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Abstract 

We are in the midst of a primate conservation crisis as 75% of the world’s primates are in 

population decline. However, translocation attempts are a promising option to reinforce and 

reestablish struggling primate populations. While factors that often result in translocation failures 

have been identified in previous research, there is still a poor understanding of what aspects of 

rehabilitation creates or predicts repeatable success post-release. This thesis is an analysis of 

Andrea Donaldson’s original case study on the rehabilitation release of vervet monkeys, 

Chlorocebus pygerythrus hilgerti, in Diani, Kenya. I aimed to evaluate the efficacy of pre-release 

threat-awareness tests and electrical wire training by investigating the behavioural responses of 

the vervet monkeys, how their individual traits may influence their response, the influence of 

social learning, and the predictive nature of their response to these tests and training on their 

post-release survival and success. Before release, the vervets underwent awareness tests for the 

predicted threats found in their anticipated habitat, which included baboons, dogs, humans, and 

snakes, and they were trained to avoid electrical wires. The responses of each vervet were 

recorded and statistically analysed. Results indicated that vervets showed inconsistent threat 

response improvement during rehabilitation; however, electrical wire training was effective. 

While no statistical correlation was found between a vervet's background and their response 

score, their survival rates upon release into the wild were comparable to those of a wild control 

group. Additionally, observing another individual receiving a shock during pre-release training 

had no subsequent effect on the number of shocks administered to the observer during electrical 

exposures. These findings affirmed the efficacy of these methods of rehabilitation pre-release 

and indicated that future research can further perfect the process of threat training and testing to 

promote post-release success.  
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1 Introduction 

1.1 Background 

Nonhuman primates are humans’ closest biological relative which makes them a focus of 

many biological studies. As anthropogenic factors continue to put pressure on wild species, a 

conservation crisis has been identified in primatology (Torres-Romero et al. 2023). About 75% 

of the world’s primate species are experiencing population decline, of which there are over 500 

non-human species worldwide, and about 60% of species are at risk of extinction, creating a race 

to identify the current issues in conservation efforts and create solutions to stop this conservation 

crisis (Estrada et al. 2017). Conservationists are turning to translocations to help re-establish 

declining populations and to relocate primates in peril. The term translocation is broadly defined 

as the movement of an individual or group from point A to point B and features various sub-

categories tailored to the nature of each situation (IUCN 1987). The sub-categories within 

translocation serve to define both the purpose and method of release for the target species. 

Specifically, conservation translocations encompass situations where movement of a species is 

necessary for the survival of the species, and non-conservation translocations describe instances 

where conservation is not the primary focus of the release attempt (IUCN/SSC 2013). These two 

sub-categories break down even further into groups based on various approaches and goals (see 

Table 1) but will always feature the release of an animal (IUCN/SSC 2013). 
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Translocation The human-mediated movement of living organisms from one area, with release in another 

 Non-conservation 

translocation 

The intentional movement and release of a living organism where the primary objective is not a conservation benefit. 

IUCN recognise these types of translocations may have conservation benefits, but that conservation benefit is not the 

primary objective for translocation 

  Rehabilitation 

release 

The release of individuals for the sake of their welfare, or for rehabilitation from captivity 

  Commercial or 

recreational 

The augmentation of a population for the purposes of recreational or commercial off take 

  Mitigation 

translocation 

The removal of organisms from habitat due to be lost through anthropogenic land use change and 

release at an alternative site. The release site will dictate the nature of the mitigation measure; 

population restoration or conservation introduction 

  Removal for 

intensive 

protection 

The removal of organisms from their natural environment into condition of intensive protection, 

as provided by zoological and botanic gardens and other dedicated facilities 

  Least risk, least 

regret 

translocation 

The translocation of species that are neither natural scarce nor declining, nor with high 

probabilities of extinction. These often occur as partnerships between local communities and 
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conservation professionals, in which the principal motivation is the restoration of a component of 

local cultural heritage 

Translocation The human-mediated movement of living organisms from one area, with release in another 

 Conservation 

translocation 

The intentional movement and release of a living organism where the primary objective is a conservation benefit: this 

will usually comprise improving the conservation status of the focal species locally or globally, and/or restoring 

natural ecosystem function or processes 

  Population 

restoration 

Any conservation translocation to within indigenous range 

   Reinforcement The intentional movement and release of an organism into an existing 

population of conspecifics 

   Reintroduction The intentional movement and release of an organism inside its 

indigenous range from which it has disappeared 

  Conservation 

introduction 

The intentional movement and release of an organism outside its indigenous range 

   Assisted Colonisation The intentional movement and release of an organism outside its 

indigenous range to avoid extinction of populations of the focal species 
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   Ecological 

replacement 

The intentional movement and release of an organism outside its 

indigenous range to perform a specific ecological function 

Table 1 Definitions of intentional translocations and the various approaches within the translocation spectrum, as direct citations from IUCN/SSC/RSG 

publication (with permission of Donaldson, 2017
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Despite being a popular topic in conservation currently (Mittermeier et al. 2024), 

translocations have been used for decades without adequate recognition (Griffith 1989). While 

data are scarce, translocations were conducted as early as the 1970s in Indonesia to help the 

declining populations of orangutans (Warren et al. 2002). With the impacts of climate change 

unfolding before us, more populations of species will face displacements and an increase in 

threats to their survival (McAdam 2010), emphasising the need for feasible and successful 

methods to protect these vulnerable individuals. Conservation biologists have examined past 

translocation attempts to identify what factors influenced successful and failed releases (Beck 

2016). Accordingly, a key aspect of successful translocations is the ability of released individuals 

to identify and react appropriately to various threats posed by their natural habitat (IUCN/SSC 

2013); therefore, there is a need for adequate pre-release methods to ensure that the released 

animals respond appropriately.   

1.2 Pre-Release Tests and Training 

Following extended periods of captivity, individuals may acquire what is called prey naivety, 

classified as the loss of appropriate reaction to predator species and threats (Banks et al. 2018). 

Especially for those who were born in captivity or removed from the wild at an extremely young 

age, learning essential life skills is almost impossible (Baker 2002). This naivety can also be 

observed in wild species that have not been exposed to threats from a predator in their natural 

environment (Banks and Dickman 2007). While time in captivity is aimed at keeping the target 

species out of any danger, especially that of predators, this can become a problem when 

individuals face translocation. Each conservation translocation needs to be tailored to its target 

species and their individual backgrounds in captivity, with a goal to promote self-sustaining 
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populations of animals in the wild and encourage species viability.  Similarly, non-conservation 

translocations function in the interest of individual success and livelihood, not necessarily 

species conservation, although it may result in unintentional conservation benefits (IUCN/SSC 

2013). Thus, predator and threat awareness training is an essential aspect of pre-release 

preparation (Baker 2002). Early studies of translocated Leontopithecus rosalia, or golden lion 

tamarins, show that the second highest cause of loss (classified as a death or removal from 

study), after human theft, was death by mammalian or avian predators. In that study, about 8% of 

all deaths were related to inappropriate responses to predators, indicating the importance of 

extensive training and tests before release (Beck et al. 1991). As explained by Baker (2002), 

ensuring that individuals can recognise and react appropriately to threats, especially predators, is 

directly related to the success of translocations. 

After the IUCN and Natural Resources Species Survival Commission Reintroduction 

Specialist Group was established in the 1980s, it became evident that any naïve species would 

need to undergo training pre-release to elevate their chance of survival once they were released 

(IUCN 1987). Following their recommendations, translocations that result in more positive 

outcomes regarding survival and reproduction have become more common (Beck et al. 1991, 

Cade and Temple 1995, Griffith et al. 1989, Beck et al.1994, Kierulff et al. 2012, Ruiz-Miranda 

et al. 2010, Tutin et al. 2008), and it appears that threat awareness has an important role in the 

outcomes, highlighting the need for further research and species-specific approaches to releases 

(Cheyne et al. 2012). Rehabilitation releases are often assessed on a group basis where the entire 

group must average a specific score in threat awareness tests, neglecting research into individual 

progress or regression (Guy et al. 2013). 
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1.3 Successful Translocations 

Although success can be measured in several ways depending on the purpose of the release, 

two primate translocation studies are widely accepted as successful. After 30 years since the 

release of the original primate group, the golden lion tamarin (GLT) conservation program has 

proven the importance of translocations and how they can be used to combat population decline 

(Kierulff et al. 2012). This species had nearly gone extinct in 1983, but in conjunction with 

multiple zoos, a group of captive individuals were reintroduced to Poço das Antas in Brazil 

through a conservation translocation, specifically with the aim of population restoration. The 

reintroduction of GLTs continued up until 2000, and in 2011, the IUCN no longer categorised 

this species as critically endangered (Kierulff et al. 2012). Conservation translocation was 

essential in this situation because the worldwide population of GLTs was teetering on extinction, 

requiring efforts to be made on behalf of the entire species (Ballou et al. 2010). In the case of the 

GLTs, the translocation was classified as a conservation-based reintroduction, unlike the goal of 

this study, which is a rehabilitation release. However, like the focus of this thesis, Ruiz-Miranda 

et al. (2010) also released wild-born captive GLTs in 2005, which contributed to the current 

thriving population of wild tamarins within privately owned forests and provided insight into 

successful pre-release methods of rehabilitated primates.   

A rehabilitation-release attempt that is considered successful is that of the HELP sanctuary. 

This study translocated a captive group of 20 wild-born orphaned chimpanzees into the Republic 

of Congo. The orphans were assumed to have been originally born in Central Africa but were 

confiscated from illegal activities like the pet trade.  The mortality rate for this released group 

was 10%, and 14 of the 20 original released chimpanzees were often observed upon publication 

of the study, 3 years post-release (Tutin et al. 2008). These successful translocation attempts 
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differ in many ways from my proposed research, but they can help identify why those attempts 

were successful and what factors may have played the biggest role. Specifically, the release of 

wild-born captive chimpanzees (Tutin et al. 2008) is most applicable to this research as I will be 

considering the backgrounds of rehabilitated and released vervets in relation to pre-release 

rehabilitation and post-release outcomes.  

