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Abstract 

Personalities of animals may demonstrate ontogenetic changes in response to a plethora of 

different environmental factors and experiences early in life. Understanding these ontogenetic 

personality changes aids in understanding how individuals tolerate, act and react to 

environments, conspecifics and other species throughout their lifespan. This behavioural 

topic remains relatively unexplored for many reptilian species.	Because non-avian reptiles are 

such a diverse group of vertebrates in, ecology, behaviour and morphology, more research on 

ontogenetic personality changes is required for this class of animals. 

 

Relatively little is known about the social behaviour and personalities of the Otago 

skink (Oligosoma otagense), or how they differ between age-groups. This study aimed to 

examine (1) whether Otago skinks demonstrated repeatability of behaviours over four sample 

periods, and therefore have personalities, (2) whether sociality, aggression, boldness and 

exploration levels differed between adult, sub-adult and juvenile Otago skinks, and (3) 

whether temporal variation of sociality, aggression, boldness and exploration variables 

differed between adult, sub-adult and juvenile Otago skinks over four sample periods. This 

study was conducted on the translocated Otago skink population at Ōrokonui Ecosanctuary 

from the 15th of January until the 6th of October, 2020. Photographic surveys and behavioural 

assays were used to examine behaviours that represented boldness, sociality, aggression, and 

exploration levels of each skink.  

 

Individual repeatability was low for all measured behaviour variables (R < 0.120), 

with only boldness (proportion of sessions sighted in), exploration (proportion of sightings 

present at a favourite tor) and sociality (proportion of sightings present in a group) variables 

having significant repeatability estimates. Individual repeatability of the behavioural assay 

boldness variables were even lower (R < 0.104), and none of these low repeatabilities were 

significant. This therefore suggests that no personalities’ were detected for this Otago skink 

population, however this does not mean that they were not there.  

 

Several behaviours showed significant differences between age-groups. Adults were 

sighted significantly more often than juveniles in photographic surveys, suggesting that 

adults were bolder than juveniles. Juveniles were sighted significantly more often at the tor 
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they spent the most time at and visited fewer tors compared to sub-adults and adults, 

suggesting that adults and sub-adults were more explorative than juveniles. Juveniles were 

sighted in larger social groups significantly more often than sub-adults, therefore indicating 

that juveniles had higher levels of sociality. Aggressive interactions were only observed in 

adults and sub-adults (not juveniles). This could suggest that sub-adults and adults had higher 

aggression levels.  

 

Overall there was little difference between the age-groups for correlation of 

behaviours between sample periods. Age-group had a significant effect on the temporal 

variation of proportion of sightings present at a favourite tor between two sample periods, 

where adults demonstrated increased consistency compared to sub-adults. There was also 

some stability in boldness and exploration behaviours over sample periods for all age-groups.  

 

Overall this study has provided new insights into how sociality, aggression, boldness 

and exploration levels differ between the different age-groups of Otago skinks at Ōrokonui 

Ecosanctuary. Juveniles were more social and less aggressive, bold and explorative than 

adults and sub-adults. This study has also revealed that this Otago skink population have 

relatively low repeatability and stability of behaviours. These findings will provide further 

insight into how Otago skink individuals will differ in how they act and react to different 

environments, situations and conspecifics at different points in their lifespan. This 

information may also aid in the future translocations and set-up of enclosures for the existing 

natural populations of this endangered species.  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



	 iv	

Acknowledgements 
 

Researching, carrying out fieldwork and writing this thesis has been a challenging but 

rewarding experience that would not have been possible without the encouragement and 

guidance of many people, whom I cannot thank enough. 

 

Firstly, a huge thank you to my supervisor, Dr. Stephanie Godfrey. I would like to thank her 

for her support, encouragement, patience, helping me fix tricky R studio problems, proof-

reading many drafts, the list goes on. I always left every meeting feeling confident and happy 

with my progress and the next task I had to tackle, all thanks to Stephanie’s guidance and 

support. I feel very lucky to have had such an amazing and inspiring supervisor.  

 

Next I would like to say a massive thank you to all the staff at Ōrokonui Ecosanctuary, 

especially Elton Smith, for giving me the opportunity to carry out my study. Also a massive 

thank you to the staff at Horopito café for the amazing coffees that got me through my 

fieldwork days earlier in the year. I would also like to thank the Department of Conservation 

and Ngāi Tahu iwi for giving me permission to carry out this study.  

 

A huge thank you to the zoology BE&E group. Thank you for inspiring and motivating me at 

our bi-weekly meetings. I would also like to thank my amazing zoology friends for the much 

needed laughs, lunch and coffee breaks throughout the past couple of years. A special thank 

you to Dominique Harrison, Mia Milsom, Melita Busch and Fletcher Munsterman. Your 

support has kept me smiling and motivated throughout this project.  

 

A special thank you also to my flat-mates; Laura Hamilton, Kathryn Cudby and Charlotte 

Reay, for the words of support, laughs, singstar sessions, games nights and hugs to pull me 

out of stressful ruts. I would also like to thank my partner Sam for putting up with my tears, 

sleep-deprivation, freak-outs and late night calls while trying to analysis data and finishing 

writing up my thesis.  

 

Finally, I would like to say a massive thank you to my family. Thank you to my parents; 

Sharon and Barry, and my grandparents; Richard and Janet for the constant love, support and 

encouragement throughout not only my Master’s but all my years of university. Thank you 



	 v	

for motivating, inspiring, and pushing me to aim high and always try my hardest. Thank you 

Dad for never failing to make me laugh and smile whenever I was at my most stressed, and 

thank you Mum for all the advice and words of encouragement that kept me calm and level-

headed. Thank you Nan and Granddad, for all the hugs of encouragement and supporting text 

messages that always made me smile. And also, a big thank you to my cats, who would 

smother me with love every time I was home, even if this meant sleeping on my laptop.  

