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Introduction

Our present knowledge of the natural world is a thread in the tapestry of human-animal 

interactions accumulated over millions of years (Veissier et al., 2008). Since the middle 

of the twentieth century, animal welfare has become a dominant theme in our relation­

ship with captive animals. Hence, it is important to document our present understanding 

of animal welfare in the context of our past mistakes as a lesson for future generations 

(Rothfels, 2002). Broom (1986) defined animal welfare as the state of the animal 

as it tries to cope with its internal and external environment. This thesis aims to a. 

address the welfare state of Asiatic lions (Panthera leo persica) based on environmental 

factors and individual-level differences, and b. propose a methodological framework 

for evaluation and improvement welfare in captive environments. In this chapter, I 

will set up the context for this study with a brief chronology of our understanding of 

the origin of animal welfare and the science of zoo biology and their relevance to the 

Asiatic lion conservation breeding programme (CBP).

The Asiatic lion is an interesting species that has witnessed several upheavals through­

out its history’, with the most recent ones being largely anthropogenic (Jhala et al., 

2019). Once at the brink of extinction, this species has benefitted from extensive 

conservation and management efforts both in-situ and ex-situ. The ex-situ management 

of the species has primarily focused on managing its genetic diversity, with very little 

being said on the welfare status of the captive population and the management of 

its behaviour diversity and fitness (Kaumanns et al., 2015). Since the future of this 

species will depend on successful repatriation to lost ranges (Jhala et al., 2019). There 

is an urgent need to evaluate and improve incumbent management practices for the 

captive population to improve their present welfare state and increase post-release 

fitness (Rabin, 2003; Reading et al., 2013).
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1.2 Animal welfare, and sentience

Although humans have hunted, domesticated, captured, and exploited animals for sev­

eral millennia (Vigne, 2011), our understanding of their psychology remains limited. 

Anthropocentrism and utilitarianism are the two most prominent themes that define 

our modem outlook towards the natural world. Animal welfare and animal ethics share 

a common history of public concern for the well-being of animals under human care 

(Fraser, 1999). The early discourse on animal welfare was primarily concerned with 

whether animals were sentient beings, worthy enough to bear the gift of emotions, pain 

and suffering, hitherto, a holy birthright of humans. History is rife with examples of 

how humans of the past and present ignored (or continue to ignore) the humanity of 

their conspecies, based on distinctions of race, sex, class, religion, caste and geography. 

Hence it is only logical that we would pause for confirmation before attributing such 

treasured qualities to other members of the animal kingdom.

Descartes (1596-1650), described animals as non-sentient beings that cannot reason 

or feel pain (Proctor et al., 2013). In contrast, Voltaire (1694-1778), Hume (1711-1776) 

and Rousseau (1712-1778) noted the pain and suffering of animals around them (Singer, 

1979). In 1635, Ireland enacted the first set of laws prohibiting cruelty towards farm 

animals (Lucht, 2012). The quest for animal sentience as the basis for their right to 

humane treatment continued until, the eighteenth-century philosopher Bentham (1789), 

posed a different question. He asked if animals needed to have sentience or reasoning to 

have the capability to feel emotions or suffer from pain? The British Parliament passed 

the Richard Martin’s Act (1822), which deemed it illegal for any person to wantonly and 

cruelly beat a horse, mare, and other livestock. This legislation also laid the foundation 

of the Royal Society for Prevention of Cruelty to Animals (Favre et al., 1993). British 

politicians James Burgh and Richard Martin were some of the earliest proponents for 

the prevention of animal cruelty (Englefield et al., 2019; Francione, 2010; Jamieson, 

1990; Sweeney, 2017). However, animal welfare legislation in the nineteenth century 

was primarily directed towards the prevention of cruelty towards domesticated animals.
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Some argue that the earliest enactments of animal welfare legislation concerning farm 

animals may have been driven by the concern for the quality of the produce.

The period between the latter part of the nineteenth century, to the years leading up 

to the first world war, was illuminating for the animal welfare revolution. Charles 

Darwin’s book on the origin of species positioned humans as a part of the natural 

world (Darwin’s, 1859). Darwin’s book on “The expression of the emotions in man 

and animals” (Darwin, 1872) advanced the cause for animal welfare by showcasing 

that animals were capable of feeling complex emotions that percolated to their body 

language and facial expressions. The theory of evolution had a profound impact on the 

field of psychology. With the “continuity of species” established, psychologists rea­

soned that akin to biological traits one could compare behavioural traits across species 

to understand their origins. Watson argued that psychology should be defined as the 

science of behaviour rather than the science of mind, thereby sowing the seeds of 

behaviourism (Morris et al., 1987). Behaviourism in principle divorces the internal 

workings of the animals and treats it as a machine, a mediator between the behaviour 

and the stimulus (Skinner, 1963). However, the pragmatic nature of behaviourism 

when combined with ethology can be greatly beneficial towards understanding animal 

welfare (Duncan, 2006a).

The first world war (1914-1918) led to an epidemic of post-traumatic stress disorder 

among humans and animals leading to advancements in the field of psychology and 

animal behaviour (Crocq et al., 2000). These learnings were also later applied to un­

derstanding the stress psychology of animals in the livestock industry (Flandreau et al., 

2017). The field of comparative psychology was bom in the 1950s which led to a surge 

in animal welfare research (Hinde, 1966;Hodosetal., 1969). During this time, Hediger 

conceptualized the field of zoo biology and established it as a science to understand and 

meet the biological requirement of wild animals in captivity (Hediger, 1964).
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1.2.1 Emergence of proliferation of Animal welfare science

By the middle of the twentieth century, animals were considered sentient beings capable 

of feeling pain and suffering, and thus there was a need to measure their subjective 

well-being in captivity (Broom, 2011).

Although welfare was a prevalent concept in the twentieth century, it was primarily 

used in the context of prevention of cruelty to captive animals especially livestock. It 

was during the middle of the twentieth century that the idea of animal welfare was 

concretized as something more than prevention of cruelty and providing for the phys­

ical and psychological wants of captive animals. During the 1960s, the animal rights 

movement probably reached its peak that was spearheaded by animal rights pioneers 

like “Animal Machines” by Harrison (1964) was pivotal in gamering public attention 

towards the welfare status of farm animals. Harrison’s book pointed to the common 

occurrence of stereotypy, like feather pecking in poultry and excessive licking of calves 

as a significant symptom of welfare deficits in the livestock industry. Animal rights 

activism during this time was based on the twin principle of moral improvement and 

welfare, which posited that our mistreatment of farm animals was an insult to our hu­

manity. Animal rights activism was crucial to the development of the legal framework 

that led to the improvement of farm animal welfare (Rollin, 1990). In response, the 

UK government formed the Brambell commission that included prominent ethologists, 

Thorpe and Brambell as prominent committee members (Brambell, 1965).

In 1965, the Brambell commission report on farm animal welfare was published 

in the UK and, this was one of those watershed moments for animal welfare science 

(Brambell, 1965). This report not only defined animal welfare but also framed the 

basis for welfare evaluations.

“welfare evaluations must include scientific evidence available concerning 
the feelings of the animals that can be derived from their structure and 
functions and also from their behaviour.”

According to Gonyou (1994), this was that moment when applied ethology and 

animal welfare science were interlinked together.
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This report also envisaged that captive animals should have the “five freedoms”:

1. Freedom from hunger and thirst (nutrition).

2. Freedom from discomfort (environment).

3. Freedom from pain, injury and disease (health).

4. Freedom to express normal behaviours (behaviour).

5. Freedom from fear and distress (mental state).

The “five-freedoms” concept provides a reasonable template to provide for the 

requirement of captive animals and it continued to be the norm until the 1990s. This was 

a watershed moment in the history of animal welfare science and created modern-day 

legal precedence to ensure that the welfare of animals was considered in the commercial 

livestock industry.

However, there are a few disadvantages to the five-freedoms model, which as pointed 

out by Mellor (Mellor et al., 1994; Mellor, 2016). first the use of the word “freedoms” 

led to animal rights activists claiming that all captive animals should be free from 

hunger and thirst, which is biologically unachievable and paradoxical. Second, the 

five-freedoms model sought to reduce the number of negative experiences and few 

accommodations were made for the inclusion of positive affective states. In 1994, 

the five domains model was proposed that has been used widely for animal welfare 

evaluations (Mellor et al., 1994). The five domains proposed in this model include

1. Nutrition

2. Physical environment

3. Health

4. Behavioural interaction

5. Mental state
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The five domains model has since gone through periodic changes to incorporate the 

newest findings in animal welfare science (Mellor, 2016,2017; Mellor et al., 2015; Mel­

lor et al., 2020). Our understanding of animal welfare has since broadened to include 

viz.,

1. Opportunity express specie-typical behaviour patterns (Miller et al., 2020a)

2. Opportunity to have meaningful animal-keeper interactions (Mellor et al., 2020)

3. Opportunity to choose (Dawkins, 2021) - Are the animals happy?

The inclusion of positive markers of welfare is noteworthy and indicative of the 

present research focus in this field.

1.2.2 Modern interpretation of animal welfare

Animal welfare has several definitions which include the following types

1. Lexical: The Brambell Commission report defined welfare as a “wide term that 

embraces both the physical and mental well-being of the animal.”

2. Explanatory: “The welfare of an individual is its state as regards its attempts to 

cope with its environment” (Broom, 1986). Coping is then used to describe the 

efforts made by the animal to adapt to the environment.

3. Operational: Third, operational definitions mention the parameters by which 

animal welfare shall be assessed.

Proctor et al. (2013) discovered in a comprehensive assessment of animal sentience 

studies that the majority of material relating to animal welfare and sentience focused 

largely on negative outcomes. Animal welfare in the modem era should aim not just to 

reduce the allostatic load on captive animals, but also try to provide enough possibilities 

for positive affective states (Miller et al., 2020a; Whitham et al., 2013). Broom (2011) 

on the other hand have equated animal welfare with adaptive responses that animals use 

to cope with the stressors of captivity. According to Broom, health and animal welfare 
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cannot be dealt with separately, because affective states or emotions have a physiolog­

ical basis and hence cannot be divorced from overall health and coping mechanisms. 

Extensive studies have been undertaken in recent years to better understand animal 

cognition, which should not be mistaken with sentience.

While sentience refers to an animal’s ability to experience emotions like pleasure 

and pain (Broom, 2007), cognition refers to the process through which animals receive, 

process, and retain information (Dawkins, 2017). In broad terms, while animal cogni­

tion deals with the objective confines of behaviourism, animal sentience research can 

address other subjective ideas like affective states (Mellor, 2019). Rather than using a 

teleological approach to behaviourism (Rachlin, 1999), we need a more holistic view of 

animal psychology that takes into account both the internal and external environment 

that drives behaviour patterns.

A biopsychosocial approach, as advocated by Engel (Engel, 1980), is best summed 

up by the tenets of theoretical behaviourism, which accounts for the animal’s internal 

condition while watching and analysing behaviour, which may be thought of as the 

context around the occurrence. Lately, the conversation about animal sentience has 

been replaced with “affective states” and “positive emotions” to define the concepts of 

subjective well-being (Crump et al., 2018; Mellor, 2019). Dawkins (Dawkins, 2017) 

opined that rather than stress on debating the presence of animal sentience or conscious­

ness, we should only look at two factors, viz., is the animal healthy and does it have 

what it wants. Dawkins acknowledged the relevance of subjective experiences and 

emotional states in animal welfare studies by inserting the second sentence. Dawkins’ 

definition of animal welfare also underlines the need for understanding the entire gamut 

of animal emotions. Fortunately, the modem narrative on animal welfare unanimously 

agrees on animal sentience and is committed to the mitigation of negative emotions in 

captivity (Boissy et al., 2007; Crump et al., 2018; Dawkins, 2021; Fraser, 2009; Hard­

ing et al., 2004). Animal welfare literature is filled with several methods to measure 

welfare. According to Fraser (1995), animal welfare as a concept is an admixture of 

several concepts that come together to serve a common purpose. Since welfare is not 
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a singular concept, it requires a multifarious approach for measurement (Mason et al., 

2007). Past research on animal welfare has focused primarily on the mitigation of 

pain, suffering and negative emotions (Ahloy-Dallaire et al., 2018; Moe et al., 2006). 

However, most experts accept that welfare is a spectrum that encompasses both the 

mitigation of suffering as well as the opportunity to experience positive affective states 

(Hill et al., 2009; Mason et al., 2007). That is probably why recent animal welfare 

literature focuses on finding a mix of welfare indices that can summarise the entire 

gamut of the biopsychosocial state of the animal. Some of the most commonly useed 

indicators of welfare are behavioural in nature, which may include,activity budgets 

(Rose et al., 2013), play behaviour (Ahloy-Dallaire et al., 2018; Van der Harst et al., 

2007), reward related behaviours (Van der Harst et al., 2007), cognitive tests (Clegg, 

2018), behaviour diversity (Macintosh et al., 2011), enclosure usage or enclosure space 

utilization patterns (Bashaw et al., 2007; Lukas et al., 2003; Mallapur, Waran, et al., 

2005; Ross et al., 2009). Physiological measures often employ endocrinological tools 

(Mitra et al., 2009; Tilbrook et al., 2018; Welberg et al., 2006), heart rates (Visser et al., 

2002), body condition scores (Valle et al., 2017), eye blink rates nand ear movements 

(Marcet-Rius et al., 2019; Merkies etal., 2019) among others. In some cases, subjective 

evaluation of welfare by keepers is a reliable measure of the welfare of captive animals 

(Canino et al., 2010; Patel et al., 2019). The literature suggests using multiple types 

of positive and negative indicators of welfare for any modem animal-welfare study 

design (Miller et al., 2020a).

1.3 Zoos and conservation breeding programmes

1.3.1 Origin of zoos

Zoos are human constructs, originally designed to portray our control over nature and 

other members of the animal kingdom. The origin of zoos and their form in Europe 

in the middle of the nineteenth century is indeed controversial (Hanson, 1996; Kistler 

et al., 2010). In “A history of zoological gardens in the west” Baratay et al. (2004) 

wrote that the origin of the modem zoo can be traced back to the rise in European 
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colonialism, which served as propaganda about far away colonies and their inhabitants 

(human and non-human) to the home crowd. Several researchers have termed the 

collaboration between early zoos and European colonists as a form of “epistemolog­

ical genocide” that was perpetrated against the subaltern and the biodiversity of the 

colonies (Braverman, 2014; Rashkow, 2015). This exemplifies one of the primary 

ethical concerns regaiding the continuance of zoos in the modem era. In the past 

few decades, zoos have undergone a makeover and attempted to obscure their past 

by the addition of ex-situ conservation and conservation education as primary goals in 

their manifestos. Elizabeth Hanson (1996) in her thesis ’’Nature Civilized: A Cultural 

History of American Zoos, 1870-1940” argues that the goals of a modem zoo viz., 

recreation, education and advancement of science and conservation are conflicted.

Modem zoos are often criticized for perpetuating a culture of exotic collection plan­

ning that puts the visitor’s needs above that of animal welfare. As Hutchins points out, 

responsible collection planning in zoos is of critical importance, yet often conveniently 

overlooked (Hutchins et al., 1995).

Zoo biology as a subject joined the public discourse by the middle of the twentieth 

century through the work of Heini Hediger (1908-1992). Heini Hediger considered 

the father of modem “Zoo-biology” worked extensively to understand the impact of 

captivity on the inner world of animals (Hediger, 1968). Hediger emphasized strong 

interlinkages between ethology, zoology and psychology as immutable components 

of zoo biology (1968). While animal sentience was a debatable topic till the late nine­

teenth century (Duncan, 2006a; Preece, 2006), we have made significant progress to ad­

dress concerns about animal psychology through the collective efforts of the twentieth­

century ethologists and behaviourists, Watson (1913), Tinbergen and Lorenz (1963).

Despite being written several decades apart, the writings of Rambrahma Sanyal 

(1892) Hediger (1955) and other experts (Broom, 2014; Broom et al., 2008; Fraser 

et al., 1997; McFarland et al., 2009) agree that zoo biology should be multi-discilplinary 

science. Recent studies on animal welfare seem to take a multifarious approach to 

measuring welfare using, endocrinology (Mitra et al., 2009) and animal psychology 
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(Watanabe, 2007). Hediger preferred animal psychology or the subjective evaluation 

welfare as compared to causal analysis of behaviour through mechanistic ethology 

(Chrulew, 2018). The contemporary definition of welfare includes pathophysiology 

as well as affective states experienced by an animal or its condition while coping with 

its surroundings (Fraser, 2009; Mellor, 2019; Wolfensohn et al., 2018). Thanks to 

advancements in neuroscience and endocrinology, we can now ascertain the state of 

welfare of animals based on several markers (Marinath et al., 2019; Narayan et al., 

2017; Vaz et al., 2017). Holistic welfare evaluations are the necessary first step to 

welfare improvement, which should be the ultimate goal of any ex-situ conservation 

breeding centre for endangered animals. Although animal welfare as a science has 

made significant progresses, thanks to its linkages with the economics of the livestock 

industry. The uptake of pro-welfare practices has been slow at many ex-situ institutions 

where the benefits are less tangible. This thesis hopes to tip the balance in the favour of 

animal-centric welfare evaluations at zoos and conservation breeding programs with 

a focus on individual needs.

1.3.2 Conservation breeding programmes

The human urge to maintain traditions across social, cultural, political, and ecolog­

ical settings for future generations has frequently been linked to our proclivity for 

biodiversity conservation (Breithoff et al., 2020). Nature conservation as a method of 

maintaining traditions, religious practises, and people’s identities have impacted human 

history and their interaction with nature in several ways. To assuage our collective 

anxiety of the distant future, we tend to consider species and ecosystems as heirlooms 

that must be protected for future generations. While ex-situ conservation as a concept 

may have started primarily with gene banks and preservation of the DNA of endangered 

species, which were more “dormant” in terms of their impact. In the past few decades, 

we have taken an active approach towards maintaining endangered wild fauna and 

flora ex-situ by creating our own “live archives”, which some scientists also refer 

to as a shift from a “repository to a speculative investment” (Breithoff et al., 2020). 

Contemporary zoos have made great strides since the 1970s in the field of ex-situ 
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conservation by saving several species from the brink of extinction. However, as 

pointed out by several experts (Alroy, 2015; Kaumanns et al., 2015), there are limits to 

the success that is expected from conservation breeding programmes. Snyder (1996) 

defined six limitations of conservation breeding programmes.

• Establishing self-sufficient captive populations.

• Poor success in reintroductions.

• High costs.

• Domestication.

• Pre-emption of other recovery techniques.

• Disease outbreaks.

8 Maintaining administrative continuity.

L3o3 Conservation breeding programmes at Indian zoos

Conservation breeding of endangered species has been one of the primary mandates 

of modem zoos. Most conservation breeding programmes are borne out of the now 

commonplace narrative of the ark. Wherein endangered animals threatened with habi­

tat loss and other stochastic ecological or anthropological pressures can be brought 

into captivity and then bred to sustainable numbers to supplement the ailing natural 

fragmented populations. The growing number of conservation breeding programmes 

in the Indian zoological parks is intriguing. The surge in ex-situ CBP signals a growing 

concern for the future of the species resulting from a failure to conserve the species 

in-situ. It is also interesting to note the dearth of welfare research published from 

the findings of the aforementioned CBPs. This could indicate that the managers of 

these CBPs are already following best practices and have nothing new to contribute to 

science, or it could point towards a lack of scientific inquiry and data-driven decision­

making at these CBPs. Presently Indian zoos manage the ex-situ conservation breeding 

programmes for more than 29 indigenous species of mammals, reptiles and birds.
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The National Wildlife Action Plan of 1983 and its current version (2016) emphasize 

the role of zoos as centres for conservation breeding of endangered wild fauna and 

their rehabilitation in the wild as per the IUCN guidelines for reintroductions. The 

Government of India framed and endorsed the National Zoo Policy in 1998, which 

stated that zoos should complement and strengthen national efforts to conserve the 

country’s unique biodiversity. As per the Recognition of Zoo Rules, zoos are constantly 

exhorted to house their stock of animals in a naturalistic environment that provides 

adequate opportunities for the expression of species-typical behaviour. Zoo policy in 

India mandates the welfare of all captive animals, irrespective of their conservation 

status. Today India has more than 145 recognized zoos, with 29 ongoing conservation 

breeding programmes. Some of the conservation breeding programmes like that of the 

Asiatic lions (Panthera leo persica) and Red Panda (Ailurus fulgens fulgens)has been 

operational for over 25 years. Yet there is a significant dearth of research on the welfare 

of animals housed at the programmes. I chose the Asiatic lion conservation breeding 

programme to ask some questions about the welfare status of the species in captivity 

and to understand gaps in incumbent management practices.

1.4 Asiatic lion conservation

Since the early Palaeolithic depictions of the “lowenmensch” by the Aurignacians (Chau- 

vet et al., 1996; Kind et al., 2014), lions have been heralded across several cultures as 

emblems of man’s relationship with nature (McCall, 1973). The Asiatic lion probably 

diverged from the African stock 50,000 years BP (Jhala et al., 2019) around the same 

time the “lion man” figurine was carved. Once ubiquitous across south-western Asia 

between Syria and parts of eastern India (Ball, 1880; Joslin, 1984; Sanyal, 1892), 

they were hunted to extinction from large parts of their range by the late 19th century 

(Jhala et al., 2019; Mackenzie, 2017; Storey, 1991). During the 1860s, the Asiatic 

lion population in Gir forests, India was struggling to survive. Timely conservation 

measures along with a blanket ban on sport hunting by the erstwhile nawabs of Juna- 

gadh, were instrumental to the recovery of the species. Sakkarbaug zoo, established in
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Figure 1.1: Entrance of Sakkarbaug Zoological Garden.

1863, played a definitive role in the conservation of Asiatic lions by treating injured 

and diseased individuals and maintaining a viable captive stock for future repatriation. 

Subsequent affirmative conservation actions including an ex-situ conservation breeding 

programme (Smith, 1984) to the species revival from the edge of extinction. The fate 

of this species has been intertwined with the ruling classes across ages. Since time 

immemorial, Lions have been hunted by the royals to showcase their strength to rule 

over the masses. In the modern era, the cultural protectionism that once saved the 

species has turned into a political battle that has been detrimental to the natural range 

extension of the species (Jhala et al., 2019).

1.4.1 Published research on Asiatic lions

A significant corpus of work on the behavioural ecology of Asiatic lions in the wilder­

ness exists (Chellam et al., 1993; Chellam et al., 1995; Jhala et al., 2009; Joslin, 1973; 

Saberwaletai., 1994; Sinha, 1987). The sociality and reproductive behaviour of Asiatic 

lions is another focal point for research highlighted by the works of Meena (Meena, 
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2009) and Chakrabarti (Chakrabarti et al., 2021; Chakrabarti et al., 2017). Banerjee 

et al. (2013) and others (Jhala et al., 2019; Jhala et al., 2018; Paulson, 1999; Saberwal 

et al., 1994)delved into the economics of co-existence and conflict between humans 

and lions in a landscape stretching up to 22,500 km2. Ramanathan and colleagues 

(Ramanathan et al., 2007) also conducted seroepizootiological surveys on the captive 

Asiatic lion population in Sakkarbaug Zoological Garden.

Most experts agree that the future of the Asiatic lion lies in repatriation to lost 

ranges, along with securing a viable future for the species in its existing refuges (Jhala 

et al., 2019; Johnsingh et al., 2007; Meena et al., 2014). It is alarming that the in- 

situ research on Asiatic lions that emphatically discuss the future of the species, forget 

to mention anything about the future of the Asiatic lions housed at the conservation 

breeding programmes. In this thesis, I shall refrain from forecasting the future of the 

Asiatic lions. Instead, I will explore avenues for the improvement of the welfare of 

captive Asiatic lions. Few studies (Powell, 1995; Van Metter et al., 2008) on the 

enclosure enrichment of captive African lions have been conducted at various Euro­

pean zoos, little information exists for Asiatic lions, especially in the Indian context. 

The Asiatic lion Conservation breeding programme has been running for the past two 

decades and despite its boasts of great success (Srivastav et al., 2018). there have been 

no publications on the welfare status of the animals housed in the CBP.

In the past few years, the welfare of captive Asiatic lions has started receiving 

some attention, as evident from the trends in published research on the genetic status 

and welfare of the species in captivity (Atkinson et al., 2018; Pastorino et al., 2016; 

Pastorino et al., 2017; Suarez et al., 2017; Williams et al., 2021). Pastorino et al. (2016) 

evaluated the relationship between the role of personality on lion-keeper relationships 

(Pastorino et al., 2016)and later the role of personality on the repsonse to new enclosures 

(Pastorino et al., 2017). Suarez et al. (2017), also explored the effects of visitors on 

the welfare and behaviour of five feline species, including Asiatic lions. While each 

of the aforementioned studies addressed a particular aspect of Asiatic lion welfare, 

a holistic approach was missing. Both Pastorino and Suarez conducted their studies 
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at on-display enclosures housing between two to five Asiatic lions. Hence existing 

literature on Asiatic lion welfare at European zoos cannot fulfil the research gaps in the 

welfare status of Asiatic lions housed at the Indian conservation breeding programme. 

Given that the range nation is home to over 193 individuals of the species spread 

among various zoological parks and CBPs, further study on the species’ husbandry, 

management, and welfare is expected. Unfortunately, captive-raised Asiatic lions have 

not piqued the interest of conservation biologists and historians in the same way that 

their wild counterparts have.

We have not yet addressed or audited the welfare status of Asiatic lions at Indian 

ex-situ facilities, even though India is the only range nation for the species with over 

600 wild animals and about 200 captive individuals, the largest captive population for 

the species, and the longest-running conservation breeding programme. . My thesis 

aims to address this crucial research gap to drive novel approaches to the improve­

ment of welfare.

1.4.2 Status of the Asiatic lion conservation breeding programme

On December 2,1957, Asiatic lions were released at Chnadraprabha Wildlife Sanctuary 

in the state of Vindhya (now Uttar Pradesh) (Rangarajan, 2013). The reintroduction 

programme was successful and the animals started breeding in the area and the numbers 

increased to eleven individuals but all the animals disappeared mysteriously by 1965. 

The fate of these lions was a serious blow to the future of carnivore reintroduction 

programmes in India.

In 1993, a Population Habitat Viability Analysis (PHVA) was conducted in Baroda, 

India, to understand the scope of measures required to proliferate the Asiatic lions in the 

nation (Ashraf et al., 1995; Walker, 2007). The PHVA discussed several environmental, 

demographic, genetic and social factors that could thwart the long-term survival of 

the species. During this PHVA two crucial points were discussed, first, the obvious 

one was the repatriation of Asiatic lions to old habitats across the nation. Second, 

the committee recommended that a captive management programme be established 
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to create a genetically pure and robust captive population of400 to 600 animals, which 

led to the establishment of the Asiatic lion conservation breeding programme in 1995.

The modem conservation breeding programme for Asiatic lions was initiated in 

1995 by the Chief Wildlife Warden (CWLW) of Gujarat Forest Department (GFD). 

These were the salient objectives of the breeding programme as defined by the report 

of the PHVA workshop (Ashraf et al., 1995).

• The breeding of the species will ensure that all founders contribute equally to the 

population.

• provisions were made to ensure that new founders could be brought into the 

captive population to maintain its genetic diversity.

• The aim was to create a genetically viable population of400-600 individuals with 

three-generational breeding.

• fourteen animals (Male = 6 and Female = 8) were selected for the first phase of 

this breeding programme.

• Chennai zoo, Ahmedabad zoo, Kanpur zoo and van vihar national park, Bhopal 

were initially short-listed to be participant zoos for the programme.

Sakkarbaug Zoological Garden (SZG) is the coordinating zoo for the conservation 

breeding programme of Asiatic Lions. SZG is the most important ex-situ institution that 

has been intimately involved with the conservation and proliferation of species for over 

150 years. Therefore the welfare status of Asiatic lions housed in the CBP must be ex­

amined and ways of improving existing housing and management techniques explored.

1.4.3 Overview of the Asiatic lion CBP

The Asiatic lion conservation breeding programme has been running for a quarter of a 

century. As masters of their fate, and sole caregivers, it is our responsibility to ensure 

that these Asiatic lions, regardless of their origin or worthiness in the eyes of conser­

vationists, are housed under welfare-oriented management practices that improve their 
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quality of life and increase their chances of post-repatriation survival. My primary 

objective in this thesis is to improve the welfare status of Asiatic lions and other felids 

housed in CBPs. Welfare can be improved by removing stressful stimuli or introducing 

pleasurable ones. Welfare can also be improved by allowing animals the opportunity 

to experience positive affective states. Asiatic lions if housed in good conditions of 

welfare and under appropriate husbandry and management practices can retain the 

repertoire of species-typical behaviour important for survival. This study aims to make 

the CBP a better place to house Asiatic lions so that we can conserve the behaviour 

diversity of these captive animals and make them ideal candidates for repatriation and 

hope that the conservation agencies deem them fit for repatriation to the wild.

1.4.4 Welfare of felids in captivity

Daigle and associates (2015) linked reproductive success with the temperament of 

captive African lions.

Bashaw et al. (2007) studied the effect of visual barriers on the pacing behaviour 

of three African lions and two Sumatran tigers and reported significant changes in 

the levels of stereotypic behaviours across enclosure types. They found significant 

diff erences in the behaviour responses between African lions and Sumatran tigers. This 

adds on to other similar research which suggests that different members of the Felidae 

family may have different welfare requirements. Suarez et al. (2017) conducted a study 

on the effects of visitors on multiple captive felids including two Asiatic lions. Here 

also the researchers found that different species reacted differently to visitor presence. 

They also reported that the captive felids were mostly affected by the presence of 

visitors and visitor densities were not correlated with stereotypic behaviours.

Pastorino et al. (2016) studied the effect of personality on the feline-keeper relation­

ships in African lions housed at London zoo. Pastorino et al. (2017) also reported the 

effect of personality on the response to novel enclosures in four Asiatic lions housed 

at London Zoo.
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(Quirke et al., 2011) reported an improvement of cognitive skills of captive African 

lions due to enclosure enrichment interventions. Enrichment studies conducted on 

other species Such as bears (Carlstead et al., 1994; McGowan et al., 2010) suggest 

that environmental enrichment can improve the reproductive potential and therefore 

contribute to the Species Survival Plan. Empirical studies have effectively shown 

that enclosure enrichment help improves the welfare of captive animals. Enclosure 

enrichment provides animals with the ability to manipulate their captive environment 

and (Ross, 2006). Skibiel et al. (2007) showed that as a result of enrichment that gave 

food rewards, Felids tend to decrease pacing and other stereotypical behaviours and 

showed more natural exploratory behaviours. Young animals growing in conservation 

breeding centres should be able to learn and hone skills to survive in the wilderness, 

enrichment devices that help the expression of species-typical behaviours should be 

a part of the husbandry practices at lion conservation breeding centres (Greenwald 

et al., 2003). Until now, most enrichment research at zoos focus on the welfare at 

the species level. Few studies concentrate on the importance of animal personality 

in husbandry guidelines (Rouff et al., 2005). Personality-based welfare measures can 

lead to husbandry and enrichment guidelines that account for individual differences 

in welfare requirements in captive wild animals (Mehta et al., 2008). Research has 

also shown that personality differences can also affect the health status of different 

animals. Preliminary studies have been conducted that explore the possibility of how 

individuals with different personalities access enrichments (Franks et al., 1992). Since 

lions are social animals, the personality research of these felids is vital and should be a 

part of husbandry practices to understand the physical and psychological requirements 

of each species in a captive condition. The research by Watters and Powell (2012) 

indicate that animal personality research is a vital avenue that needs to be explored 

for endangered species management in zoos. However such personality-based welfare 

evaluations have not been reported from Indian zoos. Herborn and colleagues (2010) 

further suggest that personality studies of animals in captivity may be a good way to 

study the personality of wild animals, this study will help understand the entire gamut 

of personality differences in lions. India is home to more than 145 zoos housing more
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..than 50,000 animals and over 23 conservation breeding programmes for endemic and ■ * . , *
highly endangered species. Indian zoos are yet to adopt data-centric scientific man­

agement practices and zoo evaluations continue to be based on the subjective knowl­

edge of evaluators.

1.4.5 Enrichment design for Asiatic lions

Enclosure enrichment should be a part of modem enclosure design and husbandry 

practices at all zoos and for all captive animals. Enclosure enrichments provide animals 

with the necessary stimulus to display instinctive behaviours which can help in vast 

improvements in animal welfare (Kry et al.. 2007; Quirke et al., 2011). Quirke and 

O’Riordan (Quirke et al, 2011) opine that environmental enrichment can be used not 

only to improve species-typical behaviours but also to break the monotony of exhibits 

and bring in novelty. (Quirke et al., 2011) has conducted a few enrichment experiments 

with captive African lions with positive results. Similarly, (Van Metter et al., 2008) 

suggest that simple enclosure enrichment devices such as Frozen blood balls, ungulate 

dung, and scented vegetables can introduce sufficient novelty in the enclosure to encour­

age species-typical behaviour patterns among captive big cats. Enclosure evaluation 

based on behaviour repertoire of animals in Indian zoos was also conducted by Mallapur 

and colleagues for leopards (Pantherapardus fused) (Mallapur et al., 2007) and Lion­

tailed macaques (Macaca silenus) at Chennai zoo (2005). Powell studied the effects 

of enrichment interventions on the welfare parameters of African lions (1995). Mellen 

suggests an integrated enrichment intervention is necessary to maintain the novelty 

of the enclosure environment (1997). Similarly, Gartner et al (2016) reported that the 

personality measures had a significant relationship with subjective wellbeing in captive 

African lions, snow leopard and jungle cats. In the last few decades, a large number 

of zoo-based research has focused on the effect of enclosure enrichment on animal 

welfare. Unfortunately, similar studies are few and far apart in the Indian context. 

Indian zoos account for the largest number of tiger, leopard and Asiatic lions housed 

in captive facilities and yet there is little empirical research reported on the effect of 

these enrichment interventions on the welfare of these animals.



1.5 Justification of the study

In this thesis, I have asked some simple questions about the welfare status of Asiatic 

lions, the external and internal factors that may influence them and explored ways 

to improve incumbent management practices. Indian ex-situ institutions are currently 

involved in the CBP of more than 25 endangered endemic species. The metric for the 

success of a CBP continues to be surrogates of genetic diversity and the demographic 

parameters of the captive population. There is an urgent need to turn our attention to 

the importance of welfare assessments and individual-centric management practices at 

CBPs (Kaumanns et al., 2015). I hope that my findings can help start the conversation 

about the welfare status of animals housed at conservation breeding programmes.

• What is the effect of visitor presence and enclosure complexity on the welfare of 

Asiatic lions?

• Does the personality trait and rearing-history play a role in determining the wel­

fare of Asiatic lions?

• Can enrichment interventions improve welfare and encourage positive affective 

states in Asiatic lions?

I framed the questions with the hope that their answers, would be species-agnostic, 

and maybe able to highlight some focus areas for animal management practices at CBP. 

