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Abstract 26 

Background: Considering animals as individuals and not as species is becoming increasingly 27 

essential to animal welfare management. Recent studies on big cat personalities and coping 28 

strategies suggest personality can help big cats cope in their surroundings. Yet, a large portion 29 

of the published literature focuses on understanding either the personality or stress physiology 30 

of big cats in isolation. Our research shows how integrating an improved understanding of the 31 

personality of big cats with stress physiology may enhance welfare, especially endangered 32 

species like African lions. By using a wild cat personality checklist, this study compared 33 

African lion personality with its faecal stress glucocorticoids non-invasively. 34 

Results: We identified three personality types for individual African lions (Dominance, 35 

Agreeableness and Neuroticism) and examined whether these dimensions varied with stress 36 

cortisol levels. When controlling for differences in age across lions, we found a strong 37 

negative correlation between Agreeableness in lions and their glucocorticoid levels. This 38 

suggests that the personality of a lion may help it cope with its surroundings. 39 

Conclusions: Our findings can assist with the better management of big cats and it is 40 

proposed that ex-situ managers of zoos and rescue centres incorporate the personality data of 41 

their animals into the Zoological Information Management Software (ZIMS). This data can 42 

be accessed globally and can be useful for caretakers managing their animals according to 43 

their needs while undergoing veterinary procedures or in reintroduction programs. Thus, by 44 

improving individual welfare, we can improve overall welfare of big cats. 45 

Keywords: animal personality, big cats, coping style, felids, stress glucocorticoids, welfare 46 

 47 

 48 
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Background 49 

Improving the individual and overall welfare of big cats is an ongoing concern [1]. 50 

Previously, zoos around the world managed big cats following a standard set of husbandry 51 

protocols. These standards may include the guidelines for carnivores set by each zoological 52 

regulator, such as the husbandry guidelines for lions [2]. However, the ‘one size fits all’ welfare 53 

strategy does not recognise personality traits and may not be suitable to address individual 54 

animals’ needs. Thus, more emphasis is being placed on understanding individual behavioural 55 

differences [3, 4]. Individual differences, or animal personality, is defined as the set of 56 

behaviours exhibited consistently across time and situations [5-7]. One way of understanding 57 

a big cat’s personality is by observing its behaviour or coping style under a challenging 58 

situation (Vaz et al., in press, [6]). 59 

A coping style comprises an external behavioural with an internal physiological stress 60 

response; this response is consistent over time and is characteristic to a certain group of 61 

individuals when faced with a stressor [6]. Internally, the animal initiates a neuroendocrine 62 

stress response when faced with a stressor, that releases stress hormones called catecholamines 63 

(rapid flight-fight response) and glucocorticoids (slow responding endocrine response) with 64 

acute or chronic effects [8-10]. However, the way an animal perceives these stressors may vary 65 

due to its personality, which is highlighted in its glucocorticoid (GC) levels [11]. Certain 66 

personality traits may help individual felids cope better to perceived stressors. An example is 67 

the tendency among clouded leopards to hide: this tendency demonstrates fearfulness and 68 

correlates with higher stress levels [12]. 69 

Australia manages captive lions under open range zoos, standard zoos, circuses, and 70 

rescue centres. In captivity, the welfare of these lions is a considerable concern, as it is difficult 71 

to mimic their wide-ranging natural habitat [13]. A variety of behavioural tests and checklists 72 

have been developed in the past decade to help identify traits of wellbeing and the personalities 73 
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among big cats (Vaz et al., in press); these tests and checklists have been used for lions [14-74 

18], tigers [19-21], jaguars [22], cheetahs [23-26], snow leopards [27, 28], and in particular the 75 

Asiatic lion personality [15, 17] and African lion personality [14, 16, 18]. Similarly, studies 76 

have tried to understand the stress physiology and variation in GCs for lions [29-31]. 77 

Predominantly, a large portion of the published literature focuses on understanding either the 78 

personality or stress physiology of big cats. This research explores the connections between 79 

big cats’ personality and individuals’ stress physiology to better understand individual animals’ 80 

adaptive capacity and vulnerability to stressors to promote wellbeing [6]. 81 

In humans, exploring human personality has helped psychologists perceive the ways 82 

people respond to stressors and thus develop strategies to overcome them. Similarly, 83 

understanding the personality of lions can assist caretakers in ensuring the wellbeing of lions 84 

by developing suitable approaches before stressful circumstances such as veterinary 85 

procedures. Of the seven studies that have focused on linking personality and stress in big cats, 86 

only one has studied this integrated relationship in African lions [32]. The findings suggest that 87 

lions which were more social and less neurotic had lower GCs, indicating that social animals 88 

coped better [32]. However, many factors influence the relationship between personality and 89 