 

 

 

 

 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



	 vi	

Contents 
 
I Introduction………………………………………………………………………………1 

1.1 An introduction to animal personality…………………………………………………..2 

1.2 Ontogenetic changes in personality……………………………………………………..5 

1.3 Ontogenetic changes in personalities of lizards………………………………………...11 

1.4 Otago skink life history…………………………………………………………………15 

1.5 Current Otago skink distribution and risks……………………………………………..18 

1.6 Otago skink social behaviour…………………………………………………………...20 

1.7 Thesis Objectives……………………………………………………………………….21 

 

II Materials and Methods…………………………………………………………………25 

2.1 Study site………………………………………………………………………………..26 

2.2 Identification of individual Otago skinks……………………………………………….27 

2.3 Sample periods………………………………………………………………………….29 

2.4 Photographic Surveys…………………………………………………………………..30 

2.5 Behavioural Assays…………………………………………………………………….34 

2.6 Temporal variation and repeatability of behaviours…………………………………...37 

2.7 Statistical analysis……………………………………………………………………...39 

 2.7.1 Examining age-related differences in behaviours……………………………39 

 2.7.2 Examining repeatability and temporal variation of behaviours……………...43 

 

III Results…………………………………………………………………………………46 

3.1 Photographic Surveys………………………………………………………………….47 

3.2 Behavioural Assays……………………………………………………………………58 

3.3 Repeatability and temporal variation of the behavioural variables……………………60 

 

IV General Discussion…………………………………………………………………….68 

4.1 Repeatability of behaviours…………………………………………………………….70 

4.2 Age-related differences in sociality, aggression, boldness and exploration……………71 

4.3 Temporal variation of the behavioural variables……………………………………….76 

4.4 Limitations of this study………………………………………………………………..77 

4.5 Future research………………………………………………………………………….80 

4.6 Implications for conservation…………………………………………………………...82 



	 vii	

4.7 Conclusions…………………………………………………………………………….85 

 

References…………………………………………………………………………………87 

 

Appendices………………………………………………………………………………...100 

Appendix 1…………………………………………………………………………………101 

Appendix 2…………………………………………………………………………………102 

Appendix 3…………………………………………………………………………………103 

 

 

List of Figures 

 
I Introduction 

1.1 Sub-adult Otago skink basking…………………………………………………………17 

 

II Materials and Methods 

2.1 Rock tors in Otago skink enclosure…………………………………………………….27 

2.2 Juvenile, sub-adult and adult Otago skink aggregation………………………………...29 

 

III Results 

3.1.1 Proportion of sessions sighted in……………………………………………………..50 

3.1.2 Proportion of sightings present in a social group……………………………………..52 

3.1.3 Proportion of individuals present in different group-sizes……………………………53 

3.1.4 Proportion of sightings spent at a favourite tor……………………………………….55 

3.1.5 Number of tors visited in sample period 1 and 2……………………………………..56 

3.1.6 Proportion of individuals demonstrating aggressive interactions in sample period 1...57 

3.3.1 Correlation between sample periods for sessions sighted …………………………….66 

3.3.2 Correlation between sample periods for proportion of sightings present at a favourite 

tor…………………………………………………………………………………………….67 

 

Appendices 

Figure A1.1 Novel stimulus apparatus ………………….…………………………………101 



	 viii	

List of Tables 
 

II Materials and Methods 

2.1 Photographic Survey Variables………………………………………………………….32 

2.2 Behavioural Assay Variables…………………………………………………………….36 

2.3 Description of sample periods examined for temporal variation and repeatability……...38 

 

III Results 

3.1 Photographic survey response variables statistical output…………………………48&49 

3.2 Behavioural assay response variable statistical output…………………………………59 

3.3 Repeatability of photographic survey response variables………………………………61 

3.4 Repeatability of behavioural assay response variables…………………………………62 

3.5 Sample period comparisons for photographic survey response variables………….64&65 

 

Appendices 

Table A2.1 Skink ID, age and number of observations and assays………………...……...102 

	
	
	
	
	
	
	
	
	

	

	



	 1	

	
	
	

	

Chapter I 

Introduction 

 

 

 

 

 

 

 

 

 

 

 



	 2	

1. Introduction 

1.1  An introduction to animal personality 
 

While it is well-known that humans possess different behavioural traits that combine to form 

different personalities, the same phenomenon is now being discovered in other animal species 

(Bell, 2007; Wolf et al., 2007). As defined by Carter et al. (2013); animal personality is 

within-individual consistency and between-individual differences in personality traits that 

persist over time and in different contexts. Personality traits, such as exploration and 

boldness, are a specific quantifiable aspect of a behavioural repertoire that shows the 

between-individual variation and within-individual consistency (Carter et al., 2013). 

Behavioural syndromes are different to animal personality, where behavioural syndromes are 

two or more correlated personality traits that are exhibited across situations and through time 

(Sih et al., 2004, Carter et al., 2013). Different personality types exist within a population, 

therefore different individuals will behave differently in various situations and over time 

(Bell, 2007). For example, some individuals in a population may be more aggressive, 

whereas others more passive, and some may be bolder (i.e. showing a willingness to take 

risks) and others shy. With different personality types come different fitness benefits (Bell, 

2007). For example, in sticklebacks (Gasterostues aculeatus), individuals who are bolder 

explore further, therefore increasing their chances of accessing food sources and mates (Aplin 

et al., 2014). Aggressive individuals may be more successful in defending territories and 

obtaining food, whereas passive individuals may be more likely to have successful 

interactions and cooperative behaviour with other conspecifics as seen for species such as 

rhesus macaques (Macaca mulatta) ruddy turnstones (Arenaria interpres), and song sparrows 

(Melospiza melodia) (Groves; 1978; Capitanio, 1999; Hyman et al., 2004) Along with these 

fitness benefits, different personality types and strategies are also able to co-exist in a 

population due to the fitness of one personality type and their strategies depending on the 
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frequency of other strategies in a population (Bell, 2007). These ideas of alternative 

personality and personality types, and the fitness benefits that come with them, have been 

heavily studied in humans, laboratory animals, and some primate and domesticated animals, 

however it has been relatively less studied in other organisms, especially for those in wild 

populations (Sih et al., 2004).  

  

 At a first glance, personality appears potentially maladaptive if responses are too 

‘rigid’ in an ever-changing environment (Bell 2007; Wolf et al., 2007). Similarly, some 

behavioural traits may also be maladaptive in certain situations and environments (Sih et al., 

2004). For example, an individual who is consistently bold may end up being eaten by a 

predator, whereas an individual who is consistently shy may be too cautious and miss out on 

feeding opportunities. This therefore begs the question of how have personalities evolved? 