Animal welfare is a growing point of concern for most ex-situ institutions managing 

wild animals. Especially since, modem zoos have a mandate to maintain wild animals 

in captivity to further the cause of biodiversity conservation through research, visitor 

education and actual ex-situ conservation breeding practices. Since the 1950s, there 

has been a surge in the amount of research on the welfare of captive animals in the 

livestock industry and on-display enclosures at zoos. However, CBPs are different from 

a traditional zoo enclosure, since animals are not exposed to visitors in such institutions.
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Compared to on-display enclosures, conservation breeding centres are built on a 

different set of principles and require special attention in terms of welfare-based man­

agement practices. This thesis is primarily concerned with the welfare of Asiatic lions 

at Indian ex-situ CBP.

1.6 Organization of the thesis

This thesis is organised into five chapters.

• Chapter 1: I have discussed a chronology of animal welfare science and its 

relationship with zoo biology. I provide a conceptual framework for this thesis 

and justify the importance of the questions asked in the thesis.

• Chapter 2: I discuss in depth the differences in enclosure attributes between the 

different enclosure types of SZG and their effects on the welfare of Asiatic lions.

I also explore the effect of visitor presence on the activity budget and welfare 

measures of Asiatic lions.

• Chapter 3: I explore the effect of inter-individual differences on the behavioural 

and physiological welfare of Asiatic lions. Intraspecific variations in welfare 

indices as a result of individuality is discussed in detail (Goswami et al., 2020).

• Chapter 4: I present the result of a combined enrichment intervention on the wel­

fare of Asiatic lions housed in the conservation breeding programme (Goswami 

et al., 2021).

• Chapter 5: I discuss the conservation implications of my findings in the context 

of ex-situ conservation breeding programmes and their incumbent management 

practices.
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Role of enclosure complexity and visitor 
presence on Asiatic lion welfare



2.1 Introduction

Animal welfare should be one of the primary priorities at ex-situ institutions like zoos 

and conservation breeding programmes (CBP) (Rabin, 2003). Since enclosures act as 

the surrogate for a naturalistic environment for captive animals, their complexity and 

the ability to provide a welfare-optimized habitat to housed animals must be carefully 

evaluated (Healy et al., 2000). Enclosure design and husbandry practices are arguably 

the strongest determinants of the welfare of captive animals (Marshall et al., 2016; 

Melfi, 2009). Ross et al. (2009) found that animal behaviour and enclosure use can be 

a good basis for designing species-appropriate enclosures. However, enclosure design 

and husbandry practices are seldom modified to cater to the needs of individuals and 

are often standardized based on the group of animals housed in them. Most zoos have 

similar husbandry practices for all species of large felids, irrespective of their species­

specific and individual welfare requirement. On the other hand, some zoos house 

multiple individuals of the same species in enclosures with largely varying levels of 

complexity and visitor intrusions that often lead to differential welfare outcomes. Most 

studies confirm that designing an ideal captive environment for long-ranging carnivores 

poses unique challenges (Mallapur, Sinha, et al., 2005; Mannath et al., 2019; Veasey, 

2020). Existing literature unanimously agrees that a complex enclosure is a key to 

ensuring optimum welfare and cognitive functioning of captive animals (Fabregas et al., 

2012; Marshall et al., 2016).
Curiously, although the effect of visitors on the behaviour and welfare of zoo­

housed animals has been explored extensively and yet opinions are divided whether 

visitor presence act as an enrichment or a stressor (Table 2.1). Despite the large corpus 

of work on the subject, findings and opinions seem to differ with most claiming visitor 

presence as a type of a stressor (Glatston et al., 1984; Mallapur, Sinha, et al., 200 , 

Sekar et al., 2008) ,some claiming that visitor presence does not affec
10cm while others proclaiming it to be a form 

(Farrand et al., 2014; O’Donovan et al., 1993), while p
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of novel enrichment (Fernandez et al., 2021a; Hosey, 2000; Marinath et al., 2019). 

Most studies I reviewed claim visitor presence as the single most stressful characteristic 

of the life of zoo animals (Davey, 2007; Mallapur, Sinha, et al., 2005). Chamove et al. 

(1988) reported that the presence of visitors excites captive primates (in a negative man­

ner), which led to an increase in aggression and attention to visitors, and often resulted 

in stereotyped behaviour, this was confirmed by later captive primate studies (Hosey 

et al., 2016; Mallapur, Sinha, et al., 2005). ()found that construction near the paddock 

area of felids enclosures led to a significant increase in pacing behaviours. Some other 

studies advise us to tread cautiously about our perceptions of visitor presence by tinting 

their conclusions with a fair bit of ambivalence (Birke, 2002; Farrand, 2007). At the 

other end of the spectrum, I also found certain studies that promoted public feeding and 

forced visitor interaction of elephants as a form of enrichment (Fernandez et al., 2021a). 

I found it concerning that zoos (Fernandez et al., 2021 a)by exalting public feeding as 

enriching might be inadvertently sending a wrong conservation message leading to a 

rise in human-wildlife conflict. The literature seems to suggest that some species are 

more likely to be negatively affected by visitor presence. Suarez et al. conducted a 

study on the visitor effect on multiple felid species including two Asiatic lions, where 

they found that visitor presence led to a reduction in a usable enclosure space in all study 

subjects, along with a reduction in complex species-typical behaviours. Interestingly, 

they found no correlation between visitor density and animal activity. I also found some 

studies that made an initial attempt to link visitor levels with enclosure complexity. 

Bashaw and associates (Bashaw et al., 2007) conducted a study to understand the 

effects of enclosure complexity and the effects of visual barriers on the stereotypy of 

Sumatran tigers and African lions. They reported that lions showed less stereotypy 

in a large and complex on-display enclosure as compared to a smaller less complex 

off-display enclosure.

Mallapur and colleagues approached the effects of visitors presence and enclosure 

complexity in the context of the welfare of Indian leopards and Lion-tailed macaques 

at Indian zoos (2002; 2005). However, Mallapur kept enclosure complexity (2002) 

separate from visitor presence (2005) and did not explore the synergistic effect of both 

28



features on the welfare outcomes of the study species. Most researchers agree that 

a complex stimulating environment that encourages the expression of species-typical 

behaviours is ideal for housing most species. Bashaw et al. (2007) found that the 

activity patterns of the same animal varied as they were moved to a different enclosure. 

Recent studies have also started to recommend enrichment as a way to bring novelty 

to the captive environment to supplement welfare requirements (Lyons et al., 1997; 

Mallapur & Chellam, 2002; Mellen et al., 1997). Based on the literature survey (Table 

2.1), I surmised that the relationship between enclosure complexity and visitor effect 

has not been addressed in its entirety. First, most studies on the subject dealt with 

small sample sizes, which is usually the case with most zoo-based studies. Second, 

many of the studies focused primarily on the negative indicators of welfare such as 

stereotypy and faecal corticosterone levels, but none mentioned the effects of visitors 

on positive indicators like behaviour diversity. Third, existing studies did not address 

enclosure complexity when comparing between on-display and off-display paddock 

areas (Bashaw et al., 2007).

Here, I try to contextualize the question of whether visitor presence is truly harmful 

to the welfare of felids in captivity? Since most studies on the effects of enclosure 

complexity and visitor -presence have primarily focused on the negative indicators of 

welfare viz., aggression, self-harm, and stereotypy. I have provided a more holistic 

view of the situation by also highlighting the effects of the visitors and enclosure on 

the behaviour diversity and enclosure usage patterns.

Vaz et al. (2017) reported the effect of visitor presence and other enclosure attributes 

on the physiological and behavioural status of tigers and leopards across several Indian 

zoos. The behavioural attribute of choice in the most welfare-related paper focuses on 

stereotypic behaviour, which along with faecal corticosteroid metabolites are negative 

indicators of welfare and therefore should be complemented with other positive welfare 

indicators like behaviour diversity, and enclosure space usage patterns (Schildkraut, 

2016). In this chapter, I hope to address the effects of enclosure attributes and visitor
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presence on the behavioural welfare indicators of Asiatic lions housed in three enclo­

sure types. Our results will probably restart the conversation about the importance of 

enclosure complexity and species-specific design for the welfare of housed animals.

Sakkarbaug Zoological Garden (SZG) has two on-display enclosures, in which 

animals are confined in small and sterile enclosures for public viewing. There are four 

naturalistic zoo safari enclosures, where the lions are kept in vast naturalistic enclosures 

with little visitor disturbance. Finally, there are 17 off-display CBC enclosures, which 

are vast naturalistic enclosures completely free of interference. In this chapter, I demon­

strate the differences in activity patterns and welfare indices of captive Asiatic lions 

exposed to three levels of enclosure complexity and visitor exposure (high, low, none).

In this chapter, I explore the effects of visitors and enclosure complexity as external 

determinants of welfare.

Since Asiatic lions are housed at several zoos and ex-situ institutions across the 

world, our findings might help zoo managers find the optimum levels of enclosure 

complexity and visitor presence for the best welfare outcomes for the species.

2.2 Objectives

I tested the following hypothesis on the test subjects

1. Does the behavioural welfare indices of Asiatic lions vary based on enclosure 

complexity?

2. Does the welfare indices and activity budgets of lions vary based on visitor 

presence?
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2.3 Methodology

My objective was to understand the impacts of enclosure complexity and visitor dis­

turbance on the activity patterns and welfare status of Asiatic lions. I had access to 23 

different enclosures housing all the study subjects. Since some of the enclosures were 

on display and most were part of the conservation breeding programme the amount of 

complexity were likely to vary across different enclosures. I devised a method to score 

the enclosures based on the species-appropriate complexity levels in their designs. I 

modified a pre-existing enclosure complexity scoring rubric to measure the species­

appropriateness of the Asiatic lion enclosures (Goswami et al., 2016). In the next step, 

I conducted animal behaviour recordings at all enclosures to understand the welfare 

status of lions housed at those enclosures.

2.3.1 Study area

Sakkarbaug zoological garden (SZG) has three types of Asiatic lion enclosures that 

represent three levels of visitor presence, first the on-display enclosures(N = 2), which 

are open to the public six days of the week. Second, the zoo-safari enclosures (N = 

4) are accessible to visitors who pay for the safari bus ride. In this enclosure, visitor 

presence is tempered by the fact that visitors are not allowed to disembark from the 

vehicle and the bus stops at each enclosure for approximately three minutes. Finally, 

the off-display conservation breeding enclosures (N = 17), which do not expose Asiatic 

lions to any visitor presence. Given the distinct differences in visitor exposure levels, 

and a large number of subjects, which is a rarity in most zoo-based studies, this facility 

provided us with the ideal opportunity to test our hypotheses.

2.3.2 Subjects and housing

I observed the behavioural responses of 41 Asiatic lions to three types of enclosures 

in terms of complexity during visitor-presence and visitor-absent conditions. Six lions 

(M = 3, F = 3) were housed at two “on-display” enclosures while 10 lions (M = 4, F = 6) 

were housed at four large naturalistic “zoo-safari” enclosures, and 25 (M= 10, F= 15)
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Figure 2.1: Moated enclosure at the zoo safari area

Figure 2.2: On-display barred enclosure at SZG
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Figure 2.3: Off-display chain-link enclosure at SZG

lions were housed in chain-linked “Off-display” enclosures at the same off-display area. 

The animals housed in the off-display area were a part of the conservation breeding 

programme for the species. . All subjects were housed in Sakkarbaug zoological park, 

Junagadh, India. 35 subjects were housed in the conservation breeding centre of SZG.

On-display enclosures

Sakkarbaug zoo has two on-display enclosures for Asiatic lions adjacent to one another 

(Figure 2.2). These enclosures along with two tiger and two leopard enclosures consti­

tute the large cat complex for the zoo. These enclosures are virtually unchanged since 

the zoo was built under the patronage of the erstwhile nawabs of Junagadh in 1863. 

These enclosures conform to the menagerie style of zoo-keeping and are extremely 

limiting in terms of space for a large animal like the Asiatic lions. Each enclosure at 

these complexes, houses three individuals each, with only a pair allowed in the paddock 

area daily. Measuring at 100 m2, these enclosures are insufficient to house a single lion 

and certainly does not provide for the welfare requirement of a pair of Asiatic lions.
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Off-display enclosure CBC

Sakkarbaug zoo has a conservation breeding programme for Asiatic lions situated at a 

off-display site contiguous to the main zoo (Figure 2.3). There are 17 off-display en­

closures, that house 25 Asiatic lions at these off-display enclosures. These off-display 

enclosures range from 1000 m2 to 5600 m2 in size and provide ample space for Asiatic 

lions to display species-typical behaviours. Moreover, these enclosures are completely 

off-display, therefore the lions housed in this facility are not exposed to the visitors.

Zoo-safari enclosures

There are four enclosures at the zoo safari area that house 10 Asiatic lions (M=4, F=6) 

(Figure 2.1). At the CBC 4 enclosures falls on the access road of the zoo safari and can 

be viewed by the visitors from the confines of the safari bus. Visitors are not allowed 

to get down from the bus and the bus usually spends two to three minutes act each 

enclosure before it leaves. Visitors are actively discouraged from harassing the animals, 

during the visit. The zoo-safari tour starts at 11 am and continues till 4 pm every day of 

the week except Wednesday when the zoo is closed for all visitors. The enclosures are 

large and naturalistic, ranging between 1000 m2 to 1500 m2 in size for a pair or group 

of Asiatic lions. These enclosures have a moated design as compared to the chain-link 

fence barriers found at the off-display enclosures. The Lions housed at the zoo safari 

enclosures are exposed to a certain level of visitor presence, which is imperceptible 

when compared to that of the levels experienced at the on-display enclosures.

2.3.3 Study design

The enclosure complexity scoring system was based on the species-appropriate require­

ment for Asiatic lions (Goswami et al., 2016). The complexity scoring system (Table 

2.2) was broadly divided into three sections viz., Enclosure features and husbandry 

regimen. Enclosure specific attributes that contribute to the welfare of animals viz., 

withdrawal space, vegetation feature, size of the enclosure, type of barrier were evalu­

ated. Husbandry regimen included questions about daily practices of the keepers and
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management that were likely to affect the welfare of animals viz., social grouping, 

feeding practices, enrichment schedule. Keepers and zoo managers were interviewed to 

understand the species-appropriateness of the measures and based on the interview, two 

interviewers rated each enclosure on a scale of 1-5 on every attribute. I only accepted 

entries where both interviewers provided the same rating.

For behaviour data collection, I used pre-existing ethograms for felids (Powell, 

1995; Stanton et al., 2015) and modified them to include unique behaviours displayed 

by subjects (Table 2.3). At the onset of the study, I conducted ad-libitum sampling to 

create a detailed ethogram, which was used to standardize the data collection protocols 

between multiple observers (Table 2.3). We recorded 46 unique behavioural states that 

were grouped into three broad classes, viz., rest behaviours, typical behaviours (active), 

and aberrant repetitive behaviours (Table 2.3). We categorized observation days into 

‘"visitor days” and “no-visitor” days. The zoo is closed on Wednesday, hence I had more 

visitor days (N = 70 days) compared to non-visitor days (N = 14 days). We employed 

a double observer method to validate the behaviour recordings at the beginning of 

the study to reduce observer bias. Due to a large number of enclosures and only 

two observers, we relied on gathering some observations through video recordings To 

minimize inter-observer bias, behaviour recording was commenced after inter-observer 

reliability reached satisfactory levels from the same group of animals (Cronbach’s 

alpha >0.9) (Caro et al., 1979; Gliem et al., 2003). I recorded ten, one hour-long 

behaviour observation sessions (for four subjects) and found one-minute instantaneous 

scans (Altmann (1974); Martin et al. (1993); Amato et al. (2013)) were comparable 

to focal animal behaviour observation data (Altmann, 1974; Amato et al., 2013; Gilby 

et al., 2010) in recording behavioural states and events for multiple subjects. We used 

instantaneous scan sampling at 1-minute intervals to record the behaviour of Asiatic 

lions from on-display (N = 6 lions, housed in two enclosures), Zoo-safari (N = 10 

lions, housed in four enclosures) and off-display (N = 35 animals housed in 17 en­

closures) enclosures between March to June 2016. Behavioural data were collected 

during three-hour blocks between 0700-1000,1000-1300,1300-1600,1600-1900,  and 

1500-1700 hours. 15 minutes of rest was provisioned to mitigate observer fatigue after 

HHI1
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every 45 minutes of behaviour recording. This 15 minutes (one hour per observation 

block) of data was recovered from video footage. During each scan, we recorded the 

behavioural state of the subject and its location in the enclosure. All occurrences of 

behaviour events were recorded separately. I used the frequencies of behavioural states 

and events to measure the behaviour diversity of each subject during an observation 

session (one hour).

Enclosure complexity

I designed a enclosure complexity rating system based on Goswami et al. (2016). The 

rating system included four broad categories with subcategories that included enclosure 

features pertaining to welfare in animal husbandry and enclosure design that could be 

scored 1-5 (5 being for features that are most species-appropriate). Table 2.2 lists all the 

enclosure attributes that were used to evaluate the enclosures (N = 23). The enclosures 

at the conservation breeding centre were distinctly different compared to the on-display 

disclosures that were based on a menagerie design dating back to the late nineteenth 

century when the Sakkarbaug zoo was founded in 1863. There are predominantly three 

types of enclosures for Asiatic lions at Sakkarbaug zoo.

Table 2.2: Complexity rating rubric for Asiatic lion enclosures

SI no Attributes Description

Enclosure features
1 Barrier safety Does the enclosure barrier pose a safety hazard to the 

animals?
2 Area for animal actvity Does the enclosure provide enough space for the animal 

to exhibit species-typical behaviour patterns?
3 Substrate type Does the enclosure substrate provide natural materials 

that promote natural behaviours?
4 Terrain complexity Does the enclosure have a complex terrain structure or 

landscaping that includes, viz., caves and vantage points 
that allow animals to exhibit natural behaviour patterns?

5 Shelter Does the enclosure provide shelter to the animals from 
inclement weather?

6 Aspect Does the enclosure provide animals equitable 
opportunities to thermoregulate?

7 Withdrawal spaces Are there sufficient withdrawal zones within the 
enclosure to counter visitor disturbance in all animals?

8 Vegetation Does the enclosure have adequate species-appropriate 
vegetation that can promote species-typical behaviours 
in housed animals?
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Table 2.2: Complexity rating rubric for Asiatic lion enclosures (continued)

SI no Attributes Description

9 Enrichment Does the enclosure provide species-appropriate 
enrichment for all animals with the aim of encouraging 
species-typical behaviours?

10 Furniture Does the enclosure provide furniture such as vantage 
points, water pool, that appropriate for the species and 
provide opportunity for natural behaviour repertoire

Social features
11 Inter-individual distance Does the enclosure provide enough space for all animals 

to coexist?
12 Social grouping Is the social grouping appropriate or unnatural due to 

iso-sexual pairing of unrelated individuals?
13 View beyond enclosure Do the animals have the ability to view beyond the 

enclosure through vantage points?
Feeding practices

14 Feed availability Is feed provided consistently and periodically to all 
subjects based on their body weight and biological 
requirement?

15 Feeding practice Does the husbandry practices incorporate species 
appropriate feeding practices that encourage natural 
behaviour?

16 Availability of drinking water Does the enclosure provide animals with safe clean 
drinking water throughout the day?

Retiring area
17 Ventilation Does the Retiring area provide natural ventillation to the 

species
18 Illumination Is the retiring area deisgned to receive natural 

illumination at all times of the day?
19 Enrichment Does the retiring area provide animals with enrichment 

devices to promote natural behaviours
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Behaviour diversity

Behaviour diversity is indicative of the scope of novelty, and complexity afforded to 

animals in captivity (Haskell et al., 2018; Wemelsfelder et al., 2000). Maintaining 

behaviour diversity of captive animals housed at breeding programmes is essential 

for the preservation of essential learned behaviours required for post-release survival 

(Rabin, 2003). Complex and cognitively enriching enclosures have been shown to 

stimulate captive animals to display a diverse behaviour repertoire (Spiezio et al., 2018). 

I used the Shannon-Weiner diversity index (SWI) to measure species-typical behaviour 

diversity as this approach considers both richness and evenness of species-typical be­

haviours in the data set (Clark et al., 2012; Razal et al., 2016; Spiezio et al., 2018).

Behaviour — diversity = ^Tpi* log Pi] (2.1)

Pi = Proportion of time spent in each species-typical behaviour

I compiled an ethogram of all behaviour states and events observed from all subjects 

during the study period (Table 2.3). I pooled all behaviour observations of each subject 

to calculate behaviour diversity. I excluded aberrant repetitive behaviours from the 

calculations since they did not qualify as species-typical behaviours.

Enclosure use

Enclosure usage patterns can indicate the species-appropriateness of the captive en­

vironment (Suarez et al., 2017; Williams et al., 2021). I divided every enclosure area 

into nine equal zones with three broad zones proximal, median and distal zone that were 

subdivided into left, middle and right zones (Figure 2.4). A tenth zone was added which 

was the area next to the entrance to the retiring cells. During each instantaneous scan, 

I recorded the location of each animal in the enclosure. At all enclosures, observers 

and visitors only had access (visual) to the animals from the proximal zones, while the 

keepers could access the enclosures through the median and distal zones when needed. 

I used a modified SPI calculation as proposed by Plowman (2003).
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Service road

Zone 7 Zone 8 Zone 9 Zone 10 next to 
retiring cell gate

Retiring cell

Zone 4 Zone5 Zone6

Zone 1 Zone 2 Zone 3

I ___________ Dry moat 1
Standoff barrier;

Observer

Figure 2.4: Enclosure zonation for usage assessment

s- - <“>
In this equation fo is the observed frequency of observations at a given zone. fe 

the expected frequency of observations at that enclosure zone. N is the total number 

of observations and femin is the expected frequency of observation at the smallest 

zone. This is a departure from the previous formula for SPI calculation which expects 

equal-sized zones.

Aberrant repetitive behaviours

Aberrant repetitive behaviours (ARB) are reliable measures of poor welfare conditions 

(Dawkins, 2004; Kroshko et al., 2016; Watters et al., 2009) as they are precursors 

of cognitive dysfunction and neurophysiological changes (Muehlmann et al., 2012).

I measured the proportion of scans spent by each subject performing ARBs as an j

indicator of poor welfare (Mason et al., 2004). ARBs mostly included, stereotypic 

swaying, pacing, and nose rubbing behaviours (Table 2.3). I did not record anticipatory 
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displacement behaviours, for example, pacing before feeding or during interaction with 

conspecifics as ARB. I considered behaviours persisting over five consecutive scans 

and without an observer-discernible cause as ARB. Therefore, displacement behaviours 

performed before feeding time, or in response to keeper activities were not considered 

as aberrant repetitive behaviours.

2.3.4 Data analysis

Behaviour observations collected from all subjects were collated and then grouped 

based on their housing conditions (i.e. enclosure type, visitor presence), an hour of 

observation, period of observation, date of observation, and animal details (i.e., ID, 

sex, age-class).

I measured the welfare indices (viz., behaviour diversity, SPI, ARB) of test subjects 

during each observation period (viz.,0700-0900, 0900-1100, 1100-1300, 1300-1500, 

1500-1700, and 1700-1900 hours) across multiple observation days (45 ± 4.4 days per 

subject) which led to the accumulation of 383,132 scans of behaviour data.

I used Kruskal-Wallis analysis of variance (non-parametric) to measure the differ­

ences in activity budget and other welfare indices (behaviour diversity and enclosure 

usage) across enclosure types and visitor levels. If I found significant differences at an 

alpha of 95%, I conducted a pairwise Dunn’s test on the welfare indices and activity 

budget data. I used R ver 4.3 for statistical analysis and Rstudio as the integrated 

development environment(IDE) (Team, 2020). I primarily used the tidyverse packages 

for data wrangling (Wickham et al., 2017).

2.4 Results

2.4.1 Enclosure complexity

Enclosure attributes

On-display enclosures had the lowest complexity scores on all complexity parameters 

as compared to the off-display and zoo-safari enclosures. While the off-display and zoo 
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safari enclosures scored close 2.57 on enclosure features, the on-display enclosures 

scored one (Figure 2.5). Feeding practices were similar across all enclosure types 

and therefore all enclosures scored around three on these parameters. The on-display 

enclosures did not provide any access today kraals and were limited in their ventilation 

and illumination and sanitation and hence scored the lowest. The off-display enclo­

sures had well-designed retiring cells ubiquitous across modem Indian zoos, which 

although better than the on-display enclosures, still lacked species-appropriate features 

and hence scored approximately 2.5 on these parameters. In terms of social grouping, 

all enclosures housed lions in either paired or group-housed configurations. However, 

the inter-individual space was close to 50 m2/lion at the on-display enclosure as op­

posed to 750 m2/animal at the off-display and zoo-safari enclosures. Therefore the 

off-display enclosures scored (3.59-3.82) on these parameters. The low score of the 

on-display enclosures could be attributed to the lack of space, old enclosure design 

that was unchanged since the inception of the zoo in 1863. On the other hand, the 

off-display and zoo-safari enclosures were of a modem design, provided enough space 

for the expression of species-typical activity patterns and allowed for pair and group- 

housed Asiatic lions without overcrowding the enclosures.

A detailed comparison across the enclosure features is given below.

Enclosure barrier:

Enclosure barriers should be specifically designed to impart naturalism to the paddock 

area and reduce the chances of human imprinting. A good enclosure barrier should ef­

fectively limit any chance of physical interaction between animal and man and thereby 

create a safe withdrawal space for both. In a conservation breeding centre, it is more 

important to create this disconnect so that animals have a safe withdrawal distance from 

their human caregivers and may have the opportunity to display instinctive behaviours. 

The On-display enclosures were of the barred type, with a stand-off barrier on the 

visitor-side. The distance between the stand-off barrier and the enclosure barrier was 

less than 5ft which allowed visitors to reach out to the animals. This is an unsafe 

enclosure barrier design and must be changed. I rated both the on-display enclosures the
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Enclosure features Feeding practices Retiring area Social grouping
Enclosure complexity parameters

Figure 2,5: Complexity rating comparison of Asiatic lion enclosures

lowest score of 1 on enclosure barrier safety. The zoo-safari enclosures had a dry moat 

(v-shaped) primary barrier, which was augmented by a stand-off barrier and a hedge 

and a parapet wall, which is ideal for felids as per the CZA guidelines (Gupta, 2008). 

I gave a score of four to the Zoo-safari enclosures. Most off-display enclosures used 

chain-link fences as the only barrier. There were no stand-off barriers or visual barriers 

from the keeper’s gallery, which created chances of imprinting. More importantly, at 

some parts of the CBC, the keeper gallery was sandwiched on both sides with a chain­

link fence of two adjacent enclosures, which is a safety hazard.
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Figure 2.6: Enclosure complexity comparison across three enclosure types a. Off-display, b. 
On-display, c. Zoo-safari

Area for animal activity:

The on-display enclosures provided less than 100 m2 space for a pair of animals. On the 

other hand, all the CBC enclosures including the ones included in the zoo safari provide 

at least 1000 m2 space for a pair of animals and often exceeded that measure. The 

on-display enclosures at the on-display enclosures prohibit the performance of most 

species-typical behaviours and violate global and Indian guidelines for housing felids in 

captivity. Juxtaposed with the large naturalistic enclosures at the off-display and safari 

enclosures, one cannot help but notice the gross inequities in management practices 

and the neglect towards the welfare of the on-display animals.
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Substrate type:

Natural and diverse substrate is important for all captive animals. While the off-display 

enclosure provided the lions with plenty of natural substrates to exhibit natural be­

haviours, there was a distinct dearth of the same at the off-display enclosures. The 

substrate of the off-display enclosures was primarily sandy and did not offer enough 

traction that could elicit species-typical behaviours like ground scratching. Therefore 

the on-display enclosures scored lower than the off-display and zoo-safari enclosures 

on this measure as well.

Terrain complexity:

The on-display enclosure was homogeneous in landscaping and terrain complexity and 

did not allow for animals to get to vantage points and exert some control over their 

captive environments. The on-display enclosures were small and did not have any 

opportunities that the lions could use to express species-typical behaviours. The zoo­

safari and the off-display enclosures provided for mounds and a certain extent of terrain 

complexity that allowed lions to get a vantage point and also get out of the line of 

sight of visitors.

Shelter:

The on-display enclosure provided only one place for shelter to the lions as compared 

to multiple shelter areas that were provided to the lions at the off-display enclosures. 

The off-display enclosures, also provided elevated mounds conveniently placed un­

der a tree that the lions could use to rest during rain showers. The availability of 

multiple shelter locations allowed all animals equitable opportunities to protect them­

selves from inclement weather while maintaining a safe distance from no-friendly con- 

specifics or visitors. Such opportunities were unavailable to the lions housed at the 

on-display enclosures.
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Withdrawal spaces:

Withdrawal areas are important because of two reasons, first, it provides animals with 

a way to maintain a critical distance from conspecifics housed in the same exhibit. 

Second, the withdrawal areas provide sufficient flight distance to the lions that can 

reduce the chances of sustained aggressive interactions between conspecifics. While 

the off-display enclosures and the zoo-safari enclosures had adequate sizes, which 

allowed all housed Asiatic lions sufficient flight distance and critical distance, the same 

cannot be said about the on-display enclosures. The on-display enclosures provided 

drinking water next to the visitor barrier, which forced lions to come close to the visitors 

for the basic need of drinking water. Such design flaws in the on-display enclosure are 

problematic and expose zoo-housed animals to chronic stress, which violates the basic 

tenets of all husbandry guidelines for any species.

Vegetation:

All the off-display enclosures had diverse canopy structures that allowed lions to find 

places of shade and thermoregulate. On the other hand, the on-display enclosures had 

all but one tree at the centre of the enclosure, which provided enough shade to the 

lions housed in them. However, apart from a single tree, there was no other vegetation 

inside the enclosure, including grass or shrubs that could be used by the lions as a 

source of diverse sensory stimuli. Vegetation plays an important role for all animal 

enclosures and helps promote species-typical behaviours. The dearth of a diverse array 

of vegetation inside the on-display enclosure was limited to the performance of species­

typical behaviours by the housed animals.

Enrichment practices:

None of the enclosures at SZG had an active enrichment programme. Enrichment 

programmes bring novelty to a sterile captive environment and create a positive re­

lationship between the animal and the paddock area. Enrichment devices also cre­

ate opportunities for animals to display species-typical behaviour patterns. Enrich­
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ment interventions although ubiquitously accepted as beneficial for positive animal 

welfare outcomes, have not found widespread application at Indian ex-situ institutions 

(Szokalski et al., 2012). Therefore, all enclosures scored low on this measure (score 

= 1) (Figure 2.5).

Furniture:

Furniture is an important feature inside the enclosure like water pool, caves, logs, 

platforms that add functionality to different areas. Elevated log platforms were the 

only form of furniture inside all three enclosure types. The lack of diverse furniture 

types prevented animals from forming functional relationships with enclosure zones 

and therefore all enclosures scored low on this attribute (Figure 2.5).

Social features:

All enclosures housed lions in either pairs or groups. Lions were housed in iso-sexual 

pairs for related animals and heterosexual for mating pairs. The on-display enclosures 

did not have sufficient space (100 m2) and were crowded for housing a pair of Asiatic 

lions. The off-display enclosures housed lions in paired or group (M = 1, F = 2) 

formats in large enclosures (1000 m2). The on-display enclosures scored much lower 

(M = 1.75) on this attribute as compared to the off-display (3.59) and zoo-safari (M 

= 3.82) enclosures.

Feeding practices

The feeding protocol was identical across all enclosure types. The daily ration was 

provisioned based on the weight and health of each individual in their retiring cubicles 

between 1700-1800 hours. The lions would be brought into the retiring cubicles and 

then the keepers would drop chunks of meat and bones through a feeding window. The 

meat was cut into small pieces due to the small size of the feeding window, which 

lowered the food processing time and did not allow for the lions to display species­

typical feeding behaviours. Adult lions are fed approximately 6-7 kg of lean buffalo 

meat each day, with a fast on Sundays. Since the provisioned meat does not have 
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much fat and the animals are not provided with organs, the food is supplemented 

with multivitamins. Due to the lower food processing time and the method of food 

provisioning, all enclosures scored close to three on this attribute (Figure 2.5).

Retiring Area

The retiring cells were similar across all three enclosure types. All enclosures had 

separate retiring cubicles for each animal. However, the retiring cubicles were not 

used to house animals for extended periods. Once feeding was completed, the lions 

were allowed to roam in the paddock area. All enclosures had access to day kraals that 

provided some amount of freedom to lions undergoing treatment. The retiring cubicles 

were sterilized on a bi-weekly schedule with a blow torch and were regularly sanitized 

of leftover food and faecal matter with disinfectants. Keeper safety was accounted for 

at the off-display and zoo-safari enclosures, which allowed keepers to ensure that the 

lions were outside the retiring cubicles before entering them themselves for cleaning 

tasks. The on-display retiring cubicles had an old design that prevented keepers from 

having a good view of the cubicle before entering themselves. Therefore two keepers 

needed to be present at all times to ensure that all the animals were safely out of the 

retiring cells before the cleaning team could enter. Moreover, the retiring cubicles at the 

On-display enclosures did not have appropriate ventilation or illumination and hence 

posed a risk of disease or injury to the animals. The CBC is situated at the foothills 

of the Gimar range, and hence often receives heavy showers during July and August, 

which leads to increased moisture in the retiring cells across all enclosure types. The 

retiring cells had concrete floors that although hygienic, which became slippery for 

lions and posed a risk of injury to the animals. The retiring cells provided water to 

the animals in a small concrete trough, All enclosures lacked enrichment devices or 

species-appropriate furniture at the retiring areas or the day kraals (Figure 2.5).

I evaluated the complexity scores of all enclosures in the study area (Figure 2.5). 

Subjectively, the enclosures were of three distinct types, first the on-display enclosure 

at the zoo (N = 2, which had the lowest enclosure complexity score (MCompiexity =1.47, 

N — 2). Second and third, the enclosures inside the zoo-safari (Mcompicxity — 2.98, N —
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Table 2.4: Activity budget of Asiatic lions at different enclosure types at from 0700-1900 hours

Enclosure_Type Behaviourclass 7-10 10-13 13-16 16-19

Off-display ARB 18.65 8.51 8.99 14.65
Off-display Rest 73.97 87.88 83.60 73.53
Off-display Species-typical active 7.37 3.62 7.42 11.82
On-display ARB 46.52 32.86 40.80 45.59
On-display Rest 46.44 62.56 53.47 48.38

On-display Species-typical active 7.04 4.58 5.73 6.03
Zoo-safari ARB 26.41 8.57 10.58 20.96
Zoo-safari Rest 59.83 85.08 84.69 67.99
Zoo-safari Species-typical active 13.76 6.35 4.74 11.04

4), and those within the conservation breeding center (MCOmPiexity = 2.89, N = 17). The 

low complexity score of the on-display enclosures can be attributed to the old design 

concepts dating back to the early twentieth century when the menagerie style was still . 

predominant. The on-display enclosures were overcrowded and provided insufficient 

space for all animals to perform species-typical activity patterns.