stress; these may be biological, social, environmental, life history and/or evolutionary traits, 90 

genetics and health (Vaz et al., in press, [14]). The influence of these dynamic factors may 91 

affect the animal, positively or negatively contributing to shaping its coping style. Investigating 92 

these factors specific to an individual lion may help further understand the relationship between 93 

personality and stress. 94 

This study identifies the personality types of African lions and examines if there is a 95 

relationship between personality and stress physiology. The study specifically investigates the 96 

influence of biological factors such as gender, age, core body temperature, along with the origin 97 

and location of the lion. Based on past research [16], we predict males would be more dominant 98 
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than females. Also, due to separate biological functions between the sexes, there is likely to be 99 

a difference in the GC levels between the male and female lions, although there is currently 100 

little consensus over the direction of this sexual dimorphism [12, 33]. Similarly, the origin of 101 

the lion (zoo bred or a circus lion), along with its current location (zoo or a rescue centre 102 

without visitors), may affect its coping style. Accordingly, we first tested if these factors were 103 

linked to lion personality alone. The influence of these factors on the lions’ stress GC levels 104 

was then assessed. It was expected that personality differences would correlate with differences 105 

in physiological states, such as GC levels. Lastly, we investigated if any of these nominated 106 

factors may impact the integrated relationship of personality and stress physiology. 107 

 108 

Results 109 

Personality of African lions 110 

Extracting personality axes 111 

An examination of the total variance from unrotated Principal Component Analysis (PCA) 112 

indicated that 9 factors accounted for 87.57% of the variation in lion behaviour. However, 113 

parallel analysis indicated that only the eigenvalue of the first three principal components (PC) 114 

in the raw dataset exceeded these chance values, suggesting that these factors underlie the 115 

personality types (Table S3). Thus, the parallel analysis (Table S3) reduced the 9 components 116 

to 3 components explaining 61.96% variation and were labelled as PC1, PC2 and PC3, where 117 

a value of 0.5 or above was considered to be biologically important (Table 1). 118 

PC1 had an eigenvalue of 13.76 and explained 31.28% of the cumulative variance in 119 

the data representing a Dominance axis. The traits bold, bullying, dominant, aggressive to 120 

people, inventive, jealous and tense loaded strongly and positively, while the traits affectionate, 121 

gentle, stable, submissive and trusting loaded negatively (Table 1). Hence, lions having higher 122 
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PC1 scores were bolder compared to those with lesser scores, indicating more dominant 123 

individuals. 124 

PC2 had an eigenvalue of 9.17, which explained 20.85% of the variance in the data 125 

representing an Agreeableness axis. The traits of being aggressive to conspecifics, excitable, 126 

inquisitive, playful, smart and trusting loaded strongly and positively, while aggressive to 127 

people and irritable loaded negatively (Table 1). Hence, animals with higher PC2 scores were 128 

more agreeable, and those that scored low were more antagonistic. 129 

PC3 had an eigenvalue of 4.32 and explained 9.82% of the variance in the data 130 

representing a Neuroticism axis. The behavioural traits anxious, clumsy, insecure, submissive, 131 

and timid loaded positively while traits such as bold and dominant loaded negatively (Table 1). 132 

Hence, lions with higher PC3 scores were more neurotic and anti-social than those with lower 133 

scores, which were more stable. 134 

Based on the pattern of factor loadings, the three PCs were labelled as Dominance, 135 

Agreeableness and Neuroticism, respectively. 136 

 137 

Effect of gender, origin, location, age and core body temperature on personality 138 

The Dominance of African lions differed significantly with gender; with males (Mean = 0.49, 139 

SD = 0.84) being significantly more dominant than females (Mean = -0.72, SD = 0.74) (Table 140 

2). In contrast, male (Mean = -0.07, SD = 1.04) and female lions (Mean = 0.11, SD = 0.98) did 141 

not differ in their Agreeableness (Table 2). Similarly, there was no significant difference in 142 

Neuroticism between males (Mean = -0.15, SD = 1.09) and females (Mean = 0.22, SD= 0.84) 143 

(Table 2).  144 
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Table 2 ANOVA results comparing the effects of gender, lion origin and lion location on 145 

personality. 146 

Personality 

type 

Factors SS df F P 

Dominance Gender 7.943 1,20 12.162 0.002 

Origin 1.515 1,20 1.555 0.227 

Location 2.638 1,20 2.873 0.106 

Agreeableness Gender 0.186 1,20 0.178 0.677 

Origin 1.273 1,20 1.292 0.269 

Location 2.701 1,20 2.954 0.101 

Neuroticism Gender 0.755 1,20 0.747 0.398 

Origin 0.332 1,20 0.321 0.577 

Location 2.119 1,20 2.249 0.149 

 147 

Origin did not differ significantly for Dominance, Agreeableness or Neuroticism. Similarly, 148 

location of the lions did not differ with personality type, with no significant difference found 149 

for Dominance, Agreeableness or Neuroticism (Table 2). Simple linear regression showed a 150 

significant negative relationship between Dominance and age, with an R2 of 0.283 indicating 151 

that younger individuals were more dominant than older individuals (Table 3). Similarly, there 152 

was a significant negative relationship between Agreeableness and age, with an R2 of 0.213 153 

indicating that Agreeableness declines with age (Fig. 1). 154 

However, there was no significant relationship between Neuroticism and age. Also, no 155 

significant relationship was found between core body temperature and Dominance, 156 