One argument is that having high “behavioural plasticity” and changing behaviours often 

may be energetically and time expensive (Bell, 2007). Alternatively, animals may benefit 

from harboring an “intermediate strategy” of behaving the same way in response to the 

restricted information about changes in their surrounding environment (Bell, 2007). Another 

argument against animal personalities was that personality traits are heritable and linked to 

fitness, therefore it would be expected that variation would disappear overtime due to natural 

selection (Bell, 2007). Despite this, we still see significant variation in behaviour within 

populations, so why do personalities persist? 

 

Behavioural variation and personality types may be maintained through being linked 

to the individuals’ “body state” such as sex, body size, health, etc., where an animal may 

behave consistently as long as these states remain the same (Bell, 2007). Wolf et al., (2007) 

postulated the idea of survival and reproduction playing a role in persistence of personalities. 

It is thought that all individuals have a “life-history strategy” which results in fitness trade-
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offs between different strategies for survival and reproduction. For example, an individual 

may reproduce earlier in life but at a cost of having a smaller body and fewer resources, or 

reproduce later in life but risk not surviving to reproduce (Wolf et al., 2007). Those that 

reproduce earlier in life may demonstrate more risk-prone personality traits to obtain 

resources, while those delaying reproduction may have risk averse personality traits to ensure 

survival (Wolf et al., 2007). Stamps (2007) postulated a similar idea related to growth and 

mortality where individuals within a population either grow fast but risk dying younger, or 

grow slower and live longer. This is known as the pace-of-life syndrome hypothesis, which 

predicts variation in behaviour among individuals in a population is linked to variation in life 

history (Réale et al., 2010). If certain behaviours are related to growth rate (e.g. foraging or 

aggression), then behavioural variation may be maintained in the population via all 

individuals possessing different growth rates, therefore behaving in different ways to elicit 

fitness benefits (Stamps, 2007). Therefore, different life-history strategies related to 

reproduction and growth rate for different individuals in a population, along with the pace-of-

life syndrome hypothesis, could be strong arguments for the evolution of behavioural 

variation and different personality types in animal populations (Bell, 2007). There is, 

however, room for further ideas that consist of dynamic feedback between body state, life-

history strategies and behaviour. Situations may arise where life-history strategies change, 

resulting in a domino effect down to behaviour, where individuals may need to alter the way 

they behave to gain fitness benefits (Bell, 2007).  

 

Sih et al., (2004) and Wolf & Weissing (2012) argue that having an understanding of 

animal personality is crucial to having a deeper understanding of evolution and ecology. 

Animal personalities play prominent roles in population growth, community dynamics, 

species interactions, and ecological occurrences such as social interactions, leadership roles, 
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foraging, mate selection, and dispersal (Wolf & Weissing, 2012). The circumstances and 

environments an individual faces will change throughout its lifespan. For example, before a 

chick fledges it is only exposed to the environment in and around the nest. However, after it 

fledges, it is exposed to new environments, conspecifics and predators. It therefore may be 

highly beneficial and crucial to have “plastic” personalities that alter as individuals ages 

(Bell, 2007; Gyrius et al., 2012).  

 

 

1.2  Ontogenetic changes in personalities 

The presence of a dynamic feedback between life-history strategies and the personality of an 

individual that changes in response to an individuals’ age and the surrounding environments 

and contexts may be beneficial (Bell, 2007; Gyrius et al., 2012). As individuals age, they may 

face novel situations, conspecifics and predators. Therefore, a personality type that may have 

been beneficial earlier in life may no longer be advantageous (Bell, 2007; Gyrius et al., 

2012). Thus, ontogenetic changes in an individual’s personality may be favoured if that 

change carries a fitness benefit. Personality trait expression and repeatability of sociality, 

aggression, boldness, exploration and activity levels, may change to aid in facing these new 

situations (Bell, 2007; Gyrius et al., 2012). For example, an individual may demonstrate 

increased aggression levels and decreased boldness levels as they mature as seen for species 

such as; ruddy turnstones (Arenaria interpres) and firebugs (Pyrrhocoris apertus) (Groves 

1978; Gyrius et al., 2012). The increased aggression levels could be triggered by increased 

competition for space, food and mates and having to defend territories, mates and offspring 

from con-specifics and predators (Groves, 1978; Enoksson, 1988; Chopik & Weaver, 2019). 

The decreased boldness levels may be due to body state of the individual and whether they 

are at the stage of reproducing young and therefore needing to stay alive to ensure successful 
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reproduction (Wolf et al., 2007).  Neave et al., (2020) discussed how the expression of 

personality traits, such as aggression and boldness became inconsistent across different 

contexts for a variety of species during stages of ontogeny from infancy to adulthood. This 

was observed during periods of sexual maturation for Holstein calves (Bos taurus), where 

individuals did not act consistently in responses to situations (Neave et al., 2020). It is 

thought that these changes in stability of personality trait expression across ontogeny could 

be due to changes in physical or social environments or due to internal factors such as 

hormones, metabolism, growth rate and morphology (Neave et al., 2020). Research on this 

new theory of personality is starting to blossom, however is still vastly unexplored for many 

species.  

 

Sociality 

Differences in sociality (i.e. the tendency to associate in or form groups) and social tolerance 

between different aged individuals in a population has been studied for a variety of different 

animal species. Humans demonstrate decreases in extraversion and agreeableness with 

increasing age (Specht, 2017), and similar trends have been found in Vervet monkeys 

(Chlorocebus pygerythus), where younger individuals are more playful (McGuire et al., 

1994). Levels of sociality later in life for Vervet monkeys has been related to size of the kin 

network in their natal groups, where those whom experienced large group interactions early 

in life were more sociable later in life (McGuire et al., 1994).  