1.4 Andrea Donaldson’s 2017 Research 

In 2017, Andrea Donaldson published her research on a rehabilitation-release translocation 

case study on Cercopithecus pygerythrus hilgerti, known as vervet monkeys, in Kenya. Data 

collection on the release vervet monkeys was conducted over a pre and post release monitoring 

time frame of 20 months. Donaldson also collected and used 24 months of observational data on 

two habituated control groups to inform release site selection and as comparators for release 

group success. The findings of the study were that the release was successful in relation to 

survivorship, activity budgets, and general feeding ecology being compared to ranges set by the 

control groups. Donaldson indicates that the continuation of analysis on rehabilitation release 

within Diani would be of interest for future research, specifically life-skill training, predator and 

electricity awareness training, and post-release data (Donaldson 2017). 

1.4.1 Study Species 

 The study group of Cercopithecus pygerythrus hilgerti were all wild-born monkeys that 

required a period of treatment and rehabilitation in captivity, following various human/wildlife 

interactions. Most notably, individuals were orphaned as young infants, kept as pets or 

confiscated from poachers. Due to their conservation status of Least Concern (Butynski, T.M. & 

De Jong, Y.A. 2022), the classification of translocation for this group was a non-conservation 
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translocation, more specifically, rehabilitation release (IUCN/SSC 2013), with the focus being 

the welfare of the individual vervets. I will use the data from threat awareness exposures, that the 

vervet monkeys underwent, as these may present insight into the differing levels of threat naivety 

seen in rehabilitation participants and their ability to learn appropriate reactions to biotic and 

abiotic threats.  

The vervets were rescued from different backgrounds, but were all assumed to be naïve to 

natural threats and spent anywhere from 3 to 39 months in captivity and were not released until 

deemed appropriate. In the case of Colobus Conservation in Diani, Kenya, the Release group 

was not approved for release until the group showcased average appropriate behaviour across all 

individuals to both predators and anthropogenic threats prevalent in the release environment. For 

the purpose of this research, baboon, dog, human, snake, and electrical wire exposures were 

reviewed and statistically analysed per individual.   

The individuals from this study were Cercopithecus pygerythrus hilgerti, commonly 

known as the vervet monkey. The Release group consisted of 12 vervets including 5 males and 7 

females who ranged in age from infant to adult upon release. The rehabilitation threat training 

and tests were conducted during the three months prior to release on May 27th, 2012.  In 

addition to the Release group, there were two control groups: the University Group and Hotel 

Group. The University control group consisted of 23 individuals, 8 adult and sub-adult males, 7 

adult and sub-adult females and 8 juveniles who were identified by their physical features, such 

as scars, size, and coat colour. Similarly, the Hotel control group consisted of 19 individuals, 4 

adult and sub-adult males and 7 adult and sub-adult females, 5 juveniles and 3 infants and were 

identified in the same way. 
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1.4.2 Release Site 

The release site of Diani, found within the Kwale District along the shore of Kenya (see 

Figures 1 and 2), was selected after numerous factors were assessed in Andrea Donaldson’s 

original research. Critical factors to consider prior to release, included habitat composition, food 

availability, and the potential impact of released individuals on the ecosystem (Cheyne 2006). It 

was determined that the release site in Diani would be capable of supporting 12 additional 

released vervets and had a lower human density than the surrounding habitats used by local wild 

vervet groups. The key threats identified in this release site were baboons, dogs, humans, snakes, 

and electrical wires. 

 

Figure 1 The distribution of coastal forest fragments in Kwale County, Kenya (with permission of Donaldson, 2017, 

who edited Anderson et al, 2007).   
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Figure 2 A land map and an aerial photograph of the greater Diani area. Area outlined in yellow shows Colobus 

Conservation area of operation. Protected forests (Kayas) and Colobus Conservation Centre are labelled. Land map 

image 2006 CNES/Astrium Data SIO, NOAA, U.S., Navy, NGA, GEBCO. Aerial photography ©2016 

DigitalGlobbe ©2016 GeoEye Earthstar Geographics SIO ©Microsoft Corporation. (with permission of Donaldson, 

2017)  

 

All vervet groups were located in areas that were semi-urbanised and experienced human 

disturbances; however, each group also had access to large areas of forests (see Figure 3). The 

University group’s habitat surrounded the Nairobi University field stations and a small hotel 
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complex. The Hotel group was located near two large hotels and residential areas. 

 

Figure 3 Map of 18 known locations of vervet monkey groups in Diani. The yellow line delineates the census 

survey area. The red circle indicates Hotel group, blue circle indicates University group, and yellow circles indicate 

all other recorded vervet groups. Scale 1:100,000, ©2016 DigitalGlobe ©2016 GeoEye Earthstar Geographics SIO 

©Microsoft Corporation. (with permission of Donaldson, 2017) 

 

1.4.3 Donaldson’s Results 

While reproduction is a useful and common measure of success in translocation cases (Beck 

et al. 1991; Cade and Temple 1995), rehabilitation releases pose a challenge as the aim is to 
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translocate those individuals to improve their welfare rather than to conserve the species. An 

appropriate measure of post-release success may be the percentage of survivorship post-release. 

In addition to looking at births, Beck et al. (1991) assessed the number of surviving golden lion 

tamarins 6 years post-release.  Doing so allowed for further analysis of the efficacy of release 

techniques on an individual and group level, focusing on the immediate success of the 

individuals. In this study, 4 out of the 12 individuals died by 18 months post-release, resulting in 

a 66.6% survival rate in the Release group (Donaldson 2017). 

1.5 Research Questions/Hypothesis/Predictions 

Donaldson’s study showed that her release was successful because the biological and 

behavioural measures fell within the expected ranges, such as survival rates, activity budgets, 

feeding ecology, and day journey lengths. What we don’t know is if current rehabilitation 

methods adequately prepare vervet monkeys for life in the wild upon release and where we may 

want to see improvements. I investigated this by analysing the responses of rescued vervets to 

specific threat-awareness tests/training in rehabilitation, the role of their individual experiences 

and social learning, and the correlation between their responses to tests/training and post-release 

success. My research is broken down into three key research questions and associated hypotheses 

and predictions as outlined in the subsequent sections.  

1.5.1 Research Question 1: The Response of Captive Vervet Monkeys to Rehabilitation 

Tests and Training 

To avoid the continuation of threat naivety in the vervet individuals, the release vervets in 

Donaldson’s study underwent threat awareness tests where responses to the presented threats 

were recorded. As continued awareness training can create an appropriate conditioned response 

(Mirza and Chivers 2000), I hypothesise that an individual will learn to react appropriately to a 
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threat over the course of the awareness testing for that threat. I will assess their learning based on 

a test-by-test basis because vervet threat calls are highly specialised and elicit a specific reaction 

based on the observed threat, meaning that an appropriate response to one threat may not be the 

same for another (Seyfarth and Cheney 2003). I predict that the individual's appropriateness of 

response scores in each isolated test type (baboon, dog, human, and snake) will improve with 

each exposure trial. Additionally, with each exposure to electrical wires in electricity awareness 

training, the number of shocks will decrease per individual because the presentation of the threat 

is paired with the negative stimulus of a shock, resulting in a learned and conditioned response 

(Mirza and Chivers 2000). 

Social learning is an important part of threat training and occurs through observing how 

other, typically older (van de Waal et al. 2010; van de Waal et al. 2013; Whiten and van de Waal 

2018) individuals interact and respond to the world around them. Social learning can enable 

transmission of valuable information between individuals about resource or habitat locations, 

migration routes, tool-use, and threat response, which is essential information that can drastically 

impact the success of translocations (Brakes et al. 2025). Observational learning, a type of social 

learning, can be a powerful tool in rehabilitation because individuals can learn threat responses 

without ever being in danger themselves (Harrison 2024), as the intense emotional reaction of an 

experienced demonstrator is sufficient to condition a fear response in the observer (Mineka and 

Cook 1993). Studies have shown that naïve prey become more wary of predators after being 

exposed to a demonstrator individual who responded fearfully to the threat than those who were 

not, indicating a level of social learning in these trainings (Mineka and Cook 1993; Shier and 

Owings 2007). Observational learning can be applied to rehabilitation in a number of ways, for 
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example, showcasing the reaction to threat via a knowledgeable demonstrator so that the naïve 

individuals can observe a suitable response to a presented predator or threat. Additionally, 

observing the consequences of another naïve primate reacting inappropriately to a threat allows 

the observer to identify the risks of an inadequate response. Given these findings, I hypothesise 

that individuals who observe negative reactions to threats by others will learn to be afraid of the 

threat (at least partially) through social learning. It is only appropriate to test this hypothesis with 

the electricity wire exposure training because the predator-awareness trials do not feature records 

of who observed whom responding to the threat, and it’s the only training that uses a negative 

stimulus to reinforce appropriate responses. I predict that if a naïve vervet monkey 'observes’ 

another individual receiving a shock, they will experience fewer shocks than naïve individuals 

who did not observe a peer receiving a shock.  

1.5.2 Research Question 2: Individual Variability and Its Impact on Rehabilitation Test 

and Training Success 

One way to analyse rehabilitation releases on a smaller scale is to assess the effect of 

individual differences on threat awareness and training outcomes and post-release success. The 

capabilities of an animal to react to predators rely on the intersection of multiple factors, those 

being characteristics obtained through natural selection over generations and the “accumulation 

of experiences during individual lifetimes” (Griffin et al. 2001, pg. 1319), establishing the 

importance of pre-release exposure to threats. Accordingly, I hypothesise that an individual's 

developmental stage would influence threat awareness reactions during rehabilitation. 

Specifically, I predicted that across all threat awareness tests, threat awareness scores upon initial 

presentation (encounter 1) will be higher on average for the adult/sub-adult group compared to 
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the infant/juvenile individuals. Additionally, I predicted that as developmental age increases, 

there will be a decrease in the average amount of shocks upon initial exposure to electrical wires. 