Agreeableness, or Neuroticism (Table 3). 157 

 158 

Table 3 Linear regression equation model to explore the relationship between age and core 159 

eye temperature on the intensity of personality types in captive African lions 160 
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Personality 

type 
Factors 

Std Coefficients 

t df F  P  
Beta 

Std. 

Error   

Dominance 
Age -0.597 0.036 -3.324 1,20 11.049 0.003 

Core Eye Temperature 0.201 0.253 0.917 1,20 0.841 0.37 

Agreeableness 
Age -0.451 0.04 -2.26 1,20 5.107 0.035 

Core Eye Temperature 0.235 0.251 1.083 1,20 1.173 0.292 

Neuroticism 
Age -0.017 0.045 -0.063 1,20 0.006 0.939 

Core Eye Temperature 0.059 0.258 0.263 1,20 0.069 0.795 

 161 

Stress Glucocorticoid Hormones 162 

Cortisol levels of lions  163 

The faecal GC concentrations ranged from 0.18 ng/g to 0.21 ng/g among the lions, with an 164 

overall mean of 0.20 ± 0.007 ng/g. 165 

 166 

Effect of gender, origin, location, age and core body temperature on stress physiology 167 

The ANOVA showed no significant interaction between cortisol and gender (F(1, 20) = 2.659, P 168 

= 0.119). The cortisol levels of the male African lions (Mean = 0.202, SD = 0.007) did not 169 

differ from those of the females (Mean = 0.197, SD = 0.007). Similarly, there was no significant 170 

interaction between cortisol and the origin of the lion (F(1, 20) = 1.128, P = 0.301), as the circus 171 

born African lions (Mean = 0.203, SD = 0.002) did not differ in their cortisol levels from zoo 172 

individuals (Mean = 0.199, SD = 0.008). In addition, there was no significant interaction 173 

between cortisol and location of the lion (F(1, 20) = 2.092, P = 0.164). The lions from SZ (Mean 174 

= 0.195, SD = 0.010) did not differ in their cortisol levels from ZWR (Mean = 0.201, SD = 175 

0.007). Simple linear regression showed no relationship between cortisol and age (R2 = 0.071, 176 

F(1, 20) = 1.529, P = 0.231) nor between cortisol and core body temperature (R2 = 0.001, F(1, 20) 177 

= 0.019, P = 0.892). 178 

 179 

Relationship between personality and stress controlling for the effects of age 180 
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When controlling for age (9.13 ± 4.95 years), there was a strong negative correlation (r = -181 

0.467, P = 0.029) found between Agreeableness and cortisol levels. The results show that 182 

younger individuals are more agreeable and have lower cortisol levels as compared to older 183 

lions. In contrast, there was no significant relationship found for Dominance (P = 0.316) and 184 

Neuroticism (P = 0.183) on controlling age. 185 

 186 

Discussion 187 

The present study assessed the links between the personality of African lions with their stress 188 

physiology to recognise factors that shape individual welfare. To determine the current coping 189 

style of the lions, the personality of each lion was assessed by a rating method and the cortisol 190 

levels from fresh faecal samples [14, 30]. The literature shows that there are many factors that 191 

may influence either the personality or stress physiology of big cats. Our study quantifies the 192 

effects of factors such as gender, age, core body temperature, origin and location on the 193 

personality of lions, followed by their stress physiology, and further on the integrated 194 

relationship of personality and stress. In short, we found that the relationship of personality and 195 

stress is influenced by age, where older lions are less agreeable with higher levels of cortisol 196 

than younger lions. The behavioural traits in the younger agreeable lions, such as being 197 

excitable, friendly to people, inquisitive, playful, and aggressive to conspecifics may help them 198 

to cope with a challenging situation. 199 

 200 

Personality of lions at Zambi Wildlife Retreat and Sydney Zoo 201 

The lions at both study sites were reliably rated by the keepers and the researcher. These ratings 202 

were dependent on either experience with the animals or on existing knowledge of feline 203 

behaviours [17]. From the reliably rated factors, the African lions fit under the three main 204 