 

Aggression 

Decreases in sociality can result in decreased cooperation and less stable interactions, and 

could be due to increased levels of aggression (i.e. tendency to act antagonistically towards 

conspecifics) that has been shown to occur with increasing age (Capitanio, 1999). Increased 
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aggression levels due to increased social intolerance to conspecifics has been observed for 

saltwater crocodiles (Crocodylus porosus) at the dispersal age of 13-weeks (Brien et al., 

2013). This increase in aggressive behaviours around stages of dispersal is to aid in the 

establishment and maintenance of dominance hierarchies (Brien et al., 2013). Increases of 

aggression have also been seen in older dogs (Canis lupus familiaris) and also in adult bird 

species such as; passerine nuthatches (Sitta europaea) and ruddy turnstones (Arenaria 

interpres) where juveniles were easily displaced by aggressive behaviours (Groves, 1978; 

Enoksson, 1988; Chopik & Weaver, 2019). These increased levels of aggression at an older 

age are thought to be triggered by the need for successful prey capture and foraging, defense 

of territories, food sources, mates and offspring, along with defense against predators 

(Groves, 1978; Hyman et al., 2004; Parthasarathy et al., 2019). Decreases in aggressive 

behaviour at an older age could be due to a deteriorating body condition therefore there is no 

fitness benefit of displaying aggressive behaviours that could further decrease condition and 

therefore fitness (Chopik & Weaver, 2019).   

 

Boldness 

Boldness (i.e. tendency to demonstrate risk-prone behaviours) is another personality trait that 

demonstrates ontogenetic changes. Humans demonstrate a decrease in openness to experience 

as they age, and a similar pattern is seen in young Vervet monkeys (Chlorocebus pygerythus) 

who are more curious and opportunistic (McGuire et al., 1994; Specht, 2017). A similar 

phenomenon has been observed in male field crickets (Gryllus integer) and firebugs 

(Pyrrhocoris apertus) where nymphs had increased levels of boldness compared to adults 

(Hedrick & Kortet, 2012; Gyrius et al., 2012). It is thought that field cricket and firebug 

nymphs demonstrated increased boldness due to a strong selection for growth, therefore 

being more risk prone in their behaviours to obtain food (Hedrick & Kortet, 2012; Gyrius et 
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al., 2012). Older male field crickets may also demonstrate lower levels of boldness due to the 

increased risk associated with calling for mates (Hedrick & Kortet, 2012). Changes in 

predation risk throughout an individual’s lifespan may also cause ontogenetic changes in 

boldness levels, with juveniles usually having higher predation risks than adults (Bell & Sih, 

2007; Hedrick & Kortet, 2012; Frost et al., 2013). Repeatability of boldness levels may also 

vary between different age-groups, such as in the social spider Stegodyphus sarasinorum, 

where repeatability of boldness declined as individuals aged (Parthasarathy et al., 2019).  

 

Exploration 

Exploration (i.e. the rate at which an individual moves through a novel space) and activity 

levels (i.e. the state of being active) demonstrate similar ontogenetic changes as seen for 

boldness. Younger dogs (Canis lupus familiaris) were more active and excitable, and 

increased excitability was also observed in juvenile and sub-adult Vervet monkeys 

(Chlorocebus pygerythus) (McGuire et al., 1994; Chopik & Weaver, 2019).  Firebug nymphs 

(Gryllus integer) also demonstrated increased levels of exploration compared to adults 

(Gyrius et al., 2012). Increased exploration and activity in the firebug nymphs is thought to 

be related to the increased boldness levels associated with the need to obtain food to grow 

(Gyrius et al, 2012). However, the opposite trend has been observed for the Oregon garter 

snake (Thamnophis atratus hydrophilus) where adults demonstrated increased activity and 

exploration compared to juveniles due to needing to forage further distances to obtain larger 

prey (Lind & Hartwell, 1994).  

 

Not only do personalities vary between different age-groups in a population, but 

personality trait expression has also been observed to alter within an animal’s lifespan in 

response to numerous different drivers, ranging from social environment to immune 
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challenges (Polverino et al., 2016). For example, senescent wild blue-tits (Cyanistes 

coeruleus) individuals developed decreased aggression levels induced by handling (Class & 

Brommer, 2016). Dogs who were handled more and were more responsive to training early in 

life also had decreased levels of aggression at an older age (Chopik & Weaver, 2019). Similar 

patterns have been seen in sows (Sus scrofa) where handling at 5 weeks of age was 

significantly predictive of aggression levels later in life (Horback & Parsons, 2018). Diet, 

immune challenges, and body condition experienced early in life can also shape personality 

later in life. For example, in male mallard ducks (Ana platyrhynchos), individuals that 

experienced parasitism early in life and/or during developmental periods were typically more 

active and explorative in novel environments as adults (Butler et al., 2011). A similar pattern 

has also been observed in laboratory rats (Rattus norvegicus), where juveniles with a heavier 

body weight were typically bolder and more explorative as adults (Rodel & Meyer, 2011). 

Environmental changes related to predation risk have also been shown to elicit personality 

changes during an individual’s lifespan. This has been observed in species such as the 

rainbow trout (Onchorhynchus mykiss) and the three-spined stickleback (Gasterosteus 

aculeatus), where increases in boldness and aggression levels occurred in response to 

increased predation risk (Bell & Sih, 2007; Frost et al., 2013).  

 

Some studies have also demonstrated that repeatability of personality traits can persist 

over a significant portion of the lifespan before declines in stability occur. For example, 

repeatability of boldness and aggression declined as individuals aged in the social spider 

species Stegodyphus sarasinorum (Parthasarathy et al., 2019). However, many other studies 

have demonstrated the opposite trend where there are increases in behavioural repeatability 

and stability as individuals age (Polverino, et al., 2016). It is thought that this occurs due to 

environmental uncertainty being reduced later in life, therefore the costs of harboring 
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increased behavioural plasticity outweigh the benefits (Polverino et al., 2016). Increased 

stability and repeatability in personality traits at an older age have been observed for the 

Eastern mosquitofish (Gambusia holbrooki), field crickets (Gryllus campestris), mangrove 

killifish (Kryptolebias marmatus), and laboratory mice (Mus musculus) (Polverino et al., 

2016). Therefore, it may be hypothesised for other species that juveniles and sub-adults will 

demonstrate more variation in their personality traits levels of aggression, sociability, etc., 

compared to adults whom may demonstrate increased repeatability and stability (Polverino et 

al., 2016).  