Due to the Release vervets all coming from diverse backgrounds, another way I explored the 

impact of individual differences is by examining the patterns seen in individuals who 

experienced some level of captivity, to our knowledge, prior to being rehabilitated at Colobus 

Conservation. Extensive research into the physical and psychological effects of captivity has 

shown that the lack of a natural environment can negatively impact the well-being of animals 

and result in the loss of vital threat responses (Mallapur and Choudhury 2003; Lutz and Novak 

2005; Banks et al. 2018). Understanding such led me to hypothesise that individuals who 

experienced captivity previously would show a higher frequency of inappropriate behaviours in 

threat tests because, in previous studies, it has been noted that vervet alarm calls and 

corresponding reactions improve with age and experience in the wild (Seyfarth et al. 1980b). In 

this study, I predicted that individuals who have previous experience in captivity will start with 

lower scores in baboon, dog, human and snake threat exposures than individuals who have never 

experienced captivity. Regarding the electricity wire training, I predicted that individuals who 

come from a captive background would have a higher frequency of touches of the electrical wire 

during each trial and more shocks than non-captivity-experienced vervets.  

 It should be noted that there may be an interaction between these two hypotheses (i.e. 

Developmental stage at the start of training/tests, and experience of captivity prior to living at 

Colobus Conservation), but given the small sample size, it is unlikely to be possible to 

quantitatively examine the interaction.  

1.5.3 Research Question 3: The Relationship Between Pre-Release Performance and Post-

Release Behavioural Outcomes 
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Using survivorship rates post-release as a measure of success and given literature 

emphasising the importance of threat awareness for post-release survival (Baker 2002), I 

hypothesised that pre-release threat awareness tests may predict, and electrical wire training 

influence, post-release behaviour and success. Particularly, I predicted that the Release group of 

vervets will exhibit a similar rate of encounters with threats per month during the comparable 

time period, May 28th, 2012 – November 30th, 2013, as the two control groups if the Release 

group presents appropriate response scores prior to release. Additionally, I predicted that the 

Release group will demonstrate a similar death rate per 100 days as the two control groups and 

will have similar causes of death to the control group.  

The research questions and associated hypotheses and predictions are summarised in Table 2.
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Research Question 1 How do captive vervet monkeys respond to threat awareness testing / training in rehabilitation? 

 Hypothesis 1 An individual will learn to react appropriately to a threat over the course of awareness testing or 

training for that threat. 

  Prediction A Individual scores for each test type (baboon, dog, human, and 

snake) will improve with exposure. 

  Prediction B With each exposure to electrical wire, the number of shocks will 

decrease per individual. 

 Hypothesis 2 Individuals who observe negative reactions to threats by others will learn to be afraid of the 

threat (at least partially) through social learning. 

  Prediction A If a vervet monkey observes another individual receiving a shock, 

they will experience fewer shocks than individuals who do not 

observe a peer receiving a shock. 

Research Question 2 How do individual differences among vervet monkeys affect their response to threat awareness testing / training in 

rehabilitation? 

 Hypothesis 1 An individual's developmental age will influence threat awareness reactions during 

rehabilitation. 

  Prediction A Across all threat awareness tests, threat awareness scores upon 

initial presentation (encounter 1) will be higher on average for the 

adult/sub-adult group compared to the infant/juvenile individuals. 

  Prediction B As developmental age increases, there will be a decrease in the 

number of shocks upon initial exposure to electrical wires. 

 Hypothesis 2 Individuals who experienced captivity previously will show a higher frequency of inappropriate 

behaviours in threat tests and training. 

  Prediction A Individuals who have previous experience in captivity will start 

with lower scores in baboon, dog, human, and snake awareness 

trials than individuals who have never experienced captivity. 

  Prediction B Individuals who come from a captive background will have a 

higher frequency of touches of the electrical wire than non-

captivity-experienced vervets during their initial exposure in 

training. 

Table 2. Outline of research questions, hypotheses, and predictions which are discussed in this thesis. 
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Research Question 3 How does pre-release training and threat awareness testing influence and/or predict post-release behaviour and 

success? 

 Hypothesis 1 The outcomes of pre-release awareness tests / training may predict post-release behaviour 

and success. 

  Prediction A The Release group of vervets will exhibit a similar rate of 

encounters with threats per month as the two control groups 

if the Release group presents appropriate response scores 

prior to release. 

  Prediction B The Release group will demonstrate a similar death rate per 

100 days as the two control groups. 

  Prediction C The Release group will have similar causes of death to the 

control group. 

     Table 2 Continued. Outline of research questions, hypotheses, and predictions which are discussed in this thesis. 
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2 Methods 

2.1 Donaldson’s 2017 Research Methods 

Once environmental threats were determined in the planned release site, awareness 

testing and training for applicable threats were designed so that individuals could be scored 

based on the appropriateness of their response. In Donaldson’s original research, a score of 3 or 

above in the threat awareness testing in relation to baboons, dogs, humans, and snakes was 

considered a satisfactory score on an individual basis, indicating that the vervet obtaining those 

scores was exhibiting appropriate reactions to the presented threat. Appropriate response to 

electrical wire training is complete avoidance of the cable, which is the ideal outcome 

(Donaldson 2017).  Specific details of threat awareness tests and training are given below. 

2.1.1 Baboon Awareness Testing   

Colobus Conservation identified five local yellow baboon, Papio cynocephalus, groups in 

Diani who may act as both competitors and predators to released individuals (Donaldson 2017). 

To assess the threat response of the Release group, the responses of these individuals to live 

baboons entering and exiting the Colobus Conservation rehabilitation grounds and approaching 

their enclosure were recorded. Seven instances, categorised as “ad hoc” events, occurred during 

the testing timeframe, where all vervets were observed by trained researchers who scored their 

reactions on a scale of 0-5 (see Table 3). In addition to being assigned a score, any behaviour of 

note was also recorded per individual. The baboon awareness events occurred on April 3rd, 5th, 

9th, 12th, 17th, 18th, 24th, and May 1st, 2012. The baboons featured in the exposures varied in 

size, sex, age, and number.



   

 

22 

 

 

 

 

 

Test Score Associated Response Threat-Specific Positioning 

0 Predator seen and individual approaches and 

attempts to initiate contact with predator 

N/A 

1 No response (continuation of current 

behaviour / change to another non-predation 

related behaviour) 

N/A 

2 Curiosity towards predator, including visual 

attentiveness 

N/A 

3 Alarm calling and/or appropriate positioning 

in response to other’s doing so 

N/A 

4 Alarm calling and/or appropriate positioning 

in direct response to the predator 

Baboon – move away from threat (ideally up a tree), Dog – climb up a tree, 

Human - move away from the threat (ideally up a tree), Snake – Move away 

or up a tree, perching on back legs, and looking at the threat. 

5 The individual initiates alarm call and moves 

to appropriate positioning 

Baboon – move away from threat (ideally up a tree), Dog – climb up a tree, 

Human - move away from the threat (ideally up a tree), Snake – move away 

or up a tree, perching on back legs, and looking at the threat. 

Table 3 Test scores and the corresponding behavioural response of the subject animals when presented with four different threats
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2.1.2 Dog Awareness Testing  

Another significant predator of Diani vervet monkeys is dogs, both feral and pets. Both 

small and large dogs can attack vervets and other monkeys, so two testing instances were 

designed to simulate the presence of different-sized dogs. The test trials consisted of a researcher 

walking a dog on a lead around the perimeter of the vervet's enclosure without coming into direct 

contact with the captive individuals. The vervets were observed and scored on a scale of 0-5 

based on expected responses (see Table 3).  On April 6th, a large dog was presented, and on May 

17th, testing featured a smaller dog.  

2.1.3 Human Awareness Testing   

The final biotic threat tested in Donaldson’s study was humans. The presence of humans 

creates a myriad of different threats to vervet monkeys, most commonly the threat of being 

captured, attacked, and/or killed (Chapman et al. 2016). A large concern during this research was 

the vervet’s habituation to the presence of humans, specifically an association between humans 

and food. If the vervets become habituated to the presence of humans, they may begin to 

approach humans upon release, which can result in human-wildlife conflicts. Throughout 

rehabilitation, the vervet monkeys had little to no contact with humans while in their enclosure. 

If a researcher or conservation worker was required to enter the enclosure during feeding or 

testing set-up, all vervets were kept in a separate section of the enclosure to avoid any human 

contact. The vervets experienced three human awareness testing trials where humans of different 

genders, stature, and ethnic origins were presented to the Release group in an anti-cage, the two-

door system into the enclosure to prevent escapes and unintentional human interaction. Vervet 

reactions were recorded on a level of 0-5 (see Table 3). The three human testing events occurred 
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on May 16th (Large Male, Familiar), May 17th (Medium Female, Admin Staff), and May 23rd 

(Small Female, Unfamiliar).   

2.1.4 Snake Awareness Testing  

Over 50 different species of snakes are found in Kenya, and despite only a small fraction 

of those being venomous, they are still one of the vervet's most prevalent predators (Animalia 

2025).  Testing involved a wooden snake model attached to a long piece of fishing wire, which 

was dragged across the floor of the vervet’s enclosure from a hiding spot. There were 2 such 

planned trials where a non-living model was used to test the responses of the individuals (May 

8th, 16th, 2012) and one unplanned trial where a live snake was observed 5-10 metres outside the 

enclosure by some of the vervets (April 26th, 2012). All snake tests were scored on a scale of 0-5 

(see Table 3). 

2.1.5 Electrical Wire Training  

Electrocution is the second largest cause of death in Diani primates (Donaldson 2017), 

indicating that naïve individuals must learn the risk of their presence. To reinforce the fear of 

electrical wires, the vervets in this study were exposed to carefully constructed electrical wiring. 