We found that the off-display and zoo-safari enclosures had the most species-appropriate, 

including, sufficient space for animal activity, availability of withdrawal spaces, veg­

etation and artificial terrain complexity, which was starkly absent at the on-display 

enclosures. However, the lack of enrichment protocols at all the enclosures is concern­

ing. All enclosure types scored their lowest enclosure complexity scores in the retiring 

area sections (Moff-dispiay 2.39, Mzoo-safari 2.43, Mon-dispiay i)» this was primarily 

due to the limited space available to the animals in the cramped retiring cubicles. The 

lack of enrichment and furnishing was a matter of concern in the off-display areas. On 

the other hand, the on-display enclosures had poorly designed retiring cells that lacked 

proper ventilation and illumination.

2.4.2 Activity budget

The activity budget variations across enclosure types revealed some interesting patterns. 

I found that the lions housed in the zoo-safari and the off-display enclosures showed an
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Figure 2.7: Activity budget of Asiatic lions across enclosure types and levels of visitor presence
(N = 383,132 scans)
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Table 2.5: Activity budget of Asiatic lions across enclosure types and visitor presence

b 
=

Enclosure Visitor ARB Typical Rest BD SPI
F

i

Off-display no 11.12± 6.04 16.54±8.12 72.34±6.13 0.97±0.3 0.55±0.13
i
i

On-display high 43.8± 8.22 6.57±2.47 47.65± 11.46 0.32±0.09 0.93±0.06
»

On-display no 36±3.39 6.57±2.47 57.43±4.43 0.54±0.13 0.72±0.13 f

On-display total 39.9±7.25 6.57±2.35 52.54±9.73 0.43±0.16 0.82±0.15 1

Zoo-safari low 10.69±6.73 17.85±7.91 71.46±4.87 1.12=1=0.41 0.49±0.49 i

Zoo-safari no 9.56±7.23 19.3±9.29 71.14±5.54 1.14±0.46 0.58±0.2
I
1

Zoo-safari total 8.47±5.71 17.44±6.74 74.08±5.51 1.16±0.36 0.54±0.16 1

Note:
ARB = Aberrant reptitive behaviours (Mean and SD) , Typical = Species-typical active 
behaviours, Rest= Rest behaviours, BD = Behaviour diversity, SPI= Enclosure usage
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Figure 2.8: Hourly percentages of behaviours spent in different behaviour classes (N — 383,132 
scans)

identical activity pattern across most times of the day irrespective of visitor presence 

(Figure 2.8). The activity patterns of the lions housed at the on-display enclosures 

differed significantly from the other two enclosures across both visitor-presence and 

absence days (Figure 2.7, Table 2.6). When the visitors were absent, the enclosure 

usage pattern of all the enclosures was largely similar (Figure 2.12, Table 2.5). In Table 

2.4 and Figure 2.8,1 have shown the changes in the activity budget of the Asiatic lions at 

three types of enclosures from 0700 hours to 1900 hours. ARB levels at the off-display 

and the zoo safari peaked in the early morning and the evening. Rest behaviours peaked 

during the midday and afternoon between 1000 and 1600 hours at all three enclosures. 

•Species-typical active behaviours peaked in the early morning (7.37%) and evening 

periods (11.82%) at off-display enclosures. A similar pattern was shown by the lions 

at the zoo-safari enclosures, wherein the species-typical active behaviours peaked in 

the early morning (13.76%) and evening (11.04%). The on-display enclosures showed 
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a distinctly different pattern, wherein the ARB levels stayed constant throughout the 

day and lowered during the mid-day when most animals started resting. Curiously the 

lions housed at the on-display enclosures rested significantly less and performed less 

species-typical behaviours compared to the off-display enclosures.

Table 2.6: Pairwise comparison of welfare indices across enclosure types using Dunn’s test

Comparison Z P.unadj P.adj

ARB
Off-display - On-display -4.82 0.00 0.00
Off-display - Zoo-safari 2.17 0.03 0.03
On-display - Zoo-safari 5.92 0.00 0.00

Topical-active
Off-display - On-display 3.98 0.00 0.00
Off-display - Zoo-safari -0.38 0.70 0.70
On-display - Zoo-safari -3.90 0.00 0.00

Rest
Off-display - On-display 4.63 0.00 0.00
Off-display - Zoo-safari -2.14 0.03 0.03
On-display - Zoo-safari -5.72 0.00 0.00

Enclosure-usage (SP1)
Off-display - On-display -3.50 0.00 0.00
Off-display - Zoo-safari 1.41 0.16 0.16
On-display - Zoo-safari 4.18 0.00 0.00

Behaviour diversity (BD)
Off-display - On-display 3.89 0.00 0.00
Off-display - Zoo-safari -2.02 0.04 0.04
On-display - Zoo-safari -4.96 0.00 0.00

Table 2.7: Pairwise comparison (Dunn’s test) of behaviours (scan percentages) and welfare 
indices across combination of enclosure complexity and visitor levels

Comparison Z P.unadj P.adj

ARB
Off-display_no - On-display_high -3.78 0.00 0.00
Off-display_no - On-display_no -3.40 0.00 0.00
On-display_high - On-display_no 0.28 0.78 0.78
Off-display_no - Zoo-safari_low 2.07 0.04 0.15
On-display_high - Zoo-safari_low 4.54 0.00 0.00
On-display_no - Zoo-safari_low 4.23 0.00 0.00
Off-display_no - Zoo-safari_no 1.39 0.17 0.50
On-display_high - Zoo-safari_no 4.22 0.00 0.00
On-display no - Zoo-safari_no 3.88 0.00 0.00
Zoo-safari_low - Zoo-safari_no -0.76 0.45 0.90

Typical-active
2.96
2.96

0.00
0.00

0.03
0.03

Off-display_no - On-display_high
Off-display_no - On-display_no
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Table 2.7: Pairwise comparison (Dunn’s-test) of behaviours (scan percentages) and welfare 
indices across combination of enclosure complexity and visitor levels (continued)

Comparison z P.unadj P.adj

On-display_high - On-display_no 0.00 1.00 1.00
Off-display_no - Zoo-safari_low -0.35 0.72 1.00
On-display_high - Zoo-safari_low -2.71 0.01 0.04
On-display_no - Zoo-safari_low -2.71 0.01 0.03
Off-display no - Zoo-safari_no -0.25 0.80 1.00
On-display_high - Zoo-safarino -2.79 0.01 0.04
On-display_no - Zoo-safari_no -2.79 0.01 0.04
Zoo-safari_low - Zoo-safari_no 0.12 0.90 1.00

Rest
Off-display_no - On-display_high 3.66 0.00 0.00
Off-display no - On-display_no 3.22 0.00 0.01
On-display_high - On-display_no -0.33 0.74 0.74
Off-display no - Zoo-safari_low -2.20 0.03 0.11
On-display_high - Zoo-safari_low -4.54 0.00 0.00
On-display no - Zoo-safari_low -4.17 0.00 0.00
Off-display no - Zoo-safari_no -1.24 0.22 0.65
On-display high - Zoo-safarino -4.02 0.00 0.00
On-display no - Zoo-safarino -3.63 0.00 0.00
Zoo-safari_low - Zoo-safarino 0.98 0.33 0.66

Enclosure-usage (SPI)
Off-display no - On-display_high -3.59 0.00 0.00
Off-display no - On-display_no -1.61 0.11 0.43
On-display_high - On-display_no 1.48 0.14 0.42
Off-display no - Zoo-safari low 1.64 0.10 0.50
On-display_high - Zoo-safari_low 4.10 0.00 0.00
On-display no - Zoo-safari_low 2.44 0.01 0.10
Off-display no - Zoo-safari no 0.67 0.50 0.50
On-display_high - Zpo-safari_no 3.62 0.00 0.00
On-display_no - Zoo-safari_no 1.85 0.06 0.39
Zoo-safari_low - Zoo-safari no -0.91 0.36 0.73

Behaviour diversity (BD)
Off-display_no - On-display_high 3.41 0.00 0.01
Off-display_no - On-display_no 2.37 0.02 0.09
On-display_high - On-display_no -0.78 0.44 0.87
Off-display no - Zoo-safari low -1.49 0.14 0.41
On-display_high - Zoo-safari_low -3.85 0.00 0.00
On-display no - Zoo-safari low -2.97 0.00 0.02
Off-display_no - Zoo-safari_no -1.64 0.10 0.41
On-display_high - Zoo-safari_no -4.04 0.00 0.00
On-display_no - Zoo-safarino -3.11 0.00 0.01
Zoo-safari low - Zoo-safari no 0.08 0.93 0.93— —
Note:
The comparisons are between different combinations of enclosure complexity and visitor 
presence. “On-display no” means that the enclosure is On-display and there were no visitors 
present
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Figure 2.9: Aberrant repetitive behaviours displayed by Asiatic lions across enclosure types 
and levels of visitor presence (N = 383,132 scans)

2.4.3 Aberrant repetitve behaviours (ARBs)

ARB levels displayed by lions housed in different enclosures varied significantly (Table 

2.6 and Figure 2.9). Lions at the off-display enclosures showed significantly lower 

levels of ARB (Mon-.diSpiay= 11.12, SDOff.disPiay = 6.04) as compared to the zoo-safari 

(Mzoo-safan = 8.47, SDZ00.safari = 5.71, z = 2.17, p = 0.03) and the on-display enclosures 

(Mon-display = 39.9 , SDon-dispiay = 7.25, z = -4.82, p < 0.05). The lions housed at the 

zoo-safari enclosures showed significantly lower levels of ARB as compared to those 

housed at the on-display enclosures (z = 5.92, p < 0.05) (Table 2.6).

ARB levels peaked at early morning and evening for lions housed at off-display 

enclosures and zoo-safari enclosures, while it remained constant at around at the on- 

display enclosures (Table 2.4 and Figure 2.8).

There was no effect of visitor presence or absence, on the ARB levels of lions 

58



housed at the zoo-safari enclosures (Mlow= 10.69, SDLow ~ 6.73,MNo = 9.56, SDNo = 

7.23 ,z = -0.76, p=0.9) and the on-display enclosures (MHigh= 43.8, SDHjgh = 8.22,MNo 

= 36, SDNo = 3.39, z = 0.28, p = 0.78) (Table 2.7 and Figure 2.9). During the no visitor 

days, ARB levels of lions at the off-display enclosures was significantly higher than 

the lions housed at the zoo-safari (z = 3.88, p < 0.05) but significantly lower than the 

lions at the on-display enclosures (z = -3.4, p <0.05) (Table 2.7). On the other hand, 

during the visitor presence days, the ARB levels of lions at zoo-safari enclosures was 

similar to the lions at off-display enclosures (z = 2.07, p = 0.15). Presence visitors did 

not impact the ARB levels of lions housed at the zoo safari or the on-display enclosures. 

It is curious that on the no visitor days, the lions at the zoo-safari enclosures showed 

significantly lower ARBs than those housed at off-display sites.

2.4.4 Species-typical active behaviours

Species-typical active behaviours displayed by lions housed in different enclosures 

varied significantly (Table 2.5 and Figure 2.10). The off-display enclosures showed 

similar levels of typical active behaviours (MOff.disPiay= 16.54, SDOfr.disPiay= 8.12) as 

compared to the zoo-safari (Mzoo.safari = 17.44, SDZ00-safari= 6.74, z = -0.38, p = 0.7) 

enclosures (Table 2.6). The lions at the off-display (z = 3.98, p < 0.05) and zoo-safari 

(z = -3.9, p < 0.05) enclosures showed a significanly higher level of species-typical 

behaviours than those housed at the on-display enclosures (Mon.diSpiay= 39.9, SDon-disPiay 

= 7.25) (Table 2.6). Species-typical active behaviours peaked at early morning and 

evening for lions housed at off-display enclosures and zoo-safari enclosures, while 

it remained constant at around at the on-display enclosures (Table 2.4, Figure 2.10).

Interestingly, species-typical behaviour levels were slightly higher in the zoo-safari 

enclosures as compared to the lions housed at the off-display facilities (Table 2.5).

There was no effect of visitor presence or absence, on the species-typical behaviours 

of lions housed at the zoo-safari enclosures (MLow = 17.85, SDLow = 7.91 ,MNo= 19.3, 

SDNo = 9.29 ,z = 0.9, p = 1) and the on-display enclosures (MHigh = 6.57, SDHigh = 

2.47 ,MNo= 6.57, SDNo = 2.47 ,z = 0, p = 1) (Table 2.7). During the no visitor days,
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Figure 2.10: Species-typical active behaviours across enlcoure types and visitor levels(N = 
383,132 scans)

species-typical behaviour levels of lions at the off-display enclosures was significantly 

higher than the lions housed at the zoo-safari (z = 2.79, p = 0.04) and the on-display 

enclosures (z = 2.96, p = 0.03) (Table 2.7, Figure 2.10). Therefore presence or absence 

of visitors affected did not lead to a significant increase in species-typical behaviour 

levels within the zoo-safari and on-display enclosures.

2.4.5 Rest

Resting behaviours displayed by lions housed in different enclosures varied signifi­

cantly (Figure 2.11, Table 2.5).

Lions at the off-display enclosures rested significantly less (MofT.display = 72.34, 

SDofl-display = 6.13) compared to the zoo-safari (Mzoo_safarj — 74.08, SDzoo.safarj - 5.51, 

z = -2 14 p = 0.03) and significantly more than the lions at on-display enclosures
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Figure 2.11: Resting behaviour levels across enclosure types and visitor levels (N - 383,132 
scans)

(Mon-disPiay = 52.54, SD0I,.display = 9.73, z = 4.63, p < 0.05) (Table 2.6 and Figure 2.11). 

The lions housed at the zoo-safari enclosures rested significantly more than the lions 

at on-display enclosures (z = 5.72, p < 0.05) (Table 2.6).

Resting levels peaked at midday for lions across all enclosures (Table 2.4, Figure 

2.11).

There was no effect of visitor presence or absence, on the resting levels of lions 

housed at the zoo-safari enclosures (MLow= 71.46, SDLow = 4.87, Mn0 = 71.14, SDn0 = 

5.54, z = 0.9876, p=0.66) and the on-display enclosures (MHigh= 47.56, SDnigh= 11.46, 

MNo = 57.43, SDNo = 4.43, z = -1.61, p = 0.43) (Table 2.7 and Figure 2.11).

During the no visitor days, lions at the off-display enclosures rested for the same 

amount of time as the lions at the zoo-safari (z = -1.24, p = 0.65) but significantly more 

than the lions at the on-display enclosures (z = 3.22, p < 0.05). On the other hand,
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Figure 2.12: Enclosure usage across enclosure types and visitor levels (N = 383,132 scans)

during the visitor presence days, the ARB levels of lions at zoo-safari enclosures was 

similar to the lions at off-display enclosures (z = 2.07, p = 0.15) (Table 2.7). Presence 

visitors did not impact the resting patterns of lions housed at the zoo safari or the on- 

display enclosures (Table 2.7 and Figure 2.11). Enclosure type was the only factor that 

affected the patterns of resting behaviours of Asiatic lions.

2.4.6 Enclosure use

Lions housed at off-display enclosures showed significantly homogenous enclosure 

usage patterns (MOff.dispiay = 0-55 , SDofF-disPiay= 0.13) as compared to the lions housed 

at the on-display enclosures (Mon-disPiay = 0.82 , SDon_dispiay= 0.15), z = -3.5, p < 0.05) 

(Figure 2.12 and Table 2.5). There was no difference in enclosure usage between the 

lions at zoo-safari enclosures (Mzoo-Safari = 0.54 , SDZ00.safari= 0.16) (Figure 2.12 and 

Table 2.5) and off display enclosures (z = 1.41, p = 0.16). The enclosure usage of 

lions at the on-display enclosures was significantly lower than those at the zoo-safari 
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enclosures (z = 4.18, p < 0.05)

Interestingly, the enclosure usage of lions at on-display enclosures remained similar 

across high and no visitor days at the barred on-display enclosure (MHjgh = 0.93 , SD= 

0.06, MNo = 0.72 , SDNo= 0.13, z = 1.48, p = 0.42). Similarly, the enclosure usage 

pattern of lions at zoo-safari enclosures remained similar across low-visitor (MLow = 

0.58, SDLow= 0.2) and no-visitor days (Mn0 = 0.58, SDn0= 0.2, z = -0.91, p = 0.73) 

(Table 2.5 and 2.6). On the other hand, the visitor absence did not play a major role 

in determining enclosure usage at the zoo safari enclosures (MLow = 0.49, SDLow = 

0.49, M No = 0.57, SD = 0.19) or the off-display CBC enclosures. The enclosure usage 

levels were similar across both zoo-safari and off-display enclosures. Enclosure usage 

patterns differed significantly between animals housed at the off-display enclosures and 

the on-display enclosures (Table 2.6). Regardless of visitor presence, the animals at the 

zoo safari enclosures had similar enclosure usage patterns compared to the lions housed 

at the off-display enclosures(Table 2.5 and Table 2.7). Therefore we can suggest that 

the zoo-safari enclosures, by being complex and large were offsetting the effects of 

visitor presence and there was no discernible effect of visitor presence or absence at 

these enclosures.

2.4.7 Behaviour diversity

Lions housed at the off-display enclosures had a significantly higher behaviour di­

versity (Moff.dispiay = 0-97, SDOff.disPiay= 0-3) as compared to the lions at on-display 

enclosures (Mon-dispiay = 0.43 , SDon.dispiay= 0.16, z = 3.89, p < 0.05) (Table 2.6 and Figure 

2.13).

Lions housed at zoo-safari enclosures had significantly higher behaviour diversity 

(Mzoo.safari = 1.16 , SDZ00.safari= 0.36) as compared to the lions at the on-display enclo­

sures (z = 4.96, p < 0.05) (Table 2.5 and Figure 2.13) and off-display enclosures (z 

= 2.02, p = 0.04).
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Figure 2.13: Behaviour diversity across enclosure types and visitor levels (N = 383,132 scans)

Lions at zoo-safari enclosures had significantly higher behaviour diversity than the 

lions at zoo-safari enclosures (Mzoo.safarj = 1.16, SDzoo.safarj=0.36) (Table 2.5 and Figure 

2.13) and off display enclosures (z = 1.41, p = 0.16).

The behaviour diversity of lions at on-display (MHigh = 0.32, SDHigh= 0.09, MNo = 

0.54, SDNo= 0.13, z = -0.78, p = 0.87) and zoo-safari enclosures (MLow =1.12, SDLow= 

0.41) and no-visitor days (MNo = 1.14, SDNo= 0.46, z = -0.91, p = 0.73) remained 

similar across visitor present and absent days (Table 2.7).

Interestingly, we found that the behaviour diversity of lions at zoo-safari enclosures 

was comparable to the off-display lions on visitor days (z = 1.49, p = 0.41). Results 

suggest that the behaviour diversity of the Asiatic lions in this study was more impacted 

by the complexity and the type of the enclosure than the presence or absence of visitors.
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2.5 Discussion

These findings highlight several glaring issues pertaining to the welfare of captive 

felids at Indian zoos. The biggest of them being the welfare inequity within the same 

zoological institution, where lions designated for display areas do not have access 

to the complex, feature-rich, large enclosures like their conspecifics housed at the 

CBP. The lack of enrichment protocols and species-appropriate furnishing at most 

enclosures is a significant issue that often gets overlooked. Although the CBC enclo­

sures benefited from large enclosure space and natural vegetation, the lack of an active 

enrichment program inter-linked with husbandry practices stands in stark contrast to 

the incumbent welfare practices of most modem zoos. Modem zoos need to have a 

tangible enrichment plan integrated with the husbandry guidelines for each species 

under their care. Indian zoos and conservation breeding programmes need to shift to a 

more proactive approach regarding the welfare management of the animals under their 

care. This study highlights the need to integrate good enclosure design principles with 

an effective enrichment plan at most zoos. I found that the Asiatic lions housed at 

the on-display enclosures showed more ARB, had lower behaviour diversity and had a 

highly biased enclosure zone usage pattern as compared to subjects housed in larger and 

more complex enclosures. I found that the lions housed at the on-display enclosures 

used a fraction of the limited 100 m2 enclosure space on visitor days and started using 

the space more homogenously on non-visitor days. However, there was no discernible 

effect of visitors on the behaviour diversity and ARB levels of the subjects at any of 

the enclosures. This leads me to posit that enclosure complexity can offset the effects 

of visitor presence at zoo-safari enclosures. But the lack of enclosure space, and com­

plexity at the on-display enclosures is exacerbated by the presence of visitors, which 

leads to significant behavioural artefacts in the subjects housed at these enclosures. At 

off-display enclosures, stereotypy although present was comparatively lower than the 

animals at the on-display enclosures. The causes of stereotypy for lions at off-display 

enclosures could be attributed to other factors such as the lack of an active enrichment 

protocol and novel features in the enclosures.
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Our results are in line with the findings of Glatston and associates (1984), who 

found that the cotton-top tamarins (Sanguinus oedipus) housed in off-display enclo­

sures showed more affiliative behaviours and less aggression as compared to conspecifics 

exposed to visitor presence.

Effects of enclosure complexity on the welfare of tigers and leopards have been stud­

ied at Indian zoos by Mallapur and colleagues (2002) and more recently by Vaz (2017). 

The study conducted on captive jungle cats at Indian zoos by Marinath and colleagues 

(2019) also reported that enclosure characteristics like availability of natural substrate, 

withdrawal areas and species-appropriate husbandry practices led to a lower proportion 

of inactive and aberrant behaviours. Our results show that enclosure complexity and 

its ability to provide natural withdrawal areas to animals is particularly essential in 

mitigating the stressful stimulus associated with visitor disturbance. When animals are 

housed in small enclosures and forced to come close to visitors, it may lead to chronic 

stress, the effects of which do not subside on non-visitor days. The moated enclosures 

which had exposure to visitors through safari buses were not particularly affected by the 

visitor disturbance and there were no discernible differences in activity patterns from 

the off-display enclosures. As suggested by our results, I did observe a variable amount 

of stereotypy even in enclosures that were complex and free from visitor disturbance. 

This leads me to believe that under similar housing and husbandry practices welfare 

outcomes may vary as a function of inter-individual differences (Bashaw et al., 2007).

Broom (1996) defined animal welfare as the “attempts of an animal as it copes with 

its environment”, he also emphasized the need for addressing their subjective emotional 

well-being. Subsequent studies conducted on the subject have more or less agreed 

that positive affective states are crucial to good welfare in captive animals (Ahloy- 

Dallaire et al., 2018; Clegg, 2018; Crump et al., 2018; de Oliveira et al., 2018; Mellor, 

2019; Squibb et al., 2018). Several studies have shown that high visitor presence is 

detrimental to the welfare of captive animals. Our study is the first to show that visitor 

effects can be mitigated with enclosure complexity by providing captive animals with 

the choice to escape a stressful stimulus i.e., visitor presence. Our study adds to the 
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evidence that a complex enclosure environment can be effective in reducing the delete­

rious impacts of visitor effect as suggested by previous studies (Jensvold et al., 2001; 

Marinath et al., 2019). Gareth Davey in his (2007) review asked an important question, 

what is the actual effect of visitor presence on the welfare of zoo-housed animals? He 

recommended that visitor effects should be measured across several animal groupings 

and with reliable measures of stress. In this study, I attempted to showcase the joint 

effects of enclosure complexity and visitor presence on a wide range of welfare indices 

for Asiatic lions. I could not find any immediate effect of visitor presence or absence on 

the changes in activity budget or welfare indices of Asiatic lions across three different 

types of enclosures. I did find a significant effect of enclosure type on the activity 

budget and welfare indices of Asiatic lions. Lions housed at off-display enclosures with 

no visitor presence and zoo-safari enclosures with a low amount of visitors had similar 

activity budgets and welfare outcomes. Most probably the feature-richness of the off- 

display and the zoo-safari enclosures were responsible for better welfare outcomes than 

on-display enclosures. Interestingly, the lions housed at the zoo-safari enclosures did 

not appear to be affected by visitor presence and had similar welfare outcomes as their 

conspecifics at the off-display enclosures.

Zoos should be designed to keep wild animals in captivity at optimal welfare. How­

ever, welfare often takes a back seat to visitor entertainment which has led to a welfare 

crisis at Indian zoos. The results of this study resonate with the findings of few other 

studies which establish the poor state of welfare at Indian zoos. Results of this study 

clearly show that the animals housed at the same zoological institution are exposed 

to different welfare standards which sadly is a common occurrence across several In­

dian zoos. Zoo managers and regulators should take cognizance of these results and 

immediately shift wild captive felids from low-complexity enclosures to more species- 

appropriate enclosures that limit or offset the harmful impacts of visitor crowding.
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Role of personality and rearing-history 
on Asiatic lion welfare



3.1 Introduction

Conservation breeding programmes should conduct periodic welfare evaluations for 

the improvement of incumbent housing and husbandry practices, and realign with con­

servation goals (Broom, 2011; Engel, 1980; Koolhaas et al., 1999; Moorhouse et al., 

2015)- In practice, ex-situ institutions continue to rely on unidimensional measures 

such as keeper ratings, physiological, and behavioural measures without accounting 

for individuality (Boissy et al., 2014; Mason et al., 2007; Sih et al., 2004). Intraspe­

cific variations originating from personality (Locurto, 2006) and early-life experiences 

(Gartner etal., 2014; Watters etal., 2012) determine the umwelt of individuals (Loehlin, 

1992; Loehlin et al., 1998; Stamps et al., 2010), affective states (Boissy et al., 2014;

Harding et al., 2004), and ultimately welfare (Carere et al., 2011; Izzo et al., 2011). 

Inter-individual differences in bold/shy personality traits (Gartner et al., 2016; Gartner 

et al., 2014; Gosling et al., 1999; Mills, 1998; Powell et al., 2011) are associated 

with differential decision-making abilities (Carter et al., 2013), cognition (Griffin et 

al., 2015; Morton et al., 2013) and coping responses (Wilson et al., 1993) to welfare 

deprivation (Franks et al., 2014; Goold et al., 2017; Koolhaas et al., 1999; Moneta et al., 

2009), and ultimately have a bearing on post-release fitness (Bremner-Harrison et al., 

2004). Early-life experiences can also have a beanng on the personality development 
of animals (Ainsworth etal., 1991; Frost etal.,2007; Higley etal., 1991;Loehlin, 1992; 

Stamps et al., 2010; Watters et al., 2012). Therefore, addressing early-life expenences 
and personality traits in welfare evaluation protocols can be vital to the success of ex- 

situ conservation breeding programmes (Rabin, 2003, Wemelsfelde , ) 

nately, parameters of individuality are seldom addressed while designing g 

husbandry protocols for wild animals at conservation breeding programmes, o

... parlv life expenences (reanng 
studies are required to understand how person i &

history) may be associated with welfare "eS. ndividual variations (viz, 

^dy system, I tried to understand the relations p physiolog-

bold-shy traits, rearing history, sex, social grouping

lcal welfare measures.
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It is vital to standardize the welfare evaluation practices for this species to meet its ;

long-term conservation goals. Since Indian ex-situ facilities account for more than 60 

per cent of the global captive Asiatic lion population (Srivastav et al., 2018), holistic 

welfare assessments at these sites can have a tangible impact on the conservation goals 

for the species. I aimed to understand if rearing-history and personality (Allport et 

al., 1921) are important factors associated with intraspecific variations in behavioural 

welfare indices (Broom, 1986; Fraser, 2009). I categorized these subjects based on 

their rearing histories (wild-rescued and captive-raised), sex, social grouping (pair- 

housed and group-housed) and personality traits (bold and shy) (Wilson et al., 1993).

I measured species-typical behaviour diversity (Clark et al., 2012; Owen et al., 2017; 

Powell, 1995; Rabin, 2003; Razal et al., 2016; Skrzypczak, 2016; Watanabe, 2007; 

Wemelsfelder et al., 2000), space usage patterns (Kessel et al., 1996; Ross et al., 2016), 

latency to novel objects (Meehan et al., 2002; Murphy, 1977; Sneddon et al., 2003), 

proportion of aberrant behaviours (Japyassu et al., 2014; Kroshko et al., 2016; Mason, 

2006; Tan et al., 2013) to understand the relationship between individual variations 

and behavioural welfare measures. Physiological parameters are important to the un­

derstanding of animal welfare since affective states have a strong physical connection 

as shown by Schildkraut (2016). I also measured the faecal corticosterone metabo- 

lites(FGM) of the Asiatic lions to understand their relationship with inter-individual 

variations and other behavioural welfare measures. The combination of different wel­

fare indices is important to have a holistic understanding of the welfare of Asiatic lions 

(Watters et al., 2012). I believe that this study will address knowledge gaps in animal 

welfare evaluation procedures, leading to the adoption of individual-focused husbandry 

and management practices at ex-situ endangered species conservation programmes.
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3.2 Methodology

3.2.1 Subjects and housing

This study was conducted at the off-display conservation breeding centre of SZG. A 

map (unsealed) of the off-display conservation breeding enclosures of SZG is provided 

in Figure 3.1. I collected data from 38 (Male = 15, Female = 23) healthy Asiatic lions 

housed in the conservation breeding facility of SZG. During the study I removed three 

individuals (Male = 1, Female = 2) due to ongoing veterinary treatments, reducing our 

sample size to 35 individuals (Male =14, Female = 21) (Table 3.1). The study subjects 

were either born in captivity (N = 16; M = 3, Female = 13) or rescued from wild (N = 19; 

Male = 11, Female = 8). Individuals bom in the zoo (N = 14) and rescued as cubs (N = 2) 

were categorized as captive-raised since they have similar life experiences. Lions that 

were rescued at a young age and spent most of their lives in captivity cannot have similar 

life experiences as adult wild-rescued lions and hence were grouped in the captive- 

raised category. Most wild-rescued lions were rehabilitated as adults for the treatment 

of injuries incurred due to infighting, and after making full recovery were assimilated 

into the conservation breeding programme. Some wild-rescued animals (N = 3) were 

rescued to ameliorate conflict caused by livestock depredation. All subjects were either 

housed in pairs (N = 17) or housed in a sex ratio of 1:2 (N = 18). All subjects (including 

the wild-rescued lions) were in socially cohesive groups and were housed in the same 

enclosure (with the same enclosure mates) for at least a year before the commencement 

of the study. This facility provided us with a unique opportunity to study the behaviour 

of wild-rescued and captive-raised lions under similar housing conditions. Subjects 

were housed in 15 naturalistic enclosures spread across an 8-ha area resembling the 

habitat of Asiatic lions. All enclosures were similar in size, devoid of enrichment 

devices, evenly populated with leafy trees (for shade and cover) and provided similar 

enclosure space and complexity (Figure) per animal (400 m2), ensuring uniformity of 

housing conditions for all subjects. Due to the absence of complexity and an active 

enrichment intervention programme, all enclosures were deemed functionally barren 
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to the subjects. The enclosure sizes ranged from 1100-6542 m2, with an average size 

of (M = 1970 m2, SD = 1685.24 m2).
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Only one enclosure was 6542 m2 in size, and most other enclosures were similar 

in sizes (M = 1424 m2, SD = 224 m2). All enclosures included outdoor (paddocks) 

and indoor (retiring/feeding cells) areas (3m x 3m x 2m dimensions) with continuous 

access to drinking water. Enclosure barriers consisted of v-shaped dry moats with walls 

at the proximal side and chain-linked fences with dual overhangs (4m high) on the other 

three sides. Adjacent enclosures were separated by visual barriers in the form of dense 

bamboo thickets. Subjects were confined to feeding cubicles only during feeding time 

and had free access to all enclosure areas (including feeding cubicles) for the rest of 

the day. Subjects were fed separately at the indoor cubicles between 1700-1900 hours 

six days a week, with a fast on Sundays. Subjects were fed in-house slaughtered and 

quality-inspected buffalo meat. The average meat consumption was 3.5 kg (SD = 0.5 

kg) for females (N = 21) and 4.9 kg (SD = 1.4 kg) for males (N = 14). Most subjects 

were group-housed (1:2) (N = 18) or pair-housed (1:1) (N = 20). Four subjects were 

iso-sexually paired which included two male lions (2:0) and a mother-daughter dyad 

(0:2). A group of animal keepers carried out all husbandry work for the subjects on 

a rotational basis, which meant that all subjects were accustomed to the same group 

of keepers. Since the conservation breeding area is off-display and restricts access to 

unauthorized personnel, subjects’ interactions with humans were limited to the keepers. 

The animal-keepers had trained the subjects to respond to their house names and vocal 

instructions for moving in and out of the feeding cubicles.

3.2.2 Study design

I tried to answer two broad research questions in this study:

a) How differences in bold/shy personality traits, rearing history, sex, and social 

grouping are associated with variations in behavioural and physiological welfare 

outcomes in a group of captive Asiatic lions?

b) How are the behavioural and physiological welfare indices (viz., enclosure usage, 

behaviour diversity, aberrant repetitive behaviours, and faecal corticosterone lev­

els) interlinked?
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Table 3.2: Personality traits adapted from Wielebnowski et al., 1999, Chadiwck et al., 2014 
and Pastorino et al., 2016)

Trait Bold/Shy Definition

Active Bold Moves around enclosure (e.g. paces, runs, stalks)
Curious Bold Approaches and explores changes in the environment
Eccentric Shy Shows stereotypic or unusual behaviours
Excitable Bold Overreacts to changes in the environment
Friendly to conspecifics Bold Initiates and seems to seek proximity of other lions

Friendly to keepers Bold Initiates proximity with keepers: approaches fence 
readily and in a friendly manner (e.g. purrs, rubs on 
fence)

Fearful of conspecifics Shy Retreats and hides from other lions
Fearful of familiar people Shy Retreats and hides from familiar keepers and staff 

members
Fearful of unfamiliar people Shy Retreats and hides from unfamiliar staff and members of 

the public
Insecure Shy Seems scared easily; “jumpy” and fearful in general

Playful Bold Initiates and engages in play behaviour (seemingly 
meaningless, non-aggressive behaviour) with objects 
and/or other lions

Self-assured Bold Moves in a seemingly confident, well-coordinated and 
relaxed manner

Smart Bold Learns quickly to associate certain events and appears to 
remember for a long time

Solitary Bold Spends time alone; avoids company
Tense Shy Shows restraint in movement and posture

To answer these questions, I categorized subjects and recorded the outcomes of 

welfare measures. The detailed design for the study is given below.

Personality assessment

I used a combination of keeper-rating and behaviour-coding techniques to reliably 

assess personality traits (Funder, 1995; Funder et al., 1988; Gartner et al., 2012; Gosling 

et al., 2002; Highfill et al., 2010). I separately interviewed three animal keepers with 

at least ten years of work experience to rate 38 subjects (15:23) on a scale of 1-9 

(1-very low and 9- very high) for pre-selected bold (N = 10) and shy traits (N = 10) 

(Table 3.2). All keepers agreed on their ratings for subjects (high inter-rater reliability, 

Cronbach’s alpha >0.8). I averaged all keeper ratings (N = 3) subject-wise for all 

personality traits. Afterwards, I calculated the average rating on bold (N = 10) and 

shy (N = 10) traits for each subject. Subjects that received an average score above
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Table 3.3: Bold and shy behaviours used for novel object tests

Behaviour Description

Bold behaviours
Approach Subject approaches novel object confidently, or in a stalking 

stance
Play 
Sniff 
Interaction

Play with or solicit play with unknown conspecific
Sniff the novel object cautiously
Physical interaction with novel object (including destruction of 
the same) or showing the urge to interact physically with 
unknown person by rubbing body by the cage.