 

It is thought that these changes in personality and behavioural repeatability occurring 

during an animal’s lifespan usually happen around periods of sexual maturation and 

dispersal. This has been observed for dairy cattle (Bos taurus), where boldness and 

exploration behaviours were stable during periods of early to late rearing, however became 

unstable when puberty commenced resulting in personality changes around sexual maturity 

(Neave et al., 2020). Saltwater crocodiles (Crocodylus porosus), were also observed to 

demonstrate increases in social intolerance and agonistic behaviours around the time of 

dispersal at 13-weeks of age (Brien et al., 2013). It has also been seen in some species, such 

as the Eastern mosquito fish (Gambusia holbrooki), that personalities do not emerge until 

after sexual maturation (Polverino et al., 2016). It is apparent that further research is required 

to examine at what life-span point personality changes are commonly occurring at, and what 

are the drivers resulting in these changes.  

 

 Ontogenetic changes in personality appear to be relatively common across studies that 

have examined this so far, although the patterns and directions of these trends are not always 

consistent. Most studies have demonstrated increasing aggression and decreasing sociality, 
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boldness, activity and exploration with increasing age. However, some studies have observed 

increasing activity and exploration with increasing age. Some studies have demonstrated no 

changes in behaviour over the lifespan, as seen for the Eastern box turtle (Terrapene 

carolina), where boldness for both adults and juveniles remained stable over time (Carlson & 

Tetzlaff, 2020). With such inconsistent findings, caution should be used when comparing 

juvenile and adult personality traits and behaviours as these may change as they experience 

different contexts and environments. More research is clearly needed, especially so for 

reptilian species where relatively less is known about their ontogenetic changes in personality 

(Waters et al., 2017).  

 

 

1.3  Ontogenetic changes in personalities of lizards 

Many lizard species are considered to be relatively solitary, therefore their social behaviours 

and other personality traits are not as well studied as they are in other animal species. 

However, an increasing number of studies are finding lizards do possess repeatable 

personality traits, that may alter over an individuals’ life span. Studies of ontogenetic changes 

in personality in lizards have found patterns consistent with the trends found in mammal, bird 

and fish species when examining personality traits such as sociality, boldness, aggression, 

activity and exploration (Waters et al., 2017).  

 

Sociality 

Differences in sociality levels have been observed between different age-groups for a small 

handful of lizard species, with more studies focusing on the structure of lizard social groups. 

Le Galliard (2015), expanded on previous work by Cote et al., (2008) on the sociality of the 

common lizard (Lacerta vivipara) and found that behavioural consistency of sociality 
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decreased after the first year of life. This could be indicative of ontogenetic changes 

occurring for sociality, but it is clear further research is required. A higher proportion of adult 

White’s skink (Egernia whitii) were present in social groups compared to juveniles indicating 

that adults may be more social than juveniles (Chapple & Keough, 2006). It has also been 

observed that Australian Gidgee skink (Egernia stokesii) juveniles and sub-adults remain in 

parental social groups for a minimum of five years before dispersing (Dunffield & Bull, 

2002). This may suggest age-related changes in sociality levels around the time of dispersal 

(Dunffield & Bull, 2002).  

 

Aggression 

Very few studies have examined ontogenetic changes in aggression levels for lizard species. 

Riley et al., (2017), found an increase of aggression levels throughout the lifespan of 

subordinate family -living tree skinks (Egernia striolata). This increase in aggression levels 

could be due increased competition for food, mates and other resources in the presence of 

other larger, more dominant conspecifics (Riley et al., 2017). More research is needed to 

determine whether there are ontogenetic changes in aggression levels for other lizard species. 

 

Boldness 

There are relatively more studies that have observed ontogenetic differences for boldness in 

lizards. Juvenile common flat lizards (Platysaurus intermedius wihlemi) allowed a closer 

approach by a human predator and took longer to seek refuge compared to adults (Whiting et 

al., 2006). Further research is required to understand whether this difference in predator 

response is either due to increased levels of boldness or increased levels of naivety in 

juveniles. Increased levels of boldness in juveniles has also been demonstrated for the clonal 

gecko species (Lepidodactylus lugubris), whereas dominant family-living tree skink (Egernia 
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striolata) individuals became progressively bolder with increasing age (Riley et al., 2017; 

Sakai, 2018). Boldness levels can also remain stable and repeatable, as observed in the 

common lizard (Lacerta vivipara) which did not demonstrate any ontogenetic changes in 

boldness throughout its lifespan (Le Galliard et al., 2015). Increased boldness in juveniles 

could be due to the need to be risk-prone to increase food intake for the higher energy 

demands required for growth at the juvenile stage (Bajer et al., 2015; Sakai, 2018). 

Alternatively, accumulated experiences with predators may cause adults to have lower 

boldness (Sakai, 2018). By contrast, the higher boldness observed in dominant adult family-

living tree skinks could be due to repeatedly “winning” against con-specifics or recognizing 

that they are larger and more dominant, therefore are more likely to act risk-prone (Riley et 

al., 2017). Thus, there is no consistent pattern in ontogenetic changes in boldness across 

different lizard species.  

 

Exploration 

Similarly, there are contradictory patterns in ontogenetic changes in activity and exploration 

across different lizard species. Adult clonal geckos (Lepidodactylus lugubris) explored 

further and more thoroughly than that of juveniles, whereas juvenile European green lizards 

(Lacerta viridis) demonstrated increased levels of exploration (Bajer et al., 2015; Sakai, 

2018). Increased activity and exploration levels for juveniles could be due to the need to 

explore further to obtain food for growth and energy requirements and to avoid competition 

from larger con-specifics (Bajer et al., 2015; Sakai, 2018). Increased activity and exploration 

for adults could be due to exploring further distances to find a mate and/or due to their larger 

body size (Sakai, 2018). Activity levels have also been observed to remain stable and 

repeatable over an individual’s lifespan, as seen for the common lizard (Lacerta vivipara) (Le 
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Galliard et al., 2015). Therefore, similar to boldness, there are many different ontogenetic 

changes for exploration and activity levels for different lizard species.  

 

Some studies have delved further into why these ontogenetic changes in sociality, 

aggression, boldness, exploration and activity levels are occurring. Similar environmental 

drivers and conditions in early life, as seen in mammals, insects and birds, may affect 

personality changes later in life for lizards. Riley et al., (2017), demonstrated that family-

living tree skink (Egernia striolata) juveniles that were isolated during development were 

more sociable later in life compared to subordinate individuals. Conditions experienced early 

in life were also seen to affect future personality for the clonal gecko species Lepidodactylus 

lugubris, where individuals that received low energy food as juveniles were typically shy in 

early-life stages before becoming progressively bolder in later stages (Sakai, 2020). Sakai 

(2020) also showed that individuals provided with high energy food early in life 

demonstrated stability in their boldness levels over their lifespan. It is apparent that further 

research is required for other lizard species on why these ontogenetic changes of personality 

are occurring.   

