
Ethology. 2022;128:247–256. wileyonlinelibrary.com/journal/eth  | 247© 2021 Wiley-VCH GmbH

Received: 25 June 2021  | Revised: 12 December 2021  | Accepted: 15 December 2021

DOI: 10.1111/eth.13261  

R E S E A R C H  A R T I C L E

Successful predatory- avoidance behaviour to lion auditory cues 

during soft- release from captivity in cheetah

Nynke Wemer1  |   Vincent N. Naude2 |   Vincent C. van der Merwe2,3 |   Marna Smit4 |   

Gerhard de Lange5 |   Jan Komdeur1

1Behavioral Physiology and Ecology 
Group, Groningen Institute for 
Evolutionary Life Sciences (GELIFES), 
University of Groningen, Groningen, the 
Netherlands
2Institute for Communities and Wildlife 
in Africa, University of Cape Town, 
Rondebosch, South Africa
3Endangered Wildlife Trust, Johannesburg, 
South Africa
4Ashia Cheetah Conservation, Paarl, 
South Africa
5Kuzuko Lodge Private Game Reserve, 
Greater Addo Area, South Africa

Correspondence

Nynke Wemer, Behavioral Physiology 
and Ecology Group, Groningen Institute 
for Evolutionary Life Sciences (GELIFES), 
University of Groningen, Nijenborgh 7, 
9747 AG Groningen, the Netherlands.
Email: nynkewemer@gmail.com

Funding information

ASHIA Cheetah Conservation RF PTY 
LTD.

Abstract

Due to global biodiversity declines, conservation programmes have increasingly had 
to consider reintroducing captive animals into the wild. However, reintroductions 
often fail as captive individuals may be naïve to predators and do not recognise or re-

spond appropriately to predatory cues, contributing to high mortality rates soon after 
release. This study evaluates differences in predator- response behaviours between 
individuals from three experimental groups, a captive population (n = 13), a semi- wild 
population (i.e. raised in captivity and successfully released; n = 6) and a wild popula-

tion (n = 2) of cheetah (Acinonyx jubatus) to an artificially simulated auditory threat 
of lions (Panthera leo), a larger, natural predator in South Africa. Such comparisons 
improve our understanding of differences between captive and wild behaviours and 
provide an aspect to evaluating the relative success of reintroduction programmes. 
Changes in the proximal distance, the latency of approach and hesitation towards 
both control (African bush cricket, Acanthoplus discoidalis) and treatment (lion) audi-
tory cues were observed for 29 cheetah from captive, semi- wild and wild popula-

tions in at least three trial replicates each. Overall, captive individuals consistently 
displayed poor predatory- response behaviours, approaching the treatment as often 
as the control, as well as spending more time near the stimulus (<10 m) and hesitat-
ing more often than semi- wild cheetah, which could distinguish between the control 
and treatment, consistently fleeing from the latter with little hesitation. Repeatability 
analyses indicated that these behavioural responses to predatory cues could not be 
explained by individual personality and between- trial learning comparisons showed 
no evidence of habituation. Our findings demonstrate how a priori testing for predator 
naïvety could inform future introductory decisions and thereby increase post- release 
survival rates, significantly improving the efficacy of reintroduction strategies. We, 
therefore, emphasise the importance of such research and screening in highly threat-
ened species, such as cheetah, where reintroduction from captivity has become a 
necessary consideration.
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1  |  INTRODUC TION

Currently, many multifaceted conservation intervention pro-

grammes increasingly consider the value of captive (i.e. bred or 
held) individuals and focus on means of feasibly reintroducing 
them into the wild (Rowell et al., 2020). Reintroduction success 
is largely dependent on ecological factors such as prey availabil-
ity (Berger- Tal et al., 2019), competition (Borrego et al., 2018; 
Briers- Louw et al., 2019), predation pressure (Buk et al., 2018) 
and reproductive potential (Bissett & Bernard, 2007; Komdeur 
& Hammers, 2014), as well as the release method itself. Using a 
“soft- release” method on captive individuals (as opposed to “hard- 
release”) provides them with a gradual transition into the wild (De 
Milliano et al., 2016; Rowell et al., 2020). This allows previously 
captive individuals to learn and/or maintain behaviour that is as-