personality dimensions of Dominance, Agreeableness and Neuroticism, similar to previous 205 
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findings for various wild cats [14, 32, 34]. Dominance loaded positively and strongly for 206 

behavioural traits - bold, bullying, dominant, aggressive to people, inventive, jealous and tense, 207 

while the behavioural traits affectionate, gentle, stable, submissive and trusting loaded 208 

negatively. Previous studies rated reintroduced African lions for their boldness [18] and Asiatic 209 

lions on a bold-shy axis between individuals raised in captivity and others that were wild-210 

rescued [15]. Personality traits in African lions that correlate with subjective wellbeing indicate 211 

that their social structure is important for wellbeing, especially in terms of the Dominance 212 

structure found in this species. This suggests this dimension may be a prevalent trait among 213 

lions. [27]. For instance, lions with high scores for Dominance may want to compete and be 214 

the first to try everything, for example, in procuring food among others in a pride [35]. Lions 215 

with low scores for Dominance (affectionate, gentle, stable, submissive, and trusting) may be 216 

bullied and fail to thrive [17]. 217 

Agreeableness had the highest loadings for the behavioural traits aggressive to 218 

conspecifics, excitable, inquisitive, playful, smart and trusting, loading strongly and positively, 219 

while aggressive to people and irritable loaded negatively. The dimension of Agreeableness, 220 

though not discussed in the past for African lions, has been applied to other wild cats such as 221 

clouded leopards [14] and domestic cats [36]. Agreeableness may also be required for members 222 

of the pride to get along with each other to lead a social life. Lions with high scores for 223 

Agreeableness (excitable, inquisitive, playful, smart and trusting) are likely to represent cats 224 

that are coping well and potentially serve as a source of enrichment for other cats [36]. The 225 

Neuroticism dimension loaded positively for the traits of being anxious, clumsy, insecure, 226 

submissive and timid and loaded negatively for traits such as bold and dominant. These 227 

findings were similar to the findings of African lions who were rated on the sociability-228 

neuroticism axis, indicating that members of the pride may be also be submissive, who may 229 

cope by hiding or avoiding interactions with other dominant animals [14, 32, 35]. 230 



11 

 

  231 

Stress Physiology of lions at Zambi Wildlife Retreat and Sydney Zoo 232 

In the literature, the levels of GCs may vary among individuals and these variations are 233 

influenced by the time of day, health status, age, sex, personality, body condition, time of year, 234 

stage of breeding and the environment (Vaz et al., in press, [37]). Thus, even among lions 235 

managed in the same setting or among related individuals, there may be intraspecific metabolic 236 

variations in the GC levels [12, 38-40]. In addition, other studies on African lions suggest that 237 

the variation found in GCs between individuals may act as markers to showcase the ongoing 238 

challenges faced by a lion [30, 41]. Thus, if the levels vary significantly and above the normal 239 

range of other individuals, it may reflect an imbalance [31]. Our results showed slight 240 

variations implying to animal individuality, but it did not vary significantly between individuals  241 

[42-44]. We assume that there was no significant variations in the GCs among the studied lions 242 

because they were all managed in similar settings without any additional stressors or ACTH 243 

challenge while conducting the study. For example, the eighteen lions at ZWR did not have 244 

visitors as compared to the four lions at SZ. Thus, our results support the literature that without 245 

additional challenges, the lions may not perceive stressors or be engaged in a coping style, and 246 

hence may not show significant variations in GC levels. 247 

 248 

Factors influencing the personality dimensions and stress physiology of African lions 249 

Our study assessed gender, age, core body temperature, origin and location of the 22 lions to 250 

determine any influence on their personality and stress physiology. On analysing the factors 251 

that could influence personality, we found the males were significantly more dominant than 252 

females. This describes the lions’ social structure of living in a pride in a harem-style 253 

composition, as also discussed by Gartner et al. [14]. The lesser extent of Dominance among 254 

females could support their egalitarian behaviour in communal cub-raising because females are 255 
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unable to influence the reproduction of other female pride members [45]. Previous studies have 256 

also suggested that males are more aggressive than females and the rates of social interaction 257 

correlate with group size [30]. Similarly, in other wild cats such as cheetahs, males scored 258 

significantly higher on the dominance and sociability dimensions than females [25]. 259 