Shy behaviours
Cowl or avoid Limit oneself at the comer of the cell to maximize distance 

from novel object.
Run away 
Vocalize 
Aggression 
Displacement

Sprint away from novel object
Growl at novel object without interacting with it
Charging towards novel object combined with growling
Perform autogrooming behaviours and avoid the novel object

seven on bold traits were categorized as bold, whereas an average rating above seven 

on shy traits was categorized as shy. To validate keeper ratings for personality traits of 

subjects (bold/shy), I conducted novel-object tests in day kraals for ten minutes using 

video recorders in the absence of keepers and observers (Highfill et al., 2010). Naive 

observers (N = 3) with no prior exposure to study subjects, recorded the latency of 

subjects to interact with novel objects (Frost et al., 2007) and calculated the percentage 

of bold vs shy behaviours (Corsetti et al., 2018; Powell et al., 2011; Powell et al., 2008) 

performed by the subjects during these tests (Table 3.3 and Table 3.4). During these 

tests, the subjects were exposed to the following novel stimuli:

a) Unknown conspecifics,

b) Unknown person and

c) Non-food novel objects (lion-sam ball and bungee cord).

All novel-object tests were conducted in an open-air day kraal adjacent to the pad­

dock area of the enclosures. For the first test, I simultaneously released two subjects 

(same-sex but unknown to one another) at adjacent day kraals and recorded their re­

actions to encountering a same-sex unknown conspecific. The stopwatch was started 
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as soon as both lions were released inside their respective day kraals. The watch was 

stopped when the animal approached and interacted with the novel object. For the 

second test, I released the subject inside the day kraal and had a volunteer (unknown 

to the lion and not wearing a keeper’s uniform) approach the kraal, and stop at the 

median section facing the day kraal for ten minutes. The volunteer did not make any 

eye contact or vocal communication with the animal. The stopwatch was started as 

soon as the volunteer reached the day kraal. For the final test, I placed a novel object 

(lion-sam ball or bungee cord) at the centre of the enclosure, and then released the 

subject inside the day kraal. The stopwatch was started when the subject was released 

inside the day kraal. Observers used focal animal sampling (Altmann (1974); Martin 

et al. (1993)) to calculate the duration of all behavioural states and events performed by 

subjects during each of these tests. These focal observations were used to calculate the 

percentage of bold and shy behaviours performed by subjects (Table 3.4). I tested each 

subject separately to avoid confounding personality with dominance. I conducted the 

latency tests simultaneously for 12 individuals daily between 0900-1100 hours. Since 

I did not want to overwhelm the animals with multiple novel stimuli on a single day, 

three sessions of novel-object tests were conducted for each subject on consecutive 

days. The novel object tests were conducted for ten minutes, and if subjects failed to 

approach the novel object after five minutes, they were categorized as shy. I repeated 

the novel object tests with unknown humans and novel objects after a month to check 

for trait consistency and calculated the average latency values for each subject. In 

the first session, a lion-sam ball was used as the novel object, which was replaced in 

the second session with a hanging bungee cord. The order of the latency tests was 

kept the same for all subjects. Three Asiatic lions undergoing veterinary treatments 

for physical injuries (Male = 1, Female = 2) showed inconsistencies in trait measures 

across different sessions. I excluded these animals from the study, thus reducing the 

number of subjects to 35 individuals (Male = 14, Female = 21). I found that keepers (N 

= 3) and observers (N = 3) reliably agreed on the personality type (Cronbach’s alpha 

> 0.9) of these 35 subjects. These subjects were further categorized based on rearing 
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history (wild-caught = 19, captive-raised = 16), sex (Male = 14, Female = 21) , and 

social grouping (pair-housed =17, group-housed = 18).

Behavioural welfare indices

In this study, I used four behavioural welfare indices, viz.,

1. Latency measures

2. Enclosure usage

3. Diversity of species-typical behaviours

4. Aberrant repetitive behaviours

Latency scores were recorded as the number of seconds that the subject took to interact 

with the novel object after encountering it. Additionally, I also measured the species­

typical behaviour diversity, enclosure-usage, and percentage of aberrant repetitive be­

haviours shown by the subjects, using the same methodology discussed in the last chap­

ter.

Faecal corticosterone metabolites

We measured faecal corticosterone metabolites of all subjects to contrast the physio­

logical impacts of the enrichment interventions on control and test subjects. Faecal 

corticosterone is a reliable physiological indicator of stress and compromised welfare 

in captive felids (Ruskell et al., 2015; Schildkraut, 2016; Vaz et al., 2017; Young et al., 

2004). We collected two fresh faecal samples/week from each subject (both control and 

test) during the entire study period. We collected all fresh faecal samples using the dry 

sampling approach (Biswas et al., 2019) and stored them in -20°C freezer onsite and 

later transported them to the Wildlife Institute of India in dry ice. The samples were 

stored in the laboratory at -20°C freezer until further processing. To control for effects 

of moisture and diet, we pulverized the frozen samples before lyophilizing (#FD-5, 

Allied Frost, New Delhi, India) them for 72 hours before hormone extraction (Mondol
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Table 3.4: Corticosterone FGM assay details

Assay
method

Dilution Slope 
(R2)

Inter­
assay
CV

Intra­
assay
CV

Cross-reactivity

EIA 1:60 0.92
(0.99)

9.0 9.8 100% with corticosterone, 12.30% with 
Desoxycorticosterone, 2.30% with 
Tetrahydrocorticosterone and <1% with 
Aldosterone, Cortisol, Progesterone, 
Dexamethasone,
Corticosterone-21 -Hemisuccinate, 
Cortisone and Estradiol

Figure 3.2: Parallelism and accuracy graphs for Corticosterone validation assay

et al., 2020). Subsequently, we sieved lyophilized samples through a 0.5 mm stainless 

steel mesh to obtain a homogenized faecal powder. We thoroughly mixed the dried 

faecal powder and extracted hormone by pulse-vortexing 0.1 grams of powder in 15 

ml of 70% ethanol, followed by centrifugation at 2200 rpm for 20 min (Mondol et al., 

2020; Wasser et al., 2010). The hormone extracts were stored in 2 ml cryochill vials 

(1:15 dilution) and stored in -20°C freezer till further analyses. We used a corticosterone 

El A kit (#K014, Arbor Assays, MI, USA) for corticosterone metabolite estimation in 

faecal hormone extracts.

Sample extracts were air-dried inside an incubator and resuspended in assay buffer 

as per required dilutions. Each sample was assayed in duplicate using the kit protocol 

and the optical density was measured at 450 nm using an ELISA plate reader (#GMB- 

580, Genetix Biotech Asia Pvt. Ltd., New Delhi, India). Hormone metabolite con­

centration is interpolated using four parametric logistics (4PL) regression functions 
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in GraphPad Prism software version 5 (GraphPad Software, California, USA). Cross­

reactivities of the antibody are listed in Table 3.4. We tested for parallelism and accu­

racy to validate the corticosterone assay. We used dilutions of pooled extracts from a 

random combination of male and female samples (N = 20) to assess reliable quantifi­

cation of corticosterone at different concentrations and find optimal dilutions for final 

assays (at 50% binding). The relative dose was plotted against per cent bound hormones 

for the pools and the standards and generated a best-fit curve using 4PL regression, 

where parallel slopes indicate similar immunoreactivity at different concentrations. For 

the accuracy test, I spiked corticosterone standards with equal volumes of diluted faecal 

extract of known concentration (dilution level close to 50% bound from parallelism test) 

and assayed with standards. We plotted the results as regression lines using observed 

and expected concentrations to show that faecal contaminants were not interfering with 

assay accuracy at the tested dilution. We calculated inter-and intra- assay coefficients 

of variation using repeated measures of same-pooled extract.

3.3 Data analysis

I tested the following hypotheses in this study:

1. There would be no variations in behaviour indices between male and female 

subjects and the measures would perform uniformly for both sexes.

2. The wild-rescued lions would display higher behaviour diversity than captive- 

raised animals.

3. Bold individuals would differ in behavioural welfare indices compared to shy 

individuals.

4. There would be no difference in behavioural welfare parameters between pair- 

housed and group-housed subjects.

5. There will be no significant prediction of behavioural diversity by the proportion 

of aberrant repetitive behaviour and the enclosure usage patterns of subjects.
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I used R statistical software version 4.3 through RStudio (Team, 2020) using pack­

ages, “tidyverse” (Wickham et al., 2019), “ggstatsplot” (Patil et al., 2018), “effectsize” 

(Ben-Shachar et al., 2020) and “funModeling” (Casas, 2019) for all statistical analaysis 

and graphical outputs. For exploratory data analyses, I used the Shapiro-Wilk test and 

Levene’s test to ascertain the normal distribution and homogeneity of variance in SPI, 

SWI, latency, ARB and FGM values, respectively. I conducted a bivariate Pearson’s 

correlation to ascertain the strength of association between the four above-mentioned 

welfare indices.

I had four categorical predictor variables (personality trait, rearing history, sex, and 

social grouping), each with two levels (viz., bold and shy, wild-rescued and captive- 

raised, male and female and pair-housed and group-housed). I compared welfare in­

dices across groups (categorical predictor variables) using independent samples t-tests 

(Delacre et al., 2019) for normally distributed dependent variables (enclosure usage, 

behaviour diversity, ARBs, and Faecal corticosterone metabolites). Later, I grouped 

animals in four categories viz., captivebold (N = 14), captive-shy (N = 2), wild-bold 

(N = 7) , wild-shy (N = 12) and compared welfare indices across these categories. 

We cannot make any reasonable assumptions about the captive-shy group since it is 

represented by only two animals. However, I have kept this group in all the subsequent 

figures and graphs since most ex-situ institutions are likely to have only captive-bom 

animals across bold and shy personality traits. In the first step, I conducted a non­

parametric Kruskal-Wallis test to find if there was any difference between the four 

groups of Asiatic lions. I used post-hoc pairwise comparisons using the Welch’s t-test, 

Dunn’s test and Games-Howell test to understand the differences in welfare indices. 

I primarily relied on non-parametric tests, since most of them rely on the equality of 

variances between the test groups. I used the non-parametric Kruskal-Wallis test for 

latency measures and the proportion of bold and shy behaviours performed by subjects 

during the novel object test. When comparing between means of two groups with 

different sample sizes, it is important to report effect sizes in addition to p-values to 

indicate the scale-independent degree of difference. I calculated effect sizes to quantify 

differences in welfare measures between groups (Cohen, 1992; Lakens, 2013).
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Table 3.5: Comparative table for the proportion of bold and shy behaviours performed by 
subjects during novel object tests

Personality N Mean Std. Dev t(33) Sig (2-tailed)

Shy lions 14 15.86 9.591 -10.574 0.001
Bold lions 21 87.24 8.746 NA NA

Finally, I conducted multiple regression analysis to understand how the behaviour 

diversity of captive animals were predicted by their enclosure usage patterns and ARB 

levels. Before conducting a regression analysis, I checked for multicollinearity be­

tween independent variables using measures of VIF (variance inflation factor). Since 

enclosure usage and ARBs were not highly correlated, I used them as predictors for 

behaviour diversity in regression analysis.

3.4 Results

3.4.1 Validation of keeper ratings

The mean latency times for all subjects after averaging both trials was 47.76 seconds 

(SD = 46.85). Subjects categorized as bold by keepers (M = 11.13, SD = 3.65, N = 

21) showed significantly lower latency values (z = 2.89, p <0.01, Cohen’s d = 7.28) 

compared to subjects categorized as shy (M = 102.71, SD = 17.4, N = 14) (Table 

3.6, Figure 3.4).

Bold subjects also showed significantly higher percentage of bold behaviours (M = 

87.24, SD = 8.74) than shy individuals (M = 15.86, SD = 9.5) (/(33) = -10.57, p<0.01) 

(Table 3.6). These results validate the keeper rating of subjects on the bold-shy scale.

3.4.2 Comparison of welfare measures across categorical indepen­
dent variables

I will first discuss the effects of each trait of individual variation across the different 

welfare indices. Since it was apparent that personality and rearing-history are both 

instrumental in shaping the differential responses of subjects to similar husbandry prac­

tices. I combined personality trait features and rearing-history to create four category
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Bold Shy Captive Wild Male Female Pair Group
Welfare Index

Figure 3.3: Comparison of welfare indices

of subjects, captive-bold (N = 14) , captive-shy (N = 2), wild-bold (N = 7), wild-shy 

(N = 12). In this section, I will also show how subjects belonging to each of these 

unique personality and rearing histories fare under similar husbandry conditions.

Latency to novel objects

Captive-raised individuals (M = 18.61, SD = 21.55, N = 16) displayed significantly (z 

= 1.86, p = 0.02, Cohen’s d = 1.42) lower latency compared to wild-rescued individuals
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Table 3.6: Pairwise comparisons for welfare indices in Asiatic lions with different lifehistory 
and personality traits

Comparison Z P.unadj P.adj

Latency
Bold_captive - Shy_wild -4.695930 0 0.00
Bold_wild - Shy_wild -3.620491 0 0.00

Enclosure usage (SPI)
Bold_captive - Shy_wi!d -4.050267 0 0.00

ARB
Bold_captive - Shy wild -3.818894 0 0.00
Bold_wild - Shy_wild -2.872927 0 0.02

Behaviour diversity
Bold_captive - Shy_wild 4.069521 0 0.00

FGM level
Bold_captive - Shy_wild -4.713980 0 0.00
Bold_wild - Shy wild -3.591427 0 0.00

(M = 72.30, SD = 48.7, N = 19) (Table 3.7 and Figure 3.4). I found no difference in 

latency scores between male (M = 37.02, SD = 45, N = 14) and female (M = 54.9, SD = 

47.8,N = 21) subjects (z = 0.89, p = 0.39, Cohen’s d= 0.38) (Table 3.7). Latency values 

did not vary significantly between pair-housed (M = 55.14, SD = 48.2, N = 17) and 

group-housed (M = 40.78, SD = 45.81, N = 18) lions (z = 0.9, p = 0.31, Cohen’s d = 0.3).

Latency measures varied significantly across the four groups of lions with different 

lifehistory and personality traits (Fwcich(3, 6.80) = 577.83, p = 0). Wild-rescued shy 

lions (M = 107.65 , SD = 13.07, N = 12) and wild-rescued bold lions (M = 11.7 , SD 

= 3.45, N = 7), were significantly different from one another in latency measures (z 

= -3.62, p <0.05, Cohen’s d = 8.96). On the other hand, the captive-raised bold lions 

(M = 10.84, SD = 3.85, N = 14), showed lower latency levels than captive-raised shy 

lions (M = 73.06, SD = 1.83, N = 2) (Cohen’s d = 0.86) but the number of shy-captive 

animals were disproportionately lower to validate these findings (Figure 3.4).

Enclosure usage

The spread of participation index (SPI) for enclosure usage is an important welfare 

indicator that determines the functional role of the captive environment for the animals. 

Enclosure space usage patterns varied significantly between subjects with different
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Table 3.7: Comparison of welfare indices (viz., enclosure usage, behaviour diversity, aberrant 
behaviours, and latency to novel objects) between Asiatic lions of different categories (captive- 
raised vs wild-rescued, bold vs shy, male vs female, and pair-housed vs group- housed)

Welfare indices Group-A Group-B test
statis­
tic

P- 
value

Effect 
size 
(Co­
hen’s 
d)

Personality type
Personality Bold(n = 21) Shy(n = 14)
Enclosure usage 0.5±0.12 0.71 ±0.15 -4.57 <0.000 1.54
Behaviour diversity 1.23±0.26 0.73±0.34 4.89 <0.000 1.64
Aberrant behaviours 7.01±3.9 16.13±5.4 -5.82 <0.000 1.94
Latency to novel object 11.13± 3.65 102.71±17.4 -4.95 <0.000 724
FGM 5.43±0.75 10.16±4.16 17.58 <0.000 1.76

Life-history type
Lifehistory Captive(n = 16) Wild(n= 19)
Enclosure usage 0.47±0.12 0.67±0.15 4.28 <0.000 1.47
Behaviour diversity 1.26±0.3 0.83±0.35 -3.94 <0.00 1.35
Aberrant behaviours 7.74±5.3 13.12±6.25 2.71 0.1 0.92
Latency to novel object 18.61±21.55 72.30±48.7 2.89 0 1.42
FGM 5.57±4.23 8.8±4.23 10.51 0.004 1.01

Social grouping
Social grouping Pair housed (n =17) Group housed (n =18)
Enclosure usage 0.6±0.13 0.56±0.19 -0.69 0.49 0.22
Behaviour diversity 0.99±0.33 L06±0.42 0.46 0.64 0.18
Aberrant behaviours 11.33±6.12 10.02±6.69 -0.6 0.55 0.2
Latency to novel object 55.14±48.2 40.78±45.81 0.95 0.31 0.3
FGM 7.72±3.02 6.94±4 0.42 0.51 0.22

Sex
Sex Male(n = 14) Female(n = 21)
Enclosure usage 0.61±0.2 0.57±0.15 5.28 0.6 0.17
Behaviour diversity 0.96±0.43 1.1±3.5 -0.85 0.4 0.28
Aberrant behaviours 11.04±7.05 10.41±6.02 0.28 0.78 0.09
Latency to novel object 37.02±45 54.9H47.8 -1.11 0.27 0.38
FGM 6.34±1.98 7.98 ±4.18 2.39 0.13 0.47

Table 3.8: Effect of personality and rearing history on latency to novel objects

n Mean Std.Dev Median

Bold_captive 14 10.84 3.85 10.79
Bold_wild 7 11.70 3.45 12.53
Shy_captive 2 73.06 1.83 73.06
Shy_wild 12 107.65 13.07 111.50
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Figure 3.4: Latency measures across personality and rearing history categories

personality types and rearing histories. Wild-rescued individuals used enclosure space 

less homogeneously (M = 0.67, SD = 0.15, N = 19) than captive-raised individuals (M 

= 0.47, SD = 0.12, N = 16) (t (33) = 4.28, p<0.01, Cohen’s d = 1.47) (Table 3.6 and 

Figure 3.5). Subjects with bold personality traits showed significantly less enclosure­

zone bias (M - 0.5, SD = 0.12, N = 21) compared to individuals with shy traits (M = 

0 71, SD - 0.15, N = 14) (t (33) = -4.572, p <0.01, Cohen’s d = 1.54). Overall, the 

SPI value of males (M = 0.61, SD = 0.20, N = 14) was not significantly different from
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Figure 3.5: SPI measures across personality and rearing history categories (N - 120,540 scans)

Table 3.9: Effect of personality and rearing history on enclosure usage (SPI)

n Mean Std.Dev Median

Bold_captive 14 0.46 0.12 0.43
Bold wild 7 0.57 0.11 0.57
Shy_captive 2 0.57 0.14 0.57
Shy_wild 12 0.74 0.15 0.75

female (M = 0.57, SD = 0.15, N = 21) lions (t (33) = 5.28, p = 0.6, Cohen’s d = 0.17). 

The enclosure usage patterns of group-housed (M = 0.56, SD = 0.19, N = 18) and pair- 

housed subjects (M = 0.60, SD = 0.13, N = 17) (t(33) = -0.69, p = 0.49, Cohen’s d = 

0.22) were similar (Table 3.7 and Figure 3.5) .
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Table 3.10: Effect of personality and rearing history on behaviour diversity (BD)

n Mean Std.Dev Median

Bold_captive 14 1.29 0.25 1.30
Bold_wild 7 1.10 0.25 1.20
Shy_captive 2 1.05 0.40 1.05
Shy_wild 12 0.68 0.32 0.70

We found that wild and shy lions had a higher (M = 0.74, SD = 0.15, N = 12) SPI 

compared to captive-raised bold animals (M = 0.46, SD = 0.12, N = 14). There were 

significant differences between different personality and rearing history groups for SPI 

measures (FweiCh(3, 4.60) = 7.14, p = 0.0342). In termns of pair-wise comparisons, 

there was a stark difference in enclosure usage between captive-raised bold lions (M 

= 0.46, SD = 0.12) as compared to wildjrescued bold lions (M = 0.57, SD = 0.11, N 

= 7) (Table 3.3). Curiously we found that the captive-raised shy lions had a similar 

enclosure usage pattern to the bold, wild-rescued animals (M = 0.57, SD = 0.14, N = 

2) (Table 3.7 and Figure 3.5).

Species-typical behaviour diversity

I found that species-typical behaviour diversity of captive-raised animals (M = 1.26, 

SD = 0.3, N = 16) was significantly higher than wild-rescued animals (M = 0.83, SD 

= 0.35, N = 19) (t (33) = -3.94, p <0.01, Cohen’s d= 1.35) (Table 3.7 and Figure 3.6). 

Bold subjects displayed higher behaviour diversity (M = 1.23, SD = 0.26, N = 21) than 

shy individuals (M = 0.73, SD = 0.34, N = 14) (t (33) = 4.89, p<0.01, Cohen’s d - 

1.64) (Table 3.7. and Figure 3.3). Behaviour diversity levels were similar between 

male (M = 0.96, SD = 0.43, N = 14) and female (M = 1.1, SD = 0.35, n = 21) lions 

(t(33) = -0.85, p = 0.4). Group-housed (M = 1.06, SD = 0.42, n = 18) and pair housed 

subjects (M = 0.99, SD = 0.33, n = 17) showed similar levels of behaviour diversity 

(/ (33) = 0.64, p = 0.64, Cohen’s d = 0.18).

behaviour diversity levels differed significantly across personality and rearing his­

tory groups (Fweich (3, 4.48) = 7.53, p = 0.0327). Pairwise comparisons revealed that
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Figure 3.6: Behaviour diversity across personality and rearing history categories (N - 120,540 
scans)

there were significant differences in behaviour diversity levels between the bold captive- 

raised lions (M = 1.29, SD = 0.25, N = 14) and the shy wild-rescued subjects (M = 

0.68, Sd =0.32, N = 12) (z = -4.7, p <0.05, Cohen’s d = 2.17). From Table 3.5 we can 

notice that the enclosure usage and behaviour diversity varied similarly across lions 

with different personality and rearing-histories.
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Figure 3.7: ARB measures across personality and rearing history categories (N = 120,540 
scans)

Aberrant-repetitive behaviours (ARB)

Wild-rescued individuals (M = 13.12, SD = 6.25, N = 19) expressed higher proportions 

of ARBs than captive-raised individuals (M = 7.74, SD = 5.3, N = 16) (t (33) = 2.71, 

p = 0.01, Cohen’s d - 0.92) (Table 3.7, Figure 3.7).

Bold individuals (N=21) showed significantly lower levels of stereotypic behaviour 

such as pacing and swaying (M = 7.01, SD = 4, N = 21) compared to shy individuals 

(M = 16.13, SD = 5.4, N = 14) (t(33) = -5.82, p<0.01, Cohen’s d = 1.94) (Table 3.7, 

Figure 3.7). I found no difference in the expression of ARBs between male (M = 11.04,
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Table 3.11: Effect of personality and rearing history on aberrant repetitive behaviours (ARB)

n Mean Std.Dev Median

Bold_captive 14 6.83 4.40 5.56
Bold wild 7 7.40 2.93 6.12
Shy_captive 2 14.17 8.73 14.17
Shy_wild 12 16.46 5.13 16.67

SD = 7.05, N = 14) and female (M = 10.41, SD = 6.02, N = 21) subjects (t (33) = 

0.282, p = 0.78, Cohen’s d = 0.09) , as well as between group-housed (M = 10.02, 

SD = 6.69, n = 17) and pair-housed subjects (M = 11.33, SD = 6.12, n = 17) (t(33)

= -0.6, p = 0.55, Cohen’s d = 0.2).

When I combined rearing-history and personality traits, lions belonging to different 

personality and rearing history groups varied significantly in their measures for aberrant 

repetitive behaviours (Fwe|Ch (3, 4.46) = 8.06, p = 0.03). Pairwise comparisons revealed

that the bold and captive bom lions (M = 6.83, SD - 4.4, N - 14) showed significantly 

lower amount of stereotypic behaviours as compared to the Shy and wild rescued 

animals (M = 16.46, SD = 5.13,N = 12) (z = -3.18, p<0.05, Cohen’s d = 2.03). Bold 

and wild rescued lions (M = 7.4, SD = 2.93, N = 7) showed significantly lower levels 

of ARB as compared to Shy and wild rescued lions (z = -2.87, p < 0.05, cohen’s d= 

2.02). We had only two Shy-captive bom lions (M = 14.17, SD = 8.73, N = 2), whose 

ARB levels were closer to that of the Shy and wild-rescued animals and much higher

compared to Bold and captive-raised animals.

Faecal corticosterone metabolite levels (FGM)

Parallelism and accuracy tests for corticosterone metabolites showed reliable measures 

from lion faeces across different concentration ranges. Serial dilutions of faecal extracts 

paralleled the standard curves (Figure 3.2a). There were no differences between slopes 

of standard and pooled extract curves for corticosterone (F (1,10) = 2.06, p = 0.182) 

, and the curves were significantly different in their elevation (F (1,11) = 66.25, p = 

0.0001). Accuracy tests produced slopes of 0.92 at working dilution of 1:60 (Figure
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Figure 3.8: FGM levels across personality and rearing history categories

3.2b), suggesting that faecal extracts did not interfere with their metabolite measure­

ment precisions. The intra-assay coefficient of variation (CV) was 9.8%, whereas the 

inter-assay CV was 8.99% (Table 3.4). Wild-rescued animals (M = 8.8 /zg/gm, SD 

= 4.23, N = 19) showed a significantly higher amount of FGM as compared to the 

captive-raised animals (M = 5.57 /zg/gm, SD = 4.23, N = 16) (Fwelch (1,19.88) =10.51, 

p = 0, cohen’s d= 2.0181243).

Bold lions (M = 5.44 /zg/gm, SD = 0.76, N = 21) showed significantly lower levels 

of faecal corticosterone metabolites as compared to the shy lions (M = 10.16 /zg/gm, 

SD = 4.17, N = 14) (FweichU, 13.58) = 17.58, p = 0.00, cohen’s d= 3.01).
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Table 3.12: Effect of personality and rearing history on faecal corticosterone metabolites 
(FGM)

n Mean Std.Dev Median

Bold_captive 14 5.38 0.78 5.38
Bold wild 7 5.55 0.77 5.65
Shy_captive 2 6.90 0.06 6.90
Shy_wild 12 10.70 4.28 9.05

There was no difference between FGM levels across sex and social grouping (Table

3.7). When I combined personality traits and rearing history and compared the FGM 

levels across these groups. There was a significant difference across groups with dif­

ferent personality and rearing history groups for FGM levels (Fweich(3,15.39) = 24.73, 

p = 0). Bold and captive (M = 5.38 /zg/gm, SD = 0.78, N= 14) as well as bold and wild- 

rescued (M = 5.55 /zg/gm, SD = 0.77, N = 7) lions had lower FGM levels as compared to 

the shy and wild-rescued animals (M = 10.7 /zg/gm, SD = 4.28, N = 12) (z=-4.7, p< 0.5). 

Bold and wild rescued lions had significantly lower level of FGM as compared to the 

Shy and wild rescued animals (z = -3.5, p < 0.5, cohen’s d = 1.72) The two shy captive- 

raised lions had lower FGM levels as compared to shy wild-rescued lions (Table 3.11).

I found no differences in FGM levels between male (M = 6.34 /zg/gm, SD = 1.99, 

N = 14) and female (M = 7.98 /zg/gm, SD = 4.19 , N = 21) subjects as well as between 

group-housed (M = 6.95 /zg/gm, SD = 4.01, N = 18) and pair-housed subjects (M = 

7.73 /zg/gm, SD = 3.03, N = 17).

3.4.3 Inter-relationship between welfare indices

Latency was positively correlated with enclosure usage bias(SPI) (r = 0.59, N = 35, 

p<0.01) , proportion of ARBs (r = 0.57, N = 35, p<0.01) and FGM levels (r = 0.9, 

p <0.01) (Table 3.13, Figure 3.9). Latency was negatively correlated to behaviour 

diversity (r = -0.59, N = 35, p<0.01). ARB was positively correlated with latency to 

novel objects, and enclosure usage (r = 0.54, p = 0.01) but was strongly negatively 

correlated with behaviour diversity (r = -0.88, p = 0.01). Behaviour diversity was 

negatively correlated with latency to novel objects, ARBs, enclosure usage (r = -0.61, 

p = 0.01) and FGM levels (r = -0.6, N = 35, p<0.01) (Table 3.13). Enclosure usage
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Figure 3.9: Correlation matrix(Spearman’s rank) of different welfare indices, Latency, ARB = 
Aberrant repetitive behaviours, BD = Behaviour diversity, SPI = Enclosure usage and FGM = 
Faecal corticosterone metabolites
♦ significance at alpha 0.95, *** significance at alpha 0.99

bias was positively correlated with latency values, and proportion of ARBs (r = 0.66, 

p<0.01), but was negatively correlated with behaviour diversity (r = -0.71, p<0.01).

FGM levels showed a strong positive correlation with latency values of subjects (r 

= 0.99, p = 0.01) FGM levels had a positive correlation with enclosure usage values 

and ARB levels. As expected, FGM levels were negatively correlated with behaviour 

diversity and positively correlated with ARB. Therefore, it is evident that an increase in 

behaviour diversity is associated with a lowering in ARB, an increase in enclosure zone
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Table 3.13: correlation matrix of welfare indices (Spearman’s rank correlation)

LATENCY ARB BD SPI FGM

LATENCY 1.00 0.57 -0.59 0.59 0.99
ARB 0.57 1.00 -0.88 0.54 0.61
BD -0.59 -0.88 1.00 -0.61 -0.60
SPI 0.59 0.54 -0.61 1.00 0.55
FGM 0.99 0.61 -0.60 0.55 1.00

Table 3.14: Regression table for Behaviour diversity enclosure usage + ARB

^Characteristic** **Beta** **95% CI** **p-value**

SPI -0.45 -0.88, -0.02 0.039
ARB -0.05 -0.06, -0.03 <0.001
FGM 0.00 -0.02, 0.01 0.8
R2 0.851
Adjusted R2 0.836

Sigma 0.154
Statistic 58.9
p-value <0.001
df 3
Log-likelihood 17.8

AIC -25.7
BIC -17.9
Deviance 0.740
Residual df 31
No. Obs. 35

usage, and a lower FGM level. Interestingly, the FGM levels and latency measures 

were strongly positively correlated, which probably indicates a strong physiological 

relationship to the performance of lions in cognitive tasks.

Multiple regression analysis (Table 3.14) indicated that ARBs and space usage 

homogeneity explained 85% of the variance in the behaviour diversity (R2 = 0.85, F 

(2,32) = 90.92, p<0.01) (Table 3.14). The predicted regression equation is Behaviour 

diversity = 1.8 + (-0.046) x (ARB) + (-0.46) x (Enclosure usage). These results suggest 

that lions who display low levels of ARB and use enclosure space more homogeneously 

are likely to have higher behaviour diversity.
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3.5 Discussion

Personality traits of wild-rescued and captive-raised Asiatic lions were the single most 

important variable that led to variations across welfare indices. Our sample size con­

stitutes 10% of the global captive stock of Asiatic lions, making these results relevant 

for the global conservation initiatives for this species. Several studies have asserted 

the importance of multiple indices for welfare assessment at zoos and conservation 

breeding programmes viz., behaviour diversity (Clark et al., 2012; Powell, 1995), en­

closure usage (Kistler et al., 2010; Ross et al., 2016) and stereotypy in captive animals 

(Clegg, 2018; Dawkins, 2004; Kroshko et al., 2016). However, most ex-situ institu­

tions continue to use uni-dimensional measures to assess welfare and seldom address 

individuality. I addressed this issue by showcasing the importance of an individual- 

focused multi-dimensional approach to welfare assessments. Overall, Asiatic lions 

with different personality traits (bold and shy) and rearing-history (captive-raised and 

wild-rescued) differed significantly on measures of welfare, which supports earlier 

studies linking animal welfare with individuality (Boissy et al., 2014; Carere et al., 

2011; Gartner et al., 2016; Powell et al., 2011). I did not observe any sex-specific vari­

ations in behavioural and physiological welfare measures of the subjects, confirming 

our first hypothesis. Contrary to our second hypothesis, wild-rescued lions showed 

low behaviour diversity, high enclosure-use bias, increased stereotypy, higher latency 

to novel objects and elevated FGM levels as compared to captive-raised subjects. Our 

results challenge existing research findings that report wild-rescued animals to be less 

likely to develop stereotypies than captive-raised individuals, while not accounting for 

animal personality (Cooper et al., 1996; Schoenecker et al., 2001). Such a pattern in 

our study may be driven by a higher proportion of shy individuals (N = 12) in the 

wild-rescued category compared to the captive-raised subjects (N = 2). Nevertheless, 

these results clearly show that wild-rescued lions may not necessarily be in a better 

state of welfare by default when compared to captive-raised individuals under similar 

housing conditions. Further empirical studies with equal sampling across the bold 

and shy continuum between captive-raised and wild-rescued individuals are required 
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to confirm these patterns. Our results supported the third hypothesis that lions with 

bold personalities are more resilient to functionally barren housing conditions than 

shy subjects, which supports earlier studies (Cole et al., 2014; Japyassu et al., 2014). 

Moreover, present welfare assessment protocols often do not consider individual re­

quirements as modifiers for species-specific husbandry practices. The association of 

animal personality with welfare outcomes (Coelho et al., 2012; Izzo et al., 2011; Razal 

et al., 2016; Young et al., 2003) and its implications for post-release survival (Bremner- 

Harrison et al., 2004; Meehan et al., 2007) are well documented. This study aligns 

with the conservation goals for Asiatic lions by addressing individuality in welfare 

assessment (Coelho et al., 2012; Izzo et al., 2011; Rabin, 2003; Razal et al., 2016). 

Group-housed and pair-housed subjects were similar across all behavioural welfare 

indices, supporting our fourth hypothesis. Although the enclosures were aesthetically 

pleasing, appropriate in terms of size, naturalistic vegetation and social grouping of 

animals; the abject lack of multi-sensory stimulation in terms of enrichment and novel 

experiences rendered them functionally barren to the subjects (Reading et al., 2013). In 

this study, I measured the evenness of enclosure use, which represents the functional 

space of the enclosure rather than available space. I found that small variations in 

enclosure sizes do not associate with significant shifts in behavioural welfare of Asiatic 

lions, which is in line with previous studies that place more importance on enclosure 

design (Tan et al., 2013), complexity and species-appropriateness than enclosure area 

(Herrelko et al., 2012; Rose et al., 2013; Webb et al., 2019).