sociated with survival in the wild (e.g. predator avoidance, hunting 
experience and parental care), which is fundamental to the success 
of such conservation efforts (McPhee & Carlstead, 2010; Rowell 
et al., 2020). However, despite the global increase in reintroduc-

tion efforts, many are unsuccessful. Captive- bred individuals 
present especially high mortality rates after their release into the 
wild (Efrat et al., 2020; Greenspan et al., 2020; Jule et al., 2008), 
highlighting a major area of concern amongst captive- breeding and 
reintroduction programmes. Evaluation of multiple reintroduction 
programmes has revealed that a high proportion of reintroduction 
mortalities are due to individuals displaying detrimental behaviour 
in the wild (McPhee & Carlstead, 2010); including failure to ade-

quately respond to predators, failure to locate food resources, and 
stress due to novel environmental exposure (Smith & Blumstein, 
2013; Wells et al., 2004). If individuals that do survive and success-

fully establish themselves are unable to reproduce, the reintroduc-

tion is likewise considered unsuccessful (Komdeur & Hammers, 
2014; McPhee, 2004).

Behavioural differences allow some individuals to better cope 
with reintroduction into the wild (Merrick & Koprowski, 2017; 
Schuett et al., 2010). For example, behavioural types that respond 
most beneficially to potentially risky, dangerous, and stressful sit-
uations are more likely to survive after being reintroduced. For 
instance, individual swift foxes (Vulpes velox) who died after being 
released, were considered “bolder” towards novel objects in captiv-

ity than those that survived (Bremner- Harrison et al., 2004). Such 
individuals may be risk- prone, endangering themselves through their 
behaviour, especially when facing new environmental challenges, 
such as competitors, predators and dangerous prey (Blaszczyk, 
2017; Roy & Bhat, 2018). In contrast, releasing “timid” individuals 
also presents challenges, as these individuals generally experience 
lower reproductive success, which, in turn, leads to decreased fit-
ness (Smith & Blumstein, 2013). Suitability of individuals for reintro-

duction, therefore, relies on a consideration of the match between 
the behaviour of the candidate and the environment into which it 
is intended to be introduced (Banks et al., 2001; Blumstein et al., 
2019). Generally, animals kept in captivity have a higher chance of 
being preyed upon after reintroduction, becoming complacent or 

not having learned and retained the ability to recognise and respond 
adequately to environmental stimuli (DeGregorio et al., 2017; Ross 
et al., 2019; Shier & Owings, 2007). Captive- bred individuals, in par-
ticular, lose their anti- predatory behaviour within just a few gener-
ations (Jolly et al., 2018; Moseby et al., 2015; Rowell et al., 2020; 
Vilhunen, 2006). Therefore, it is necessary to closely monitor can-

didates for translocation both pre-  and post- reintroduction to en-

sure that they are not only suitable candidates (Canessa et al., 2016; 
Kongsurakan et al., 2020; Rozhnov et al., 2011) but are also capable 
of thriving in these new habitats (Berger- Tal & Saltz, 2014; Blumstein 
et al., 2019). Despite being largely overlooked by the ecological 
rewilding community, animal behaviour may yet play a key role in 
conservation at the level of individually optimised success and site- 
specific tailoring for reintroductions (Bremner- Harrison et al., 2018; 
Merrick & Koprowski, 2017).