Contrary to the literature where males and females tend to vary in GC levels due to 260 

biological functions such as the differences in the amount of metabolites excreted, differences 261 

in plasma concentrations and differences in the structure [46], we did not find any difference 262 

in cortisol between the male and the female lions. However, past big cats studies also do not 263 

have a consensus and sometimes have shown either males or females having higher GCs such 264 

as African lions [31] Sumatran tigers [33] and North American clouded leopards [12]. It is 265 

possible that our results could be influenced by the contraceptive implants in the studied 266 

females that could suppress the release of adrenocorticotropic hormone (ACTH) by the 267 

pituitary and decrease adrenal steroid output [47]. 268 

Secondly, our results revealed that the younger individuals, more specifically lions aged 269 

between 3-7 years, were significantly more dominant and agreeable than older lions aged 270 

between 8-15 years. These variations may reflect the role of sub-adults and adults within pride 271 

behaviours [18]. For example, among reintroduced African lions, the sub-adults are more likely 272 

to be alert than adults [18]. Similarly, tigers tend to be less aggressive and more friendly as 273 

they age [19]. However, other studies found no significance of age on personality dimensions 274 

of African lions [14] or cheetahs [25]. In snow leopards, variance in curious/playful and 275 

active/vigilant was highest among mid-aged animals and lowest in older animals. Variance in 276 

calm/self-assured was highest in the youngest animals and lowest in older animals, which adds 277 

to traits of agreeable individuals among different age groups [28]. We found no difference in 278 

Neuroticism between younger and older individuals. In addition, the cortisol levels did not 279 

differ with the age across the two study periods. Similar findings were previously suggested 280 
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for male African lions, where the concentrations of GCs were similar across age groups and 281 

did not vary with season [48]. 282 

Core body temperature, origin and location had no significant impact on the personality 283 

dimensions of the lions or on their GC levels. As felids spend most of their time resting and 284 

mostly in far proximity, it was difficult to measure the eye temperature accurately at all times. 285 

Hence, we took an average for the number of times we observed the lions [49, 50]. However, 286 

on hot days, the surface temperature of the lions would rise more than their core temperature, 287 

making it difficult to measure the eye from a distance. Thus, more precise validation and 288 

standardised techniques for assessing core body temperatures in lions are required. Also, the 289 

limited sample size of having few rescued individuals from a circus versus those raised at a 290 

zoo, which varied across two locations (Table S1) could have resulted in such an outcome. 291 

 292 

Factors influencing the integrated relationship of personality and stress physiology 293 

Building an understanding of the connections between personality and stress factors in African 294 

lions may help enhance their management and wellbeing. In this study, we found that on 295 

controlling age between personality types and stress levels, there was a strong partial negative 296 

relationship between Agreeableness and cortisol levels, with more agreeable lions having lower 297 

cortisol levels. This reveals that younger agreeable individuals may overcome challenges better 298 

than older, less agreeable lions. Younger lions may engage in more playful behaviours and 299 

show other carefree traits such as excitable, smart, trusting and aggression to conspecifics, 300 

which may also help them to get along with other members of the pride. They may also not be 301 

exposed to many challenges being younger, and hence may not perceive stressors as compared 302 

to older individuals [51]. Conversely, low scores for Agreeableness (aggressive to people and 303 

irritable) may reflect poor socialisation and frustration [30]; these traits may be related to 304 



14 

 

underlying health conditions as found among rescued domestic cats [52] and having higher 305 

cortisol levels [53]. 306 

Previously, Ones et al. identified Agreeableness correlates weakly with Extraversion, 307 

is negatively related to Neuroticism and somewhat positively correlated to Conscientiousness 308 

[54]. In our study, the behavioural traits of neurotic lions, such as being anxious, insecure, 309 

submissive, and timid, seem to be the opposite of the agreeable lions. Neuroticism has been 310 

linked to poor coping abilities in humans and lions; lions with high scores for Neuroticism may 311 

be fearful of conspecifics or human presence, termed as social stress [32]. Providing these cats 312 

with good hiding spots could reduce the impact of stressors, as seen among cheetahs rated on 313 

tense-fearful scores or jungle cats with lower corticosterone levels [26, 55]. Although 314 

Neuroticism is most consistently related to negative stress outcomes in the literature, we did 315 

not find a significant relationship between neurotic individuals and cortisol levels in our study 316 

[14, 32]. This could be because the cortisol levels of the neurotic lions were measured under 317 

normal conditions, with no additional stressors or an ACTH challenge [56]. 318 

 319 

Avenues for Future Research 320 

Although there are many benefits of linking personality and stress, there is very limited work 321 

published on big cats taking this approach. Our study contributes to establishing this 322 

relationship for captive African lions. Being aware of a lion’s personality can help in caring for 323 

them more effectively. Maintaining a repository of the personality profiles of big cats’ can be 324 

valuable for big cats’ caretakers to enhance their knowledge of animals in their care and/or 325 

implement interventions such as veterinary assessments or enclosure developments. This 326 

information can also be useful by veterinarians to record health data. 327 

As the commercial toolkits for stress hormone analysis are expensive, it would be ideal 328 

and useful to assess the stress cortisol levels at least once a year during veterinary procedures. 329 
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We propose to record and store data on the personality and cortisol levels of big cats in the 330 