The voltage of these wires was set to 3.5KV and was pulsing, avoiding the potential, as in the 

wild, for an individual to grasp the wire and become unable to let go, leading to fatal 

electrocution. The electrical cables were a replica of those seen in the release site and, as in the 

wild, required vervets to touch two wires to receive a shock. The vervets were exposed to the 

electrical wires on May 18th (duration of 5.75 hours), May 19th (5.75 hours) and May 23rd (2.25 

hours). During each training session, every individual’s interaction with the electrical wires was 

recorded - touches with shocks (touching both wires with anybody part, which produced a 
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shock), touches without shocks (grabbing one of two wires with a hand, which did not complete 

the circuit and produce a shock).  

2.1.6 The Release 

One week before release, the Release group were fitted with radio-collars to closely 

monitor the welfare and activities of the individuals. After release, on May 27th, 2012, post-

release monitoring began on May 28th, 2012, and was conducted for 18 months until November 

2013. Instantaneous focal observations began with daily followings of the group from dawn till 

dusk, then were reduced over time. At 15 weeks post-release, the individuals were monitored for 

one full day during the week; at 18 months post-release, monitoring ceased. Observational data 

on the control groups were collected over 24 months from December 2011 to November 2013. 

Collection of these data occurred during three consecutive research periods per week per control 

group.  Data were collected on ranging behaviour, activity budgets, diet, human food access, and 

wildlife interactions. 

2.2 Data Analysis 

The vervet threat-awareness tests, captive background, developmental stage, post-release 

threat encounter, and survival rate data collected from Donaldson’s original thesis were 

thoroughly cleaned to standardize the data and check for errors, input digitally into excel, and 

statistically analysed using the coding platform R-Studio.  

2.2.1 Research Question One: How do captive vervet monkeys respond to tests and 

training in rehabilitation?  

To assess whether response scores differed significantly across successive baboon 

exposure events, pairwise Wilcoxon rank-sum tests were conducted. This non-parametric 

approach was selected because response scores were not normally distributed and because not all 
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individuals were present for each ad hoc exposure, resulting in unequal sample sizes across 

exposure events. Bonferroni-adjusted p-values were applied to account for multiple comparisons, 

and effect sizes were calculated to support interpretation of biological relevance. Initially, 

Friedman tests were conducted for the dog, human, and snake exposures to assess whether scores 

differed significantly across exposure sessions. This non-parametric repeated-measures approach 

was selected because response scores were not normally distributed and involved repeated 

observations of the same individuals across exposures. When significant effects were found, 

pairwise Wilcoxon signed-rank tests were then performed to identify specific differences 

between exposure sessions. Z-statistics were calculated to indicate both the magnitude and 

direction of changes in scores as exposure number increased. Similarly, a Friedman Chi-Square 

Test was conducted on the electrical wire training, which was performed pre-release, to 

determine whether there was a significant relationship between the mean number of shocks 

received and exposure number. To assess whether observation of others receiving shocks was 

influential on the number of subsequent shocks received, “observing” another individual was 

categorised by the orientation of an individual's head toward the individual of interest. Locations 

that resulted in obstructed views were taken into account, and any instances where observation 

was doubted were not recorded as such. Statistical analysis consisted of Spearman's rank 

correlation to assess the relationship between observing a group member receiving a shock, a yes 

or no variable, and the total number of subsequent shocks an individual received, as this 

approach is appropriate for non-normally distributed and ordinal or binary data. 

2.2.2 Research Question Two: How do individual differences among vervet monkeys 

affect their tests and training in rehabilitation? 
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To further understand how individual difference (see Table 4) play a role in initial response to 

threats during awareness exposures, Wilcoxon-Rank Sum tests were employed to compare the 

median threat awareness scores and shocks received from the first exposure to a threat between 

the two developmental groups. Analysis was restricted to the first exposure to minimise the 

influence of learning, habituation, and prior experience on subsequent responses. This non-

parametric approach was selected because response scores and shock counts were not normally 

distributed, and sample sizes differed between groups. Additionally, the two developmental 

groups were independent, making the Wilcoxon Rank-Sum test appropriate for between-group 

comparisons. The same approach was applied to compare median threat awareness scores and 

shocks received between individuals with and without a known history of captivity, in order to 

assess whether prior captive experience influenced initial behavioural responses.
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Vervet 

ID  

Sex  Developmental 

Stage on Arrival 

at CC* 

Developmental 

Stage Upon 

Release 

Time in Pre-

Release Group 

(Months) 

Presence of 

Previous 

Captivity 

Background 

Background* Fate  

(Nov 2013) 

Fate 

(May 2016) 

BA  M  Infant Sub-Adult 35 No  Orphan Alive Alive 

DI  F  Infant Sub-Adult 22 Yes  Captured by 

poachers 

Died 14/10/2013 

WVC - Pregnant 

N/A 

EM  F  Infant Juvenile 22 No  Orphan Alive Missing – May 2014 

EY  M  Infant Sub-Adult 35 No  Pet Alive Missing April 2015 

FA  F  Sub-Adult Adult 19 Yes  Pet Alive Alive 

HJ  M  Unknown Adult 3 Yes  Release from 

CC in 2009, 

lived on-site as 

a lone male 

Died 06/01/2013 

HWI 

N/A 

Table 4. Table of Vervet Individual Differences. Backgrounds on each vervet are based on information upon being brought to Colobus Conservation. * Based on 

estimated age on arrival and known circumstances of the individual before arrival, F = Female, M = Male,  HWI - Human wildlife interaction, WVC - Wildlife 

vehicle collision (Reproduced from Donaldson 2017, pg. 125).  
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Vervet ID  Sex  Developmental 

Stage on 

Arrival at CC* 

Developmental 

Stage Upon 

Release 

Time in Pre-

Release Group 

(Months) 

Presence of 

Previous 

Captivity 

Background 

Background* Fate  

(Nov 2013) 

Fate 

(May 2016) 

HO  F  Juvenile Juvenile 9 No  Suspected 

infanticide victim 

Alive Alive 

KT  F  Juvenile Adult 31 Yes  Pet Alive Alive 

ML  F  Infant Juvenile 6 Yes  Pet Died 26/04/2013 

Head injury 

N/A 

MM  M  Infant Infant 6 No  Orphan Died 05/06/2012 

Natural causes 

N/A 

RA  F  Juvenile Juvenile 8 No  Head injury via 

HWI 

Alive Alive 

ST  M  Infant Sub-Adult 35 No  Captured by 

poachers 

Alive Died 03/11/2014 

Necropsy inconclusive 

Table 4 Continued. Table of Vervet Individual Differences. Backgrounds on each vervet are based on information upon being brought to Colobus Conservation. 

* Based on estimated age on arrival and known circumstances of the individual before arrival, F = Female, M = Male,  HWI - Human wildlife interaction, WVC - 

Wildlife vehicle collision (Reproduced from Donaldson 2017, pg. 125).  
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2.2.3 Research Question Three: How does pre-release training and testing influence 

and/or predict post-release behaviour and success? 

To compare the encounter rates of threats (baboons, dogs, and snakes) across groups, a 

Kruskal-Wallis statistical test was conducted. This non-parametric approach was selected due to 

non-normality in encounter rate distributions and unequal sample sizes among groups. Human 

interactions were not observed in the control groups, so comparative analysis was not possible 

for this threat type. The analysis included three groups: the Release group (N=12), the Hotel 

group (N=32), and the University group (N=33). Data were restricted to encounters observed 

during a comparable 18-month post-release time frame (May 28, 2012 – November 30, 2013) to 

ensure consistency in observation effort and exposure duration. I used the survival rate as a 

measure of success for these welfare-based releases because it magnifies each individual's 

success and how pre-release factors may have affected the survival rate of the individuals. 

Additionally, I calculated the mean number of deaths per 100 calendar days in the Release group 

and compared these rates to the comparable period for the original cohort of the control groups to 

investigate the survival rate post-release. Individuals born after 28 May 2012 were excluded 

from this analysis to ensure comparable exposure periods. Differences in death rates were 

analysed using a Poisson regression model, which is appropriate for modelling count data 

representing rare events occurring over time. This approach accounts for variation in observation 

periods and enables direct comparison of mortality rates between groups. Finally, a descriptive 

analysis of the fates of individuals in each of the three groups was undertaken to investigate the 

key causes of deaths and their percentages in each group during the comparable time frame of 

552 days (May 28th, 2012 – November 30th, 2013). Any deaths that were not a result of the 
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threats tested in my study were categorised under “other”; these were an inconclusive autopsy 

and an individual who succumbed to natural causes.  

3 Results & Discussion by Research Question 

This section is dedicated to presenting the statistical results derived from the predictions of 

each research question. Immediately following the results, the study's findings will be discussed 

for each question individually. All these points will then be consolidated and fully explored in the 

General Discussion section that follows. 

3.1 Research Question One: How do captive vervet monkeys respond to tests and 

training in rehabilitation? 

3.1.1 Results 

Hypothesis 1 – An individual will learn to react appropriately to a threat over the course of 

awareness testing or training for that threat.  

Prediction A: Individual scores for each test type (baboon, dog, human, and snake) will improve 

with exposure.  

Baboons. A series of pairwise Wilcoxon Rank-Sum tests of baboon test scores indicated 

a moderate effect size between exposure 1 and 7 (R = 0.302). The results indicated no 

statistically significant difference in test scores between any of the exposure pairs (all adjusted p 

= 1.0). The Z-statistics for these pairwise comparisons ranged from 0 to 1.325 (Table 4), with all 

corresponding Bonferroni-adjusted p-values being 1.0.   

The median scores across the 7 baboon exposures ranged from 2 to 4, and a change from a 

median of 3 on the first exposure to 4 on the final encounter (Figure 4).  
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Table 4 Pairwise Wilcoxon Z-statistics comparing baboon testing exposure trials (1–7), showing relative differences 

in response scores between each group pairing. Z-statistics are derived from Wilcoxon effect sizes. Each row 

represents a unique pairwise comparison. 
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Figure 4 Boxplot of individual vervet monkey scores in the baboon exposures they witness, with a maximum of 7 

exposures, showing outliers and distribution of response scores. Horizontal lines indicate the median score across all 

individuals, and vertical lines (“whiskers”) extend from the hinge to represent the IQR. The whiskers reach 1.5 * 

IQR. 