This study explores predator- avoidance behaviour by measuring 
individual behavioural responses in cheetah (Acinonyx jubatus) from 
three experimental groups, a captive population, a semi- wild popu-

lation (i.e. in the process of being rewilded through “soft- release” in 
larger reserves with exposure to predators), and a wild population. 
Cheetah are considered “vulnerable” on the International Union 
for Conservation of Nature (IUCN) Red List of Threatened Species, 
having disappeared from approximately 90% of their historical 
range in Africa (Durant et al., 2017; Menotti- Raymond & O’Brien, 
1993) and present relatively low genetic diversity across the spe-

cies range (Menotti- Raymond & O’Brien, 1993). The majority of re-

maining cheetah are found in Namibia, Kenya, Tanzania and South 
Africa (Durant et al., 2017; Marker, 2019). Cheetah reintroductions 
in South Africa intensified in the early 2000s, with most of the re-

maining population currently managed as a growing metapopulation 
comprising over 461 cheetah on 63 fenced reserves. These individ-

uals are considered wild as they are required to hunt, are exposed to 
diseases and co- exist with competing predators (Buk et al., 2018), 
including lions (Panthera leo).

To inform and ultimately optimise release success in the South 
African cheetah metapopulation, we examine predator- avoidance 
behaviour in cheetah towards artificially simulated predatory cues 
of lion in captive, semi- wild and wild populations. Lions are amongst 
the primary causes of mortality in cheetah post- reintroduction (Buk 
et al., 2018), being highly territorial and opportunistic, they have 
been recorded actively pursuing and killing cheetah (Rostro- García 
et al., 2015). Cheetah were systematically exposed to auditory cues 
(pre- recorded lion roars) in captive, semi- wild and wild settings. We 
predicted that owing to the lack of predator interactions in captivity 
and the loss of anti- predatory behaviour after just a few generations, 
such individuals would not recognise and respond to these cues as 
a threat (Jolly et al., 2018; Moseby et al., 2015; Rowell et al., 2020; 
Vilhunen, 2006). We predicted that these predator- naïve cheetah 
will approach the artificial lion cues faster and more frequently than 
the semi- wild population, which are expected to recognise the lion 
cues as a threat and respond by more frequently moving away from 
the threat with less hesitation. Identifying which individuals in cap-

tivity express these maladaptive behaviours and intervening to limit 
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such conduct before or exclude these cheetah from release could 
improve survival and establishment post- reintroduction.

2  |  METHODS

2.1  |  Study areas

Behavioural data were collected from two South African cheetah 
populations (Figure 1). The first, a captive population of 13 indi-
viduals (nmale = 7, nfemale = 6) at Ashia Cheetah Conservation (ACC; 
33°43'29.4"S 19°01'22.7"E) and the second, a semi- wild population 
of 6 adult individuals (nmale = 1, nfemale = 5) and 8 cubs, as well as an 
additional wild population of 2 adult males at Kuzuko Lodge Private 
Game Reserve (KLPGR; 33°12'44.1"S 25°29'56.0"E). Due to the low 
“wild” population sample size (n = 2), any contrasts to these wild 
individuals should be seen as an additional exploratory analysis step 
rather than a directly comparable group throughout. ACC represents 
a fully captive population, KLPGR comprises semi- wild cheetah that 
have come from captivity but are in a three- stage “rewilding” pro-

cess, whereby (1) individuals were kept in a small enclosure (2.5 km2) 

with no predators and provisioned with food (similar to ACC), be-

fore (2) being moved to a larger area (4 km2) with no predators, but 
which is stocked with prey species (Table S1) to encourage hunt-
ing behaviour, before being moved to stage (3) a large fully rewilded 
area (>150 km2) either within KLPGR or another reserve, that is both 
stocked with prey and has natural predators, including lions (Figure 
S1). The time spent in each stage is approximately two weeks in stage 
1 and, dependent on the space and current numbers of cheetah at 
KLPGR, approximately a year in stage 2, whilst stage 3 represents 
permanent placement. Whilst all individuals at KLPGR could hear 
and smell lions, only cheetah in stage 3 were in direct contact with 
them, and 3 were considered for this study. Stage 2 (the semi- wild 
population) consists of six cheetah that have been (partially) raised 
in captivity, some of them at ACC, whilst stage 3 (the wild popula-

tion) consists of one previously captive cheetah (from ACC) and one 
wild- born cheetah. The previously captive cheetah from stage 3 was 
considered independent and ‘wild’ for over a year before these audi-
tory response trials began. Individuals were monitored by direct ob-

servation at ACC, whereas at KLPGR, all individuals were fitted with 
VHF or IR- SAT tracking collars (African Wildlife Tracking; 148 MHz 
to 152 MHz).