 

Overall, studies to date have demonstrated that some lizard species display 

ontogenetic changes in personality traits, however further research is required to examine the 

trends of sociality and aggression.  Non-avian reptiles are a very diverse group of vertebrates 

in lifestyle, ecology, behavioural adaptations and morphology (Waters et al., 2017) 

Therefore, more research on ontogenetic personality changes would be beneficial for this 

class of animals due to different species potentially demonstrating different trends (Waters et 

al., 2017). For example, is personality development occurring around developmental stages, 

stages of dispersal and/or when joining a new social group? Is it possible that lizards who 
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form smaller social groups or no social group at all are more likely to have increased levels of 

aggression and decreased levels of sociability (Capitanio, 1999; Cote & Clobert 2006; 

Duckworth & Badyaev 2007; Blumstein et al., 2009)? Or, are they simply more explorative 

and bold (Sakai, 2018)? Many personality development questions and theories remain 

unanswered and unexplored for animal species, but this is especially true for lizards. In 

addition, understanding ontogenetic changes in personality may be important for 

conservation management of threatened species (Brooker et al., 2016). Knowing how 

individuals of different ages vary in sociality, aggression, boldness and exploration will aid in 

the understanding of how individuals will differ in their reactions, interactions and tolerance 

to different environments, conspecifics and other species (Brooker et al., 2016). For example, 

when translocating animals to a novel environment, understanding how individuals differ in 

exploration and boldness levels will aid in understanding how they will react to their new 

environment (Pinter-Wollman, 2009). Further research is even more crucial for endangered 

lizard species with relatively little information known about their social behaviours and 

personalities. Having a deeper understanding of ontogenetic changes in personality of lizards 

will aid in having a wider knowledge of their evolution and ecology.  

 

In this study, I will investigate ontogenetic changes in personality in the Otago skink 

(Oligosoma otagense).  I will first investigate whether Otago skinks display personality traits 

of sociality, aggression, boldness and exploration. I will then ask whether there are any 

differences and/or changes in these behavioural/personality traits between juvenile, sub-adult 

and adults, as seen for other reptilian, mammalian and insect species.  
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1.4  Otago skink life history 

The Otago skink (Fig. 1.1) is a viviparous lizard from the family Scincidae (Order Squamata) 

and is one of the largest lizard species found in New Zealand (Germano, 2007; Collen et al., 

2009). Adult mean snout to vent length (SVL) is estimated to be around 112.3 mm (max. 125 

mm), with skinks reaching sexual maturity at 101-106 mm SVL (Cree & Hare, 2016). Male 

Otago skinks typically have a wider head in relation to SVL compared to females, while 

females typically have a longer trunk (area between axilla and groin) relative to SVL than 

males (Cree & Hare, 2016). Otago skinks have an estimated lifespan of 21-23 years in the 

wild, however this can increase to 40-45 years in captivity (Cree & Hare, 2016). Females are 

able to reproduce at three to four years of age, although some females in the wild may not 

reproduce until six years of age, and some females in captivity have reproduced at two years 

of age (Collen et al., 2009; Cree & Hare, 2016). Females produce on average 2.34 offspring 

(range = two to three), with most individuals in the wild reproducing annually (Cree, 1994), 

although larger clutches (five to six offspring) have been reported in captivity (Collen et al., 

2009). Mating commences in early autumn, vitellogenesis occurs in mid-autumn, and 

ovulation occurs in spring (Cree & Hart, 2016). Gestation usually lasts around four to five 

months between early spring to late summer (Cree & Hare, 2016).  
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Figure 1.1. Sub-adult Otago skink, with bold gold markings, seen basking on a rock tor in 

the outdoor enclosure at Ōrokonui Ecosanctuary. Photography by Holly Thompson, 2020. 

 
 

Otago skinks are endemic to the mid-altitude, seral tussock grassland habitat of 

Otago, New Zealand where they inhabit valleys and sides of streams (Tocher, 2003; 

Roughton & Seddon, 2006; Chapple et al., 2012). Otago skinks inhabit areas consisting of 

schist rock outcrops and vegetation containing a mixture of shrublands. These shrublands 

range from short to long tussocks, fruiting plants, and native plant species such as kanuka 

(Kunzea ericoides) and manuka (Leptospermum scoparium) which are the dominant species 

in Macraes (Tocher, 2003; Roughton & Seddon, 2006; Chapple et al., 2012). The schist rock 

outcrops containing crevices, fissures and loose slabs provide Otago skinks with retreat sites 

to escape harsh weather conditions, predators and other threats (Coddington & Cree, 1997). 

The diet of Otago skinks includes fruits from shrubs such as Coprosma taylorae and 

Leucopogon fraseri, along with small bodied coleopterans and large bodied dipterans 

(Calliphoridae) (Tocher, 2003).   
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1.5  Current Otago skink distribution and risks 

Otago skinks were discovered in the late 19th century, but were not formally named until 

1955 (Whitaker & Loh, 1995). In 1962, populations were discovered on schist rocks in 

Middlemarch and a few decades later, further populations were found ranging from the east 

of the Alps in Central Otago to Macraes Flat in eastern Otago (Whitaker & Loh, 1995). 

Conservation concerns for this lizard species started to increase in the 1970’s when Otago 

skink population numbers started to diminish (Whitaker & Loh, 1995). Population declines 

were thought to be mainly caused by human colonization resulting in habitat destruction and 

fragmentation via pastoralism through farming (Towns & Daugherty, 1994; Chapple et al., 

2012). Another leading factor in population declines are that of the introduction of invasive 

mammalian and avian predators such as; feral cats (Felis catus), stoats (Mustela erminea) and 

ferrets (Mustela furo), especially for the skink populations residing in Macraes (Middlemiss, 

1995; Whitaker & Loh, 1995; Reardon, et al., 2012).  

