether each
translocation was classified as no, low, high or ideal conservation value (Table 1). The
framework criteria should be assessed by qualified and experienced conservation practi-
tioners, such as reserve managers and wildlife biologists. Table S2 provides more detailed
explanations for each outcome.

Matusadona National Park (1,400 kmz), an unfenced protected area in Zimbabwe, was
the first area to receive HWC cheetah from within the country, with 17 individuals reintro-
duced between 1993 and 1994. Both prey and predator populations were abundant, with
high densities of lions and spotted hyaenas at the time of the reintroduction (Purchase 1998).
Although the cheetah population successfully reproduced and initially increased, cub mor-
tality was high due to the high predator densities, and the prevalence of HWC resulted in an
additional source of mortality. Lack of post-release monitoring and long-term management
prevents us from effectively evaluating this reintroduction and determining the exact causes
of their decline and eventual extirpation (Van der Meer et al. 2021). Given that the transloca-
tion occurred three decades ago, information was inferred from limited available literature
but lacks reliability. Consequently, Matusadona is included as an important case study for
cheetah translocations in southern Africa but is not assessed in this study.
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Bangweulu Wetlands (9,850 km?) in Zambia first reintroduced cheetahs in December
2020, with a total of 12 individuals translocated by 2022. The translocation of cheetah into
this landscape introduced new risks, as it is an open system where humans and wildlife have
coexisted for many years, with the potential for conflict with humans. While Bangweulu
is a declared protected area under the Ramsar Convention, it is utilised by the surround-
ing communities, and thus stakeholder and community engagement form an integral part
of successful co-existence strategies that occur in this landscape, which has limited HWC
of translocated cheetahs. Resident competing predator densities remain low, whereas prey
availability is high (Purchase 2007b). Since Bangweulu is a large, open system with the
potential of supporting a self-sustaining population, it is classified as an ideal conservation
value action. However, the translocation establishment process is ongoing and thus requires
follow-up evaluations to ensure adaptive outcomes.

Marromeu-Coutada Complex (MCC) (9,754 km?) is an open floodplain-forest system in
Mozambique which supports high concentrations of ungulates (Beilfuss et al. 2010). This
area has reintroduced the highest number of cheetah in this study, with 23 individuals being
introduced from 2021-2023. While this area experiences ongoing anthropogenic pressures,
particularly bushmeat snaring, anti-poaching has reduced these threats to a manageable
level (Briers-Louw et al. 2024). Livestock densities are relatively low due to the presence
of trypanosomiasis resulting in limited HWC. Furthermore, large predators, including lions,
leopards, and spotted hyaenas, occur at relatively low densities and cheetahs are regularly
monitored. According to the framework, the cheetah translocation met all requirements for
an ideal conservation value translocation due to its ability to become self-sustaining in the
long-term, supporting cheetah metapopulation management. However, the translocation
establishment process is ongoing and thus requires follow-up evaluations to ensure adaptive
outcomes.

Liwonde National Park (548 km?) is a fenced protected area in Malawi, with four chee-
tahs reintroduced in 2017 and a subsequent three individuals in 2018. This translocation
was classified as a high conservation value, with the protected area meeting most of the
framework criteria (Table 1), importantly with low predator densities and no lions present
when cheetahs were reintroduced (Sievert et al. 2022). Translocated cheetahs were of suit-
able origin and genetic stock. Under the continued private—public partnership of African
Parks and Malawi’s Department of National Parks and Wildlife (DNPW), this national park
has become a source for other cheetah translocations with six individuals made available to
other recipient areas to date. Liwonde is unable to support a self-sustaining cheetah popula-
tion in the long-term without further augmentation, due to the presence of fencing, and can
thus not be classified as an ideal conservation value translocation.