F I G U R E  1  The two predatory- response trial study areas in South Africa. At Ashia Cheetah Conservation (ACC), trials were observed 
≥5 m from the enclosure fence (a), whilst at Kuzuko Lodge Private Game Reserve (KLPGR), trials were observed from ≥50 m (b). Indicated in 
both are the strategic auditory cue (1) and camera trap (2) placement for each trial
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2.2  |  Data collection

All cheetah were exposed to artificially simulated predatory cues 
to determine the effect of captivity on both recognition and re-

sponse to these stimuli that would otherwise represent poten-

tially dangerous situations for cheetah in the wild (Figure 1). Trials 
consisted of systematic exposure to auditory cues (Table S2), 
which would simulate either naturally ambient sound (control) or 
sounds indicating the presence of natural predators in the area 
(Chame, 2003; Piñeiro & Barja, 2012). Each individual (Table 1), 
underwent a minimum of three randomised trials and control, 
with the same individual being tested at least four days apart to 
prevent habituation. As both cheetah and lion activity levels de-

cline in response to midday heat in the wild (Hetem et al., 2019), 
no trials were conducted when ambient temperatures exceeded 
25°C (Figure S2). This resulted in average daily trial windows of 
06:00– 10:00 and 16:00– 19:00 over a dedicated monitoring period 
of three weeks at each location (ACC: 03/02/2020– 20/02/2020; 
KLPGR: 27/02/2020– 17/03/2020). Trials were conducted by a 
single observer, even when multiple cheetah were present (with a 
maximum coalition size of two). Individual cheetah were identified 
by unique facial markings and verified by GPS collar data (where 
available).

2.3  |  Auditory cues

Auditory cues (Table S2) comprised one of three lion roar re-

cordings randomly selected per trial and a control recording of 
African bush crickets (Acanthoplus discoidalis). In the captive 
population (ACC), enclosures (2 km2) were cleaned daily (06:00– 
09:00), allowing for the safe, random placement of the auditory 
cue station. Stations included a speaker (MIFA A1 outdoor wire-

less speaker, MIFA INNOVATIONS LLC) inside a camouflaged 
protective cage (155 × 50 mm) positioned in a tree at ≥1 m above 
the ground (Figure 1a). Each trial began when the individual(s) 
re- entered the enclosure and ended after 15 min of behavioural 
observation from >5 m distance. This relatively short distance 
was unlikely to affect the trials as captive cheetah were habitu-

ated to human presence. Observations were recorded verbally 
(Philips DVT 1110 Digital VoiceTracer Audio Recorder, 750 Hz– 
18 KHz, PHILIPS) and by trail camera video (Foxelli Oak's Eye 
2, 20MP 1080P HD, Motion Activated Night Vision, 120° Wide 
Angle Lens, 42 IR LEDs, IP66, FOXELLI BV™). In the semi- wild 
and wild populations (KLPGR), a long- range speaker with remote 
control was used (FOXPRO Spitfire Electronic Predator Call 
speaker, FOXPRO inc.) to account for the substantial difference 
in enclosure size and reduce the influence of human presence. 
The speaker and trail camera were placed on foot at random 
within the landscape (Figure 1b). Each trial began when an in-

dividual came within 40m of a station, followed by 15 min of 
behavioural observation (voice and video recordings) from ≥50m 
using binoculars (Bresser, Condor | 10 × 42, 154 × 133 × 52 mm, 

669 g, Bresser GmbH). Once the individual(s) had left the area 
and it was determined safe to do so, stations were disassembled 
and reset for the next trial.