Bivariate correlations and regression model presented in this study underline strong 

inter-linkages between behaviour diversity, enclosure usage and ARBs (Kroshko et al., 

2016; Melotti et al., 2011; Rabin, 2003; Rose et al., 2013). Interestingly we found that 

FGM levels of lions were strongly correlated with their latency measures. Our findings 

are in line with existing studies that show fear responses in chronically stressed animals 

are likely to lead to elevated plasma cortisol levels. Further investigations are required 

to understand the mechanisms that lead to this result. Our results provided evidence 

that behaviour diversity can be explained by the level of ARB and space usage patterns, 

which is in line with findings from existing studies (Clark et al., 2012; Watters et al., 
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2009; Wemelsfelder et al., 2000). From our results, it can be surmised that subjects that 

are under less stress (low ARB) are likely to show homogenous enclosure usage and a 

diverse behaviour repertoire and vice versa. When we categorized Asiatic lions based 

on their personality and rearing history, we found that there were only two subjects that 

were captive-shy. Most of the captive-raised subjects were categorized as bold (N = 

14). We were surprised to see that the ratio of bold to shy animals was more balanced in 

wild animals (Bold = 12, Shy = 7). When we compared the welfare indices across these 

four groups, we found that the most significant differences lay between captive-bold 

and wild-shy Asiatic lions across all welfare indices across welfare indices. However, 

we also found some within-group differences within the wild-rescued animals across 

ARB and FGM levels. Therefore although there was a significant difference between 

wild-rescued and captive-raised animals across all the welfare indices, we found that 

bold-wild-rescued lions fared better on most welfare parameters as compared to shy­

wild rescued lions. Interestingly, there was no difference between the shy-wild and 

the bold-wild animals across measures of behaviour diversity and enclosure usage. 

Therefore the limitations of captivity affected all the wild lions equally in terms of the 

opportunity to express species-typical behaviours and space usage patterns. But some 

lions (bold-wild-rescued) were able to cope with the stressor of the captive environment 

better than the shy-wild-rescued animals. Zoo managers must pay close attention to 

the development of high enclosure-zone biases (Ross et al., 2016) conjugated with low 

behaviour diversity (Clark et al., 2012; Rose et al., 2013) as that may develop into 

severe levels of ARBs (Konjevic et al., 2015). Overall, these findings indicate that 

behavioural and physiological welfare measures (enclosure usage, behaviour diversity, 

ARB and FGM levels) have strong interlinkages and vary across inter-individual differ­

ences (viz., personality, rearing-history, sex, and social grouping). Zoo managers must 

take a proactive approach to improve the welfare status of captive Asiatic lions (Mendl 

et al. (2009)). Since enrichment interventions are effective in bringing complexity to 

sterile enclosures (Reading et al., 2013; Swaisgood et al., 2005), tailored-enrichment 

interventions must be integrated with husbandry practices for Asiatic lions (Cannon 

et al 2016; Powell, 1995). Studies also show that positive keeper-animal relationships 
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can improve welfare (Whitham et al., 2013). Finally, regular behaviour monitoring of 

captive wild animals should be incorporated into the husbandry practices to improve 

welfare and prevent the development of stereotypy (Watters et al., 2009).
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Effects of enrichment interventions on
Asiatic lion welfare



4.1 Introduction

The welfare status of Asiatic lions at the Indian conservation breeding programme has 

not received adequate research focus (Goswami et al., 2020; Pastorino et al., 2017). 

This chapter explores the effects of enrichment integrated with daily husbandry prac­

tices on the welfare of Asiatic lions. Enclosure enrichment has been considered an 

effective tool to improve welfare in captive animals. Despite the prevalence of incor­

porating enrichment with daily husbandry practices all over the world, Indian zoos have 

been slow to adopt such welfare-oriented measures into the daily husbandry practices. 

Studies conducted at the beginning of the twenty-first century by several zoo biolo­

gists (Mallapur & Chellam, 2002; Mallapur et al., 2007) showcased the importance 

of enclosure design and enrichment in improving animal welfare. Yet more than a 

decade later, the welfare status of animals housed across most Indian zoos remain vastly 

unchanged. Conservation breeding programmes for endangered species should be de­

signed to promote species-typical behaviours and cognitive plasticity for better post 

release fitness (Rabin, 2003). The deleterious impacts of sterile captive environments 

manifest with loss of species-typical behaviours and increase in psychosomati 

ders in animals (Broom, 2011; Dawkins, 2004; Fraser, 1999; Rabin, 2003). Therefore, 

welfare-based management practices are vital for any successful conservation br g

Programme (Swaisgood, 2010). The benefits of an individual-centric welfare ex a 

tion (Joslin, 1984) complemented with targeted enrichment interventions has
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under similar captive environments (Goswami et al., 2020), necessitating individually 

tailored husbandry regimen for the animals. This study focuses on identifying the areas 

for improvement of the current husbandry and management practices for Asiatic lions. 

Feeding, sensory and manipulable enrichments have been shown to improve the welfare 

of captive felids (Powell, 1995; Van Metter et al., 2008). I tested the efficacy of a 

combined enrichment intervention on the welfare of captive Asiatic lions at Sakkarbaug 

Zoological Garden (SZG). I measured several behavioural (species-typical behaviour 

diversity, enclosure usage and aberrant repetitive behaviours) and physiological (faecal 

corticosterone metabolites) welfare indices as a response to enrichment interventions. 

This is the first controlled trial study to incorporate both behavioural and physiological 

tools to measure the welfare status change in response to enrichment interventions of 

Asiatic lions housed at a conservation breeding centre. I hope that our findings assist in 

the improvement of incumbent husbandry and management practices for the species.

4.2 Methods

4.2.1 Study area

I conducted this study at the Asiatic lion conservation breeding centre at SZG. The 

conservation breeding programme of Asiatic lions was initiated in 1958 with nine 

founders and has since proliferated to house more than 47 individuals housed at SZG 

with several breeding pairs in other participating zoos across the world. Since SZG 

houses both captive-raised and wild-rescued individuals, it holds intrinsic value for 

the conservation of Asiatic lions. During the study period, the off-display conservation 

breeding facility housed 47 individuals in 21 large naturalistic enclosures. A schematic 

map of the facility is provided in Figure 3.1.

4.2.2 Subjects and housing

The Asiatic lion conservation breeding centre at SZG has 21 enclosures spread across 

two blocks (block-A= 15, Block-B = 6). Enclosures at block-A and Block-B are lo­

cated 500 meters apart and provide identical housing and husbandry conditions to the 
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subjects. All enclosures provided adequate space (above 400 m2/animal in general with 

some having 1500 m2/animal) for the animals. The naturalistic enclosures provided 

subjects with sufficient natural vegetation cover, simulating the habitat of Asiatic lions 

while protecting subjects from visitor disturbance. Enclosures were well covered with 

trees and shrubs, which provided subjects with a good combination of shade and sun 

throughout the day. Fresh drinking water was made available inside retiring cells 

adjoining the paddock area. Subjects were allowed free access to the paddock area 

and retiring cubicles throughout the day and night. However, these enclosures offered 

little in terms of novelty and cognitive enrichment. Our earlier study established low 

enclosure space utilization, low behaviour diversity, and a high incidence of aberrant 

repetitive behaviours prevalent in Asiatic lions housed at SZG (Goswami et al., 2020). 

We selected 15 (block-A = 12, block-B = 3) enclosures housing 35 Asiatic lions housed 

in pair (1:1 and 0:2) (N = 9) or heterosexual (1:2) (N =6) configurations (Table 3.1). 

Some of the subjects were wild-rescued (N = 19, Male =11, Female = 8), while the 

rest were bom in captivity (N = 16, Male = 3, Female = 13). Subjects were primarily 

adult animals (N = 31) with a few sub-adults (N = 4) and were randomly assigned to 

test and control groups to ensure uniformity of treatment. The test group consisted 19 

subjects (Male = 7, Female = 12) the control group consisted 16 subjects (Male = 7, 

Female = 9) , respectively. All subjects w’ere housed in the same enclosure with the 

same enclosure mates for at least a year and were accustomed to identical enclosure 

and management practices.

A group of 10 animal keepers and contractual workers carried out all husbandry 

work for the lions. Keepers typically reported for duty at 0700 hours and cleaned all 

leftover food from retiring cells during 0730-1100 hours. The leftover food items were 

weighed to measure the food consumption by each individual. The keepers would 

provide the daily ration of buffalo meat to the subjects between 1700-1800 hours at the 

feeding cubicle, where each lion was fed separately. After confirming that each lion 

had consumed their ration, keepers opened the gate to the paddock area from the retiring 

cubicle. After the lions had been fed, the gate to the enclosure was kept open giving 

the animals a choice to stay inside or move out to the paddock area. Keepers were also 

109



tasked with behavioural monitoring of the subjects and recorded the commencement 

and cessation of mating events between subjects. The zoo managers and the animal 

keepers met regularly to ascertain the welfare need of the captive animals based on 

subjective evaluations. The approach to welfare assessment was preventative and based 

solely on incidental keeper observations hence difficult to quantify and address. We 

expected to observe the effect of novel enrichment devices on the behavioural and 

physiological welfare indices of these captive animals.

4.2.3 Study design

I hypothesized that enrichment interventions would lead to significant improvement 

in behavioural (Goswami et al., 2020) and physiological welfare measures for all test 

subjects in contrast to the controls. I divided the subjects into control (N = 16) and 

treatment (N = 19) groups by a blind draw of enclosures for enrichment interventions. 

In the last chapter, we found that sex, social vs paired grouping did not have any bearing 

on the welfare indices (Goswami et al., 2020).

However we did find that personality and rearing history could impact welfare indica­

tors, which indicates the need for a controlled trial design for the present study. We 

divided the subjects into control (N = 16, seven enclosures) and treatment (N = 19, 

seven enclosures) groups by a blind draw of enclosures for enrichment interventions.

I conducted the study in two phases: baseline and post-enrichment. During the 

baseline period, I measured behaviour for 14 days/subject and collected two fresh faecal 

samples/subject/week. This was followed by a one-week exposure to the enrichment in­

tervention to get test subjects accustomed to the new devices. During the testing period 

(14 days), we recorded the behaviour of test subjects as a response to the daily enrich­

ment intervention. Apart from the enrichment interventions, housing and husbandry 

conditions remained unchanged for both groups throughout the course of the study.
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4.2.4 Data collection

Behaviour observations

Two observers (Mr. Ashkar Bloch and I) collected all behaviour data, which necessi­

tated accounting for inter-observer reliability. I created a detailed ethogram (Table ??) 

of the study subjects from one month of zd-libitum behaviour sampling and compared 

the behaviour data recorded from the same subject by both observers to ensure consis­

tency (Goswami et al., 2020). I commenced data collection only after inter-observer 

reliability levels remained consistent across three consecutive sessions (Cronbach’s 

alpha >0.9). 1 simultaneously video recorded all behaviour sessions to aid in data entry 

and reduce errors. I recorded behaviour during 0500-1100,1200-1800, and 2200-0500 

hours. I used instantaneous scan sampling (Altmann, 1974) at 1-minute intervals to 

record all behavioural states and all occurrences of behavioural events (Goswami et al., 

2020). During every six-hour data collection period, I recorded four hours of behaviour 

data with 30 minutes rest for observers after every hour. Data for the observer-resting 

period were later tabulated from the video recordings. I collected 195 ± 12.3 hours 

of behaviour data per subject during the study period. I measured three behavioural 

welfare indices: species-typical behaviour diversity (Wemelsfelder et al., 2000), spread 

of participation index (Plowman, 2003) and aberrant repetitive behaviours or stereotypy 

(Mason et al., 2004) to measure the welfare of Asiatic lions (Goswami et al., 2020). I 

compared the behavioural welfare indices of all test and control subjects across the 

baseline and enrichment period. Baseline information for the diversity of behaviour 

repertoire in control and test subjects was collected using the Shannon-Weiner diversity 

index (SWI) (Goswami et al., 2020). I measured enclosure usage patterns of subjects 

based on the spread of participation index (SPI) (Plowman, 2003)to understand if the 

enclosures provided enough complexity to meet their welfare requirement (Plowman, 

2003; Ross et al., 2016). I measured the proportion of aberrant repetitive behaviours 

(ARBs) or stereotypy as an indicator of poor welfare and compared their prevalence 

between control and test subjects across treatments.
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Physiological measures

I measured faecal corticosterone metabolites of all subjects to contrast the physiological 

impacts of the enrichment interventions on control and test subjects. Faecal corticos­

terone is a reliable physiological indicator of stress and compromised welfare in captive 

felids (Ruskell et al., 2015; Schildkraut, 2016; Vaz et al., 2017; Young et al., 2004). 

I collected two fresh faecal samples/week from each subject (both control and test) 

during the entire study period (pre-enrichment and post-enrichment).

One day before the faecal sample collection, we cleaned all faecal materials from 

the enclosures. Before the day of the faecal sample, collection subjects were closely 

monitored and their defecating spot was marked. Samples that were close to one 

another were rejected to avoid the risk of cross-contamination. We rejected samples 

that were old and dry and selected only fresh faecal matter. Samples were collected 

using the dry sampling approach (Biswas et al., 2019) and stored in -20°C freezer onsite 

and later transported to the Wildlife Institute of India in dry ice. The downstream 

analysis to get the corticosterone metabolite concentrations ^gm/gm was similar to 

the previous chapter.

4.2.5 Enrichment interventions

Enrichment interventions add cognitive complexity to enclosures and provide animals 

with the opportunity to express species-typical behaviours (Mellen et al., 1997; Ski- 

biel et al., 2007). I used three types of enrichment devices: manipulable (Mellen 

et al., 1997; Powell, 1995), sensory (Skibiel et al., 2007), and feed (Powell, 1995; 

Skibiel et al., 2007).

Table 4.1: Description of enrichment devices

SI. no Enrichment device Enrichment type Description

1 Platform Manipulable A log platform made to enable subjects to 
access vantage points within the enclosure.

2 Sam ball Manipulable A hard-plastic ball with no holes or 
perforations.

3 Log branches Manipulable Tree logs sections with bark suspended 
from trees.
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Table 4.1: Description of enrichment devices (continued)

SI. no Enrichment device Enrichment type Description

4 Lion bite ball Manipulable A hard-plastic ball with a rattle inside 
suspended by a bungee rope with canvas 
sheet that acts as a bite.

5 Buffalo shank Feeding Buffalo shank suspended from a zipline.

6 Chicken carcass Feeding Frozen Chicken carcass suspended from a 
tree by natural fibres.

7 Buffalo tail Feeding Skinned buffalo tail suspended from tree 
branches.

8 Buffalo blood frozen Feeding Frozen buffalo blood cubes, provided on a 
clean concrete platform.

9 Star anise oil mixed 
with garlic

Sensory Sprayed on tree trunks or used to create 
scent trails to other enrichment devices.

10 Prey dung Sensory Sambar (Rusa unicolor) dung smeared on 
tree trunks or mixed with enclosure soil at 
certain zones.

11 Conspecific urine Sensory Earth drenched in the urine conspecifics 
from nearby enclosures smeared on tree 
trunks, or mixed with enclosure substrate 
at certain zones.

Manipulable enrichments included hanging lion-sam balls, burlap bags, wooden 

perches/ platforms, wooden planks etc., whereas the sensory enrichments included 

olfactory augmentations such as scent trails made from the blood of buffalo, urine of 

unknown conspecifics, and dung of other prey species (Sambar, Rusa unicolour) etc.

I also installed sensory enrichment (tactile) by wrapping rough coir rope on the bark 

of trees inside enclosures to promote auto-grooming and scent-marking behaviours in 

the subjects. Nutritional enrichment has been shown to gamer the highest amount of 

attention in captive animals and can be useful for addressing neophobia to enrichment 

devices in shy individuals (Powell, 1995; Resende et al., 2009; Skibiel et al., 2007). 

I provided a range of nutritional enrichment devices, which included frozen dressed 

chicken, buffalo tails that were suspended by natural fibre ropes from trees at different 

parts of the enclosure. While manipulable and sensory enrichment devices were quasi­

permanent and required little daily care, nutritional enrichment devices needed to be 

replenished every day. I installed and replenished enrichment devices between 0600- 

0700 hours at four enclosures every day. Keepers would arrive early and confine the
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Figure 4.1: Enrichment interventions for Asiatic lions

subjects inside retiring cells with food rewards, while the enrichment interventions were 

placed at designated enclosures.

Table 4.2: Behaviours associated with enrichment devices

SI. no Behaviour Description Category

1 Aggressive Baring teeth with short vocalizations directed at Aggression
Growl conspecifics or humans, while interacting with 

enrichment.
2 Charge Run up to a conspecific at a rapid short charge as a result 

of being challenged while suing an enrichment device
Aggression

3 Strike Hit conspecific with one paw, while defending an 
enrichment device.

Aggression

4 Bite Bite conspecific, while asserting control over an 
enrichment device.

Aggression

5 Allogrooming Lick conspecific, while interacting with enrichment 
device.

Social

6 Nuzzling Rub noses with conspecifics with soft grunts, and 
inviting them to play with enrichment device.

Social

7 Roll Rolling in the dirt with conspecific while interacting 
with a enrichment device.

Social

8 Rub Rub body or neck against the enrichment device Explore

9 Sniffing Raise head and sniff near a sensory enrichment. Explore
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Table 4.2: Behaviours associated with enrichment devices (continued)

SI. no Behaviour Description Category

10 Flehmen Bare teeth and sniff the air near an enrichment. Explore

11 Scent mark Spray urine or scratch the tree next to an enrichment 
device.

Explore

12 Digging Dig near an enrichment device. Explore
13 Scratching Scratch the trees where enrichment devices are installed. Explore
14 Chase Chase away conspecifics trying to use or steal 

enrichment device successfully or unsuccessfully. Does 
not result in an overtly aggressive interaction.

Chase

15 Run Run around the enclosure with the enrichment device in 
mouth. May or May not be chased by conspecific.

Play

16 Stalk Stalk an enrichment device. Play
17 Play Kick around an enrichment device. Play
18 Drag Drag enrichment device along the enclosure Play
19 Bite Bite enrichment device. Play
20 Eat Eat a food based or sensory enrichment device. Forage

21 Lick Lick enrichment devices intently. Forage
22 Neophobia Approach enrichment device slowly and run away. Fear
23 Fearful growl Growling at enrichment device, ears back and cowering. Fear
24 Circling Warily circling around the enrichment device. Fear

I furnished all enclosure zones with the same combination of manipulable, sensory 

and nutritional enrichment. To calculate enrichment device preferences, I collated all 

scans during which Asiatic lions interacted with the enrichment devices. I also recorded 

the type of behaviours that were performed by the subjects while interacting with the 

enrichment devices viz., exploration, social play, aggression, foraging and fear (Table 

4.2). I counted the different types of behaviours performed per enrichment device 

by all subjects.

4.2.6 Data analysis

I analysed all data in R v4 (R Core Team, 2020)with R studio (Team, 2020). I used pack­

ages “tidyverse” (Wickham et al., 2019), “psych” (Revelle, 2019)and “dplyr” (Wick­

ham et al., 2020),“ggpubr” (Kassambara, 2020), “sur” (Harel, 2020) and “ggplot2” 

(Wickham, 2016) to calculate statistical outputs and create graphical summaries of 

the findings. I conducted tests for normality and ensured that variances were simi­

lar between groups to select appropriate parametrical and non-parametrical statistical
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Table 4.3: Enrichment device usage with behaviour performed (N = 109,238 scans)

Enrichment device Feed (%) Manipulable (%) Sensory (%)

Aggression 2.94 11.51 0.00
Chase 11.54 1.89 0.00
Explore 3.05 5.95 11.77
Fear 0.00 1.96 0.00
Forage 11.48 0.00 0.00

Play 0.00 35.16 1.21
Social 1.16 0.35 0.00
Total 30.20 56.80 12.99

analysis. I used an unpaired t-test to compare the welfare indices between test and 

control groups during baseline and post-enrichment interventions. I used paired t- 

tests, to compare the differences in welfare indices within test and control groups and 

measured the amount of time spent by test subjects on different types of enrichment 

devices. Additionally, I calculated the effect size (Cohen, 1992) of the enrichment 

intervention for the test group, which is scale-independent and gives a measure of the 

magnitude of difference between baseline and post-treatment conditions.

4.3 Results

4.3.1 Enrichment preferences of study subjects

During the baseline period of 14 days, we collected 288,120 scans from all subjects 

(N = 35). During 14 days of enrichment intervention, we recorded 109,238 scans of 

test subjects (N = 19) using enrichment devices out of a total of 165,098 scans and 

138,083 scans of control subjects (N = 16). In Figure 4.2, we show the results of the 

hourly percentages of enrichment use and enrichment-directed behaviours performed 

by test subjects.

. The test subjects used manipulate enrichment devices for longer durations (56.8%) 

compared to all other types viz., sensory (12.99%) and feeding (30.20%) (Table 4.3). 

It was challenging to measure the usage levels of sensory enrichments accurately and 

hence these values may have been under-reported in our results. When subjects were 

released inside the enclosures, they approached the feed-based enrichment devices first
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Enrichment-directed behaviours performed by test-subjects
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Figure 4.2: Temporal pattern of enrichment device use and enrichment-directed behaviours by 
Asiatic lions on a. Feeding, b. Manipulate, and c. Sensory enrichment devices. The Primary 
X-axis represent the hours of the observation period from 0700- 1900 hours divided into two- 
hour blocks. The primary Y-axis represents the percentage of scansfN = 109,238 scans) during 
each two-hour block spent performing a certain enrichment-directed behaviour. Enrichment- 
directed behaviours are represented as coloured stacked bars on the vertical axis (1:7), while 
enrichment devices associated with said behaviours are represented on separate panels.
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Table 4.4: Hourly percentages of enrichment usage and enrichment-directed behaviours by test 
subjects during the interventions

Behaviours 0700-0900 0900-1100 1100-1300 1300-1500 1500-1700 1700-1900 Total

Enrichment usage during each two-hour block
Feed 22.130 8.06 0.00 0.00 0.00 0.00 30.20
Manipulable 11.269 6.94 7.02 23.44 5.66 2.44 56.80
Sensory 1.900 2.00 3.18 0.99 3.81 1.09 12.99

Enrichment-directed behaviours performed during each two-hour block
Aggression 6.780 1.91 1.97 0.95 1.91 1.00 14.57
Chase 7.690 4.31 0.92 0.00 0.15 0.30 13.40
Explore 6.350 2.80 3.71 2.39 4.11 1.40 20.78
Fear 0.000 0.49 0.16 0.48 0.16 0.65 1.96
Forage 7.660 3.83 0.00 0.00 • 0.00 0.00 11.48
Play 5.950 3.11 3.39 20.60 3.11 0.18 36.29
Social 0.860 0.53 0.08 0.00 0.00 0.03 1.52

followed by manipulable and sensory devices. This trend continued throughout the 

intervention period.

In terms of enrichment directed behaviours, we found that the peak of aggres­

sion (16.87%), chase (22.04%), exploratory (16.14%) and forage (20.04%) behaviours 

in test subjects occurred between 0700-1100 hours (Table 4.4). The next peak of 

enrichment-directed behaviours occurred between 1300-1700 hours constituting mostly 

of play (57.94%) and exploratory behaviours (25.25%) (Table 4.4). Early in the day 

(0700-0900 hours), when subjects were actively exploring around the enclosure for en­

richment devices, aggressive dominant and displacement behaviours were common but 

subsided as the day progressed (Table 4.4 and Figure 4.2). We found that manipulable 

devices (11.51%) were more commonly associated with aggressive behaviours com­

pared to food-based enrichment (2.94%) (Table 4.3). We also observed that positive 

social behaviours were more commonly associated with food-based enrichment devices 

(1.16%) rather than the manipulable devices (0.35%) (Table 4.3). Subjects usually 

monopolized the manipulable enrichment devices and showed high fidelity towards 

specific items. The feed-based enrichment devices were associated with the highest 

proportion of chase behaviour (11.54%), resulting in one animal monopolizing a de­

vice and chasing away others (Table 4.3). Some feed-based enrichment devices were 

consumed within minutes (e.g. dressed chicken) while others required more processing 

time (e.g. buffalo tail, frozen blood cubes). Once the feed enrichment devices were
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Table 4.5: Summary statistics of welfare indices within control and test groups

Welfare index Pre-enrichment Post-enrichment Statistic Significance (p- value) Effect size (Cohen’s d)
Control Group (N =16) 

Behaviour diversity 0.9±0.31 0.77±0.35 1.11 (t30) 0.2900 0.39
Spread of participation index 0.82±0.09 0.8±0.13 0.51 (t30) 0.6100 0.17
Aberrant repetitive behaviours 12.81±6 13.3H6.07 0.23 (t30) 0.8100 0.08
Faecal corticosterone metabolites 7.1±4.08 6.96i3.93 0.09 (t30) 09200 003

Test Group (N = 19)
Behaviour diversity 0.83±0.35 1.62i0.18 8.8 (t36) 0.0001 2.83
Spread of participation index 0.77±0.12 0.46i0.08 9 37 (t36) 0.0001 3.03
Aberrant repetitive behaviours 12.32±6.03 2.38±2.46 6.65 (t36) 0.0001 2.15
Faecal corticosterone metabolites 7.74±3.25 2.46±0.85 6.85 (t36) 0.0001 2.22

completely utilized, the lions concentrated on the manipulable and sensory enrichment 

and engaged in social and exploratory behaviours throughout the later parts of the 

day (Table 4.3, Figure 4.2). The manipulable enrichment devices were associated 

with the largest variety of species-typical behaviours, which included 35.16% play 

behaviour (Table 4.3) and were more commonly associated with aggressive interactions 

(11.51%) compared to all other enrichment types. Aggressive behaviours occurred 

when enclosure mates tried to steal or use a certain manipulable device from the lion 

that was playing with it. Since I installed more enrichment devices than subjects in 

every enclosure, displaced individuals had the opportunity to interact with other devices 

when displaced by conspecifics. Sensory enrichment devices contributed primarily to 

exploratory behaviours (11.7%) that led to increased enclosure usage (Table 4.3). How­

ever, it is important to point out that the true impacts of different types of enrichment 

devices cannot be assessed merely through measuring the amount of time the animal 

spent with it, but by comparing the welfare indices of test subjects with control and 

their baseline status. The results demonstrate that the presence of different types of 

enrichment devices was instrumental in mitigating the monopolization of resources 

by dominant individuals.

During pre-enrichment period, behaviour diversity levels of control subjects (M = 

0.9, SD = 0.3) were similar to that of the test subjects (M = 0.83, SD = 0.35). After en­

richment interventions, the behaviour diversity of control subjects remained unchanged 

(M = 0.77, SD = 0.35, t(30) = 1.11, p = 0.29) while that of the test subjects increased 

significantly (M = 1.62, SD = 0.18, t(36) = -8.8, p <0.001, Cohen’s d = 2.83) (Table 

4.5 Figure 4.3a).
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behaviours, d. Faecal corticosterone metabolites

120



During the baseline, I observed high SPI values in test (M = 0.77, SD = 0.12) and 

control groups (M = 0.82, SD = 0.09) indicating enclosure zone use bias. However, after 

enrichment intervention the SPI values decreased significantly indicating, enclosure 

usage homogeneity (M = 0.46, SD = 0.08) for test subjects (t(36) = 9.37, p <0.01, 

Cohen’s d = 3.03) , while it remained unchanged for control subjects (M = 0.8, SD = 

0.13, t(30) = 0.5, p = 0.61) (Table 4.5 and Figure 4.3b). During baseline, test (M = 12.32, 

SD = 6.03) , and control subjects (M = 12.8, SD = 6) showed similar levels of aberrant 

repetitive behaviours. After enrichment interventions, I observed a significant decrease 

in ARBs in test subjects (M = 2.38, SD = 2.46, t(36) = 6.65, p < 0.0001, Cohen’s d= 

2.15) while the levels remained unchanged for the control group (M = 13.31, SD = 6, 

t(30) = 0.23, p = 0.81) (Table 4.5 and Figure 4.3c).

4.3.2 Faecal corticosterone level

I compared the average faecal corticosterone levels of each subject across baseline 

and post-enrichment phases. Compared to baseline levels (M = 7.74 /ig/gm, SD = 

3.2) , the faecal corticosterone measures of test subjects decreased significantly (M = 

2.46 /ig/gm, SD= 0.85, t(36) = 5.33, p<0.0001, Cohen’s d = 2.22), while it remained 

unchanged from baseline (M = 7.1 /tg/gm, SD = 4.08) for control subjects (M= 6.96 

/ig/gm, SD = 3.93, t(30) = 0.093, p = 0.92) (Table 4.5 , Figure 4.3d). These results 

confirm that the enrichment interventions led to significant improvement in behavioural 

and physiological welfare indices of test subjects as compared to the control group 

during the pre-enrichment period.

4.4 Discussion

Animal welfare encompasses but is not limited to the prevention of cruelty and ame­

lioration of symptoms of stress, but also accords the opportunity to express species­

typical behaviour patterns (Broom, 2011). The National Zoo Policy of India espouses 

animal welfare with captive animal management, yet welfare-centric management pro­

tocols remain divorced from husbandry practices across several zoos. Although few 
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and far between, welfare research from Indian zoos report a prevalence of stereotypic 

behaviours (Goswami et al., 2020; Sanyal, 1892) and elevated faecal corticosterone 

levels (Vaz et al., 2017) across several captive felids, and prescribe species-appropriate 

enclosure design and enrichment interventions as remedial measures (Goswami et al., 

2020; Mallapur et al., 2007; Vaz et al., 2017). Enrichment interventions have been 

shown to improve welfare conditions in several captive felids including African lions 

(Mellen et al., 1997; Powell, 1995; Skibiel et al., 2007), yet enrichment protocols 

are seldom incorporated in the daily management of captive Asiatic lions at Indian 

zoos. The Asiatic lion conservation breeding programme has successfully maintained 

a viable captive population insulated from stochastic ecological events. Most research 

pertaining to captive Asiatic Hons investigate their genetic and demographic status 

(Bagatharia et al., 2013; Pastorino et al., 2017) (with only a handful mentioning their 

welfare) (Goswami et al., 2020; Pastorino et al., 2017; Vaz et al., 2017). This is the 

first study to assess the effects of enrichment protocols on the welfare of captive Asiatic 

lions. Welfare encompasses both internal and external conditions affecting an animal 

and hence must be measured using a multifarious approach. As highlighted by Miller 

et al. (2020a) the focus on negative welfare indicators has led to zoos adhering to min­

imum husbandry guidelines that attempt to suppress symptoms of poor welfare rather 

than trying to improve existing conditions. In this study, I measured two traditional 

negative welfare parameters like ARB (Mason et al., 2004) and faecal corticosterone 

levels (Schildkraut, 2016; Vaz et al., 2017) along with two positive welfare indicators 

(Miller et al., 2020a) viz., spread of participation index (SPI) (Cabana et al., 2018; 

Powell, 1995) and behaviour diversity (Pastorino et al., 2017).

Previous studies on captive African lions that establish the positive effects of en­

richment interventions have primarily relied on behavioural welfare indices (Martinez- 

Macipe etal., 2015; Ncube etal., 2010; Powell, 1995; Regaiolli etal., 2019; Van Metter 

et al., 2008). Our study is the first to showcase both the behavioural and physiological 

impacts of enrichment interventions in captive Asiatic lions housed in a conservation 

breeding programme. The welfare evaluation framework used in this study can be ap­

plied universally (for other species) to measure the impacts of goal-oriented enrichment 
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interventions. While previous studies have tested the welfare impacts of food (Powell, 

1995; Van Metter et al., 2008) manipulate (Powell, 1995), sensory (Martinez-Macipe 

et al., 2015; Regaiolli et al., 2019) and social stimulation (Leonard, 2008; Ncube et al., 

2010) individually. This is the first control trial study to test the efficacy of a combined 

enrichment strategy on the welfare of Asiatic lions. This has allowed us to understand 

the temporal usage pattern of enricliment devices in Asiatic lions, which can prove 

useful for tailoring enrichment strategies. For example, individual test subjects showed 

high fidelity towards manipulable enrichment devices, which were also associated with 

the highest amount of conspecific-directed aggression. Therefore, to reduce stress 

and aggressive behaviours I recommend providing more manipulable devices than 

the number of animals in an enclosure. Upon release, subjects rushed to the feeding 

enrichment devices, therefore to prevent aggression and injury, it is important to spread 

such devices far apart, which will reduce chances of monopolization and food-based 

aggression. While sensory enrichment devices are designed to encourage exploratory 

behaviours in lions, the feed-based enrichment devices create a positive association for 

these novel objects and reduce neophobia. Finally, I found that manipulable enrichment 

devices allow subjects to interact and exert control over the captive environment while 

engaging in species-typical behaviours. Our combined enricliment strategy brought 

novelty in a captive environment and presented animals with the choice to express 

species-typical behaviour patterns. All enrichment devices used in this study can be 

locally sourced or fabricated with minimal effort and require less than thirty minutes 

to install or replenish with a team of three people.

Post-enrichment intervention, I recorded a significant improvement in the welfare in­

dices of test subjects compared to the control subjects. Subjects that would normally 

stay near the retiring cells and remain inactive all day started exploring and utilizing 

different parts of the enclosure and followed by a significant increase in behaviour diver­

sity levels. Faecal corticosterone levels of test subjects decreased significantly from the 

baseline, while it remained unchanged for control subjects, showing the inter-linkages 

between behavioural and physiological indices of welfare. Our findings agree with 

existing research that associate enrichment interventions with increased behavioural 
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diversity (Rabin, 2003; Wemelsfelder et al., 2000), lowered SPI (Nogueira et aL, 2004; 

Rose et al., 2013; Traylor-Holzer et al., 1985), reduction of ARB (Clark et al., 2012; 

Mallapur et al., 2007; Vaz et al., 2017), and reduction of stress levels (Hutchinson 

et al., 2012; Marcon et al., 2018; Mitra et al., 2009; Nazar et al., 2011). However, it is 

necessary to point out that due to logistic constraints (sample size, time etc.) I did not ad­

dress the variable responses of subjects with different personality types on enrichment 

interventions. Earlier work on captive Asiatic lions indicated that lions with different 

personality traits are likely to react differently to novel enrichment devices (Goswami 

et al., 2020). Future studies may explore this relationship and try answer how lions 

with different personality types react to different types of enrichment interventions.
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Synthesis and recommendations



5.1 Introduction

In captivity, wild animals are likely to suffer from high allostatic loads and welfare is 

determined by how well they can cope with it (Hill et al., 2009). My thesis answered 

three questions about the external and internal factors affecting Asiatic lion welfare. I 

conducted three experiments to answer these questions. In this section, I discuss these 

findings that can be used to improve incumbent management practices at conservation 

breeding centres.

5.2 Key Findings

5.2.1 Role of enclosure complexity and visitor presence

Findings from the second chapter(first experiment) suggest that Asiatic lion welfare 

parameters and activity patterns are significantly affected by the lack of enclosure com­

plexity.