Majete Wildlife Reserve (700 km?) is a protected area in Malawi, receiving five cheetahs
from South Africa in 2019. By the end of 2021, a total of 12 individuals were translocated
into the reserve. Majete is also managed as a private—public partnership between African
Parks and the Malawian DNPW, with significant efforts made towards improved protection
and prey restoration following a history of over-exploitation and wildlife declines. Despite
the presence of competing large predators in Majete prior to cheetah reintroduction, the
individuals still established successfully as predator densities were relatively low, with lions
and leopards reintroduced between 2011-2012, along with resident spotted hyaenas (Briers-
Louw et al. 2019). While Majete meets most of the framework criteria (Table 1), the cheetah
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population cannot become self-sustaining in the long-term due to the presence of fencing
and is therefore classified as a high value translocation.

Maputo National Park, at the time Maputo Special Reserve (1700 km?) in Mozambique,
received four cheetahs in October 2021, with one additional cheetah translocated in May
2022. This protected area forms part of a disruptive landscape, with incidences of HWC
occurring in community land surrounding the park. Due to the topography, Maputo has
sections where fencing was not feasible, damaged by elephants, and removed by local
communities, which has resulted in cheetahs moving beyond the protected area boundar-
ies. Monitoring resources were adequate in the park and veterinary support was quick and
dependable, however the lack of site security and fence permeability resulted in two indi-
viduals dying from snaring (one inside the park and one outside). Another individual walked
back into South Africa and one individual was translocated to Karingani Game Reserve in
Mozambique due to the risk of snaring and escape. The last female was censused at the end
of 2022. Since the anthropogenic threats were not adequately addressed during the study,
the risks that faced the original cheetah population were high, with this translocation provid-
ing a low conservation value. As shown in Table 1, if the anthropogenic threats are managed
adequately, the park has the potential to provide high conservation value translocations in
the future, given that the majority of the remaining criteria can be met.

Conservation value of translocated individuals

Assessing the conservation value of translocation candidates is critical to determining the
long-term success of a translocation or reintroduction, as introducing an unsuitable candi-
date to a new area can reduce their chances of survival and establishment. Looking at the
translocations assessed in this study at a more individual level (i.e. each translocated chee-
tah individually), 58% of the individuals fitted an ideal conservation value scenario, 27%
provided high conservation value and 15% provided low conservation value (Fig. 2). To
determine this, individual criteria (i.e. demographic, genetic, and behavioural composition)
was assessed for each translocation candidate, establishing an individual’s compatibility
with the recipient system and existing populations.

Discussion

Pervasive anthropogenic threats are driving range and population declines of large carnivore
across Africa, with translocations providing a potential solution to counteract these declines
(Seddon et al. 2014). However, effective translocation decision-making and prioritisation is
hindered by a lack of standardised frameworks with which to objectively evaluate the com-
parative value of such efforts among sites and species (Becker et al. 2022). The evaluation
of cheetah reintroductions in southern Africa using our framework highlighted two key fac-
tors most likely to influence the scaling of translocation-based conservation value, namely
the extent to which anthropogenic pressures are under control, and the density of competing
predator species. While source-related factors (e.g., the genetic integrity of the translocated
cheetahs) were also important, failure to adequately manage competing predator densities
and anthropogenic pressures prior to cheetah translocations will increase the risk of translo-
cation failure, jeopardizing future cheetah conservation efforts (Boast et al. 2018; Buk et al.
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2018; Marnewick et al. 2023). Given ongoing habitat loss and population declines (Durant
et al. 2022), cheetah translocations are likely to continue in future (Bubac et al. 2019), and
therefore this standardised framework represents an important advancement towards identi-
fying higher conservation value translocation sites across their range (Fig. 1).