Zoological Information Management Software (ZIMS), that is accessible globally by zoos. The 331 

advantages of this study can then be applied globally and help inform tailored animal welfare 332 

management, as well as exhibit design, conservation reintroduction programs, species survival 333 

recovery plans and in improving human-animal relationships. 334 

 335 

Conclusions 336 

In this study, three personality dimensions - Dominance, Agreeableness and Neuroticism were 337 

identified for African lions. We found gender and age strongly related to personality and stress 338 

physiology, emphasising the social organisation of lions where males and females of different 339 

age groups play an important role in shaping personality and stress. We also found lions that 340 

were rated higher for Agreeableness had lower cortisol levels under the influence of age. The 341 

current study further suggests developing and incorporating a more systematic approach in the 342 

management of individual lions in zoos, rescue centres or in reintroduction programs. Future 343 

research should focus on collating personality and stress data into the Zoological Information 344 

Management Software (ZIMS), so it is accessible to big cat caretakers around the world. This 345 

would assist in further understanding factors influencing personality and stress, and help 346 

improve individual and thus overall welfare for big cats. 347 

 348 

Methods 349 

Study sites and animals 350 

Twenty-two African lions (13 males and 9 females) from two locations (Zambi Wildlife Retreat 351 

(ZWR) and Sydney Zoo (SZ)) were studied between June-August 2018 and May-December 352 

2019 (Table S1). Zambi Wildlife Retreat is a retirement home for big cats from circuses, the 353 

entertainment industry or zoo breeding programs and is closed to visitors. Sydney Zoo is a 354 
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newly opened zoo (2019), with lions relocated from another Australian zoo - Taronga Western 355 

Plains Zoo in Dubbo, NSW. Out of the 22 individuals, five geriatric lions had retired from a 356 

circus while others were raised in zoos. Secondary demographic data about the lions was 357 

obtained from the study site records. Lion ages ranged between 3 and 16 years (Mean = 9.1, 358 

SD = 4.9), and the lions were housed with conspecifics, except one male whose sibling had 359 

passed away. 360 

 361 

Personality assessment for captive African lions 362 

Data collection 363 

Wild cat personality questionnaires and focal animal observations were used to create the 364 

personality profiles of the lions [57, 58]. The questionnaire, comprising 52 behavioural traits, 365 

was used to rate the lion’s personality (Table S2). The traits were rated on a 7-point Likert 366 

scale, where 1 represents “not at all” and 7 represents “very much”, describing the degree to 367 

which a behaviour is seen in an animal. Each behavioural trait was defined for consistency in 368 

the raters’ interpretation following previous felid personality assessments [14, 26, 32, 59]. The 369 

lions were rated by five raters; four lion caretakers (two at each study site), and the researcher, 370 

who were all experienced in wild cat behaviour. The keeper ratings were based on their overall 371 

keeper interactions during daily animal care, veterinary procedures, and previous behavioural 372 

observations. To reduce potential biases among keepers ratings towards their favourite felid, 373 

the researcher observed lion behaviour following focal sampling methods on three random days 374 

from morning to evening and later completed the personality questionnaire [17, 60]. 375 

 376 

Inter-rater Reliability of Behavioural Traits 377 

The Intra-class Correlation Coefficients (ICC) were used to measure the reliability of different 378 

raters. The mean ratings of the five raters (k raters) were run in RStudio version 1.2.5033 379 
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(RStudio, Inc. Boston, MA) to determine the ICC (3, k) scores [61, 62]. Behavioural traits with 380 

confidence intervals overlapping zero were excluded from further analysis, as they were 381 

deemed unreliable. If a behavioural trait was excluded from one study site based on this 382 

definition, it was automatically excluded from the second study site to ensure that the same 383 

behavioural traits contributed to our definition of personality. Forty-four out of 52 behavioural 384 

traits passed Inter-rater Reliability testing across both study sites (Table S2). The reliabilities 385 

of mean ratings ICC (3, k) ranged from 0.30 (fearful of people) to 0.99 (erratic) for lions at 386 

ZWR and 0.60 (fearful of conspecific) to 0.99 (fearful of people & vocal) for lions at SZ. 387 

 388 

Stress physiology assessment for captive African lions 389 

Sample collection 390 

Fresh faecal samples (< 2 days old) were identified from individual lions during behavioural 391 

observations and collected during husbandry or cleaning routines. Each sample was labelled 392 

and stored at −20 °C at the zoo and later placed in the −80 °C freezer for further analysis. These 393 

identified samples were opportunistically collected to determine average cortisol levels for 394 

each lion. 395 

 396 

Hormone extraction and enzyme immunoassay (EIA)  397 

Labelled frozen samples were placed in a freeze-drier (Alpha 1-4 LD plus) for 48 hours to 398 

obtain a dried sample [63]. The dried sample was ground using a mortar and pestle and sieved 399 

to attain a homogenised powder. 0.2 g of this faecal powder was mixed with 2 mL of 90% 400 

ethanol and placed on an orbital shaker for 30 minutes. Samples were centrifuged for 15 401 

minutes at 5000 rpm following the standard extraction protocol from Arbor Assays K003-H1W 402 