2.4  |  Behavioural responses

Recognised behaviour observed and recorded in response to au-

ditory trials included grooming, vocalisation, resting, feeding, lo-

comotion, rapid locomotion, social interaction with conspecifics, 
exploration and aggression, as well as territorial, abnormal and other 
behaviours. For each of these behaviours, the relative frequency and 
time spent (in seconds) were measured throughout the trial period 
(15 min) for each individual. As locomotion, rapid locomotion and 
resting were the only measured behavioural types that occurred 
often and consistently amongst individuals, these were focal to the 
study. When observing different predatory responses to auditory 
cues, the difference between end and start distances of each indi-
vidual to the auditory station were considered per trial (i.e. proximal 
distance). When comparing the three populations, two focal behav-

ioural response categories were considered: (1) proximal distance 
categories from the station (>20 m, 10– 20 m and <10 m) and (2) 
hesitation, defined as the number of distance category transitions, 
allowing at least seven seconds to exclude pacing behaviour when 
approaching the station (i.e. every time an individual takes longer 
than seven seconds and crosses a distance category, the hesitation 
score increases). All behavioural responses were analysed using 
Behavioural Observation Research Interactive Software (BORIS; 
Friard & Gamba, 2016).

2.5  |  Statistical analyses

All statistical analyses were conducted in R studio v3.5.1 (R Core 
Team, 2018). Observed differences in predator- response behav-

iour were categorised according to (1) proximal distance (control 
versus treatment), (2) presence at <10 m, (3) time spent at <10 m, 
as well as (4) presence and, if any, (5) frequency of hesitation. A 
within- individual comparison was implemented in the “lme4” pack-

age v1.1– 27.1 (Bates et al. 2015) to analyse the difference between 
proximal distances to auditory stations between the three popula-

tions. Generalised linear mixed- effects models (GLMER; α = 0.5) 
were used to analyse presence at <10 m from the set- up, with 
evidence of hesitation following a Binomial distribution, whilst 
the frequency of hesitation was modelled following a Poisson dis-

tribution. Time spent at <10 m was log- transformed due to non- 
normality before a linear mixed- effects model (LMER; α = 0.5) was 
implemented. Herein, parameters 2– 5 were response variables 
per population. To control for conspecific learning, female- male 
behavioural differences (e.g. when females have cubs) and rela-

tive activity levels, we used partnership, sex and ambient tem-

perature as explanatory variables, including individual identity as 
a random factor. Proximal distance and hesitation were found to 
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be independent of sex, having a partner and ambient temperature, 
thus justifying pooling all data per population in subsequent analy-

ses. Repeatability was calculated using the “rptR” package v0.9.22 
(Stoffel et al., 2017) to test whether the variables can be consist-
ently associated with differences in individual cheetah behaviour. 
In animal personality research the repeatability score (R) speci-
fies the amount of between- individual variation in comparison to 
the total variation within the population for duplicated measures 
(R > 0.37) of the same behavioural trait (Dingemanse et al., 2010; 
MacKay & Haskell, 2015). Individual learning ability was also de-

termined for all individuals using both a GLMER (α = 0.5) and a 
LMER (α = 0.5) implemented in the “lme4” package v1.1– 27.1 
(Bates et al. 2015). A correlation matrix was used to determine the 
possible interactions between parameters 2– 5 (Figure S3), where 

the resulting significant autocorrelation between parameters re-

quired that each parameter be modelled independently.

3  |  RESULTS

The proximal distance to the auditory cue for each parameter com-

paring all three experimental groups is presented (Figure 2). Captive 
cheetah showed no predator recognition in response to auditory 
cue trials, consistently approaching both the control (African bush 
cricket) and treatment (lion). Semi- wild cheetah showed signifi-
cant (Z = −2.18, p < .05) predator recognition, approaching the 
control but fleeing from the treatment. Wild individuals did not 

Captive Semi- wild Wild

Individuals Trials Individuals Trials Individuals Trials

Ntotal (time 
<10m)

13 (10) 30 (18) 6 (3) 26 (3) 2 (2) 8 (2)

Ncontrol (time 
<10m)

10 (10) 16 (9) 6 (1) 6 (1) 2 (0) 2 (0)

Nlion (time 
<10m)

10 (10) 14 (9) 6 (2) 20 (2) 2 (2) 6 (2)

Note: Indicated are the overall number and (the subset of individuals that came within 10 m of the 
auditory cue and could, therefore, be tested for both proximity and hesitation).