Overall, the highest conservation value translocations occurred in systems which were
both large and open, with the ability to become self-sustaining (e.g., Bangweulu Wetlands
and MCC), according to the framework guidelines (Table 1). The absence of anthropogenic
boundaries promotes natural dispersal and gene flow for wild cheetahs (Durant et al. 2017;
Buk et al. 2018), as well as capacity to respond to climatic and seasonal resource fluc-
tuations (Shrader et al. 2010). However, open system cheetah translocations across Africa
should only occur where local community attitudes are positive towards translocation and
tolerance towards the species exists as these, along with sufficient human-conflict miti-
gation plans, will largely influence the likelihood of human-cheetah co-existence in such
landscapes (Dickman et al. 2011; Woodroffe et al. 2014). Additionally, transforming the
global value of cheetah translocations into local, tangible benefits for surrounding local
communities is a strategy to improve species acceptance and facilitate human-cheetah co-
existence (Dickman et al. 2011; Woodroffe et al. 2014; Boast et al. 2018). In contrast, closed
protected areas are unable to attain ideal translocation value due to the presence of physical
barriers, which largely restricts cheetah movement and thus require persistent and intensive
management (Weise et al. 2015). Nevertheless, closed protected areas may still represent
a high conservation value if all other framework criteria are met and contribute positively
to cheetah conservation. This is the case for Liwonde National Park and Majete Wildlife
Reserve in Malawi, which will serve as sources for cheetah translocations to other protected
areas across their range (Table 1). Such areas will become increasingly relevant recipients
for cheetah as more protected areas across Africa become fenced in response to rapidly
growing human populations (Hayward and Kerley 2009; Massey et al. 2014). While closed
protected areas tend to show strong positive effects on large carnivore conservation (Lind-
sey et al. 2017), effective metapopulation management is a priority to maximise coordinated
conservation efforts and ensure the long-term survival of cheetah.

Developing species-specific frameworks for evaluating the relative value of trans-
locations provide important steps towards improved decision-making and best practice
guidelines (Becker et al. 2022) but may have unexpected caveats or limitations. While
we acknowledge potential oversimplification of our framework, we believe it sufficiently
addresses the most important aspects for applicability and comparability across sites.
Although our framework could be applied to cheetah translocations within South Africa
for metapopulation management, we decided to exclude them due to additional site-specific
nuances which require more detailed descriptions. Similarly, the recent cheetah translo-
cation into India was excluded to avoid detracting from the core of this framework and
minimise political conflict (Marnewick et al. 2023). If such guidelines are incorporated into
national action plans and policy, we can prioritise the highest value translocation sites for
cheetah, whilst preventing poor decision-making, which compromises animal welfare and
negatively impacts stakeholders.

As cheetah populations continue to decline across their extant range (Durant et al. 2017),
it is essential to have improved metapopulation management as well as better coordination
and transparency of translocation efforts (Buk et al. 2018). To date, southern Africa has
attracted the greatest attention for translocation efforts, however, the potential for cheetah
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translocations in North, West, Central Africa and Eastern Africa regions should be explored,
with such investigations currently underway for lions (e.g., Aglissi et al. 2023). As more
protected areas across these regions come under improved management through collabora-
tive management partnerships (Lindsey et al. 2021), there is increased capacity for cheetah
translocations and reintroductions to occur outside of southern Africa. Therefore, our trans-
location framework has the potential to be applied more continentally, expanding the scope
of cheetah conservation efforts and represents important guidelines against which transloca-
tions should be measured.

Politics and conflicting opinions have been found to be one of the biggest factors result-
ing in the misallocation of conservation funds and efforts and leading to conservation pri-
orities becoming confused. With the changing anthropogenic landscape, combined with
climate change, animals are being forced to inhabit new areas and are facing additional
threats (Buk and Marnewick 2010). It is imperative that sound conservation decisions are
made to protect animals from the additional threats they face. Particularly for threatened
species, it is an ethical responsibility for managers and decision-makers to ensure that every
conservation action counts to safeguarding the survival and future of the species. To achieve
this, a multi-disciplinary approach is vital for the successful translocation of cheetahs, with
economic, ecological, social, and political factors being taken into consideration throughout
the process. The goal of this framework is for it to be adopted by policy-makers, where it
can be used as a tool to help allocate the quota for translocated cheetahs, locally and interna-
tionally. By using a single-species, multi-system approach, this framework has been applied
to a range of different circumstances, showing its potential to be implemented globally.
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