 

Local extinction of several populations has occurred in the past 40 years with Otago 

skinks now being restricted to two regions; between Macraes and Sutton in eastern Otago and 

between Lake Hawea and Lindis Pass in western Otago (Chapple et al., 2012). Extant 

populations are very small, consisting of less than 60 individuals, with the largest populations 

residing in the Macraes Flat area (Chapple et al., 2012). In 1995 it was predicted that Otago 

skinks occupied 8% of their former range, with less than 5000 individuals remaining in the 

wild (Chapple et al., 2012). Otago skinks are now listed as “Nationally Endangered” under 

the national threat classification criteria according to the Department of Conservation, New 

Zealand, and are listed as “Endangered” by IUCN standards (Hitchmough et al., 2016; van 
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Winkel et al., 2019). Conservation efforts were successful in increasing population numbers 

with NZTCS ranking for Otago skinks changing from “Nationally Critical” to “Nationally 

Endangered” in 2015 (Hare et al., 2019).  

 

Conservation management has become an important tool in the recovery of Otago 

skink populations (Tocher, 2006). Conservation management for Otago skinks began in the 

early 1980s (Hare et al., 2019), with a combination of mammal proof fences and trapping of 

predators such as feral cats and ferrets successfully protecting the Macraes Otago skink 

population (Tocher, 2006; Reardon et al., 2012). Small populations of Otago skinks have also 

been established in fenced, mammal proof enclosures located in Central Otago near the 

township of Alexandra and to Ōrokonui Ecosanctuary located 20 km north of Dunedin 

(Norbury et al., 2014; Bogisch et al., 2016). Thirty Otago skinks originating from private 

collections and zoo’s in the North island were released into an enclosure at Ōrokonui 

ecosanctuary in November 2013 to provide a population for outreach and advocacy, and this 

has demonstrated short term success (Bogisch, et al., 2016). However, predation of juveniles 

and sub-adult Otago skinks by adult Otago skinks has been observed within the enclosure 

(Bogisch et al,, 2016; Elangovan et al., 2020). Therefore, considering conspecific aggression 

and social organization in the planning of translocations may be important. In the next 30 

years it is predicted that wild Otago skinks in the western region and non-protected eastern 

regions will become extinct (Hare et al., 2019). Those individuals in protected eastern areas 

are still vulnerable to stochastic effects if conservation management is reduced (Hare et al., 

2019). Thus, research into the behaviour and ecology of these skinks will be important to 

their ongoing conservation.   
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1.6 Otago skink social behaviour 

Relatively little is known about Otago skink behaviour or personality. Otago skink home 

ranges are estimated to range between 200-5,400 m2 (Germano, 2007). Males have larger 

home ranges than females, and gravid females have smaller home ranges than non-gravid 

females (Germano, 2007). Otago skinks have been observed basking in pairs (both same-sex 

and different sex pairings) for at least three weeks in the summer, spring and autumn months 

(Coddington & Cree, 1997). Larger social groups of up to three to four basking adults and 

juveniles have also been observed in the wild (Coddington & Cree, 1997). An aggregation of 

eight individuals, consisting of seven juveniles and an adult female, has also been observed at 

Ōrokonui Ecosanctuary (Elangovan, 2019). Large aggregations of juveniles were observed, 

with more than half of the interactions observed in autumn and winter being made up of 

juvenile-juvenile interactions (Elangovan, 2019). This therefore suggests a potential age-

related effect on sociality levels in this population.  

 

        Otago skinks at Ōrokonui Ecosanctuary display relatively stable social interactions 

between adults and sub-adults over a period of at least seven months (Elangovan, 2019). 

However, aggressive behaviours have also been observed in this population leading to death. 

One adult skink died two days after a fight due to injuries sustained, and a sub-adult was 

eaten by another adult after a fight between the two skinks (Elangovan et al., 2020). Given 

the extent of aggressive behaviour displayed by Ōrokonui Otago skink adults and sub-adults, 

it raises the question of whether there are age-related differences in aggression, and 

potentially other behaviours such as sociality, boldness and exploration.   
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There have been no studies on Otago skinks that examine variation in behaviour in 

different age-groups. However, differences in temporal variation of behaviours such as 

sociality, aggression, boldness and exploration have been observed for other species 

(Polverino et al., 2016), and therefore begs the question of whether the same trends occur in 

Otago skinks. Do juvenile and sub-adult Otago skinks also demonstrate increased variation in 

these personality-related traits compared to adults who potentially demonstrate higher levels 

of stability as they have surpassed developmental stages?  

 

 

1.7 Thesis Objectives 

There is little else known about the behaviour of Otago skinks relating to personality traits, or 

how they may change over the lifespan of an individual. Ontogenetic changes in personality 

have been demonstrated in a range of different mammalian, reptilian and insect species and 

there is also some indication of effects of age on aggression and sociality levels of Otago 

skink. This therefore raises the question of whether personality traits differ between juvenile, 

sub-adult and adult Otago skinks.  

 

This study will examine the behaviour of the Otago skink (Oligosoma otagense) 

individuals at Ōrokonui Ecosanctuary through the use of photographic surveys and 

behavioural assays. There are three main objectives in this study.  

 

The first objective of this study was to examine whether Otago skink individuals were 

demonstrating repeatability in the behaviours of aggression, boldness, exploration and 

sociality and therefore indicative of personalities.  
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The second is to understand whether there is a difference in personality-related traits 

or behaviours of aggression, boldness, exploration and sociality between adult, sub-adult and 

juveniles. Since ontogenetic differences in personality seem common in mammals, birds, 

insects and other reptilian species, I expected that Otago skinks may also demonstrate some 

ontogenetic differences in personality.  

 

Specifically, since previous research has found adults tend to have higher levels of 

aggression than juvenile or sub-adults; (Groves, 1978; Enoksson, 1988; Riley et al., 2017), I 

expected that Otago skink adults would have higher aggression levels than sub-adults and 

juveniles. Adults may demonstrate increased aggression levels due to being dominant within 

the population and needing to defend their potential territories, food sources, mates and 

offspring within the enclosure (Groves, 1978; Enoksson, 1988; Hyman et al., 2004; 

Parthasarathy et al., 2019; Chopik & Weaver, 2019). Sub-adults may also display increased 

aggression levels to compete with adults for space, food and mates (Riley et al., 2017).  