The findings of this chapter demonstrate that, whereas visitor presence has been 

highlighted as a stressor by numerous writers, it has no substantial influence on Asi­

atic lion welfare.

Enclosure complexity is a constellation of several variables of enclosure design that 

come together to form the environment of the captive animals. The off-display and zoo­

safari enclosures were more complex and provided more space to Asiatic lions than the 

on-display enclosures. However, the off-display and zoo safari enclosures evaluated 

by themselves scored far less than optimum on most parameters and averaged at 2.57 

out of 5. The off-display enclosures were primarily aided by the large space and the 

natural features (Both factors on which they scored highly) that allowed Asiatic lions 

to cope better with the stressors of captivity. The on-display enclosures are more than 

100 years old and do not meet modem minimum requirements for housing larg 

as specified by the Central Zoo Authority (Gupta, 2008).
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1. Enclosure complexity rating revealed that zoo-safari enclosures and off-display 

enclosures were more species-appropriate in comparison to the on-display enclo­

sures of Asiatic lions.

2. All enclosures lacked an enrichment protocol linked with the husbandry regimen. 

Which should be addressed by the zoo management.

3. I found no difference in animal welfare between enclosures of the conservation 

breeding centre that had low visitor-presence as compared to those where visitors 

were not present. This means that the complexity of these off-display enclosures 

allows animals enough withdrawal distance to neutralize visitor effects.

4. Visitor disturbance and enclosure complexity were the key attributes separating 

the three enclosures. The on-display enclosures provided minimal withdrawal 

space and forced animals to stay close to visitors that could elevate stress lev­

els. The zoo-safari enclosures, on the other hand, managed to offer enough 

withdrawal space for animals to demonstrate a behaviour repertoire and range of 

welfare indexes comparable to off-display enclosures, although not being com­

pletely isolated from visitor disturbance.

5. On the days in which visitors were absent, behaviour patterns of on-display and 

the zoo-safari lions did not shift significantly, which is perplexing. Therefore, we 

can surmise that visitor presence is just one of the stressors which are affecting 

the on-display animals, the bigger problems in this enclosure may be the abject 

lack of enrichment, withdrawal areas and most importantly the opportunity to 

express species-typical behaviours.

5.2.2 Role of personality and rearing history

In the second experiment, we looked at a number of internal characteristics that may 

account for the broad range of welfare results among Asiatic lions housed in compa­

rable conditions.
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We found that personality traits and rearing-history were the two most important 

factors determining the welfare requirement of Asiatic lions (Goswami et al., 2020). On 

the other hand, we also found that some other variables like sex and social grouping 

did not lead to differential welfare outcomes in the study subjects. Finally, I did an 

enrichment intervention at select enclosures (test-subjects) and found that lions exposed 

to a mix of different enrichment objects had better welfare outcomes than those who 

did not receive the intervention. I found that Asiatic lions housed at the same enclosure 

types had differential responses to similar husbandry practices (Goswami et aL, 2020). 

This leads me to believe that animals housed under similar housing conditions are likely 

to react to these practices based on their traits. Such traits may include, factors like age, 

sex, personality and rearing history.

5.2O3 Effects of enrichment interventions on Asiatic lion welfare

Enrichment interventions are a well-established method of increasing welfare in captiv­

ity (Bulens et al., 2013). Apart from increasing novelty and a positive association with 

the paddock area, it also increases chances for animals to experience positive emotions 

(Hutchinson et al., 2012; Miller et al., 2020a). Ours is the first reported enrichment 

intervention from Indian conservation breeding programmes.

1. In this study we evaluated Asiatic lion welfare through latency to novel objects, 

aberrant repetitive behaviours, enclosure usage patterns, behaviour diversity and 

faecal corticosterone metabolite levels.

2. Enclosure enrichment treatment increased the quantity of species-typical behaviour 

variety in the test group considerably.

3. We designed the enrichment intervention to increase enclosure novelty while 

reducing chances of agonistic interactions

4. The rates of ARBs reduced significantly in test subjects as compared to the 

control. Lions that received the enrichment intervention, used the enclosure 

space more homogenously compared to control animals.
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5. Moreover, the behavioural welfare indices were corroborated by the physiolog­

ical measures of welfare. Test subjects showed a significant lowering in faecal 

corticosterone metabolites.

6. I found that a mixture of different enrichment devices is ideal for increasing 

engagement time and improving Asiatic lion welfare (Goswami et al., 2021).

5.3 Recommendations

Conservation breeding programmes for endangered species require a distinct set of hus­

bandry methods than those used in on-display cages. The animals housed at these off- 

display facilities should be accorded all possible opportunities to express and maintain 

their repertoire of species-typical behaviour patterns. The first and foremost objective 

of any conservation breeding programme should be to conserve the species-typical 

genetic and behavioural attributes of the species. The points mentioned below shall 

assist zoo managers to achieve that objective.

5.3.1 Management strategies

1. Enclosures at the conservation breeding centre should be designed to ensure there 

is enough opportunity for the expression of species-typical behaviour repertoires.

2. Existing enclosures should be comprehensively evaluated for species-appropriateness. 

Followed by another round of evaluation based on individual welfare require­

ments (Goswami et al., 2020). While evaluating enclosures, the animal’s re­

sponse to the enclosure must be considered through the measurement of more 

than two welfare parameters, including measures of positive welfare (viz., Be­

haviour diversity). Based on the findings of the enclosure evaluation, enclo­

sures and husbandry protocols must be redesigned to meet species-typical and 

individual-specific welfare requirements.
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3. Conservation breeding programmes should maintain a quarterly schedule of wel­

fare evaluation. This will ensure that a holistic picture of the existing welfare 

condition of the animals is obtained.

4. Existing enclosures should be periodically enriched with novel objects or stimuli 

to create opportunities for all animals to experience positive affective states.

5. Our results demonstrate that the Asiatic lions housed in high-complexity en­

closures are less vulnerable to occasional visitor disturbances as compared to 

those housed in poorly-designed, on-display enclosures. Previous studies have 

emphasized the importance of species-appropriate features in encouraging the 

display of species-typical behaviours (Mallapur & Chellam, 2002). We can cer­

tainly state that high levels of visitor pressure without the ability to disengage 

is harmful to Asiatic lions’ welfare. However, we can also say that animal 

welfare is unaffected when visitors are present in a sophisticated and suitably 

big enclosure.

6. Irrespective of the conservation status of housed animals, all poorly designed 

enclosures that do not provide enough space, illumination, ventilation or natural 

substrate should be decommissioned and the animals shifted to larger, species- 

appropriate enclosures. Such enclosure design and animal display practices should 

be abolished to pave way for more animal-centric enclosure design as seen at the 

zoo safari. Our results indicate that a complex and species-appropriate enclosure 

can offset the stress of visitor presence and allow the animals to express a species­

typical behaviour repertoire leading to positive affective states or emotional well­

being.

7. I found that life-history and personality traits were the dominant factors deter­

mining the welfare responses of animals to husbandry practices (Goswami et al., 

2020). This finding has several implications for the welfare of captive animals 

across zoos and conservation breeding centres. As pointed out by Kaumanns

al. (2015), ex-situ conservation programmes for endangered species should 

131



focus on the individual animal and look at a different set of welfare indices 

than just population numbers as a metric of success. Indian zoos and conser­

vation breeding centres presently do not employ any individual-centric welfare 

measurement protocols. However, for the successful implementation of any ex- 

situ conservation breeding programme, it is crucial to take cognizance of these 

findings and inform future policies to ensure the welfare of captive endangered 

species. Frequent and holistic welfare evaluations are important to understand 

and mitigate the deleterious impacts of captivity on endangered species.

8. Our results also indicate that welfare indices are interrelated to one another. We 

found a strong inverse relationship between behaviour diversity and ARBs and 

reduced enclosure usage. This suggests that zoo managers should take cog­

nizance of decreases in enclosure usage patterns in some individuals followed 

by lowering of behaviour diversity. This can help in preventing the development 

of stereotypic ARBs in captive animals. Regular behaviour monitoring is crucial 

to the successful implementation of any conservation breeding programme.

9. Documentation is a crucial aspect of zoo-biology that is often overlooked. A 

good ex-situ conservation breeding programme should have dedicated team mem­

bers who will handle the collection, collation and interpretation of data specific 

to animal welfare. These team members would coordinate with zookeepers and 

biologists to find ways to improve the welfare status of captive animals under 

their care. Under the incumbent practices, every zoo in India has a single zoo­

biologist, who has to design experiments, conduct them, collect the data, analyse 

it and implement the findings as well. I strongly recommend that large zoos 

should have at least two biologists per animal family and conservation breeding 

centres should have at least three biologists to oversee operations.

10. Studies show that positive keeper-animal relationships can improve welfare (Whitham 

et al., 2013). Finally, regular behaviour monitoring of captive wild animals 
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should be incorporated into the husbandry practices to improve welfare and pre­

vent the development of stereotypy (Watters et al., 2009). So far, there have been 

no studies exploring the role of keeper-animal relationships in Indian zoos and 

their impacts on animal welfare. It will be interesting to understand the training 

gaps for zoo-keepers and fill them.

11. Keeper training and empowerment should be a top priority for all zoos and con­

servation breeding centres. Qualified, well-trained keepers can often understand 

the needs and want of animals as efficiently as any robust study design. As 

evidenced by our personality assessment system, keepers were able to predict 

the personality type of subjects with a significant level of certainty. Therefore it 

is imperative to treat keepers as important stakeholders for the positive welfare 

outcomes of captive animals.

12. Felids are among the most represented taxa across zoological institutions, which

necessitates an effective and holistic welfare evaluation protocol (Szokalski et al., 

2012). Our findings underline the importance of individual-tailored husbandry 

design (Boissy et al., 2014) to promote animal welfare at conservation breeding 

centers (Dawkins, 1990; Fraser et al., 1998; Fraser, 2009). Our results highlight 

that assessments of personality traits, enclosure usage patterns, behavioural diver­

sity and stereotypy measurement as cost-effective and non-invasive tools that can 

reliably diagnose welfare needs in captive wild animals (Broom, 1996; Mason 

et al., 2007) and conduct post-occupancy evaluations of enclosures (Wilson et al., 

2003). These assessments can also help in effective management of endangered 

species through personality-matched pairings for breeding success (Fox et al., 

2014; Martin-Wintie et al., 2017), and profiling of individuals most suited for 

repatriation (Bremner-Harrison et al., 2004; Watters et al., 2009; Watters et al., 

2012). More specifically for Asiatic lions, Indian and Southeast Asian zoos ac­

count for more than 60% of the global captive Asiatic lion population (Srivastav 

et al., 2018). Unlike many European or North American zoological institutions, 

most Indian zoos arc state-funded and follow husbandry guidelines delineated 
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by governmental animal welfare agencies. Current governmental policies and 

guidelines for managing captive wild animals in Indian zoos do not explicitly 

consider inter-individual variations in animal welfare practices. Even existing 

studies on captive African (Powell et al., 2011; Powell et al., 2008; Powell, 

1995) and Asiatic lions (Pastorino et al., 2016; Pastorino et al., 2017) have not 

translated into tangible shift in ongoing husbandry practises. We hope that our 

findings tip the balance in the favour of welfare-centric and individual-tailored 

husbandry and management regimens for captive animals at zoos and conserva­

tion breeding centres.

13. Daigle et al.,(2015) found reproductive success of captive African lions was 

determined by temperament, grouping patterns and positive human-animal in­

teractions. Using our study in the backdrop of these findings can be an effective 

management tool that is worth exploring.

5.3.2 Enrichment strategies

1. At the beginning of the enrichment intervention, high-value food rewards should 

be provided along with manipulable and sensory enrichment devices. This re­

duces the chance of neophobia among shy animals. As the animals start to use the 

manipulable devices, the amount of food reward should be gradually reduced and 

sustained at a constant level. Food rewards should never be completely removed 

from the enrichment intervention unless there is a valid reason for the same.

2. Food rewards lead to infighting and agonistic interactions among zoo-housed 

group-living animals. Therefore, Food-rewards and enrichment devices should 

be provided in multiples and at different locations of the enclosure. This will 

prevent monopolization by dominant individuals.

3. If there is food aggression among conspecifics. the dominant individuals should 

be given high-value food items at certain locations of the enclosure that have a 
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long food-processing time. This will allow other animals to explore the enclosure 

unhindered.

4. We found a strong preference in subjects for food-based enrichment devices. 

However, the duration of usage was highest for manipulable enrichment. Since 

the subjects spent more time using manipulable devices, results showed ma­

nipulable enrichment devices as strongly associated with conspecific directed 

aggression. We recommend that a large number ( at least two per animal) for 

each manipulable and feeding device be made and rotated across different areas 

of the enclosure to create more opportunities for play and socially affiliative 

behaviours.

5. The success of the conservation breeding program depends on repatriating endan­

gered animals to reclaimed habitats, hence housing the animals in appropriate 

welfare conditions while persevering behaviour diversity is of utmost impor­

tance.

6. I studied the largest captive population of Asiatic lions, but the methodologies of 

this study can be scaled for smaller zoos housing fewer animals. Although I used 

at least three types of enrichment devices per intervention at multiple enclosure 

zones for experimental uniformity, at a smaller scale, zoo managers can try one 

enrichment device type per enclosure and rotate them with a new one every week.

7. Our results conclusively show that enrichment interventions can lead to better 

behavioural and physiological welfare for Asiatic lions. I have delineated a prac­

tical but holistic approach to enrichment interventions that can be implemented 

and tested with little effort and manpower. With this study, I hope to empower 

and enable zoo managers and regulatory agencies to mandate the incorporation of 

enrichment interventions into daily husbandry regimens and proactively improve 

the welfare status of the animals under their care.
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8. With the incorporation of welfare-centric management practices, the Asiatic li­

ons housed in the program can be ideal representatives of the species and great 

candidates for future reintroduction programmes. Until that day of repatriation, 

we should strive to create a cognitively enriching environment that preserves 

the species-specific traits of the Asiatic lions. Like the endangered Asiatic lion, 

the Indian ex-situ institutions run conservation breeding programmes for several 

endemic species.

9. So far, the welfare status of animals housed under conservation breeding pro­

grammes has received little research attention. I hope this study encourages 

zoo managers and regulators to incorporate enrichment interventions with animal 

management protocols.

10. I suggest that future studies should focus on addressing impacts of such individ­

ual variations on differential responses and enrichment preferences with a larger 

sample size.

5.3.3 Conservation breeding programmes at Indian zoos

Conservation breeding of endangered species has been one of the primary mandates 

of modem zoos that have managed to redeem them from a chequered past. Most 

conservation breeding programmes are borne out of the now commonplace narrative of 

the ark. Endangered animals threatened with habitat loss and other stochastic ecological 

or anthropological pressures can be brought into captivity and then bred to sustainable 

numbers to supplement the ailing natural fragmented populations. The growing number 

of conservation breeding programmes in the Indian zoological parks is intriguing. The 

surge in ex-situ CBP signals a growing concern for the future of the species resulting 

from a failure to conserve the species in-situ. It is also interesting to note the dearth 

of welfare research published from the findings of the aforementioned CBPs. This 

could indicate that the managers of these CBPs are already following best practices 

and have nothing new to contribute to science, or it could point towards a lack of 

scientific inquiry and data-driven decision-making at these CBPs. Presently Indian 
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zoos manage the ex-situ conservation breeding programmes for over 29 species of 

endangered species. Since most zoos have to follow the policy framework laid down 

by the Central Zoo Authority (CZA). Policymakers must take cognizance of the wide 

research gaps in knowledge and expertise in husbandry and management practices at 

Indian zoos and CBPs. Our findings provide strong scientific evidence that the large- 

scale uptake of individual-focused welfare assessment practices at Indian zoos can lead 

to better welfare outcomes for all captive animals. Such policy-level changes to animal 

welfare guidelines will strengthen ex-situ conservation practices in this region. Future 

cross-institutional studies on how internal (physiology) or external factors (enrichment 

interventions) interact with personality traits to predict welfare outcomes can shed light 

on some of the trends highlighted in this study. We hope that this study encourages 

managers and biologists to revisit traditional husbandry protocols and change them to 

meet the cognitive needs of individual animals under their care.

5.3.4 Animal welfare as a measure of conservation success

The breeding programme for Asiatic lions at Sakkarbaug zoological garden was initi­

ated in 1995 and continues to be the largest single population of captive Asiatic lions in 

the world. The zoo and the conservation programme is located within the geographic 

range of the species and has access to the wild population of founders, which is a 

luxury that few ex-situ conservation programmes can afford. Given these advantages, 

we must now summarise the efficacy of the Asiatic lion conservation breeding pro­

gramme. I used the national studbook for Asiatic lions, maintained by Srivastav et al. 

(2018) to understand the demographic trends of the captive population in SZG. Since 

1995, a total of 873 captive Asiatic lions have been housed at Indian zoos. Out of 

these individuals, 489 lions originated from SZG. Henceforth, I will restrict myself to 

these 489 individuals, since few other zoos have access to wild rescued Asiatic lions. 

I counted the number of new individuals brought into the records of SZG annually 

along with their points of origin (captive-bom or rescued). I found that out of the 

489 Asiatic lions entered into SZG records, 376 were born in captivity and 113 lions 

were wild-rescued. At first glance, this statistic might suggest that the Asiatic lion
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Number of Asiatic lions added to the captive population 
at SZG, since 1995

origin captiveborn rescued

Figure 5.1: Population status of Asiatic lions at SZG

captive population is stable and capable of sustainable growth. I filtered the data to 

remove individuals bom in captivity but died shortly (within one year) after birth (N 

= 251), which left us with only 125 individuals bom in captivity. I plotted the five- 

yearly summaries of animal acquisition trends of SZG and made some observations 

(Figure 5.1). Since 1995, SZG has housed around 489 Asiatic lions and the ratio 

of captive-raised to wild-rescued animals is 1.10. Interestingly, my study subjects 

included 19 individuals that were wild-rescued and 16 animals that were born or raised 

in captivity. Every year, the conservation breeding programme has harvested roughly 

four individuals from the wild population (approximately 1% of the wild population) 

and has produced a roughly similar number of individuals in captivity that have grown 

beyond the age of one year. As evident from Figure 5.1, in the last ten years, the Asiatic
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lion conservation breeding programme has rescued more animals than were bom in 

captivity. This probably indicates a rise in human-animal conflict driven by the healthy 

growth of the wild population, as indicated by Jhala et al. (2019). On the other hand, the 

birth rate and the demographic stability of the captive population shows a downward 

trend (Figure 5.1). Conservation breeding programmes are prohibitively expensive 

and take away resources that may be better spent on in-situ conservation. Therefore, 

conservation breeding programmes must be evaluated rigorously to assess their efficacy 

and viability in terms of the long-term conservation of the species. While evaluating 

conservation breeding programmes, the traditional outlook has been about measuring 

genetic diversity and ensuring a stable captive population. A similar metric has been 

applied to the Asiatic lion conservation breeding programme as well. However, my 

findings suggest that a conservation breeding programme should be made to adhere to 

strict short-term and long-term goals. In the case of Asiatic lions, the short-term goal 

can be ensuring optimum welfare for all individuals. The long-term goal should be to 

encourage the maintenance of species-typical behaviours so that these animals become 

ideal candidates for future reintroductions.

One of the primary goals of a CBP is to reintroduce or repatriate animals to restored 

habitats periodically and apart from one failed reintroduction attempt at Chandraprabha 

Sanctuary in 1957 (which also used wild-bom individuals), the Asiatic lion CBP has 

conducted no reintroduction exercises. Additionally, the following metric should be 

used by policymakers to evaluate the long-term viability of ex-situ management pro­

grams (Fischer et al., 2000).

1. Appropriateness of approach.

2. Clear definition of success.

3. Constant monitoring of the reintroduced population or the measures of success

4. Financial accountability.

5. Publication of results.
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Based on our findings, animal welfare should be considered an indispensable metric of 

success or viability for any captive facility or breeding programme for wild endangered 

fauna. Housing the Asiatic lions at enriched enclosures can mitigate risks of chronic 

stress and provide enough opportunities to express species-typical behaviours. Good 

animal welfare will be necessary to ensure that once released, these lions will be able to 

survive in the wild. Therefore the management practices at the Asiatic lion CBP should 

be carefully re-evaluated to realign them with the conservation goals for the species. 

Unfortunately, barring a few, most conservation breeding programmes at Indian zoos 

do not have a welfare centric or individual-tailored management strategy. Long-term 

goals like repatriation success and demographic stability should always be considered 

but not at the expense of animal suffering.

The future survival and proliferation of Asiatic lions will depend on their (our) abil­

ity to expand their geographical range. A synergistic relationship between ex-situ and 

in-situ approaches is necessary to plan and support a successful long-term repatriation 

programme. Published research on Asiatic lions, seldom acknowledges or address the 

fate of the Asiatic lions in the conservation breeding programme. There is an urgent 

need to reframe the objective of the Asiatic lion conservation breeding programme to 

align it with the conservation goals for the species. This thesis will have served its 

purpose if the methodology discussed is used to improve the welfare of animals at 

other zoos and conservation breeding programmes.
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A.l Permits and ethical clearance

° Research permit for this study was granted by the Gujarat Forest Department, 
India (Permit no: WLP/28/A/1316-21/2015-16). This study complies with the 
regulations of zoo animal welfare standards set by the Central Zoo Authority, 
Government of India.

9 This study was conducted in accordance with CZA norms on the welfare of 
animals housed in conservation breeding centres. I did not conduct any invasive 
sampling procedures on the subjects for experimental setup and data collection. 
All necessary precautions were taken to ensure that enrichment interventions 
were integrated with the daily husbandry regimens of the test subjects.
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Background. The long-term success of ex-situ conservation programmes depends on 
species-appropriate husbandry and enrichment practices complemented by an accurate 
welfare assessment protocol. Zoos and conservation breeding programmes should 
employ a bottom-up approach to account for intraspecific variations in measures of 
animal welfare. We studied 35 (14:21) captive Asiatic lions in Sakkarbaug Zoological 

Garden, Junagadh, India to understand the implications of individual variations on 
welfare measures. We categorized the subjects based on personality traits (bold or shy), 
rearing history (wild-rescued or captive-raised), sex, and social-grouping. We explored 
the association of these categorical variables on welfare indices such as behavioural 

diversity, latency to approach novel objects, enclosure usage and aberrant repetitive 
behaviours. Further, we assessed the inter-relationships between different behavioural

measures of welfare.
Results. Our results show that intraspecific variations based on rearing-history and 
personality traits are significantly associated with the welfare states of captive Asiatic 
lions. Asiatic lions with bold personality traits (Af = 0.50,50=0.12,N = 21) and 

those raised in captivity (Af = 0.47,50=0.12,N = 16) used enclosure space more 
homogenously compared to shy (Af = 0.71,50 = 0.15,N = 14) and wild-rescued 
(M = 0.67,SD=0.15,N = 19) animals. Behaviour diversity was significandy higher in 
captive-raised (Af = 1.26,50=0.3.N = 16) and bold (Af = 123,50=0.26,N=21) 
subjects compared to wild-rescued (Af = 0.83,50 = 0.35,N = 19) and shy (Af = 
0 73 50=0 34. N = 14) individuals. Aberrant repetitive behaviours (stereotypy) were 

significandy lower in bold (Af = 7.01,50 = 4,N = 21) and captive-raised (Af = 
7 74 $0=5 3) individuals compared to wild-rescued (M —13.12,50 - 6.25,N-19) 
and shy (Af = 16.13, SD = 5.4, N = 16) lions. Sex and social-grouping of subjects 
did not show significant associations with behavioural welfare indices. Interestingly, 
behaviour diversity was reliably predicted by the enclosure usage patterns andaberrant

The results suggest that behavioural wellare indites complemented with 
programmes. Ine 88 differences in behavioural welfare
individual variationsnp ™ provide nam8e„ ,da,,
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Understanding the unique welfare requirement of individuals in captivity will be crucial 
for the survival of the species.

Subjects Animal Behavior, Conservation Biology

Keywords Animal personality, Cognition, Ex-situ conservation, Behaviour diversity, Latency, 
Stereotypy, Captive animal welfare

INTRODUCTION
Welfare defines a fine balance between pathophysiology and affective states, or the state 

of the animal as it copes with its environment (Broom, 1991; Spruijt, Bos&PijIman, 

2001; Meehan &Mench,2007; Boissy etaL, 2007; Butterworth, Mench & Wielebnowski, 

2011; Panksepp, 2011). Modem welfare science advocates the creation of opportunities 

for animals to experience positive emotions (Fraser & Duncan, 1998; Fraser, 1999; Fraser, 

2009; Dawkins, 2004; Whitham & Miller, 2016). Pro-welfare husbandry practices are vital 

for the biopsychosodal health of captive animals and long-term success of conservation 

breeding programmes (Hediger, 1968; Rabin, 2003; Broom, 2011). Studies show that 

animals housed under poor welfare conditions experience allostatic overload and chronic 

stress, that manifest as loss of behaviour diversity and cognitive abilities (Sheperdson, 

Carlstead & Wielebnowski, 2004; Mendl et aL, 2009; Kroshko et al., 2016; RazaL Pisacane & 

Miller, 2016), ultimately reducing their survival and reproductive potential (Broom, 1991; 

Schreck, 2010). Ideally conservation breeding programs should conduct periodic welfare 

evaluations for the improvement of incumbent housing and husbandry practices, and 

realign with conservation goals (Engel, 1980; Korte, Olivier & Koolhaas, 2007; Broom, 2011; 

Moorhouse et aL, 2015). In practice, ex-situ institutions continue to rely on unidimensional 

measures such as keeper ratings, physiological, and behavioural measures without 

accounting for individuality (Mason & Mendl, 2007; Boissy dr Frhard;2OI4r:Cltddwick, 

2014). Intraspecific variations originating from personality (Locurto, 2006) and early- 

life experiences (Watters & Powell, 2012; Gartner, Powell & Weiss, 2016) determine the 

umwelt of individuals (Loehlin, 1992; Stamps & Groothuis, 2010), affective states (Harding, 

Paul & Mendl, 2004; Boissy & Erhard, 2014), and ultimately welfare (Carere & Locurto, 

2011; Izzo, Bashaw & Campbell, 2011). Inter-individual differences in bold/shy personality 

traits (Mills, 1998; Gosling & John, 1999, Gartner, Powell & Weiss, 2016; Gartner & Powell, 

2011; Gartner, Powell & Weiss, 2014) are associated with differential decision-making 

abilities (Carter etaL, 2013), cognition (Morton, Lee & Buchanan-Smith, 2013; Griffin, 

Guillette & Healy, 2015) and coping responses (Wilson et aL, 1993) to welfare deprivation 

(Koolhaas et aL, 1999, Moneta & Spado, 2009, Goold & Newberry, 2017; Franks, Higgins & 

Champagne, 2014), and ultimately ha ve a bearing on post-release fitness (Bremner-Harrison, 

Prodohl & Elwood, 2004). Early-life experiences can also have a bearing on the personality 

development of animals (Ainsworth & Bowlby, 1991;HigleyetaL, 1991; Loehlin, 1992;Frost 

etaL, 2007; Stamps & Groothuis, 2010; Watters & Powell, 2012). Therefore, addressing 

early-life experiences and personality traits in welfare evaluation protocols can be vital 

to the success ofex-situ conservation breeding programmes (Wemelsfelder, 1997; Rabin, 
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2003; Reading, Miller & Shepherdson, 2013). Unfortunately, parameters of individuality 

are seldom addressed while designing housing and husbandry protocols for wild animals 

at conservation breeding programmes. Focused multi-species studies are required to 

understand how personality and early life-experiences (rearing-history) may be associated 

with behavioural welfare measures. Using captive Asiatic lions as a study system, we tried 

to understand the relationship between individual variations (viz., bold-shy traits, rearing 

history, sex, social grouping) with behavioural welfare measures.

The endangered Asiatic lion (Panthera leo persica) is now relegated to a fraction of its 

historic range, across scattered patches of the Greater Gir landscape of Gujarat, India 

(Banerjee etaL, 2013). With a global wild and captive population of about 523 and 359 

individuals (Srivastav, 2014; Pant, 2015), the future survival of Asiatic lions can be secured 

through a successful conservation-breeding program complemented by repatriation across 

historic ranges (Jhala etaL, 2006; Meena, 2009). While extensive research on population 

ecology (Joslin, 1973; Jhala et aL, 2009), behaviour (Meena, 2008). social dynamics (Meena, 

2009; Chakrabarti & Jhala, 2017), and human-animal interaction (Joslin, 1973; Banerjee, 

Jhala & Pathak, 2010; Banerjee et aL, 2013) of wild Asiatic lions has been conducted, the 

captive populations and their welfare needs have received relatively less attention. Pastorino 

et al. (2016) and Pastorino et al. (2017) studied feline-keeper interactions, personality 

variations, and behavioural aspects of welfare in captive Asiatic lions at London Zoo, 

but were limited by a small sample size (N = 4) and a short study period. There is a 

paucity of information on detailed welfare status of captive Asiatic lions despite a large 

ex-situ population spread among global zoological institutions. It is vital to standardize the 

welfare evaluation practices for this species to meet its long-term conservation goals. Since 

Indian ex-situ facilities account for more than 60 percent of the global captive Asiatic lion 

population (Srivastav, 2014), holistic welfare assessments at these sites can have a tangible 

impact on the conservation goals for the species.

We studied 35 Asiatic lions housed in the ex-situ conservation breeding centre of 

Sakkarbaug Zoological Garden (SZG), Gujarat, India to understand if rearing-history and 

personality (Allport & Allport, 1921) are important factors associated with intraspecific 

variations in behavioural welfare indices (Broom, 1986; Fraser, 2009). We categorized 

these subjects based on their rearing histories (wild-rescued and captive-raised), sex, social 

grouping (pair-housed and group-housed) and personality traits (bold and shy) (Wilson 

et aL, 1994). We measured species-typical behaviour diversity (PowelL 1995; Wemelsfelder 

et aL, 2000; Rabin, 2003; Clark & Melfi, 2012; Miller, Pisacane & Vicino, 2016; Watanabe, 

2007; Skrzypczak, 2016; Owen, Swaisgood & Blumstein, 2017), space usage patterns (Kessel 

& Brent, 1996; Mallapur, Qureshi & Chellam, 2002; Ross & Shender, 2016), latency to novel 

objects (Murphy, 1977; Meehan&Mench, 2002; Sneddon, Braithwaite & Gentle, 2003), and 

proportion of aberrant behaviours (Mason&Rushen, 2006; Tan et aL, 2013; Japyasstl 

d-Malange, 2014; Kroshko et aL, 2016) understand the relationship between individual 

variations and welfare measures. We believe that this study will address knowledge 

gaps in animal welfare evaluation procedures, leading to the adoption of individual- 

focused husbandry and management practices at ex-situ endangered species conservation 

programmes.
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MATERIALS & METHODS
Research permit and ethical considerations
Research permit for this study was granted by the Gujarat Forest Department, India (Permit 

no: WLP/28/A/1316-21/2015-16). This study complies with the regulations of zoo animal 

welfare standards set by the Central Zoo Authority, Government of India.

Study area
We conducted the study at Sakkarbaug Zoological Garden (SZG), which is situated within 

the natural range of Asiatic lions (Panthera leo persica). SZG is the coordinating zoo for 

the Asiatic lion conservation-breeding programme in India and hosts the largest captive 

population (N — 60) with the highest reported number of wild founders (Srivastav, 2014) 

The conservation breeding programme aims to stock a healthy population of captive Asiatic 

lions for possible repatriation to lost range habitats. The zoo has a separate off-display 

conservation breeding facility, which houses 47 Asiatic lions. A map (unsealed) of the 

off-display conservation breeding enclosures of SZG is provided in Fig. SI.

Subjects and housing
We collected data from 38 (Male = 15, Female = 23) healthy Asiatic lions housed in the 

conservation breeding facility of SZG. During the study we removed three individuals 

(Male = 1, Female = 2) due to ongoing veterinary treatments, reducing our sample size 

to 35 individuals (Male = 14, Female = 21) (Table 1). The study subjects were either bom 

in captivity (N = 16; Male = 3, Female = 13) or rescued from wild (N = 19; Male = 

11, Female = 8). Individuals bom in the zoo (N = 14) and rescued as cubs (N = 2) were 

categorized as captive-raised since they have similar life experiences. Lions that were rescued 

at a young age and spent most of their lives in captivity cannot have similar life-experiences 

as adult wild-rescued lions and hence were grouped in the captive-raised category. Most 

wild-rescued lions were rehabilitated as adults for treatment of injuries incurred due to 

infighting, and after making full recovery were assimilated in the conservation breeding 

programme. Some wild-rescued animals (N = 3) were rescued to ameliorate conflict caused 

by livestock depredation. All subjects were either housed in pairs (N — 17) or housed in a 

sex ratio of 1:2 (N = 18). All subjects (including the wild-rescued lions) were in socially 

cohesive groups and were housed in the same enclosure (with the same enclosure mates) 

for at least a year prior to the commencement of the study. This facility provided us with a 

unique opportunity to study the behaviour of wild-rescued and captive-raised lions under 

similar housing conditions.

Subjects were housed in 15 naturalistic enclosures spread across 8-ha area resembling the 

habitat of Asiatic lions. All enclosures were similar in design, devoid of enrichment devices, 

evenly populated with leafy trees (for shade and cover) and provided similar enclosure 

space per animal (400 m2), ensuring uniformity of housing conditions for all subjects. 

Due to the absence of complexity and an active enrichment intervention programme, all 

enclosures were deemed functionally barren to the subjects. The enclosure sizes ranged 

from 1,100-6,542 m2, with an average size of (M = 1,970 m2, SD = 1,685.24m2). Only 

one enclosure was 6342 m2 in size, and most other enclosures were similar in sizes (M
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thickets. Subjects were confined to feeding cubicles only during feeding time and had free 

access to all enclosure areas (including feeding cubicles) for the rest of the day. Subjects 

were fed separately at the indoor cubicles between 1,700-1,900 h six days a week, with 

a fest on Sundays. Subjects were fed in-house slaughtered and quality-inspected buffalo 

meat The average meat consumption was 35 kg (SD = 0.5 kg) for females (N=21) and 

4.9 kg (SD = 1.4 kg) for males (N = 14). Most subjects were group-housed (1:2) (N = 18) 

or pair-housed (1:1) (N = 20). Four subjects were iso-sexually paired which included two 

male lions (2:0) and a mother-daughter dyad (02).

A group of animal keepers carried out all husbandry work for the subjects on a rotational 

basis, which meant that all subjects were accustomed to the same group of keepers. Since 

the conservation breeding area is off-display and restricts access to unauthorized personnel, 

subjects’ interactions with humans were limited to keeper interactions. The animal-keepers 

had trained the subjects to respond to their house names and vocal instructions for moving 

in and out of the feeding cubicles.