(DetectX®, Arbor Assays™). The supernatant obtained was stored, while the residue was 403 

discarded [64]. This supernatant solvent was then dried under nitrogen vapour (N2) in a fume-404 
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cupboard - Dynaflow GRP. Later, using 400 μL of assay buffer, the dried sample extract was 405 

reconstituted with 100 μL of absolute ethanol and vortexed for 30 seconds. 406 

A commercial cortisol EIA kit (96 well plate) from Arbor Assays was used to analyse 407 

the levels of faecal cortisol. The plate map was used to map the layout of the samples, controls, 408 

and standards. Following the supplier’s instructions and previous studies on felids, 50 µL of 409 

standard and then 50 µL of samples were pipetted to the plate as per the plate map [13, 65]. 410 

Next, 75 µL of Assay Buffer was pipetted into the non-specific binding (NSB) wells. Further, 411 

50 µL of Assay Buffer was pipetted into the maximum binding (B0 or Zero standard) wells. 412 

Using a multichannel pipette, 25 µL of cortisol conjugate was added to each well without 413 

disturbing it. Lastly, 25 µL of Cortisol Antibody was added to each well except the NSB wells. 414 

Sides of the plate were gently tapped, covered with a plate sealer and placed on a medium 415 

orbital shaker for an hour. The plate sealer was then removed, and the well plate was aspirated 416 

by washing each well with 300 μL of wash buffer 4 times in a plate washer and then dried by 417 

tapping the plate on clean paper towels. 418 

A 100 μL of tetramethylbenzadine substrate was added to each well, which was further 419 

covered with a plate sealer and incubated at room temperature for 30 minutes. 50 μL of stop 420 

solution was then pipetted to each well, and the plate was placed in a plate reader at 450 nm. 421 

The final hormone concentration was calculated by multiplying the pg/mL hormone 422 

concentration with the final extract volume (0.5 mL) and dividing the faecal sample mass (0.2 423 

g) to derive the final faecal cortisol concentration in ng/g of sample. 424 

 425 

Assay validation for lion faecal samples 426 

All faecal samples were assayed in duplicates by taking two independent subsamples. The 427 

repeatability between these duplicates were measured in RStudio version 1.2.5033 (RStudio, 428 

Inc. Boston, MA) using the ICC repeatability test (ICC = 0.77, 95% CIs = 0.67, 0.87). Further, 429 



19 

 

parallel displacements were carried out between standard and sample hormones, to detect the 430 

relationship between predicted and test samples [66]. A standard curve was plotted from 431 

synthetic CORT stock provided in the kit against its serial dilution. The samples were assayed 432 

in duplicates, with the mean of the two results being presented. To analyse if there was a 433 

significant relationship in the percentage of antibody bound between the standard curve and 434 

serial dilutions, a linear regression analysis was used [33]. The recovery of exogenous cortisol 435 

was added to the lion samples to analyse the efficiency of the faecal extracts (R² = 0.9561) (Fig. 436 

S1). 437 

 438 

Investigating the factors influencing personality and stress physiology 439 

Information on the gender, age, origin and location of the lions was obtained from zoo records 440 

(Table S1). To assess the core body temperature, an infrared thermal (IRT) imaging camera -441 

FLIR T530 was used. Thermographic core measurements were used to measure the 442 

temperature (◦C) in the lacrimal caruncle of each eye [67]. Images of the focal lion were 443 

captured by standing at a distance of approximately 3-6 m to avoid any disturbance to the 444 

animals. The thermal images were uploaded in the FLIR Tools software to assess the core eye 445 

temperature by pointing to the hottest area around the eye [68]. The lions were observed every 446 

hour on observation days to ascertain each animal’s average eye temperature. 447 

 448 

Statistical Analysis 449 

Extracting the Principal Components and determining personality dimensions 450 

For the 44 behavioural traits that passed the ICC reliability test (Table S2), we used Principal 451 

Component Analysis (PCA) in IBM SPSS version 27.0 (SPSS Inc., Armonk, NY, USA)  to 452 

determine the significant eigenvectors of personality. PCA reduces the dimensions by 453 

combining the original behavioural traits into a reduced number of orthogonal eigenvectors to 454 
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represent the maximum variability of the covariance structure of the data [69]. We considered 455 

eigenvectors as being significant if the associated eigenvalues were greater than 1 [14, 36] and 456 

eigenvectors were extracted based on the correlation (not covariance) matrix. The unrotated 457 