TA B L E  1  Number of individual cheetah 
and trials run per experimental group

F I G U R E  2  Changes in captive (top; n = 10), semi- wild (middle; 
n = 6) and wild (bottom; n = 2) cheetah mean distance (m) from 
auditory cues of both predator (lion; black) and control (African 
bush cricket; grey) sounds after 15 min of observation post- 
stimulus. Here negative values indicate that the cheetah moved 
towards the stimulus, whereas positive values indicate movement 
away from the auditory cue. The number of trials per test are 
indicated per bar; error bars = SE; • p ≤ .10; * p ≤ .05

F I G U R E  3  Mean proportion (%) of all cheetah, in captive (top; 
n = 13), semi- wild (middle; n = 6) and wild (bottom; n = 2), that 
moved to <10 m from the lion auditory cue (black; left), and the 
mean time (s) that these individuals spent <10 m from the lion 
auditory cue (black; right), as well as the mean proportion (%) of 
all cheetah that showed evidence of hesitation (grey; left) and the 
mean number of times these individuals hesitated per area (grey; 
right). The number of trials per test are indicated per bar; error 
bars = SE; ** p ≤ .01; *** p ≤ .001
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approach either cue, instead, these two individuals seemed indif-
ferent to the control, but fled from the treatment (lion), though 
there was no significant difference in the behavioural responses 
within this group. Semi- wild and wild cheetah showed no signifi-
cant difference in their proximal distance to the auditory control 
cue, instead, both populations (semi- wild: Z = −2.28, p < .05 and 

wild: Z = −1.78, p = .076) moved further away from the lion treat-
ment than captive individuals.

The response of each population to the lion treatment and its 
effect on proximity and hesitation is presented (Figure 3 and Figure 
S4). A significantly (Z = 3.11, p < .01) higher proportion of captive 
cheetah were found within <10 m of the auditory cue than in semi- 
wild cheetah (Figure 3); however, there was no significant difference 
in the time spent within <10 m. There was also a significantly lower 
proportion (Z = 3.10, p < .01) and frequency (Z = 4.09, p < .001) of 
hesitation amongst semi- wild cheetah relative to captive individuals.

Repeatability was assessed to determine if these behavioural re-

sponses to predatory cues could be explained by individual person-

ality, rather than overall life history. For all parameters, repeatability 
scores were lower than the average value of 0.37 and, therefore, 
non- significant for all behavioural traits (Table 2). Individual learning 
ability was tested to control for habituation between auditory trials 
for all parameters. No positive significant response differences be-

tween subsequent trials were observed (Figure S5).

4  |  DISCUSSION

Reintroduction efforts are often unsuccessful with captive individu-

als dying soon after being released into the wild (McPhee & Carlstead, 

2010; Smith & Blumstein, 2013). These individuals may fail to recog-

nise and respond to predatory cues, resulting in the performance of 
maladaptive behaviours such as not seeking refuge from or aggres-

sion towards a larger predator (Magno De Faria et al., 2018; McPhee, 
2004). Our study showed that when exposed to artificial auditory 
cues, semi- wild cheetah (i.e. captive- raised and rewilded) showed 
predatory- response behaviours more similar (albeit non- significant) 
to that of wild individuals, compared to the captive individuals. 
Captive cheetah had difficulty differentiating between control and 
treatment, showing no difference in behavioural response between 
these cues. One captive individual did distinguish between the con-

trol and lion cue by expressing aggressive behaviour towards the 
threat. Such maladaptive behaviours often occur in captivity due to 
isolation from and consequent lack of predatory encounters (Griffin 
et al., 2000; Magno De Faria et al., 2018; Schetini de Azevedo et al., 
2012). Semi- wild and wild individuals do differentiate between audi-
tory cues as opposed to captive individuals. When presented with 
the lion roar, semi- wild and wild cheetah end further away from the 
station by the end of each trial window than where they had started, 
whilst semi- wild individuals approached the control and the two wild 
individuals behaved indifferently towards these African bush cricket 
sounds. This corroborates concerns over a lack of predator encoun-

ters in captivity leading to maladaptive behaviours, where similar out-
comes were observed in captive- born greater rheas (Rhea Americana; 