Study design
We aimed to answer two broad research questions in this study, (a) how differences in 

bold/shy personality traits, rearing history, sex, and social grouping are associated with 

variations in behavioural welfare outcomes in a group of captive Asiatic lions’ (b) How are 

the behavioural welfare indices (viz., enclosure usage, behaviour diversity, and aberrant 

repetitive behaviours) interlinked?

To answer the above questions, we categorized subjects and recorded outcomes of 

welfare measures. The detailed design for the study is given below.

Personality assessment
We adopted a combination of keeper-rating and behaviour-coding techniques to reliably 

assess personality traits (Funder & Colvin, 1988; Funder, 1995; Gosling & Vanre, 2002; 

Highfill et al., 2010; Gartner & Powell 2011). We separately interviewed three animal 

keepers with at least ten years of work experience to rate 38 subjects (1523) on a scale of 

1-9 (1-very low and 9- very high) for pre-selected bold (N = 10) and shy traits (N = 10) 

(Table SI). We found that all keepers agreed on their ratings for subjects (high inter-rater 

reliability, Cronbach’s alpha > 0.8). First, we averaged all keeper ratings (N=3) subject­

wise for all personality traits. Next, we calculated the average rating on bold (N=10) and 

shy (N = 10) traits for each subject. Subjects that received an average score above seven on 

bold traits were categorized as bold, whereas an average rating above seven on shy traits 

were categorized as shy.

To validate keeper ratings for personality traits of subjects (bold/shy), we conducted 

novel-object tests in day kraals for ten minutes using video recorders in the absence 

of keepers and observers (Highfill et al, 2010). Naive observers (N=3) with no prior 

exposure to study subjects, recorded the latency of subjects to interact with novel objects 

(Sih, Bell & Johnson, 2004; Frost et aL, 2007) and calculated the percentage of bold vs shy 

behaviours (Powell & Svoke, 2008; Gartner 6 Powell 2011; Corsetti et aL, 2018) performed 

by the subjects during these tests (Tables S2 & S3). During these tests, the subjects were 
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exposed to (a) unknown conspecifics, (b) unknown person and (c) non-food novel objects 

(lion-sam ball and bungee cord). All novel-object tests were conducted in an open-air day 

kraal adjacent to the paddock area of the enclosures. For the first test, we simultaneously 

released two subjects (same sex but unknown to one another) at adjacent day kraals and 

recorded their reactions to encountering a same-sex unknown conspecific. The latency 

counter was started as soon as both lions were released inside their respective day kraals. For 

the second test, we released the subject inside the day kraal and had a volunteer (unknown 

to the lion and not wearing a keeper’s uniform) approach the kraal, and stop at the median 

section facing the day kraal for ten minutes. The volunteer did not make any eye contact 

or vocal communication with the animal. The latency counter was started as soon as the 

volunteer reached the day kraal. For the final test, we placed a novel object (lion-sam ball 

or bungee cord) at the centre of the enclosure, and then released the subject inside the 

day kraal. The latency counter was started when the subject was released inside the day 

kraal Observers used focal animal sampling (Altmann, 1974; Martin & Bateson, 1993) to 

calculate duration of all behavioural states and events performed by subjects during each 

of these tests. These focal observations were used to calculate the percentage of bold and 

shy behaviour performed by subjects (Table S3). We tested each subject separately to avoid 

confounding personality with dominance. We conducted the latency tests simultaneously 

for 12 individuals daily between 0900-1100 h. Since we did not want to overwhelm the 

animals with multiple novel stimuli on a single day, three sessions of novel-object tests were 

conducted for each subject on consecutive days. The novel object tests were conducted for 

ten minutes, and if subjects foiled to approach the novel object after five minutes, they were 

categorized as shy. We repeated the novel object tests with unknown human and novel 

object after a month to check for trait consistency and calculated the average latency values 

for each subject In the first session, lion-sam ball was used as the novel object which was 

replaced in the second session with a hanging bungee cord. The order of the latency tests 

was kept the same for all subjects. Three Asiatic lions undergoing veterinary treatments for 

physical injuries (Male = 1, Female = 2) showed inconsistencies in trait measures across 

different sessions. We excluded these animals from the study, thus reducing the number of 

subjects to 35 individuals (Male = 14, Female = 21). We found that keepers (N = 3) and 

observers (N = 3) reliably agreed on the personality type (Cronbach’s alpha > 0.9) of these 

35 subjects. These subjects were further categorized based on rearing history (wild-caught 

= 19, captive-raised = 16), sex (Male = 14, Female = 21), and social grouping (pair-housed 

= 17, group-housed = 18).

Behaviour data collection
For behaviour data collection, we used pre-existing ethograms for felids (Powell, 1995; 

Stanton, Sullivan & Fazio, 2015) and modified them to include unique behaviours displayed 

by subjects (Table 2). Two independent observers collected all behaviour data. To minimize 

inter-observer bias, behaviour recording was commenced after inter-observer reliability 

reached satisfactory levels from the same group of animals (Cronbach’sa >0.9) (CaroetaL, 

1979; Gliem&Gliem,2003). We recorded ten hour-long behaviour observation sessions 

(for four subjects) and found one-minute instantaneous scans (Altmann, 1974; Martin 
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& Bateson, 1993; Amato, Van Belle & Wilkinson, 2013) were comparable to focal animal 

behaviour observation data (Altmann, 1974; Gilby, Pokempner & Wrangham, 2010; Amato, 

Van Belle & Wilkinson, 2013) in recording behavioural states and events for multiple 

subjects. We chose instantaneous scans as it provided a good balance between data- 

accuracy and observer fatigue. We recorded behaviour at three different time periods: 

0500-1100 h, 1300-1800 h and 2200-0500 h in six-hour blocks. During each six-hour 

block, we conducted four one-hour sessions of instantaneous scans at one-minute intervals 

for one-hour duration followed by a 15-minute rest During each scan, we recorded 

the behavioural state of the subject and its location in the enclosure. All occurrences of 

behaviour events were recorded separately. We used the frequencies of behavioural states 

and events to measure behaviour diversity of each subject during an observation session 

(one hour). We measured the directionality of all social interactions between subjects to 

gain a better understanding of the social cohesiveness of each enclosure group. We also 

video recorded behaviour observation sessions, which were used to fill any potential gaps 

in observer recording of instantaneous scans. We gathered a total of 2,009 h of behaviour 

observation data (average data of 57 h/subject) across 486 observation days. We collected 

information on the following behavioural welfare indices:

Enclosure usage
Enclosure use is a critical behavioural parameter that is influenced by the biological 

relevance of different zones of the captive environment (Traylor-Holzer & Fritz, 1985; 

Plowman, 2003; Rose & Robert, 2013; Ross & Shender, 2016). Homogenous usage is 

indicative of a complex and novel enclosure design (Ross & Shender, 2016; Mallapur, 

Qureshi & Chellam, 2002; Rose & Robert, 2013) which are considered more important 

drivers of welfare than enclosure area (Traylor-Holzer & Fritz, 1985). We divided each 

enclosure into ten equal zones, which included three broad zones viz. (a) proximal, (b) 

medial, and (c) distal zones. Each of these broad zones was further subdivided into three 

smaller zones as (i) left, (ii) middle, and (iii) right. The tenth zone was the paddock area 

next to the retiring cell (Fig. 1). We recorded the enclosure zone location of subjects 

during each scan. We calculated the spread of participation index (SPI) (Plowman, 2003) 

of enclosure usage for all 35 subjects across 486 observation days using instantaneous scan 

data. We calculated the SPI values using the following formula:
cpj_

2(N-femin)
where stands for the observed frequency of usage of enclosure zones, f< stands for the 

expected frequency of enclosure usage. N stands for gross observations in all zones of the 

enclosure and f^n stands for the expected frequency of observation for the smallest zone 

(Plowman, 2003). SPI measures indicate the homogeneity of space usage. A high SPI value 

(close to 1) indicates that subjects are biased towards certain areas of the enclosure, while a 

lower SPI value (close to 0.5 or lower) indicates that lions use most areas of the enclosure 

equitably.

It is noteworthy to point out that social animals like lions are likely to have hierarchies 

and dominant animals are likely to monopolize preferred areas, but an ideal enclosure 

should provide equal opportunities for exploration and free movement to all individuals.
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continuously without any aim or purpose.

Table 2 Ethogram showing Asiatic lion behaviour (states and events) used in this study.

Behaviour diss Behavior Description

Behavioural states Locomotion Walking or moving inside the enclosure.

Rest In a redined position, head up or down.

Sit Haunches on the ground.

Sleep Redined position, eyes dosed.

Climb Climbing trees.

Discrete Behaviours Defecate Passing urine or fecal matter.

Drink Drinking water with distinct lapping sound.

Groom Lick or bite or scratch with paw self or conspecific.

Lick Running tongue over lips and nose multiple times in quick 
succession.

Mark Spraying object via perianal secretions or rubbing paws on 
the ground.

Grab Cautiously reaching or touching an object or conspecific 
with the forepaw in jabbing fashion.

Roll Body in the prostate position and rolling from side to side 
usually with the belly up.

Rub Pushing head or body against an object with head or part of 
the body.

Scratch Rubbing daws on an object (e.g. tree).

Sniff Inhaling scent from the air or an object.

Vocalize growling, roaring, grunting, humming, chuffing.

Yawn Opening mouth wide while showing canines and inhaling 
deeply.

Stalk Silently shadowing an object, conspecific, birds or keepers.

Other Any other behaviour observed.

Stereotypy Pacing Walking up and down on a fixed path occasionally raising 
its head to look up.

Swaying Subject moves head and body from side to side while 
standing next to a wall and shifting bodyweight from left to 
right foot.

Head bobbing Nodding head up and down while the animal is stationery.

Nose rubbing Subject rubs nose on enclosure wall or enclosure barrier

Notes.

'Ethogram showing Asiatic lion behaviour (states and events) used in this study.

In this study, we aimed to measure the enclosure zone usage pattern of each subject in a 

social configuration to ascertain how it met individual welfare requirements and related to 

other welfare indices.

Species-typical behaviour diversity
Behaviour diversity is indicative of the scope of novelty, and complexity afforded to animals 

in captivity (Wemelsfelder et aL, 2000; Haskell et al, 2018). Maintaining behaviour diversity 

of captive animals housed at breeding programmes is essential for the preservation of 

essential learned behaviours required for post-release survival (Rabin, 2003). Complex and 

cognitively enriching enclosures have been shown to stimulate captive animals to display
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a diverse behaviour repertoire (Spiezio et at, 2018). We used Shannon-Weiner diversity 

index (SWI) to measure species-typical behaviour diversity as this approach considers 

both richness and evenness of species-typical behaviours in the data set (Clark &Melfi, 

2012; Miller, Pisacane & Vicino, 2016; Spiezio etaL, 2018). We compiled an ethogram of all 

behaviour states and events observed from all subjects during the study period (Table 2). 

We pooled all behaviour observations of each subject to calculate behaviour diversity. We 

excluded aberrant repetitive behaviours from the calculations since they did not qualify as 

species-typical behaviours.

Aberrant repetitive behaviours (ARB)
Aberrant repetitive behaviours (ARB) are reliable measures of poor welfare conditions 

(Dawkins, 2004; Watters, 2009, Kroshko et aL, 2016) as they are precursors of cognitive 

dysfunction and neurophysiological changes (Muehlmann & Lewis, 2012). For this study, 

we measured the proportion of scans spent by each subject performing ARBs as an 

indicator of poor welfare (Mason & Latham, 2004). ARBs mostly included, stereotypic 

swaying, pacing, and nose rubbing behaviours (Table 2). We did not record anticipatory 

displacement behaviours, for example, pacing before feeding (Watters, 2014) or during 

interaction with conspecifics as ARB. We considered behaviours persisting over five 

consecutive scans and without an observer-discernible cause as ARB. Therefore, 

displacement behaviours performed before feeding time, or in response to keeper activities 

were not considered as aberrant repetitive behaviours.

Data analysis
We tested the following hypotheses in this study:
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1. There would be no variations in behaviour indices between male and female subjects 

and the measures would perform uniformly for both sexes.

2. The wild-rescued lions would display higher behaviour diversity than captive-raised 

animals.

3. Bold individuals would differ in behavioural welfare indices compared to shy 

individuals.

4. There would be no difference in behavioural welfare parameters between pair-housed 

and group-housed subjects.

5. There will be no significant prediction of behavioural diversity by the proportion of 

aberrant repetitive behaviour and the enclosure usage patterns of subjects.

We used R statistical software version 3.4 and 3.5.2 through RStudio (RStudio, 2015) 

using packages, dplyr (Wickham, 2016), ggplot2 (Wickham, 2016), lubridate (Spinu, 

Grolemund & Wickham, 2018), tidyverse (Wickham, 2017), and funModeling (Casas, 

2019). For exploratory data analyses, we used Shapiro-Wilk test and Levene’s test to 

ascertain the normal distribution and homogeneity of variance in SPI, SW1, latency and 

ARB values, respectively. We conducted bivariate Pearson’s correlation to ascertain the 

strength of association between four above-mentioned welfare indices. We also checked 

for correlation between enclosure area and zone usage bias.

For statistical analysis, we had four categorical predictor variables (personality trait, 

rearing history, sex, and social grouping), each with two levels (viz. bold & shy, wild- 

rescued & captive-raised, male & female and pair-housed & group-housed). We compared 

welfare indices across groups (categorical predictor variables) using independent samples 

r-tests for normally distributed dependent variables (enclosure usage, behaviour diversity, 

and ARBs). We used non-parametric Kolmogorov-Smirnov test for latency measures 

and the proportion of bold and shy behaviours performed by subjects during the novel 

object test When comparing between means of two groups with different sample sizes, it 

is important to report effect sizes in addition to p-values to indicate the scale-independent 

degree of difference. We calculated effect sizes to quantify differences in welfare measures 

between groups (Cohen, 1992; Lakens, 2013).

Finally, we conducted multiple regression analysis to understand how the behaviour 

diversity of captive animals were predicted by their enclosure usage patterns and ARB 

levels. Before conducting a regression analysis, we checked for multicollinearity between 

independent variables using measures of VIF (variance inflation factor). Since enclosure 

usage and ARBs were not highly correlated, we used them as predictors for behaviour 

diversity in regression analysis.

RESULTS
Validation of keeper ratings
The mean latency times for all subjects after averaging both trials was 47.76 s (SD = 

46.85). Subjects categorized as bold by keepers (M = 11.13, SD = 3.65, N = 21) showed 

significantly lower latency values (z = 2.89, p < 0.01, Cohen’s d = 7.28) compared to 

subjects categorized as shy (M = 102.71, SD = 17.4, N = 14)(Table 3, Fig. 2). Bold subjects
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Notes.

•Zvihies from Kolmogorov Smirnov tat for independent samples.

Table 3 Comparison of welfare indices (viz-, enclosure usage, behaviour diversity, aberrant behaviours, and latency to novel objects) between 
Asiatic lions of different categories (captive-raised vs wild-rescued, bold vs shy, male vs female, and pair-housed vs group- housed).

Life-histories Captive-raised Wild-rescued t(33) p- value Effect 
size (Cohen’s d)

Enclosure usage 0.47 ±0.12 0.67 = 0.15 4.28 <0.000 1.47

Behaviour diversity' 126 ± 0.3 0.83 = 0.35 -3.94 <0.00 135

Aberrant behaviours 7.74 ± 53 13.12 ±625 2.71 0.10 0.92

Latency to novel object 18.61 ±2135 7230 ± 48.7 2.89’ 0.000 1.42

Personality Bold Shy 1(33) p-value Effect size (Cohen’s d)

Enclosure usage 0.5 = 0.12 0.71=0.15 -4.572 <0.000 134

Behaviour diversity 1.23 ±0.26 0.73 = 0.34 4.897 <0.000 134

Aberrant behaviours 7.01 ± 3.9 16.13 ±5.4 -5.825 <0.000 1.94

Latency to novel object 11.13 ±3.65 102.71 ± 17.4 -4.95’ <0.000 728

Sex Male Female t(33) p-value Effect size (Cohen’s d)

Enclosure usage 0.61 ±02 0.57 = 0.15 5.28 0.60 0.17

Behaviour diversity 0.96 ±0.43 1.1 ±33 -0.85 0.4 028

Aberrant behaviours 11.04 ±7.05 10.41 ±6.02 0282 0.78 0.09

Latency to novel ob ject 37.02 ± 45 54.91 ± 47.8 -l.ll 0.27 038

Social grouping Pair housed (n= 17) Group housed (» = 18) t(33) p-value Effect size (Cohen’s d)

Endosure usage 0.6 = 0.13 0.56 = 0.19 -0.69 0.49 022

Behaviour diversity 0.99 ±033 1.06=0.42 0.46 0.64 0.18

Aberrant behaviours 1133 ±6.12 10.02 ±6.69 -0.6 035 02

Latency to novel object 55.14 ± 482 40.78 ± 45.81 0.95’ 031 03

also showed significantly higher percentage of bold behaviours (M = 8724, SD = 8.74) 

than shy individuals (M = 15.86, SD = 9.5) (t (33) = -10.57, p < 0.01) (Table S3). These 

results validate the keeper rating of subjects on the bold-shy scale.

Comparison of welfare measures across categorical Independent variables 
Latency to novel objects
Captive-raised individuals (M = 18.61, SD = 21.55, N = 16) displayed significantly 

(z = 1.86, p=0.02, Cohen’s d = 1.42) lower latency compared to wild-rescued individuals 

(M = 72.30, SD = 48.7, N = 19) (Table 3, Fig. 2). We found no difference in latency scores 

between male (M = 37.02, SD = 45, N = 14) and female (M = 54.9, SD = 47.8, N = 21) 

subjects (z = 0.89, p=0.39, Cohen’s d = 0.38). Latency values did not vary significantly 

between pair-housed (M = 55.14, SD = 48.2, N = 17) and group-housed (M=40.78, SD 

= 45.81, N = 18) lions (z = 0.9,p=0.31, Cohen’s d = 0.3).

Enclosure usage
Enclosure space usage patterns varied significantly between subjects with different 

personality types and rearing histories. Wild-rescued individuals used enclosure space less 

homogeneously (M = 0.67, SD = 0.15, N = 19) than captive-raised individuals (M = 0.47, 

SD = 0.12, N = 16) (t (33) = 428, p < 0.01, Cohen’s d = 1.47) (Table 3, Fig. 2). Subjects 

with bold personality traits showed significantly less enclosure-zone bias (M = 0.5, SD
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= 0.12, N = 21) compared to individuals with shy traits (M = 0.71, SD = 0.15, N = 14) 

(t (33) = —4.572, p < 0.01, Cohen’s d = 1.54). Overall, the SPI value of males (M = 0.61, 

SD = 0.20, N = 14) was not significantly different from female (M = 0.57, SD = 0.15, 

N = 21) lions (t (33) = 5.28, p = 0.6, Cohen’s d = 0.17). The enclosure usage patterns of 

group-housed (M = 0.56, SD = 0.19, N = 18) and pair-housed subjects (M = 0.60, SD = 

0.13,N= 17) (t(33) = -0.69,p=0.49, Cohen’s d = 0.22) were similar.

Species-typical behaviour diversity
We found that species-typical behaviour diversity of captive-raised animals (M = 1.26, 

SD = 0.3, N = 16) was significandy higher than wild-rescued animals (M=0.83, SD = 

035, N = 19) (r(33) = -3.94, p < 0.01, Cohen’s d = 1.35) (Table 3, Fig. 2). Further, bold 

subjects displayed higher behaviour diversity (M = 1.23, SD = 0.26, N = 21) than shy 

individuals (M = 0.73, SD = 0.34, N = 14) (t (33) = 4.89, p < 0.01, Cohen’s d = 1.64) 

(Table 3, Fig. 2). Behaviour diversity levels were similar between male (M = 0.96, SD = 

0.43, N = 14) and female (M = 1.1, SD = 0.35, N = 21) lions (t (33) = -0.85, p = 0.4). 

Group-housed (M = 1.06, SD = 0.42, N = 18) and pair housed subjects (M=0.99, SD = 

0.33, N = 17) showed similar levels of behaviour diversity (t (33)=0.64, p=0.64, Cohen’s 

d=0.18).
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Table 4 Pearsons bivariate correlations between behavioural welfare indices, age of subjects and enclosure size.

Enclosure 
usage

Behaviour 
diversity

Aberrant 
behaviours

Latency to 
novel object

Age Endosure 
size

Enclosure usage

Behaviour diversity -0.71"'

Aberrant repetitive behaviours 0.66'" -0.91"'

Latency to novel object 0.66'" -0.67'" 0.70'"

Age 026 0.04 -0.19 -0.09
Enclosure size 036 -03 026 0.16 0.14

Notes.
“> <0.001

"p <0.01.
•p<0.05.

Aberrant repetitive behaviours (ARB)
Wild-rescued individuals (M = 13.12, SD = 625, N = 19) expressed higher proportions of 

ARBs than captive-raised individuals (M=7.74,SD = 5.3,N = 16) (t (33)=2.71,p=0.01, 

Cohen’s d = 0.92) (Table 3, Fig. 2). Bold individuals (N=21) showed significantly lower 

levels of stereotypic behaviour such as pacing and swaying (M=7.01, SD = 4, N = 21) 

compared to shy individuals (M = 16.13, SD = 5.4, N = 14) (t (33) = -5.82, p < 0.01, 

Cohen’s d = 1.94) (Table 3, Fig. 2). We found no difference in the expression of ARBs 

between male (M = 11.04, SD = 7.05, N = 14) and female (M = 10.41, SD = 6.02, 

N = 21) subjects (t (33)=0.282, p=0.78, Cohen’s d = 0.09), as well as between group- 

housed (M = 10.02, SD = 6.69, N = 17) and pair-housed subjects (M = 11.33, SD = 6.12, 

N = 17) (t(33)=-0.6, p=0.55, Cohen’s d=0.2).

Inter-relationship between welfare indices
Latency was positively correlated (Fig. S2, Table 4) to enclosure zone bias (r=0.67, 

N = 35, p < 0.01), and proportion of ARBs (r=0.70, N=35, p < 0.01). Latency was 

negatively correlated to behaviour diversity (r=-0.67, N=35, p < 0.01). Enclosure zone 

bias was positively correlated with latency values (r = 0.66, p < 0.01), and proportion of 

ARBs (r = 0.66, p < 0.01) (Fig. S2, Table 4), but was negatively correlated with behaviour 

diversity (r = -0.71, p < 0.01). We found that enclosure zone bias was weakly positively 

correlated to enclosure size (r=0.36, p=0.05). Behaviour diversity was negatively 

correlated with latency to novel objects, (r = -0.67, p=0.01), ARBs (r=0.91, p=0.01), 

and enclosure usage (r = -0.71, p=0.01) (Supplementary Fig. 2, Table 4). ARB was 

positively correlated with latency to novel objects (r=0.70, p=0.01), and endosure usage 

(r = 0.66, p = 0.01) but was negatively correlated with behaviour diversity (r=-0.91, 

p=0.01) (Supplementary Fig. 2, Table 4). Multiple regression analysis (Table 5) indicated 

that ARBs and space usage homogeneity explained 85% of the variance in the behaviour 

diversity (R2 = 0.85, F(2,32) = 90.92, p < 0.01) (Table 5). The predicted regression 

equation is Behaviour diversity = 1.8+(-0.046)x(ARB)+(-0.46)x (Endosure usage). 

The results from the regression indicate that subjects that show less ARB and use enclosure 

space more homogenously are likely to have higher behaviour diversity.
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Table 5 Multiple regression results for inter-relationships between behavioural welfare measures.

Independent 
variables

Estimates Std 
error

r p values R-squared F Durbin-Watson

Behaviour diversity
(Intercept) 1.793 0.09 18.870 2e—
Endosure space usage -0.459 0.20 -2.258 0.030 0.85 90.92 1.78
Aberrant repetitive behaviour -0.046 0.005 -8.49 1.04e-09

DISCUSSION
To the best of our knowledge, this is the first empirical study to showcase the association 

of personality traits in wild-rescued and captive-raised Asiatic lions across multiple 

behavioural welfare measures. Our sample size constitutes 10% of the global captive stock 

of Asiatic lions, making the results relevant for the global conservation initiatives for 

this species. Several studies have asserted the importance of multiple indices for welfare 

assessment at zoos and conservation breeding programmes viz., behaviour diversity (Powell^ 

1995; Clark&Melfi, 2012), enclosure usage (Ross & Shender, 2016; Kistler et al., 2010) and 

stereotypy in captive animals (Dawkins, 2004; Kroshko et al., 2016; Clegg, 2018). However, 

most ex-situ institutions continue to use uni-dimensional measures to assess welfare and 

seldom address individuality (Von derHarst & Spruijt, 2007; Volpato et al., 2009; Hill & 

Broom, 2009; McMahon et al, 2013) .We addressed this issue by showcasing the importance 

of an individual-focused multi-dimensional approach to welfare assessments. Overall, 

Asiatic lions with different personality traits (bold and shy) and rearing-history (captive- 

raised and wild-rescued) differed significantly on measures of welfare, which supports 

earlier studies linking animal welfare with individuality (Carere & Locurto, 2011; Gartner 

&Powell,2011; Boissy & Erhard, 2014; Gartner, Powell & Weiss, 2016). We did not observe 

any sex-specific variations in behavioural welfare measures of the subjects, confirming 

our first hypothesis. Contrary to our second hypothesis, wild-rescued lions showed low 

behaviour diversity, high enclosure-use bias, increased stereotypy and higher latency to 

novel objects compared to captive-raised subjects. Our results challenge existing research 

findings that report wild-rescued animals to be less likely to develop stereotypies than 

captive-raised individuals, while not accounting for animal personality (Cooper & Nicol, 

1996; Schoenecker, Heller & Freimanis, 2000). It is possible that such pattern in our study 

is driven by higher proportion of shy individuals (N = 12) in the wild-rescued category 

compared to the captive-raised subjects (N = 2). Nevertheless, these results clearly show 

that wild-rescued lions may not necessarily be at a better state of welfare by default when 

compared to captive-raised individuals under similar housing conditions. Further empirical 

studies with equal sampling across bold and shy continuum between captive-raised and 

wild-rescued individuals are required to confirm these patterns. Our results supported 

the third hypothesis that lions with bold personalities are more resilient to functionally 

barren housing conditions than shy subjects, which supports earlier studies (Cole & Quinn, 

2014; Japyassu 6-Malange, 2014). Moreover, present welfare assessment protocols often 

do not consider individual requirements as modifiers for species-specific husbandry 
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practices. The effects of animal personality on welfare (Izzo, Bashaw & Campbell, 2011; 

Coelho, De Azevedo & Young, 2012; RazaL Pisacane & Miller, 2016) and its implications 

for post-release survival (Bremner-Harrison, Prodohl & Elwood, 2004; Watters, 2009) are 

well documented. This study aligns with the conservation goals for Asiatic lions by 

addressing individuality in welfare assessment (Rabin, 2003; Izzo, Bashaw & Campbell, 

2011; Coelho, De Azevedo & Young, 2012; Razal, Pisacane & Miller, 2016). Group-housed 

and pair-housed subjects were similar across all behavioural welfare indices, supporting 

our fourth hypothesis. Although the enclosures were aesthetically pleasing, appropriate 

in terms of size, naturalistic vegetation and social grouping of animals; the abject lack of 

multisensory stimulation in terms of enrichment and novel experiences rendered them 

functionally barren to the subjects (Reading, Miller & Shepherdson, 2013). In this study 

we measured the evenness of enclosure use, which represents the functional space of the 

enclosure rather than available space. We found that small variations in enclosure sizes 

do not associate with significant shifts in behavioural welfare of Asiatic lions, which is 

in line with previous studies that place more importance on enclosure design (Tan et 

aL, 2013), complexity and species-appropriateness than enclosure area (Rose & Robert, 

2013; Herrelko, Buchanan-Smith & Vick, 2015; Neal Webb, Hau & Schapiro, 2018). The 

correlation between enclosure size and space usage bias was weak but positive, which 

means that increasing enclosure sizes were associated with higher zone-usage bias. This 

underlines the urgent need to provide complex captive environments that promote 

homogenous space usage and stimulate expression of spedes-typical behaviours.

Bivariate correlations and regression model presented in this study underline strong 

inter-linkages between behaviour diversity, enclosure usage and ARBs (Rabin, 2003; Melotti 

et aL, 2011; Rose & Robert, 2013; Kroshko et aL, 2016). Our results provided evidence that 

behaviour diversity can be explained by level of ARB and space usage patterns, which is 

in line with findings from existing studies (Wemelsfelder et aL, 2000; Watters, Margulis & 

Atsalis, 2009; Clark &Melfi, 2012). From our results it can be surmised that subjects that 

are under less stress (low ARB) are likely to show homogenous enclosure space usage and a 

diverse behaviour repertoire and vice versa. Zoo managers must pay dose attention to the 

development of high enclosure-zone biases (Ross & Shender, 2016) conjugated with low 

behaviour diversity (Clark & Melfi, 2012; Rose & Robert, 2013) as that may develop into 

severe levels of ARBs (Konjevic et aL, 2015). Overall, these findings indicate that behavioural 

welfare measures (endosure usage, behaviour diversity, and ARB) have strong interlinkages 

and vary across inter-individual differences (viz., personality, rearing-history, sex, and social 

grouping). Zoo managers must take a proactive approach to improve the welfare status 

(MendletaL, 2009) of captive Asiatic lions. Since enrichment interventions are effective 

in bringing complexity to sterile endosures (Swaisgood & Shepherdson, 2005; Reading, 

Miller & Shepherdson, 2013), tailored-enrichment interventions must be integrated with 

husbandry practices for Asiatic lions (PowelL 1995; Cannon et aL, 2016). Studies also show 

that positive keeper-animal relationships can improve welfare (Whitham & Wielebnowski, 

2013). Finally, regular behaviour monitoring ofcaptive wild animals should be incorporated 

into the husbandry practices to improve welfare and prevent devdopment of stereotypy 

(Watters, Margulis &Atsalis, 2009).
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The endangered Asiatic lion (Pontteni leo perara) is currently distributed as a single wild population of 670 

individuals and -400 captive animals globally. Although the captive lions are major hope for the species' long­

term conservation through repatriation, their welfare status and management practises need research attention. 
To this end, we tested the efficacy of feeding, sensory and manipulable enrichment interventions on the welfare 
of Asiatic lions at the conservation breeding centre of Saklcarteug Zoological Garden, Gujarati We adopted a 

holistic approach by measuring physiological and behavioural responses of 35 captive Asiatic linns, divided into 
control (N - 16) and test (N - 19) groups. The test subjects approached feeding devices first and used 

manipulable devices for longer duration. Manipulable derices were used homogenously with two significant time 
peaks, but sensory devices were used sporadically throughout the day with no discernible peak usage The 

control subjects remained unchanged in all welfare parameters compared to their pre-treatment levels. However, 
post-enrichment behavioural assessments showed higher behaviour diversity (95 S increase from tte.terete 

period), reduced enclosure zone bias (40225 % reduction) and aberrant repetitive behaviours 80 63 %) in test 
samples. Similarly, faecal corticosterone measures showed lower stress levels in test samples (58 S decree), 
confirming significant improvement in all welfare indices than control groups. These results hare univasd 
“ptebffity te assess wZe indices of other captive species in Indian zoos We hope that the results wall 

encourage zoo managers and regulatory agencies to improve animal welfare practices.

conservation actions including an ex-silu conservation breeding pro­

gramme (Strati.. 1*4) led to the species revival from the edge ol 
extinction. Today the extant population of more than 500 wdd/“,tk 

lions (Guiarat forest Department, 2015) inhabit fragmented habitats 

scattered over a human dominated landscape in Gujarat (Gogol el al. 
20-’0) Western India, along with approximately 400 Asiatic honsspread 

across’zoos in several countries, with more than 60 % of the captive 

population residing in Indian zoos and conservation breedmg centre^ 

Krivastav e- .11 - 2018). The survival and proliferation of this species 

dies on repatriation to insulate the extant population from future sto- 
cSc extinction events (Jhria et al., 2019). Although the conservatt n 
Seeding programme has been successftd in maintaining a genetically 

diverse stock, the welfare status and Incumbent management practic 
Sfeials has not received adequate research focus (Pastorino 

et al.. 20l?; Goswaua al •2iK0>’

1. Introduction

Since the early Palaeolithic depictions of the "lowenmensch" by the 

Aurignacians (Chauvet et al., 1996), lions have beer.heraldedI acres 

several cultures as emblems of man’s rdationslup with nature (A.tCall, 

1973) Once ubiquitous across south-western Asia between Syria and 

hunted to extinction from large parts of their range by thet late 

century (Jhal,. e. -si.. 2019;MacKenzie.2017;Storey. W During* 
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Conservation breeding programmes for endangered species should 
be designed to promote species-typical behaviours and cognitive plas­
ticity for better post-release fitness (Rabin, 2003). The deleterious im­
pacts of sterile captive environments manifest with loss of 
species-typical behaviours and Increase in psychosomatic disorders in 
animals (Broom. 2011; Dawkins. 200-1; Fraser, 1999; Rabin, 2003). 
Therefore, welfare-based management practices are vital for any suc­
cessful conservation breeding programme (Swaisgood, 2010). The 
benefits of an individual-centric welfare evaluation (Joslin. 1984) 
complemented with targeted enrichment interventions has been suc­
cessfully demonstrated for several captive animals viz., ursids (Carlstead 
et al., 1991; McGowan et aL, 2010), felids (Powell. 1995; Suarez et al, 
2017), canids (Cloutier and Packard. 2014; Leonard, 2008), equids 
(Buiens et al.. 2013), small mammals (Clark and .Melfi, 2012; Vargas and 
Anderson, 1999), reptiles (DeGregorio et al, 2017), and amphibians 
(Michaels et al., 2014). Apart from improving welfare, enrichment in­
terventions have been shown to play an Important positive role in 
increasing post-release fitness in several species (Brown el al, 2003; 
Rahm, 2903; Reading et al., 2013). Earlier study on welfare status of 
captive Asiatic lions reported that individual variations (personality and 
rearing history) are associated with differential welfare outcomes in 
lions boused under similar captive environments (Goswami et aL,2020), 
necessitating individually tailored husbandry regimen for the animals. 
This study focuses on identifying the areas for improvement of the 
current husbandry and management practices for Asiatic lions.

Feeding, sensory and manipulable enrichments have been shown to 
improve the welfare of captive felids (Powell, 1995; Van Metter et aL. 
2008). We tested the efficacy of a combined enrichment intervention on 
the welfare of captive Asiatic lions at Sakkarbaug Zoological Garden 
(SZG). We measured several behavioural (species-typical behaviour di­
versity, enclosure usage and aberrant repetitive behaviours) and phys­
iological (faecal corticosterone metabolites) welfare indices as a 
response to enrichment interventions. This is the first controlled trial 
study to incorporate both behavioural and physiological tools to mea­
sure the welfare status change in response to enrichment interventions 
of Asiatic lions housed at a conservation breeding centre. We hope that 
our findings assist in the improvement of incumbent husbandry and 
management practices for the species.