PCA indicated that 9 factors accounted for 87.57% of the variation in lion behaviour (Table 1). 458 

However, we ran a parallel analysis that identifies factors having eigenvalues higher than 459 

values which may occur through chance, that  reduced the significant eigenvectors extracted 460 

from the PCA to define our dimensions of personality in SPSS [14, 70-72] (Table S3). The 461 

parallel analysis reduced the 9 components to 3 components explaining 61.96% variation. 462 

Individual behaviours that had factors loading greater than (0.5) were viewed as biologically 463 

important behaviours that contribute to that eigenvector. The feline personality dimensions 464 

were then determined either by assessing the continuum of one personality dimension such as 465 

bold-shy [15] or by assessing multiple dimensions [14, 36]. These multiple dimensions 466 

modified from human personality studies on the Five-Factor Model (FFM) can be categorised 467 

as Openness to experience, Conscientiousness, Extraversion, Agreeableness and Neuroticism, 468 

abbreviated to OCEAN [73-75]. Previous studies on animals and wild felid personality have 469 

translated these human personality dimensions to suit feline behaviours to include Dominance, 470 

which may not be very evident in humans [76, 77]. Thus, this current study used the multiple 471 

dimensions of the FFM and included Dominance for wild cats to ensure consistency in 472 

assessing big cat personality. 473 

 474 

Determining the effects of gender, age, core body temperature, origin, and location on 475 

personality and stress physiology 476 

We used a one-way analysis of variance (ANOVA) to examine the effects of gender, origin, 477 

and location on the PCA dimensions of African lions in SPSS. The level of significance, α, was 478 

set at 0.05. The PCA dimensions were set as the dependent factor and gender, origin, and 479 
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location as independent. In addition, linear regression was used to determine the relationship 480 

between PCA dimensions and the age and core body temperature of the lions. The resulting 481 

PCA personality scores were further used in investigating the relationship between PCA 482 

dimensions and cortisol levels using a partial correlation. Figures were constructed using the 483 

“ggplot2” package in RStudio version 1.2.5033 (RStudio, Inc. Boston, MA). 484 
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 752 

Table 1 Unrotated Principal Component Analysis of behavioural traits in African lions  753 

While the original PCA revealed 9 PCs with eigenvalues greater than 1, parallel analysis 754 

reduced this to the first three PCs. 755 

 

PC1 

Dominance 

PC2 

Agreeableness 

PC3 

Neuroticism 

Eigenvalue 13.765 9.176 4.322 

% Variance 31.283 20.854 9.822 

Loadings  

Active 0.500 0.658 0.022 

Affectionate -0.463 0.694 0.147 

Aggressive to conspecifics -0.064 0.935 0.130 
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Aggressive to people 0.805 -0.479 -0.174 

Aimless -0.007 0.353 0.030 

Anxious 0.207 -0.132 0.649 

Bold 0.607 0.182 -0.537 

Bullying 0.820 -0.178 0.004 

Calm -0.244 0.271 -0.257 

Clumsy 0.370 0.288 0.541 

Cool -0.394 0.638 -0.218 

Cooperative 0.090 0.090 -0.279 

Decisive 0.649 0.289 -0.284 

Defiant 0.707 0.059 -0.148 

Deliberate 0.743 0.527 -0.013 

Distractible 0.473 0.665 0.370 

Dominant 0.633 -0.011 -0.571 

Eccentric 0.605 0.283 0.354 

Erratic 0.858 -0.235 0.018 

Excitable 0.328 0.821 0.13 

Friendly to conspecifics -0.442 0.621 0.134 

Friendly to people -0.397 0.765 0.120 

Gentle -0.786 0.453 0.015 

Impulsive 0.858 0.272 0.159 

Independent 0.416 -0.049 -0.288 

Individualistic 0.720 0.396 0.043 

Inquisitive 0.231 0.715 -0.248 

Insecure 0.284 -0.201 0.682 

Inventive 0.649 0.416 -0.047 

Irritable 0.789 -0.413 -0.011 

Jealous 0.654 0.286 0.318 

Playful 0.399 0.817 0.036 

Predictable -0.348 0.194 0.112 

Reckless 0.936 -0.082 0.099 

Smart 0.505 0.650 -0.083 

Solitary 0.533 -0.050 0.507 

Stable -0.594 0.575 -0.042 

Stingy 0.578 -0.134 -0.363 

Submissive -0.591 -0.008 0.620 

Tense 0.697 -0.081 0.493 

Timid -0.069 -0.167 0.629 

Trusting -0.654 0.665 -0.088 

Vigilant 0.352 0.612 -0.313 

Vocal 0.347 -0.198 0.164 
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Figures

Figure 1

The negative relationship between lion age with Dominance (A) and Agreeableness (B) personality types
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