Azevedo et al. 2012) and collared peccary (Pecari tajacu; Magno De 
Faria et al., 2018). One captive cheetah in this study approached 
the predatory cue and expressed aggressive behaviour towards this 
“larger predator,” suggesting a lack of danger recognition, an inap-

propriate response that is at least partially the cause of high mortality 
after many reintroductions (Edwards et al., 2020; Rowell et al., 2020).

Proximal 

distance

Individuals 

at <10 m

Time spent 

at <10 m

Hesitation 

present

Total 

hesitation

Behaviour

Ncaptive Individuals 13 13 10 13 13

Ncaptive Trials 30 30 18 30 30

Nsemi- wild 

Individuals
6 3 6 6 6

Nsemi- wild Trials 26 3 26 26 26

Nwild Individuals 2 2 2 2 2

Nwild Trials 8 2 8 8 8

Mean (Ʃx/n) 9.59 0.36 149.35 0.36 1.61

SE (SD/√n) 0.59 0.062 35.76 0.062 0.46

CV (SD/mean)*100 47.87 134.25 187.00 134.25 223.93

Repeatability

R 0.20 0.13 0.023 0.087 0.03

SE 0.13 0.12 0.079 0.11 0.069

Cis 0; 45 0; 0.40 0; 0.26 0; 0.36 0; 0.26

p- value 0.058 0.15 0.49 0.23 0.16

Note: Repeatability specifies the amount of between- individual variation in comparison to the total 
variation within the population for duplicated measures of the same behavioural trait.

TA B L E  2  Repeatability (R) calculated 
for all parameters to test whether these 
variables are consistently associated 
with differences in individual cheetah 
behaviour (repeatability score >0.37), 
rather than the behaviour of the 
population as a whole
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Captive individuals approached the auditory cue significantly 
more often than semi- wild cheetah. However, of those that ap-

proached (<10 m a radius of the station), the time spent there was 
equal. This is likely explained by the comparatively small sample 
size of wild cheetah and the fact that semi- wild individuals, whilst 
less predator naïve than captive individuals, still have not perfected 
their predator- avoidance behaviour (De Milliano et al., 2016; Tetzlaff 
et al., 2019). In addition, semi- wild cheetah showed significantly less 
hesitation compared to captive individuals, approaching the auditory 
station significantly more often when the lion recording was played. 
Captive individuals thus showed significantly more maladaptive be-

haviour, in both proximal distance and overall hesitation, compared 
to semi- wild cheetah, which fled the predatory cue without hesi-
tation. These findings match anti- predatory responses in Oldfield 
mice (Peromyscus polionotus subgriseus), where generations of captiv-

ity lowered good anti- predatory behaviour (McPhee, 2004). These 
captive mice failed to identify predatory cues as danger and took 
significantly more time to find refuge after being exposed to a pred-

ator when compared to wild mice. These results suggest that pre- 
release training and maintaining some wild behaviours in captivity 
can help avoid the expression of maladaptive behaviour post- release 
(Blumstein et al., 2019; De Milliano et al., 2016; Rostro- García et al., 
2015; Rowell et al., 2020). Pairing a predatory cue with a negative 
consequence for the individual may teach it to associate predators 
with an adverse outcome (Blumstein et al., 2019). Many pre- release 
training experiments have been conducted with this in mind, for 
instance, fright responses were observed in captive- reared rufous 
hare- wallabies (Lagorchestes hirsutus) by exposing them to predator 
models to mimic the encounters they might experience after release 
(Griffin et al., 2000; McLean et al., 1996). However, most research 
on the effect of pre- release training on increased survival has been 
done in marine systems, leaving the efficacy of such training in ter-
restrial vertebrates poorly understood (Edwards et al., 2020; Rowell 
et al., 2020). Additionally, many of these experiments never released 
the individuals after exposing them to pre- release training, rendering 
the long- term success of this training unclear (Edwards et al., 2020).