2 Methods

21. Study area

We conducted this study at the Asiatic lion conservation breeding 
centre at SZG. The conservation breeding programme of Asiatic lions 
was initiated in 1958 with nine founders and has since proliferated to 
house more than 47 individuals housed at SZG with several breeding 
pain in other participating zoos across the world. Since SZG bouses both 
captive-bom and wild-rescued individuals, it bolds intrinsic value for 
the conservation of Asiatic lions. During the study period, the off-display 
conservation breeding facility housed 47 individuals in 20 large natu­
ralistic enclosures. A schematic map of the facility is provided in Sup­
plementary Fig. 1.

22 Subjects and housing

The Asiatic lion conservation breeding center at SZG has 21 enclo­
sures spread across two blocks (block A = 15, block-B = 6). Enclosures at 
Block-A and Block-B are located 500 m apart and provide identical 
housing and husbandry conditions to the subjects. All enclosures pro­
vided adequate space (above 400m2/animal in general with some hav­
ing 1500 m2/animal) for the animals. The naturalistic enclosures 
provided subjects with suffident natural vegetation cover, simulating 
the habitat of Asiatic lions while protecting subjects from visitor 
disturbance. Enclosures were well covered with trees and shrubs, which 
provided subjects with a good combination of shade and sun throughout 

the day. Fresh drinking water was made available inside retiring cells 
adjoining the paddock area. Subjects were allowed free access to the 
paddock area and retiring cubides throughout the day and night 
However, these enclosures offered little in terms of novelty and cogni­
tive enrichment. An earlier study with the same Asiatic lion individuals 
showed low enclosure space utilization, low behaviour diversity, and a 
high incidence of aberrant repetitive behaviours (Goswami et al., 2020). 
Due to logistical constraints, we randomly selected 15 endosures 
(block-A - 12, block-B = 3) housing 35 Asiatic lions in pair (1:1 and 0:2) 
(N = 9 endosures) or heterosexual (1:2) (N = 6 enclosures) configura­
tions (Supplementary Table 1). Some of the subjects were wild-rescued 
(N = 19, Male = 11, Female = 8), while the rest were bom in captivity 
(N = 16, Male = 3, Female = 13). Subjects were primarily adult animals 
(N = 31) with a few sub-adults (N = 4) and were randomly assigned to 
test and control groups to ensure uniformity of treatment. The test group 
consisted 19 subjects (Male = 7, Female = 12) the control group con­
sisted 16 subjects (Male = 7, Female = 9), respectively. Due to random 
selection of these endosures, some of the control endosures were 
adjacent to test enclosure. To account for any external stimuli from 
influencing behaviour observations we provided visual barriers for all 
adjacently situated endosures during the study period. All subjects were 
housed in the same enclosure with the same endosure mates for at least 
a year and were accustomed to identical endosure and management 
practices.

A group of 10 animal keepers and contractual workers carried out all 
husbandry work for the lions. Keepers typically reported for duty at 
0700 hours and deaned all leftover food from retiring cells during 
0730-1100 hours. The leftover food items were weighed to measure the 
food consumption by each individuaL The keepers would provide the 
daily ration of buffalo meat to the subjects between 1700-1800 hours at 
the feeding cubide, where each lion was fed separately. After confirm­
ing that each lion had consumed their ration, keepers opened the gate to 
the paddock area from the retiring cubide. After the lions had been fed, 
the gate to the endosure was kept open giving the animals a choice to 
stay inside or move out to the paddock area. Keepers were also tasked 
with behavioural monitoring of the subjects and recorded the 
commencement and cessation of mating events between subjects. The 
zoo managers and the animal keepers met regularly to ascertain the 
welfare need of the captive animals based on subjective evaluations. The 
approach to welfare assessment was preventative and based solely on 
inddental keeper observations hence difficult to quantify and address. 
We expected to observe the effect of novd enrichment devices on the 
behavioural and physiological welfare indices of these captive animals.

23. Study design

We hypothesized that enrichment Interventions would lead to sig­
nificant improvement in behavioural (Goswami ei al.. 2020) and phys­
iological welfare measures for all test subjects in contrast to the controls. 
While it is possible that sex and social grouping of the study individuals 
could have some influence on the types of interactions during enrich­
ment interventions, earlier study with the same individuals showed that 
sex and social vs. paired grouping did not have any bearing on the 
welfare indices (Goswami et al., 2020). We divided the subjects into 
control (N = 16, eight enclosures) and treatment (N = 19, seven en­
closures) groups by a blind draw of enclosures for enrichment in­
terventions. Block A had 12 enclosures (seven treatment and five 
control) whereas block B had three endosures (all controls) (Supple­
mentary Fig. 1). We conducted the study In two phases: baseline and 
post-enrichment. During the baseline period, we measured behaviour 
for 14 days/subject and collected two fresh faecal sam- 
ples/subject/week. This was followed by a one-week exposure to the 
enrichment intervention to get tert subjects accustomed to the new de­
vices. During the testing period (14 days) we recorded the behaviour of 
test subjects as a response to the daily enrichment intervention. Apart 
from the enrichment interventions, housing and husbandry conditions
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remained unchanged for both groups throughout the course of the study.

2.4. Data collection

2.4.1. Behaviour observations
Two observers (viz., first author and field assistant) collected all 

behaviour data, which necessitated accounting for inter-observer reli­
ability. We created a detailed ethogram of the study subjects from one 
month of ad-tibinm behaviour sampling and compared the behaviour 
data recorded from the same subject by both observers to ensure con­
sistency (Goswami et al, 2020). We commenced data collection only 
after inter-observer reliability levels remained consistent across three 
consecutive sessions (Cronbach's alpha >0.9). We simultaneously video 
recorded all behaviour sessions to aid in data entry and reduce errors. 
We recorded behaviour during 0500-1100,1200-1800, and 22000500 
hours. We used Instantaneous scan sampling (Altmann, 1974) at 1-min- 
ute Intervals to record all behavioural states and all occurrences of 
behavioural events (Goswainl et al.. 2020). During every six-hour data 
collection period, we recorded four hours of behaviour data with 30 min 
rest for observers after every hour. Data for the observer-resting period 
was later tabulated from the video recordings. We collected 195 ± 1223 
h of behaviour data/subject during the study period.

We measured three behavioural welfare indices: species-typical 
behaviour diversity (Wemelsielder et al.. 2000), spread of participa­
tion index (Plowman. 2003) and aberrant repetitive behaviours or ste­
reotypy (Mason and Latham, 2004) to measure the welfare of Asiatic 
lions (Goswami et al., 2020). We compared the behavioural welfare 
indices of all test and control subjects across the baseline and enrich­
ment period. Baseline information for diversity of behaviour repertoire 
in control and test subjects was collected using Shannon-Weiner di­
versity index (SWI) (Goswami et al.. 2020). We measured enclosure 
usage patterns of subjects based on the spread of participation index 
(SPI) (Plowman. 2003) to understand if the enclosures provided enough 
complexity to meet their welfare requirement (Plowman. 2003; Ross 
aud Shender, 2016). We divided each enclosure (N = 15) into ten zones, 
i.e., three primary zones (proximal, medial, and distal), which were 
subdivided into three secondary zones fleft, middle, right), and the tenth 
zone was the area adjacent to the entrance to feeding cubicles (Goswami 
et al.. 2020). We measured the proportion of aberrant repetitive be­
haviours (ARBs) or stereotypy as an indicator of poor welfare and 
compared their prevalence between control and test subjects across 
treatments.

24.2 Physiological measures
We measured faecal corticosterone metabolites of all subjects to 

contrast the physiological impacts of the enrichment interventions on 
control and test subjects. Faecal corticosterone is a reliable physiological 
indicator of stress and compromised welfare in captive felids (Ruskell 
et al., 2015; Schildkraut, 2016; Vaz et al.. 2017; Young et at, 2004). We 
collected two fresh faecal samples/week from each subject (both control 
and test) during the entire study period (pre-enrichment and 
post-enrichment).

One day prior to the faecal sample collection, we cleaned all faecal 
materials from the enclosures. On the day of faecal sample collection, 
subjects were monitored all night and the location of faeces was visually 
matched with the subject We rejected and removed samples where 
multiple individuals defecated at the same spot leading to confusion. We 
collected all fresh faecal samples using the dry sampling approach 
(Biswas et aL, 2019) and stored in -20 °C freezer onsite and later 
transported to the Wildlife Institute of India in dry ice. The samples were 
stored in the laboratory at -20 °C freezer until further processing. To 
control for effects of moisture and diet we pulverized the frozen samples 
before lyophilizing (4FD-5, Allied Frost, New Delhi, India) them for 72 h 
prior to hormone extraction (Mondol et al., 2020). Subsequently, we 
sieved lyophilized samples through a 0.5 mm stainless steel mesh to 
obtain homogenized faecal powder. We thoroughly mixed the dried 

faecal powder and extracted hormone by pulse-vortexing 0.1 g of 
powder in 15 mL of 70 H ethanol, followed by centrifugation at 2200 
rpm for 20 mln (Mondol et ah. 2020; Wasser et al., 2010). We collected 
and stored the hormone extracts In 2 mL cryochill vials (1:15 dilution) 
and stored in -20 °C freezer till further analyses.

We used corticosterone HA kit (f K014, Arbor Assays, Ml, USA) for 
corticosterone metabolite estimation in faecal honnone extracts. Sample 
extracts were air-dried inside an incubator and resuspended in assay 
buffer as per required dilutions. Each sample was assayed in duplicate 
using kit protocol and the optical density was measured at 450 ran using 
an FIKA plate reader (4GMB-580, Genetix Biotech Asia Pvt Ltd., New 
Delhi, India). Honnone metabolite concentration is interpolated using 
four parametric logistic (4 PL) regression function in GraphPad prism 
software version 5 (GraphPad Software, California, USA). Cross­
reactivities of the antibody are listed in Supplementary Table 2

We tested for parallelism and accuracy to validate the corticosterone 
assay. We used dilutions of pooled extracts from a random combination 
of male and female samples (N = 20) to assess reliable quantification of 
corticosterone at different concentrations and find optimal dilutions for 
final assays (at 50 % binding). We plotted the relative dose against 
percent bound hormones for the pools and the standards and generated 
best-fit curve using 4 PL regression, where parallel slopes indicate 
similar immunoreactivity at different concentrations. For accuracy test, 
we spiked corticosterone standards with equal volumes of diluted faecal 
extract of known concentration (dilution level dose to 50 % bound from 
parallelism test) and assayed with standards. We plotted the results as 
regression lines using observed and expected concentrations to show 
that faecal contaminants were not interfering with assay accuracy at the 
tested dilution. We calculated inter- and intra- assay coeffidents of 
variation using repeated measures of same-pooled extract

24J. Enrichment interventions
Enrichment interventions add cognitive complexity to enclosures 

and provide animals the opportunity to express spedes-typical behav­
iours (Mellen and Shepherdson. 1997; Skibid et aL, 2007). We used 
three types of enrichment devices: manipulable (Melien and Sbep- 
herdsun. 1°97; Powell, 1995), sensory (Skrbiel et d.. 2<K>7), and feed 
(Powell. 1995; Skibiel et aL, 2007) (Tabh 1). Manipulable enrichments 
induded hanging lion-sam balls, burlap bags, wooden perches/ plat­
forms, wooden planks etc, whereas the sensory enrichments induded 
olfactory augmentations such as scent trails made from the blood of 
buffalo, urine of unknown conspecifics, and dung of other prey species 
(Sambar, Rusa umcolor) etc We also installed sensory enrichment 
(tactile) by wrapping rough coir rope on the bark of trees inside endo­
sures to promote auto-grooming and scent-marking behaviours in the 
subjects. Nutritional enrichment has been shown to gamer the highest 
amount of attention in captive animals and can be useful for addressing 
neophobia to enrichment devices in shy individuals (Powell, 1995; 
Resende et al., 2009; Skibiel et al, 2007). We provided a range of 
nutritional enrichment devices, which induded frozen dressed chicken, 
buffalo tails that were suspended by natural fibre ropes from trees at 
different parts of the endosurc While manipulable and sensory 
enrichment devices were quasi-permanent and required little daily care, 
nutritional enrichment devices needed to be replenished every day. We 
installed and replenished enrichment devices between 0600-0700 
hours at four endosures every day. Keepers would arrive early and 
confine the subjects inside retiring cells with food rewards, while the 
enrichment interventions were placed at designated endosures. We 
furnished all enclosure zones with the same combination of manipu­
lable, sensory and nutritional enrichment

To calculate enrichment device preferences, we collated all scans 
during which Asiatic lions interacted with the enrichment devices. We 
also recorded the type of behaviours that were performed by the subjects 
while interacting with the enrichment devices viz., exploration, social 
play, aggression, foraging and fear (Table 2). We counted the different 
types of behaviours performed per enrichment device by all subjects.
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Table I
Description of enrichment devices used in this study at enclosures.

St
DO

Enrichment 
device

Enrichment 
type

Description

1 Platform Manipulable A log platform made to enable 
subject to access vantage points 
within the enclosure

2 Sam ball Mini pulable A hard-plastic ball with do holes or 
perforations

3 Log branches Manipulable Tree logs sections with bark 
suspended from trees

4 Lira bite ball Manipulable A hard-plastic ball with a rattle 
inside suspended by a bungee rope 
with canvas sheet that acts as a bite

5 Buffalo dunk Feeding Buffalo shank suspended from a 
ripline

6 Chicken cartas Feeding Frozen Chicken carcass suspended 
from a tree by natural fibers

7 Buffalo tail Feeding Skinned buffalo tail suspended from 
tree branches

8 Buffalo Hood Feeding Frozen buffalo blood cubes, provided 
on a dean concrete platform

9 Star anise oil 
mixed with garlic

Sensory Spayed on tree trunks ar used to 
orate scent trails to other 
enrichment devices

10 Prey dung Seusoy Sa tn bar (Rma umcohr) dung 
smeared on tree trunks or mixed with 
endosure soil at certain zones

n Groperific urine Sensory Earth drenched in the urine 
cocspedfia from nearby enclosures 
smeared on tree trunks, or mixed 
with enclosure substrate at certain 
zones

25. Dena analysis

We analysed all data in R v3.62 (R Core Team, 2020) with R studio 
(RStucio, 2020). We used packages “udyverse' (Wickham et al. 2019), 
"psych" (Revelle. 2019) and ‘dplyr (Wickham et al.. 2020),“ggpubr” 
(Kassambara, 2020), “suf (Hard, 2020) and "ggplot2" (Wickham. 
2011) to calculate statistical outputs and create graphical summaries of 
the findings. We conducted tests for normality and ensured that vari­
ances were similar between groups to select appropriate parametrical 
and non-parametrical statistical analysis. We used unpaired t-test to 
compare the welfare indices between test and control groups during 
baseline and post-enrichment interventions. We used paired t-tests, to 
compare the differences in welfare indices within test and control groups 
and measured the amount of time spent by test subjects on different 
types of enrichment devices. Additionally, we calculated the effect size 
(Cohen. 1992, p. 199) of the enrichment intervention for the test group, 
which is scale-independent and gives a measure of the magnitude of 
difference between baseline and post-treatment conditions.

3. Results

3.1. Enrichment preferences of study subjects

We collected a total of 288,120 scans from all subjects (N - 35) 
during the baseline period. During 14 days of enrichment intervention, 
we recorded 138,083 scans from control subjects (N = 16), and 165,098 
scans from test subjects (N = 19). We found test subjects using enrich­
ment devices across 109,238 scans. The results of the hourly percentages 
of enrichment use and enrichment-directed behaviours performed by 
test subjects are presented In Fig. 1. The test subjects used manipulate 
enrichment devices for longer durations (56.8 %) compared to all other 
types viz., sensory (12.99 %) and feeding (30.20 %) (Table 3). It was 
challenging to measure the usage levels of sensory enrichments accu­
rately and hence these values may have been under-reported in our 
results. When subjects were released Inside the enclosures, they 
approached the feed-based enrichment devices first followed by

Tables

Behaviours observed that are associated with different enrichment devices.

St 

no
Behaviour Description Category

1 Aggressive
Growl

Baring teeth with short vocalizations 
directed at conspecific! or humans, while 
interacting with enrichment

Aggression

2 Charge Run up to a conspecific at a rapid short 
charge as a result of being challenged while 
suing an enrichment device

Aggression

3 Strike Hit conspecific with one paw, while 
defending an enrichment device

Aggression

4 Bite Bite conspecific, while asserting control 
over an enrichment device

Aggression

5 Allogrooming Lick conspecific, while interacting with 
enrichment device

Social

6 Nuzzling Rub Doses with conspedfics with soft 
grunts, and inviting them to play with 
enrichment device

Social

7 Roll Rolling in the dirt with conspedfk while 
interacting with a enrichment device

Social

8 Rub Rub body or neck against the enrichment 
device

Explore

9 Sluffing Raise head and sniff near a sensory 
enrichment

Explore

10 Flehmen Bare teeth and sniff the air near an 
enrichment device

Explore

11 Scent mark Spray urine or scratch the tree next to an 
enrichment device

Explore

12 Digging Dig near an enrichment device Explore

13 Scratching Scratch the trees where enrichment devices 
are installed

Explore

14 Chase Chase away conspedfics trying io use or 
steal enrichment device successfully or 
unsuccessfully. Does not result in an 
overtly aggressive interaction

Chase

IS Run Run around the enclosure with the 
enrichment device in mouth. May or May 
not be chased by conspedfic

Play

16 Stalk Stalk an enrichment device Play

17 Play Kick around an enrichment device Play

18 Drag Drag enrichment device along the 

endocure

Play

19 Bite Bite enrichment device Play

20 Eat Eat a food based or sensory enrichment 
device

Forage

21 Lick Lick enrichment devices intently Forage

22 Neophobia Approach enrichment device slowly and 

run away

Fear

23 Fearful growl Growling at enrichment device, ears back 

and cowering
Fear

24 Circling Warily Hiding around the enrichment 
device

Fear

manipulable and sensory devices. This trend continued throughout the 
intervention period. Feed-based enrichment devices were extensively 
used during the first two hours of the day between 0700-0900 hours 
(Fig. 1, Table 4) and garnered little or no interest after they were 
depleted. On the other hand, manipulable and sensory enrichment de­
vice usage peaked twice daily at 0700 and 1600 h (Fig.), Table 4) with 
continued usage throughout the day.

in terms of enrichment directed behaviours, we found that the peak 
of aggression (16.87 %), chase (22.04 %), exploratory (16.14 %) and 
forage (20.04 %) behaviours in test subjects occurred between 
0700-1100 hours (Table 4). The next peak of enrichment-directed be­
haviours occurred between 1300-1700 hours constituting mostly of 
play (57.94 %) and exploratory behaviours (25.25 %) (fable 4). Early In 
the day (0700-0900 hours), when subjects were actively exploring 
around the enclosure for enrichment devices, aggressive dominant and 
displacement behaviours were common but subsided as the day pro­
gressed (Fig. I, Table 4). We found that manipulable devices (11.51 %) 
were more commonly associated with aggressive behaviours compared 
to food-based enrichment (2.94 %) (Table 3). We also observed that

4
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Fig. 1. Temporal pattern of enrichment device use and enrichment-directed behaviours by Asiatic lions on a. Feeding, b. Manipulate, and c Sensory enrichment 

devices. Primary X- axis represents the hours of the observation period from 0700-1900 h divided in twohour Hocks. The primary Y-axis represents the percentage 

of scans during each two-hour Hock spent performing a certain enrichment-directed behaviour. Enrichment-directed behaviours are represented as coloured stacked 

bars on the vertical axis (1:7), while enrichment devices associated with said behaviours are represented on separate panels.

TaHe3
Enrichment device usage with behaviours performed (N = 109,238 scans).

Enrichment device Feed (H) Manipulable (H) Sensory (H)

Aggression 2.94 1151 0

Chase 11.54 1.89 0

Explore 3.05 5.95 11.77

Fear 0 1.96 0

Forage 11.48 0 0

Play 0 35.16 1.21

Social 1.16 0.35 0

Total 30.20 56.8 1299

positive soda! behaviours were more commonly assodated with food­
based enrichment devices (1.16 lb) rather than the manipulable de­
vices (035 %) (Table 3). Subjects usually monopolized the manipulable 
enrichment devices and showed high fidelity towards specific items. The 
feed-based enrichment devices were associated with the highest pro­
portion of chase behaviour (11.54 %), resulting in one animal monop­
olizing a device and chasing away others (Table 3). Some feed-based 
enrichment devices were consumed within minutes (e.g. dressed 
chicken) while others required more processing time (e.g. buffalo tail, 

frozen blood cubes). Once the feed enrichment devices were completely 
utilized, the lions concentrated on the manipulable and sensory en­
richments and engaged in social and exploratory behaviours throughout 
the later parts of the day (Table 3, Fig 1). The manipulable enrichment 
devices were associated with the largest variety of spedes-typical be­
haviours, which included 35.16 % play behaviour (Table 3) and were 
more commonly assodated with aggressive interactions (1151 %) 
compared to all other enrichment types. Aggressive behaviours occurred 
when enclosure mates tried to steal or use a certain manipulable device 
from the lion that was playing with it Since we installed more enrich­
ment devices than subjects in every enclosure, displaced individuals had 
the opportunity to interact with other devices when displaced by con- 
specifics. Sensory enrichment devices contributed primarily to explor­
atory behaviours (11.7 %) that led to increased enclosure usage.

However, it is important to point out that the true impacts of 
different types of enrichment devices cannot be assessed merely through 
the measuring the amount of time the animal spent with it, but by 
comparing the welfare indicts of test subjects with control and their own 
baseline status. The results clearly demonstrate that the presence of 
different types of enrichment devices was instrumental in mitigating 
monopolization of resources by dominant individuals.

Table 4
Hourly percentages of enrichment usage and enrichment-directed behaviours by test subjects during the interventions.

Enrichment usage during each two-hour block _______________________________________ ___________________

Enrichment 0700-0900 (N = 
44,845)

0900-1100 (N = 

10,240)

1100-1300 (N =• 
13,514)

1300-1500 (H = 
9.674)

1500-1700 (N - 
14.928)

1700-1900 (N = 

16,037)

Feed 70.22 14.64 0 0 0 0

Manipulable 29.54 5233 83.09 67.20 78.73 87.02

Sensory 052 33.01 16,90 3179 2136 12.97

Enrichment-directed behaviours performed during each two-hour block
7.02 1106Aggression ‘14.13 41.19 0 21.66

Chase 29.62 1.65 3.76 0 1.13 116

Explore 11.07 44.86 2265 36.28 2351 1109

Fear 0.79 3.48 0 553 239 334

Forage 27.97 0 0 0 0 0

Phy 14.50 4.02 7333 35.19 65.71 6052

Social 1.89 4.78 033 132 051 079

S
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33. BAaviourd we^are inices

During pre-enrichment period, behaviour diversity levels of control 
subjects (M=0.9, SD=03) were similar to that of the test subj ects (M = 
0.83, SD = 035). After enrichment interventions, the behaviour di­
versity of control subjects remained unchanged (M = 0.77, SD = 0.35, t 
(30) = 1.11, p = 039) while that of the test subjects increased signifi­
cantly (M= 1.62, SD =0.18, t(36) = -8.8, p < 0.001, Cohen’s d = 2.83) 
(Table 5, Fig. 2a).

During the baseline, we observed high SPI values in test (M = 0.77, 
SD = 0.12) and control groups (M = 0.82, SD = 0.09) indicating 
enclosure zone use bias. However, after enrichment intervention the SPI 
values decreased significantly indicating, enclosure usage homogeneity 
(M = 0.46, SD = 0.08) for test subjects (t(36) = 937, p < 0.0001, 
Cohen’s d = 3.03), while it remained unchanged for control subjects (M 
= 0.8, SD = 0.13, t(30) = 0.5, p = 0.61) (Table 5, Fig. 2b).

During baseline, test (M = 1232, SD = 6.03), and control subjects (M 
= 12.8, SD = 6) showed similar levels of aberrant repetitive behaviours. 
After enrichment interventions, we observed a significant decrease in 
ARBs in test subjects (M = 2.38, SD = 2.46, t (36) = 6.65, p < 0.0001, 
Cohen $ d = 2.15) while the levels remained unchanged for the control 
group (M = 1331, SD = 6, t(30) = 0.23, p = 0.81) (Table 5, Fig. 2c). 
Table 5 represents the comparison of welfare indices within control and 

test groups across pre-enrichment and post-enrichment phases Fig. 1 
represents the comparison of welfare indices between control and test 
groups across pre-enrichment and post-enrichment phases

33. Faecal corticosterone Inti

Parallelism and accuracy tests for corticosterone metabolites showed 
reliable measures from lion faeces across different concentration ranges. 
Serial dilutions of faecal extracts paralleled the standard curves 
(Fig. S2a). There were no differences between slopes of standard and 
pooled extract curves for corticosterone (F( 1,10) = 2.06, P=0.182), and 
the curves were significantly different in their elevation (F(l,ll) = 
bb3S, P = 0.0001). Accuracy tests produced slopes of 0.92 at working 
dilution of 1:60 (Fig. S2b), suggesting that faecal extracts did not 
interfere with their metabolite measurement precisions. Intra-assay co­
efficient of variation (CV) was 9.8 %, whereas inter-assay CV was 8.99 % 
(Supplementary Table 2).

We compared the average faecal corticosterone levels of each subject 
across baseline and post-enrichment phases. Compared to baseline levels 
(M = 7.74 pg/gm, SD = 33), the faecal corticosterone measures of test 
subjects decreased significantly (M = 2.46 pg/gm, SD = 0.85, t(36) = 
5.33, p < 0.0001, Cohen's d = 2.22), while it remained unchanged from 
baseline (M = 7.1 pg/gm, SD = 4.08) for control subjects (M = 6.96 pg/ 
gm, SD = 3.93, t(30) = 0.093, p = 0.92) (Table 5, Fig. 2d). These results 
confirm that the enrichment interventions led to significant 

improvement in behavioural and physiological welfare indices of test 
subjects as compared to the control group during pre-enrichment period.

4. Discussion

Animal welfare is not limited to the prevention of cruelty and 
amelioration of symptoms of stress, but also accords the opportunity to 
express species-typical behaviour patterns (Broom, 2011). The National 
Zoo Policy of India (MoEF,India, 1998) espouses animal welfare with 
captive animal management, yet welfare-centric management protocols 
remain divorced from husbandry practices across several zoos. Although 
few and far between, welfare research from Indian zoos report a prev­
alence of stereotypic behaviours (Goswami <?t al.. 2020; Mallapur et al., 
200?; Sanyal, 1892; Vaz et al., 2017) and elevated faecal corticosterone 
levels (Vaz et al., 2017) across several captive felids, and prescribe 
specie-appropriate enclosure design and enrichment interventions as 
remedial measures (Goswami et al., 2020; Mallapur et aL, 2007; Vaz 
ct al.. 2017). Enrichment interventions have been shown to improve 
welfare conditions in several captive felids including African lions 
(Mellen and Shepherdson, 1997; Powell. 1995; Sklbiel et al., 2007), yet 
enrichment protocols are seldom incorporated in the daily management 
of captive Asiatic lions at Indian zoos. The Asiatic lion conservation 
breeding programme has successfully maintained a viable captive pop­
ulation insulated from stochastic ecological events. Most research per­
taining to captive Asiatic lions investigate their genetic and 
demographic status (Bagatharia et al.. 2013; Pastorino et al., 2017) with 
only a handful mentioning their welfare (Goswami et al.. 2020; Mallapur 
et aL. 2002; Pastorino et al., 2017; Vaz et al., 2017). Our study is the first 
to assess the effects of enrichment protocols on the welfare of captive 

Asiatic lions.
Welfare encompasses both internal and external conditions affecting 

an animal and hence must be measured using a multifarious approach. 
As highlighted by Miller et aL (2020) the focus on negative welfare in­
dicators has led to zoos adhering to minimum husbandry guidelines that 
attempt to suppress symptoms of poor welfare rather than trying to 
improve existing conditions. In this study, we measured two traditional 
negative welfare parameters like ARB (Mason and Ixttham, 2004) and 
faecal corticosterone levels (Schildkraut. 201C-; Vaz et al., 2017) along 
with two positive welfare indicators (Miller et aL, 2020) viz., spread of 
participation index (SPI) (Cabana et al.. 2018; Powell, 1995) and 
behaviour diversity (Pastorino et al.. 2017). Previous studies on captive 
African lions that establish the positive effects of enrichment in­
terventions have primarily relied on behavioural welfare indices (Mar- 
tinez-Macipe el al., 2015; Ncube and Ndagurwa. 2010; Powell, 1995; 
Regaiolli et al., 2019; Van Metter et al.. 2008). Our study is the first to 
showcase both the behavioural and physiological impacts of enrichment 
interventions in captive Asiatic lions housed in a conservation breeding 
programme The welfare evaluation framework used in this study can be

measure

Tables

Summary statistics of welfare indicts within control and test groups.

Welfare indices Pre-enrichment Post-enrichment t-vahie- Significance 

(p-value)

Effect size (Cohen's d)

Control group (H^ 16)
Behaviour di verzily (SWI) 0.9 ± 031 0.77 ±035 1.11 0.29 039
Spread d pcnicipztion index (SPI) 0.82 ±0.09 03x0.13 051 061 0.17
Aberrant repetitive behaviours (ARB) 1181 ±6 1331 s 6.07 0.23 081 0.08
Faecal orticotterooe 7.1 ± 4J33 6.96 ±3.93 OXS 092 0.03

Test group (H = 19)
Behaviour diveniy (SWI) 0.83x035 1.62 ±0.18 -8.8 O.OOO1 183
Spread of participation index (SI) 0.77x0.12 0.46 ±0.08 937 O.OOOl 3.03
Aberrant repetitive behavioun (ARB) 1232 ±6.03 238 ±146 6.65 O.OOO1 115
Faecal cwtiocerooe 7.74 s 125 146 ±185 6.85 0.0001 122

' For control group K30) and test group t(36).
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This is the first control trial study to test the efficacy of a combined 
enrichment strategy on the welfare of Asiatic lions. This has allowed us 
to understand the temporal usage pattern of enrichment devices in 
Asiatic lions, which can prove useful for tailoring enrichment strategies. 
For example, individual test subjects showed high fidelity towards 
manipulable enrichment devices, which were also associated with the 

applied universally (for other species) to measure the impacts of 

goal-oriented enrichment interventions.
While previous studies have tested the welfare impacts of food 

(Powell. 1995; Van Metter et al, 2008), manipulable (Powell, 1995), 
sensory (Martfnez-Macipe et al, 2015; Regaiolli et al., 2019) and social 
stimulation (Leonard, 2008; Ncube and Ndagurwa, 2010) individually.

a. Bchr.-fcur diversity (SWI)

Fig. 2. Boxplots comparing the welfare indices of test and control subjects across pr^enrichment and post-enrichment conditions fur a. Behaviour diversity, h 

Spread of participation index, c. Aberrant repetitive behaviours (ARB), d. Faecal corticosterone levels.
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highest amount of conspecific-directed aggression. Therefore, to reduct 
stress and aggressive behaviours we recommend providing more 
manipulable devices than the number of animals in an enclosure. Upon 
release, subjects rushed to the feeding enrichment devices, therefore to 
prevent aggression and injury, it is important to spread such devices far 
apart, which will reduce chances of monopolization and food-based 
aggression. While sensory enrichment devices are designed to 
encourage exploratory behaviours in lions, the feed-based enrichment 
devices create a positive association for these novel objects and reduce 
neophobia. Finally, we found that manipulable enrichment devices 
allow subjects to interact and exert control over the captive environment 
while engaging in species-typical behaviours. Our combined enrichment 
strategy brought novelty in a captive environment and presented ani­
mals with the choice to express species-typical behaviour patterns. All 
enrichment devices used in this study can be locally sourced or fabri­
cated with minimal effort and require less than thirty minutes to install 
or replenish with a team of three people.

Post-enrichment intervention, we recorded a significant improve­
ment in the welfare indices of test subjects compared to the control 
subjects. Subjects that would normally stay near the retiring cells and 
remain inactive all day started exploring and utilizing different parts of 
the enclosure and followed by a significant increase in behaviour di­
versity levels. Faecal corticosterone levels of test subjects decreased 
significantly from the baseline, while it remained unchanged for control 
subjects, showing the inter-linkages between behavioural and physio­
logical indices of welfare. Our findings agree with existing research that 
associate enrichment interventions with increased behavioural diversity 
(Rabin, 2003; Wemelsfelder et ?!.. 2500), lowered SPI (Nogueira et al., 
2004; Rose and Robert, 2013; Traylor-Holzer and Fritz, 1985), reduction 
of ARB (Clark and Melfi, 2012; Mafiapur et al., 2007; Vaz et al., 201"), 
and reduction of stress levels (Hutchinson et al. 2012; Marcon et al., 
2018; Mitra and Sapolsky, 2009; Nazar and Marin, 2011). However, it is 
important to point out that due to logistic constraints (sample size, time 
etc.) we did not address die variable responses of subjects with different 
personality types on enrichment interventions. Earlier work on captive 
Asiatic lions indicated that lions with different personality traits are 
likely to react differently to novel enrichment devices (Goswami et al., 
2320). We suggest that future studies should focus on addressing im­
pacts of such individual variations on differential responses and 
enrichment preferences with larger sample size. We studied the largest 
captive population of Asiatic lions, but the methodologies of this study 
can be scaled for smaller zoos housing fewer animate, Although we used 
at least three types of enrichment devices per intervention at multiple 
enclosure zones for experimental uniformity, at a smaller scale, zoo 
managers can try one enrichment device type per enclosure and rotate 
them with a new one every week. Our results conclusively show that 
enrichment interventions can lead to better behavioural and physio­
logical welfare for Asiatic lions. We have delineated a practical but 
holistic approach to enrichment interventions that can be implemented 
and tested with little effort and manpower. With this study, we hope to 
empower and enable zoo managen and regulatory agencies to mandate 
the incorporation of enrichment interventions into daily husbandry 
regimen and proactively improve the welfare status of the animals under 
their care. We sincerely hope that the results of this study contribute to 
the improvement in animal welfare practices across ex-situ institutions 
at Indian zoos and conservation breeding programs.

5. Conclusion

The success of conservation breeding program depends on repatri­
ating endangered animals to reclaimed habitats, hence housing the an­
imals in appropriate welfare conditions while persevering behaviour 
diversity is of utmost importance. The Asiatic lion conservation breeding 
program has successfully maintained a genetically diverse stock of the 
species In captivity that has proliferated to an appreciable number. With 
the incorporation of welfare-centric management practices, the Asiatic 

lions housed In the program can be ideal representatives of the species 
and great candidates for future reintroduction programmes. Until that 
day of repatriation, we should strive to create a cognitively enriching 
environment that preserves the species-specific traits of the Asiatic lions. 
Like the endangered Asiatic lion, the Indian ex-situ institutions run 
conservation breeding programmes for several endemic species. So far, 
the welfare status of animals housed under conservation breeding pro­
grammes has received little research attention. We hope this study en­
courages zoo managers and regulators to incorporate enrichment 
interventions with animal management protocols.
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