 

Dogs. A Wilcoxon-Signed Rank test comparing dog test scores of first and second 

exposure indicated that although the median test scores increased by 0.75, there was no 

significant difference in response between the two test events (Z=-1.477977, p = 0.130) despite a 

moderate effect size (0.482). Figure 5 highlights a median shift from a score of 3 in the first 

exposure to 4 in the second exposure. The dog used in the first exposure was larger than the one 

used in the second exposure, which may explain the difference seen in the median scores. 

Although these results are non-significant, it is moving in the direction of being consistent with 

my prediction. 
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Figure 5 Boxplot of individual vervet monkey scores in exposure 1 and 2 of dog training. Horizontal line indicates 

median score across all individuals, and vertical lines (“whiskers”) extend from the hinge represent 1.5 * IQR.    

 

 Humans. A Friedman test on response to humans across the vervet individuals showed a 

statistically significant relationship between exposure number and response score (Friedman chi-

squared = 14.711, df = 2, p < 0.001, N = 12). However, in contrast to the prediction, an analysis 

of median differential indicates a negative relationship between vervet response and human 

exposure, such that increased exposure to humans resulted in a reduction in intensity of vervet 

response. Figure 6 highlights that on first exposure, the median response score was reasonably 

high at 4 but then decreased to 1 on the second exposure and remained at the same level for the 

third exposure. The three humans used in the encounters represented a few differing physical 

characteristics like sex/gender, size, age, and ethnicity, which could have contributed to the 

variation seen in the response scores.   
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Figure 6 Boxplot of individual vervet monkey scores in exposure 1, 2, and 3, showing outliers and distribution of 

response scores to humans. Horizontal lines indicate the median score across all individuals, and vertical lines 

(“whiskers”) extend from the hinge, representing the IQR. The whiskers reach 1.5 * IQR. 

 

Snakes. Consistent with the prediction, analysis of the snake threat tests revealed a 

positive trend in response scores across exposures (Exposure 1-2 [2], Exposure 2-3 [0], Exposure 

1-3 [2]), that was statistically significant (Friedman's χ2 = 20.762 = 20.762, df = 2, p < 0.001, 

N=12; large effect size r = 0.865). Because the overall effect was significant, a post-hoc analysis 

was conducted. As can be seen in Figure 7, a series of Wilcoxon-Signed Rank tests indicated the 

significance was primarily driven by the increase in response scores between exposures 1 and 2 

(Z = 0, p = 0.0065), which was maintained for the third exposure. It should be noted that the first 

exposure was a distant encounter with a live snake outside of the vervet enclosure, which may 
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explain the low scores, as the snake was not inside the enclosure like the snake model exposures 

thereafter.  

Figure 7 Boxplot of individual vervet monkey scores in response to snakes, in exposure 1 (ad hoc), 2, and 3. 

Horizontal lines indicate the median score across all individuals, and vertical lines (“whiskers”) extend from the 

hinge represent the IQR. The whiskers reach 1.5 * IQR. 

 

Prediction B: With each exposure to electrical wire, the number of shocks will decrease per 

individual.  

Consistent with the prediction, as vervet individuals progressed through multiple 

exposures, the number of shocks they received decreased (Friedman chi-squared = 20, df = 2, p-

value < 0.0000454, N=12), (Exposure 1–2:  score 1, Exposure 2–3: 0, Exposure 1–3: 1). As can 

be seen in Figure 8, the significant reduction in shocks by exposure number was driven by the 

reduction from a variable number of shocks in the first exposure to electric cables to 0 shocks in 
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the second exposure which was maintained in the third exposure (Exposure 1-2: p= 0.0085, 

Exposure 2-3: no change, Exposure 1-3: p= 0.0085).   

Figure 8 Individual number of shocks received per individual by number of exposures to electric cables. 

 

Hypothesis 2- Individuals who observe negative reactions to threats by others will learn to be 

afraid of the threat (at least partially) through social learning. 

Prediction A: If a vervet monkey observes another individual receiving a shock, they will 

experience fewer shocks than individuals who do not observe a peer receiving a shock.  

The total number of shocks received was not influenced by the number of shocks an 

individual observed before directly interacting with electrical wires themselves (Spearman rank 

correlation test: S = 270.12, p = 0.864, rho12= 0.06; Figure 9).  
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Figure 9 Scatter plot shows each individual's total number of shocks and number of observations of others being 

shocked without a previous direct interaction with the electrical wires. 

 

3.1.2 Discussion 

When testing my first hypothesis, which suggests that an individual’s scores should improve 

with continued exposure to threats, only one out of the four threats (snakes) showed a significant 

relationship in the predicted direction. However, with a small sample size, it is useful to consider 

the details of the threat tests that may have played a role in the results.   

Baboons. During the baboon tests, there were no significant changes in response score with 

repeated exposures. While there appears to be an upward trend across the 7 encounters (Figure 

4), there are a few factors that could have played a role in the absence of significance. Firstly, the 

baboons featured in the exposures varied in size, sex, age, and number, which may have played a 

role in the variation in scores across exposures.  Additionally, the vervet group size for this study 
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was already quite small in comparison to current literature, which has reported sample sizes 

ranging from 20 to over 90 individuals (Junker et al. 2020), and as the exposure numbers 

increased, fewer vervets were present to provide response scores because not all of the 

individuals were present during every ad hoc exposure. Only one individual was present for all 7 

baboon exposures. Also, the median response scores only dropped below a score of 3 once, 

indicating the Release group had been responding relatively well to the baboons upon first 

exposure (Donaldson 2017). Baboons fall under the category of carnivorous mammalian 

predators to vervet monkeys and typically trigger the individuals to move away from the threat 

quickly and silently (Seyfarth et al. 1980a).  The baboons approached the enclosures mostly 

during the dry season (December – May), meaning that any individual who had been living at 

Colobus Conservation before March 2011 (HJ, KT, FA, BA, EY, ST, DI, and EM) would most 

likely have been exposed to baboons previously. Prior habituation to the baboons during 

rehabilitation at Colobus Conservation could have potentially influenced the response scores by 

reducing the perceived threat. Nevertheless, since all initial responses were adequate, I conclude 

that habituation did not compromise the integrity of the threat assessment scores. 

Dogs. While there was an increase in the median dog response score across exposures, the 

change wasn’t statistically significant. The first dog presented to the Release group during 

awareness tests was a larger dog, which differs from the subject used in the second exposure, 

which was a smaller individual. Dogs of all sizes pose a threat to vervets, but response intensity 

may be influenced by such factors, depending on how threatening a predator appears. The typical 

vervet response to mammalian carnivores is to run to a tree and climb up to avoid the attack 

(Seyfarth et al. 1980a); however, if the dog is small enough or appears less threatening, vervets 
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are also known to approach and mob (Struhsaker 1967). A lower response score due to 

individuals not climbing upwards and away would not, therefore, necessarily reflect 

“inappropriate” behaviour. While I cannot be certain which characteristics illicit stronger and 

appropriate responses, the physical difference between presented threats may explain why we see 

a difference in response in exposure numbers. Furthermore, the median response score was 

relatively high during the first exposure, suggesting that the group may have already been 

responding appropriately to dogs, reducing the opportunity for a significant change to occur.     

Humans. Interestingly, the median human exposure response score was initially high but 

then showed a significant decrease in exposures 2 and 3. In this study, the humans who were 

used in the exposures represented a diverse range of characteristics, including sex/gender, size, 

age, and ethnicity. The first exposure was an adult, Kenyan man, with a relatively large build, 

which may explain why this exposure received the highest median response score, as a larger 

human may be perceived as more of a threat (McElvaney et al 2021). However, this individual 

was also the most familiar to the vervets as he participated in the rescue of some of the 

individuals and provided rehabilitation care. The second exposure was an adult, Kenyan woman 

of medium build. This human was not as familiar to the vervet group, but the individuals may 

have seen her around the enclosure as she was admin staff at Colobus Conservation Trust. The 

third exposure was an adult Spanish woman who had the smallest frame of all the human 

encounters. She was the most unfamiliar to the monkeys and had rarely been seen by the vervets. 

I cannot disentangle the explanations for the decrease in vervet response with human exposures.  

It could be due to habituation to human presence or the reduction in size (and hence threat) of the 

humans from exposure 1-3.  Although not the focus of this study, it is interesting to note that 
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when examining the differing characteristics among humans, it appears that the vervets 

responded most appropriately to the larger, familiar, Kenyan man.   

Snakes. In the planned model snake exposures, the model did not replicate a specific species 

of predatory snake, like a python, yet would still present the vervets with a potential cue to a 

deadly hazard (Schad et al. 2024). Here, a significant difference was observed between the 

exposure scores, with the largest change occurring between exposure 1 (a live snake outside the 

enclosure) and exposure 2 (a model snake within the enclosure). The significant relationship was 

positive, suggesting that over repeated exposures, the vervet monkeys learned to react more 

appropriately to the presence of a snake. However, due to the differing conditions between 

exposure events, I cannot be certain that the change between the first two exposures was due to 

improved responses to the presented threat. The live snake being located outside of the enclosure 

at a safe distance may not have been perceived as a big threat compared to the model snakes 

inside the enclosure in the subsequent exposures as they were in a closer proximity, especially if 

it was not a predatory species (Isbell and Etting 2016). Typically, vervets will inspect a snake 

prior to producing an alarm call or reaction, which requires them to be in proximity to the threat 

to identify the species and determine if it is a threat (Schad et al. 2024). Additionally, it has been 

reported that vervets will not move from a position in an arboreal location if a snake is spotted, 

which, in this study, may have been reported as a score of 1 if a vervet exhibited this behaviour 

because they did not adjust their positioning, but in reality, reflects an appropriate response 

(Seyfarth et al. 1980a). If the vervets did not register the real snake as a threat from inside the 

enclosure, that would explain why the reactions did not score higher. Knowing this, one can look 

at the median score difference between exposure 2 and 3 to have a better understanding of how 



   

 

42 

 

 

 

 

this group specifically responded to model snakes within their enclosure. Exposures 2 and 3 both 

had a median score of 3; while not the highest possible score, this is considered an adequate 

response to this specific threat. In summary, the model snake used in this study prompted 

appropriate responses from the Release group.  