Behavioural studies carry inherent biases and limitations that 
must be considered when interpreting results. Throughout this 
study, learning behaviour was tested to avoid habituation between 
trials; however, there was no evidence to support such behaviour, 
which would likely have occurred over a longer period of trial expo-

sure (Magno De Faria et al., 2018). Repeatability was also tested for 
all parameters to determine if behavioural responses could be linked 
to individual personality (Bell et al., 2009; Stoffel et al., 2017; Myers 
and Young 2018). However, low repeatability scores (<0.37) showed 
that predator- avoidance behaviour could not be assigned with cer-
tainty to consistent individual personality differences. This was 
likely the result of low sample sizes (both for individuals and trials) 
or due to high consistency both within and between individuals (Bell 
et al., 2009; Dingemanse et al., 2010; MacKay & Haskell, 2015). Such 
low sample size effects are especially evident in the wild population 
having a greater but non- significant response to lion predatory cues 
than captive and semi- wild populations. Additionally, only cheetah 

that are successful at predator- avoidance and, therefore, survive 
in the wild are sampled in such trails, whereas those in captivity or 
semi- wild conditions are not naturally selected against. Therefore, 
non- wild cheetah are likely to present greater variability in predator- 
avoidance and other behaviours, making observing wild- like be-

haviour in semi- wild cheetah even more compelling. Opportunities 
to perform longitudinal monitoring of predator- avoidance behaviour 
are rare. Nevertheless, this pilot study shows significant differences 
between captive and semi- wild predator- avoidance behaviour and 
clear differences between the captive and wild populations.

Semi- wild populations recognise and respond to the lion auditory 
cue in a more behaviourally beneficial manner than those in captiv-

ity. This is an important finding for reintroduction programmes as it 
provides novel evidence to support previously described differences 
in predator- response behaviour between captive and wild popula-

tions, as well as highlighting the relative success of a “soft- release” 
approach, as the semi- wild individuals were raised in captivity. 
Reintroductions and methods of staged release as a conservation 
intervention for many threatened species remain a fairly recent and 
experimental field that has been met with varying success (Adania 
et al., 2016; de Milliano et al., 2016; Richardson et al., 2013). Whilst 
the absence of predators in many current reintroduction sites cer-
tainly increases the overall reintroduction success of cheetah, it is 
important to have wild cheetah populations coexisting with large 
predatory species. This would maintain ecological integrity and allow 
cheetah to inhabit a much larger range (Boast et al., 2018; Buk et al., 
2018; Hetem et al., 2019; Hunter, 2007; Lindsey et al., 2011; Rostro- 
García et al., 2015). As animals rely on a suite of senses to recognise 
and respond to predators (Cornhill & Kerley, 2020; Edwards et al., 
2020; Hubel et al., 2016), it should be mentioned that an auditory 
stimulus is just one aspect of predatory response and that in isola-

tion, such a pre- recorded roar may not of itself sufficiently warrant a 
predatory threat (Moseby et al., 2015). Testing captive cheetah with 
visual and olfactory stimuli in addition to auditory cues will likely 
provide further insight into these aversive behaviours. Many captive 
cheetah are currently not tested for predator- response behaviour 
prior to reintroduction, which may result in high mortality soon after 
release, low reproductive success and poor parental care (Blumstein 
et al., 2005; Cornhill & Kerley, 2020; Crane & Mathis, 2011; Rostro- 
García et al., 2015). Determining which individuals are likely to have 
a higher chance of survival and reproduction after release will in-

crease the success of reintroductions by artificially selecting for their 
overall fitness. Such a method could be crucial to securing individual 
reintroduction success and, therefore, future range rehabilitation of 
many threatened species such as the cheetah.
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