Across all threat awareness trials, the vervets would likely have been exposed to all the 

threats while in the enclosure, but before official data collection. Baboons often entered the 

Colobus Conservation area, so the vervet individuals would have learned about their presence, 

but with the protection of the enclosure. Similarly, snakes and stray dogs would have also been 

spotted in the surrounding area, but may not have been registered as a threat, as they would have 

been further away in foliage, and the enclosure provided security. This may explain why median 

scores across all threats were rarely above a 3 because the group may have become habituated to 

the enclosure, providing safety from threats. In support of this, it was found that urban vervets 

had a shorter flight initiation distance (meaning a threat is closer prior to an individual 

responding) than rural ones, suggesting that urbanised environments provided security and may 

result in habituation to threat (typically human) presence (Mikula et al. 2018). It is also possible 

that the awareness tests did not resonate with the vervets properly; this could be a result of not 

using a negative stimulus in association with the threat. As seen in previous research, the pairing 

of a negative stimulus with a threat, known as classical conditioning, reinforces adequate prey 

behaviour. Without the negative stimulus, the individual is simply being presented with the 

threat, and there is no connection made between the threat and danger (Pavlov 1927; Griffin et 

al. 2001).  
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There was a significant decrease in the number of shocks as exposure to electrical wires 

increased. The vervet group learned to avoid electrical wires after the first exposure and 

maintained this knowledge in the following exposures. In training, the shocks were a lower 

voltage and pulsing current, compared to when in the wild, where one touch of an electrical wire 

is typically fatal (Cunneyworth and Slade 2021). Only two individuals did not touch the wires 

(and receive a shock) during the entire training period, so the majority did experience a shock 

during the training. If that occurred in the wild, it would have most likely resulted in death, 

solidifying the need to pursue pre-release training to prevent a lethal encounter with electricity in 

their release environment. Electrical wires were an important threat to vervets in the Diani area, 

with 3 vervet electrocution welfare cases from non–study groups brought to Colobus 

Conservation from May 2012 to November 2013. Additionally, a study on 4 different non-human 

primate species found that 73% of reported electrocution cases were fatal in the Diani area 

(Cunneyworth and Slade 2021). Considering the demonstrated quick learning period and threat 

severity post-release, electrical training of the type used here would seem essential in 

rehabilitation training for individuals who are to be released into an environment with electrical 

wires.  

Social learning is one of the key ways that vervets develop appropriate behaviour in the wild, 

typically by learning from older and higher-ranking individuals (van de Waal et al. 2010; van de 

Waal et al. 2013; Whiten and van de Waal 2018; Harrison 2024). My second hypothesis explored 

whether social learning had an effect on threat awareness, specifically to electrical wires. My 

findings did not support my prediction that social learning would aid learning, as they suggest 

that the number of times a vervet witnessed a shock, prior to receiving one themselves, did not 
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reliably predict how many shocks they subsequently received in total. Although juveniles are 

often expected to rely on social learning more (Whiten and van de Waal 2018), this pattern did 

not appear in this group of 12 vervets (See Figure 9). In summation, merely observing another 

vervet receive a shock did not result in the vervets avoiding electrical wires. Experiencing a 

shock oneself was more effective as a deterrent in this study. It is important to note, however, 

that the small sample size of the Release group may have influenced the lack of significance in 

this analysis.   

3.2 Research Question Two: How do individual differences among vervet monkeys affect 

their tests and training in rehabilitation? 

3.2.1 Results 

Hypothesis 1 – An individual's developmental age will influence threat awareness reactions 

during rehabilitation. 

Prediction A: Across all threat awareness tests, threat awareness scores upon initial presentation 

(encounter 1) will be higher on average for the adult/sub-adult group compared to the 

infant/juvenile individuals. 

An analysis of baboon response scores indicated that there was no significant difference 

between developmental age group (Juvenile/Infant N1=5, Adult/Subadult N2=7) in the initial 

baboon exposure scores (Wilcoxon Rank-Sum: W = 15.5, p = 0.1; Figure 10).  
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Figure 10 Boxplot of individual vervet monkey scores upon initial presentation of baboon threat, in tests, by 

developmental age group. Horizontal line indicates the median score across all individuals, and vertical lines 

(“whiskers”) extend from the hinge, representing the IQR. The whiskers reach 1.5 * IQR. 

 

I also found that there was no statistically significant difference between developmental 

age groups (Juvenile/Infant N1=5, Adult/Subadult N2=7) in initial dog exposure scores 

(Wilcoxon Rank-Sum: W = 21, p > 0.5828; Figure 11). 
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Figure 11 Boxplot of individual vervet monkey scores upon initial presentation of dog threat in tests by 

developmental age group. Horizontal lines indicate the median score across all individuals, and vertical lines 

(“whiskers”) extend from the hinge represent the IQR. The whiskers reach 1.5 * IQR. 

 

In contrast to the prediction, there was no statistically significant difference between 

development groups (Juveniles/Infants N1=5, Adult/Sub-adults N2=6) in initial human exposure 

response scores (Wilcoxon Rank Sum test: W = 21, p-value = 0.5956). Figure 12 highlights that 

the juvenile/infant category had a higher median score than the adult/sub-adult category. The 

difference between the two categories was 0.5 of a score, this opposes my prediction that the 

adult/sub-adult individuals would have a higher median score.  
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Figure 12 Boxplot of individual vervet monkey scores upon initial presentation of human threat in tests by 

developmental age group. Horizontal lines indicate the median score across all individuals, and vertical lines 

(“whiskers”) extend from the hinge, representing the IQR. The whiskers reach 1.5 * IQR.  

 

  Finally, there was no statistically significant difference between developmental age group 

(Juvenile/Infant N1=5, Adult/Subadult N2=7) in the initial snake model exposure scores 

(Wilcoxon Rank-Sum Test: W = 14.5, p-value = 0.6616; Figure 13). 
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Figure 13 Boxplot of individual vervet monkey scores upon initial presentation of snake threat, in tests, by 

developmental age group. Horizontal lines indicate the median score across all individuals, and vertical lines 

(“whiskers”) extends from the hinge, representing the IQR. The whiskers reach 1.5 * IQR.  

 

Prediction B: As developmental age increases, there will be a decrease in the number of shocks 

upon initial exposure to electrical wires.  

 There was no statistically significant difference between developmental age groups in 

shocks received on first encounter with electrical wires (Wilcoxon Rank-Sum: W = 14.5, p-value 

= 0.6493). The two developmental stages (Juvenile/Infant N1=5, Adult/Subadult N2=7) received 

the same median total shocks, neither supporting nor refuting my prediction; however, the hinge 

was larger in the adult/sub-adult category (Figure 14), indicating that the central 50% of the 

scores were more widely dispersed and there was less consistency among the vervets in 

comparison to the Juvenile/Infant group.   
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Figure 14 Boxplot of individual vervet monkey shock number upon initial presentation of electrical wire, in 

training, by developmental age group. Horizontal lines indicate the median score across all individuals. The vertical 

lines (“whiskers”) extend from the hinge (upper and lower box edges), which represents the IQR. The whiskers 

reach 1.5 * IQR.  

 

Hypothesis 2 - Individuals who experienced captivity prior to arriving at Colobus Conservation 

will show a higher frequency of inappropriate behaviours in threat tests and training. 

Prediction A: Individuals who have previous experience in captivity prior to arriving at Colobus 

Conservation will start with lower scores in baboon, dog, human, and snake awareness trials than 

individuals who have never experienced captivity.  

There was no statistically significant difference between captivity backgrounds (No 

Captivity N1=7, Captivity N2=4) in the initial baboon response scores (Wilcoxon Rank-Sum test: 
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W = 20, p-value = N/A). Figure 15 shows the similarities between the captivity backgrounds and 

baboon score, with a median score difference of 0.5. 

 

Figure 15 Boxplot of individual vervet monkey scores upon initial presentation of baboon threat, in tests, by 

captivity background. Horizontal line indicates the median score across all individuals, and vertical lines 

(“whiskers”) extend from the hinge, representing the IQR. The whiskers reach 1.5 * IQR.  

 

There was no statistically significant difference between captivity backgrounds (No 

Captivity N1=7, Captivity N2=5) in the initial dog response scores. (Wilcoxon Rank-Sum test: W 

= 14.5, p-value = 1).  
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Figure 16 Boxplot of individual vervet monkey scores upon initial presentation of dog threat, in tests, by captivity 

background. Horizontal line indicates the median score across all individuals, and vertical lines (“whiskers”) extend 

from the hinge, representing the IQR. The whiskers reach 1.5 * IQR.  

 

There was no statistically significant difference between captivity backgrounds (No 

Captivity N1=7, Captivity N2=5) in the initial human response score (Figure 17; Wilcoxon Rank-

Sum: W = 24.5, p-value = 0.3171).  
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Figure 17 Boxplot of individual vervet monkey scores upon initial presentation of human threat, in tests, by 

captivity background. Horizontal line indicates the median score across all individuals, and vertical lines 

(“whiskers”) extend from the hinge, representing the IQR. The whiskers reach 1.5 * IQR.  

 

Lastly, there was no statistically significant difference between captivity backgrounds 

(No Captivity N1=7, Captivity N2=5) in the initial model snake scores, excluding the initial ad-

hoc, live snake encounter (Wilcoxon Rank-Sum: W = 20, p-value = 0.7235). Figure 18 highlights 

the similarities between the two captivity groups, where both captivity categories had the same 

median score, disputing my prediction.
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Figure 18 Boxplot of individual vervet monkey scores upon initial presentation of snake threat, in tests, by captivity 

background. Horizontal line indicates the median score across all individuals, and vertical lines (“whiskers”) extend 

from the hinge, representing the IQR. The whiskers reach 1.5 * IQR.  

 

Prediction B: Individuals who come from a captive background will have a higher frequency of 

touches of the electrical wire than non-captivity-experienced vervets during their initial exposure 

in training.  

There was no statistically significant difference between captivity backgrounds (No 

Captivity N1=7; Captivity N2=5) in the total number of shocks received (Wilcoxon Rank-Sum: 

W = 23, p-value = 0.3599). Figure 19 indicates that the vervets who did not have a background 

in captivity had the same median number of shocks upon initial presentation of electrical wires 

as the group that did experience captivity prior to joining Colobus Conservation.  
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Figure 19 Boxplot of individual vervet monkey shock count upon initial presentation of electrical wire, in training, 

by captivity background. Horizontal line indicates the median score across all individuals, and vertical lines 

(“whiskers”) extend from the hinge, representing the IQR. The whiskers reach 1.5 * IQR.  

 

3.2.2 Discussion 

My second research question focused on how individual experiences and characteristics 

might influence responses in threat awareness tests and electric wire training. Previous research 

has revealed that predator response is not only formed via the evolutionary process but also the 

“accumulation of experiences during individual lifetimes” (Griffin et al. 2001, pg. 1319), which 

implies that older individuals may have had more opportunities to learn adequate responses to 

presented threats. Younger individuals are hyper-sensitive to threats and refine their responses 

with age, meaning they do not demonstrate specific reactions to differing threats, so one might 

expect them to respond less appropriately than the older group (Seyfarth and Cheney 1981; 
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Lingle et al. 2008; Dubreuil et al. 2023).  None of my tests revealed a statistically significant 

difference between the two age groups; infant/juvenile and sub-adult/adult. There was also no 

statistical significance found between the two age groups in the number of shocks received in the 

electrical training. The findings may be a result of a small sample size, as previous research has 

indicated threat response is not static, and we would expect to see more inappropriate behaviours 

from the infant/juvenile group (Dubreuil et al. 2023). It is also important to consider that both 

age groups featured individuals from different captivity backgrounds, which makes it difficult to 

identify and isolate age as a factor that may impact their threat response.  

My second hypothesis addressed the impact of previous captivity on threat awareness. 

Captivity often results in stress (Khan 2013) and the loss of essential threat responses (Mallapur 

and Choudhury 2003; Lutz and Novak 2005; Banks et al. 2018); therefore, vervets who had 

experienced captivity before entering Colobus Conservation may be expected to exhibit less 

appropriate responses to encounters with threats. While my data did not support my hypothesis, 

this could be attributed to the small sample size of my study. Also, both groups featured 

individuals of differing ages, which may have influenced response behaviour, and we cannot 

disentangle how much each variable influences or does not influence threat awareness tests. 

Additionally, individuals who experience extensive captivity may become hypersensitive to 

stimuli because of lower well-being and consequently demonstrate more fearful behaviour to 

threats (Mallapur and Choudhury 2003; Banks et al. 2018) than individuals who did not spend 

time in captivity. 

3.3 Research Question Three: How does pre-release testing and training influence and/or 

predict post-release behaviour and success? 

3.3.1 Results 
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Hypothesis 1 – Pre-release threat awareness tests may predict post-release behaviour and 

success.  

Prediction A: The Release group of vervets will exhibit a similar rate of encounters with threats 

per month as the two control groups if the Release group presents appropriate response scores 

prior to release.  

There were no electrocution cases in any of the vervet groups, so analyses were only 

conducted on threats that were encountered during the post-release period. There was a 

statistically significant difference between the three vervet groups in the rate of baboon 

encounters in the wild (Kruskal-Wallis chi-squared = 24.848, df = 2, p-value = 4.022e-06). 

Further analysis using a pairwise comparison showed that the significant difference was due to 

the University group having a higher rate of encounters than both the Release (p-value < 0.0001) 

and Hotel (p-value <0.0001) groups (Figure 20).   
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Figure 20 Box plot of baboon encounter rates per hour per month by vervet group. The plot displays the median 

number of baboons encountered per hour for the Release, University, and Hotel vervet groups during observation 

periods. Horizontal lines indicate the median score across all individuals, and vertical lines (“whiskers”) extend from 

the hinge represent the IQR. The whiskers reach 1.5 * IQR. 

 

Furthermore, there was a statistically significant difference between the three vervet 

groups in the rate of dog encounters (Kruskal-Wallis chi-squared = 20.63, df = 2, p-value = 

3.314e-05). Analysis using a pairwise comparison showed that the significance was due to the 

University group having a higher median dog encounter rate than both the Hotel (p-value = 

0.000005) and Release (p-value = 0.0205) groups (Figure 21).  The Release and Hotel group had 

a median encounter rate across all months of 0, while the University group had a slightly higher 

median of 0.0128.  
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Figure 21 Box plot of dog encounter rates per hour per month by vervet group. The plot displays the median dog 

encounters per hour for the Release, University, and Hotel vervet groups during observation periods. Horizontal line 

indicates the median score across all individuals, and vertical lines (“whiskers”) extend from the hinge, representing 

the IQR. The whiskers reach 1.5 * IQR 

 

Snake encounters were rare, and there was no statistically significant difference between 

the three vervet groups (Kruskal-Wallis chi-squared = 0.036528, df = 2, p-value = 0.9819). The 

release group had the lowest rate of encounters with snakes, while the University and Hotel 

groups had progressively higher rates, respectively. Figure 22 shows that all three groups had a 

median encounter rate across all months during observation of 0, with each group presenting one 

outlier from the one encounter they had during the entire research period.
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Figure 22 Box plot of snake encounter rates per hour per month by vervet group. The plot displays the median 

snake encounters per hour for the Release, University, and Hotel vervet groups during observation periods. 

Horizontal line indicates the median score across all individuals, and vertical lines (“whiskers”) extend from the 

hinge, representing the IQR. The whiskers reach 1.5 * IQR.   

 

Prediction B: The Release group will demonstrate a similar death rate per 100 days as the two 

control groups.  

Counting only confirmed deaths in the original cohorts, the Release group had a 66.6% 

survival rate during the time frame of May 28th, 2012 – November 30th, 2013. During this same 

timeframe, the University group had a 65% survival rate, and the Hotel group 90%. In a 

comparison of deaths per 100 observation days of each group, the Release group had a rate of 

0.725, the university group 0.188, and the hotel group 0.188 (Figure 23). As reported by 

Donaldson (2017, p.124), there was no significant difference in survival rates between the three 
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groups. Although mortality rates were higher in the Release group, differences among groups 

were not statistically significant (Poisson regression, p = 0.215). 

 

Figure 23 Mean mortality rate (deaths per 100 calendar days) for the three vervet observation groups (Release, 

University, and Hotel) during the comparable post-release period (28 May 2012 – 30 November 2013). Bars 

represent the average number of confirmed deaths per 100 calendar days within each group.     

 

Prediction C: The Release group will have similar causes of death to the control group.  

An exploratory data analysis of the vervet individual’s fates helped identify that the 

causes of deaths in the Release group were by humans (~40% of all deaths), vehicle (~20%), and 

other (~40% with no deaths due to baboons, snakes, dogs or electrocution (See Figure 24). Of 

the University group, 4% were killed by dogs, and the remaining were alive or missing at the end 

of the comparable time frame. Similarly, the Hotel group had 5% of individuals die due to human 
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interactions. The Release group had two death types that were not reflected in the control groups: 

death by vehicle and other. There were no electrocutions in any of the vervet groups.  

Figure 24 Stacked bar plot showing the percentage of individual fates within each vervet group (Release, 

University, and Hotel) from a comparable time frame of May 28th, 2012 – November 30th, 2013. Fates include 

individuals that remained alive, went missing, or died due to various causes (human-related, vehicle collision, dog 

attack, or other/unknown causes). “Death by Other” encompasses any deaths that do not fit into the threats identified 

in this study, i.e. released too young or an inconclusive autopsy report. The individuals used in this comparison were 

the vervets who were present at the beginning of the timeframe; no immigration or births were included or 

considered.    

 

3.3.2 Discussion 

I explored whether pre-release threat awareness tests are predictive of behaviour and success, 

in addition to whether electricity training will positively impact behaviour and success post-

release. I hypothesised that the threat awareness tests would predict behaviour and success after 
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release.  Consistent with my prediction, the Release group’s rate of encounters for the baboons, 

humans, and snakes was not significantly different from the control-Hotel group and, more 

impressively, was significantly less than the control-University group for baboons and dogs 

Thus, the Release group had the same or fewer encounters with these potential predators than the 

control groups, which is crucial as predation is the leading cause of death in releases (Beck et al. 

1991; Strum 2005; Campbell et al. 2015). 

The Release group did have a slightly higher rate of deaths per 100 calendar days than the 

two control groups, but these were not significantly different statistically (Donaldson 2017, 

p.124). It is crucial to consider that the Release group was observed more intensively than the 

Hotel and University groups, meaning every release individual was accounted for up until the 

moment their tracking collars were removed in 2013, 18 months post-release. The control groups 

did not have tracking collars, so there were more individuals with unknown outcomes, such that 

the recording of deaths was more conservative for the control groups than the Release group. The 

confirmed deaths were proportionally higher in the Release group, but this can be attributed to 

different data collection methods and the fact that the Release group was considerably smaller 

than the control groups.  Accordingly, the Release group seemed to be well prepared for life post-

release; this could be a result of the electric-wire training or the requirement of exhibition of 

appropriate threat responses prior to release. There were no electrocution cases in the three 

vervet groups; however, there were three recorded electrocutions in the wider Diani area in other 

primate species during the 18 months. It is clear that the threat of electrical wires was still 

prevalent at that time, and the Release Group was successfully avoiding electrocution, further 

demonstrating the efficacy of the pre-release training Donaldson conducted. 
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The last aspect I explored in the success of the Release group was the causes of deaths in 

each group during the comparable time frame. While I did not statistically test the prediction that 

the Release group will demonstrate similar causes of deaths as the control groups, descriptive 

data indicated two causes of death in the Release group, which were not shared with the control 

groups - death by vehicle and an unknown cause of death. Due to an inconclusive autopsy of the 

unknown death, I cannot categorise the type of death or claim that it was not also reflected in the 

Hotel and University groups. There was one case of death by vehicle, suggesting that while tests 

to recognise and avoid motorised vehicles may reduce these types of deaths in rehabilitation 

release individuals, it is not the leading threat of concern for vervets, at least in Diani. The 

highest percentage of deaths in the Release group was via interactions with humans, and most 

notably, these deaths were mostly caused by humans wielding stone catapults and slingshots. 

This suggests that the threat awareness testing conducted in this study may not have been 

completely appropriate (or specific enough) for the release site or that their group was subject to 

slightly different levels of threats.  

3.4 General Discussion 

This thesis established that pre-release threat training and testing—particularly utilising 

aversive conditioning as seen in electrical training—is a viable and effective component of 

rehabilitation efforts in primatology, yielding post-release survival rates comparable to those of 

wild vervet groups in the same semi-urban environment. Furthermore, the data indicated that 

neither developmental age nor prior captivity status significantly limited an individual's pre-

release learning ability. Nevertheless, these results simultaneously indicate the urgent 

requirement for developing more sophisticated training methods designed to mitigate risks from 
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non-traditional anthropogenic threats, such as human-weapon conflict and vehicular traffic. To 

evaluate these outcomes comprehensively, my investigation continued by defining and 

quantifying the overall success of the release according to established conservation metrics, 

namely post-release survivorship/mortality rates (Tutin et al. 2008) and long-term population 

growth (Stoinski et al. 2003), which provided the framework for assessing the utility of 

individual pre-release performance.  

Post-release success can be measured through post-release survivorship/mortality rates (Tutin 

et al. 2008) or long-term population growth (Stoinski et al. 2003). I determined the success of 

this rehabilitation release by considering the survival and threat encounters of the Release group 

in comparison to the other local vervet populations, specifically the Hotel and University groups. 

The released individuals had a similar rate of encounters with threats as the control groups and 

had a similar survival curve as the two control groups, indicating that the release and 

rehabilitation translocation performed can be considered successful in this context, as the vervet 

group met the ‘appropriate response to threats’ criteria for release, which accurately predicted the 

success of the group post-release. It is crucial to highlight that there was no true “control” group 

to compare with, as it would be unethical to release rehabilitated individuals without conducting 

threat awareness testing and training, so it’s impossible to determine if the threat exposures and 

electricity wire training were the reason for the success. Additionally, in some cases, the median 

scores in the first exposure were adequate on an individual level (Donaldson 2017), indicating 

that further threat awareness testing might not have been necessary beyond a primary exposure.  

Although this study may not pinpoint effective rehabilitation methods (other than with regard 

to electrocution training), it is clear that threats are the number one concern when it comes to 
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post-release success (Beck et al. 1991), and this group of released vervets did not 

disproportionately succumb to the threats posed in the wild, indicating that there was an 

improvement upon previous release methods where individuals struggled post-release due to 

deaths via predators (Beck et al. 1991; Riedler et al. 2010; Cremona et al. 2017). Future research 

should focus on perfecting pre-release threat training and testing, particularly in threat response, 

without inducing habituation to the threats. Specific recommendations for achieving this are 

discussed below.  

I found that neither the development stage nor the presence of captivity in a vervet's 

background significantly impacted behaviours in response to threat exposures. Individual 

differences among the vervets, whether by age group or prior history of captivity, did not indicate 

that any specific trait made them better prepared for encountering threats. Therefore, training 

can, and should, be performed with all pre-release individuals regardless of background or age. 

While my research used awareness tests (except for the electrical wires, which were categorised 

as training), the results of these trials are informative when thinking about future training 

attempts. However, this conclusion should be considered in light of the study's small sample size. 

It remains possible that age or captivity background may be found to be influential in future 

large-scale release attempts, so my recommendations remain flexible as future research develops.  

Prey threat response is a behaviour built not only through the evolutionary process, but also 

through the conglomeration of experiences in an individual's lifetime, where individuals 

personally, and socially, learn the danger of predators and abiotic threats (Griffin et al. 2001). 

Understanding this should encourage future research to further explore how background might 

influence threat response and how that can be incorporated into rehabilitation to benefit all 
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individuals. Due to a lack of prior experience, younger vervets may need more extensive threat 

training to develop their alarm calls, a skill that research shows improves with age and 

experience (Seyfarth et al. 1980b). Similarly, rehabilitation candidates who have a history of 

captivity are known to show higher levels of naivety to threats, suggesting that (despite my null 

findings) these individuals may need additional training to learn or relearn appropriate responses 

(Banks et al. 2018). It would be interesting to explore how age influences the efficacy of social 

learning and how that can be used to increase the success of pre-release training.  Previous 

research indicates that younger individuals might rely more heavily on social learning than older 

ones (Arbon et al. 2025; Kendal et al. 2018), so social learning might be an appropriate method 

of training for younger individuals but less so for older individuals. To provide rehabilitation 

individuals with the best possible training and chances of success post-release, further research 

should aim to understand how individual differences might play a role in threat response while in 

rehabilitation. Doing so will provide invaluable information and guidance on future rehabilitation 

release techniques that can cater to primates in all developmental stages and backgrounds.   

In this study, satisfactory response scores were observed prior to release, but deaths 

associated with known threats (humans) still occurred after the release. Pairing a threat with a 

stimulus or recorded alarm call is impactful when reinforcing specific behaviours such as threat 

responses in rehabilitation (Pavlov 1927; Seyfarth et al. 1980a; Mirza and Chivers 2000; Griffin 

et al. 2001). Although this type of training was only possible with the electrical wires, my study 

still provides valuable insight into the very real challenges that may present themselves in 

rehabilitation release cases and helps guide further exploration into this conservation method. 

After release, the vervets had one vehicular and two human-related deaths, which can be used to 
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understand the shortcomings of the threat awareness tests performed before release. In both 

human-conflict cases, a projectile was used to injure and kill the vervet monkey, revealing that 

the human awareness tests performed might not have been specific enough to the dangers an 

encountered human may pose. Not all humans have the intent of hurting wildlife; however, a 

person holding a weapon should be avoided, so training vervets to identify common hunting and 

defence weapons may be useful but extremely challenging.  It might be beneficial to shift the 

direction of “human awareness training/test” from avoiding humans to recognising and reacting 

to the weapons/tools often used to kill primates.  

On the other hand, vehicular deaths are common in Diani, but training a vervet to react 

appropriately to a car is much more complicated than anticipated predators. Ideally, the complete 

avoidance of roads would prevent these deaths in both released and wild vervets, but a partially 

urbanised environment like Diani makes it impossible to do so. I suggest it might be impactful to 

reinforce the fear of vehicles used in the release site, but doing so will require extensive 

consideration of how this can be conducted without putting rehabilitation individuals at risk of 

injury. If possible, pre-release training that includes presenting motorised vehicles at a safe 

distance and pairing the presentation with an aversive stimulus may decrease vehicular deaths 

post-release. Alternatively, the use of video footage could be considered to teach individuals in 

translocation attempts the dangers of threats post-release, as previous research demonstrates that 

this is an effective way to influence specific behaviours in chimpanzees and other primates 

(Hopper 2012). This technique could be used for both biotic and abiotic training to avoid 

exposing released individuals to harm during training.   
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The combined results of this research and Donaldson's 2017 study provide a powerful, 

evidence-based argument for the efficacy of primate translocation. Donaldson's conclusion that 

the release was successful, based on the Release group demonstrating comparable survivorship 

to indigenous wild control groups and maintaining representative activity budgets, is directly 

supported by my analysis, which confirmed the success of specific pre-release methods, such as 

electrical wire training. 

Based on this, I recommend the further use of rehabilitation release for the welfare benefit of 

rescued vervets. For future research, it should aim to learn what specific human factors elicit the 

most appropriate/inappropriate response, why, and how that can be used to train pre-release 

individuals regarding the threat of humans in their environment without habituation. 

Furthermore, understanding and perfecting this translocation protocol can serve as a detailed 

template to educate the conservation of non-primate species globally to assist in combating the 

consequences of the climate crisis.  

4 Conclusion 

In this study, I investigated the effectiveness of threat-awareness testing and training for 

rescued vervet monkeys by analysing their individual responses, the influence of their 

backgrounds and social learning, and the correlation between awareness testing and training and 

post-release success. This research shows that vervet response to presented threats during 

rehabilitation did not consistently improve across threat types and that numerous confounding 

factors contribute to the efficacy of rehabilitation, and the only statistically significant 

improvement in response across exposure was in the electrical training when Donaldson utilised 

an aversive stimulus alongside the presentation of a threat. Therefore, the pairing of an aversive 
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stimulus with the presentation of a threat should be one of the primary techniques in 

rehabilitation threat training. While no statistically significant difference was found between 

captivity background or developmental stage and threat response score, the overall success of 

applying a threshold response score as a criterion for release (see Table 3), and the electrical wire 

training was evident, as their survival and threat encounter rates were comparable to wild control 

groups. 

These findings have implications for primate rehabilitation, demonstrating that effective 

threat-awareness testing and training can be a viable and successful conservation strategy. 

Thorough future research is essential to defining a baseline of standardised pre-release methods. 

My thesis, for example, found that the presentation of a threat alongside a negative stimulus 

(electrical wire shock) was particularly effective. This specific technique could be further refined 

and applied to future release attempts. While not evident in this study, future research should 

explore the influence of individual backgrounds to provide conservationists with greater insight 

into how specific pre-release cases should be trained and handled. Lastly, it would be beneficial 

for future research to follow Release groups for a longer timeframe to fully observe the long-

term impact and success of post-release groups (Sarrazin 2007, IUCN/SSC 2013). 
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