 

Similarly, since previous research in other species has found that adults demonstrate 

lower levels of sociality, boldness and exploration; (Chapple & Keough, 2006; Gyrius et al., 

2012; Bajer et al., 2015; Le Galliard, 2015; Sakai, 2018). I expected that juveniles may 

demonstrate increased levels of sociality, exploration, and boldness compared to adults. 

Juveniles and sub-adults may demonstrate increased sociality due to utilizing basking 

aggregations for thermal fitness benefits and also remaining in social groups with their 

parents before dispersing (Dunffield & Bull, 2002; Le Galliard, 2015; Elangovan, 2019). 

Adults may demonstrate decreased levels of sociality if they demonstrate increased levels of 

aggression (Capitanio, 1999; Brien et al., 2013; Le Galliard, 2015). I expected that juveniles 

and sub-adults would demonstrate higher levels of exploration due to potentially having to 
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explore further distances to obtain food required for energy and growth and also to avoid 

competition for space and food and potential predation from larger adult conspecifics (Gyrius 

et al, 2012; Bajer et al., 2015; Sakai, 2018). Adults may demonstrate decreased levels of 

exploration due to having an established territory and being able to easily access food and 

potential mates due to increased dominance levels (Riley et al., 2017).  I expected that 

juveniles and sub-adults may potentially demonstrate bolder tendencies due to needing to 

behave risk-prone to obtain food for energy and growth (Whiting et al., 2006; Bajer et al., 

2015; Sakai, 2018). Juveniles and sub-adults may also be bolder than adults due to increased 

naivety associated in experience (Whiting et al., 2006).  

 

The third objective is to examine whether there is temporal variation in these 

personality-related or behavioural traits for adults, sub-adults and juveniles. To address this 

objective, I will compare behaviour measures in this current study with a study carried out in 

2018 on the same population of Otago skinks (at Ōrokonui ecosanctuary) using the same 

survey methods (Elangovan, 2019; Elangovan et al., 2020). I expected that juveniles and sub-

adults may demonstrate more variation in their behavioural measures than adults who should 

show less variation in their behavioural measures (Neave et al., 2020). This could be due to 

juveniles and sub-adults being in developmental growth periods and experiencing a relatively 

novel environment, therefore having increased flexibility in their behaviours would be 

beneficial (Neave et al., 2020).  

 

It is crucial to gain a greater understanding of the ontogenetic changes in social 

behaviours and potential personality traits of the Otago skink to ensure that the appropriate 

conservation actions are taken at their different age points (Brooker et al. 2016). For example, 

if it is seen that adults are attacking and preying on the juveniles, this could mean that in 
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future translocations juveniles are housed separately from adults or the enclosure is enlarged 

to prevent potential space competition. Having an increased knowledge in the personalities of 

Otago skinks may add to the understanding of their ecology, evolution and conservation, 

therefore aiding in growing the diminishing Otago skink population.  
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2. Materials and Methods 

2.1 Study site 

This study was carried out at Ōrokonui Ecosanctuary located in the South Island (45°46’S, 

170°36’ E), 23.2 km north of Dunedin. Ōrokonui Ecosanctuary is a mainland reserve 

containing regenerating and remnant native forest, predominantly secondary forest, along 

with exotic grassland and shrub spanning a total of 307 hectares (Bogisch et al., 2016; 

Elangovan, 2019). This reserve is surrounded by a 2-metre high, 8.7 km long predator fence 

that was erected in 2007 (Jarvie et al., 2015; Bogisch et al., 2016; Tanentzap & Lloyd, 2017; 

Elangovan, 2019). Since then, mammalian predators have been almost completely eradicated 

from the reserve (Bogisch et al., 2016, Tanentzap & Lloyd, 2017; Elangovan, 2019). Mice 

(Mus musculus) remain in small areas of the reserve but are controlled and reinvasions of the 

main mammalian pests; possums (Trichosurus vulpecula), stoats (Mustela erminea), weasels 

(Mustela nivalis), and cats (Felis catus); are detected via routine checks of the 64 km 

trapping lines (Tanentzap & Lloyd, 2017; Elangovan, 2019).  

 

The Otago skink enclosure within Ōrokonui Ecosanctuary has an approximate area of 

109m2, surrounded by an 85cm high fence (Bogisch et al., 2016; Elangovan, 2019). The 

enclosure is 16.2m by 9.8m and oval in shape. This enclosure allows easy viewing of the 

Otago skinks without having to enter the enclosure. The enclosure is not skink-proof 

however, and Otago skinks have been observed outside the enclosure (Elangovan, 2019). 

Within the enclosure, schist and rock slabs are stacked to form rock outcrops (called tors) 

mainly around the perimeter of the enclosure, and they are surrounded by shrub and native 

tussocks to mimic their natural environment (Figure 2.1). The skinks use the rock tors to bask 

and use the rock crevices as a retreat site. Crevices used for retreat sites are approximately 

200 - 650mm deep and do not drop below 1.5℃ (Bogisch et al., 2016). This provides a safe 
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retreat site where the skinks can escape threatening situations and adverse weather conditions 

(Bogisch et al., 2016; Elangovan, 2019). Thirty Otago skinks originating from private 

collections in the North Island and zoos were released into the enclosure during late austral 

spring on November 20th 2013, (Bogisch et al., 2016; Elangovan, 2019).  

 

 

 

 

 

 

 

 

 

 

 

 

 

2.2 Identification of individual Otago skinks 

Photographs of skinks were used to identify the individuals present in the enclosure based on 

their unique pattern markings. The nose and foreleg regions, particularly around the ears, 

were the best locations for distinguishing between individuals (Gebauer, 2009). This method 

is also used by the Department of Conservation (DOC) to monitor wild populations, and in 

other research carried out on Otago skinks at Ōrokonui Ecosanctuary (Reardon et al. 2012; 

Elangovan, 2019). Each skink in the enclosure was allocated a unique ID number.  

 

Figure 2.1. Example of the rock tors present in the Otago skink enclosure at 

Ōrokonui Ecosanctuary. Photograph by Holly Thompson, 2020. 
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Photos obtained from a capture session carried out in 2017 (Elangovan, 2019) were 

used as reference photographs to aid in identifying the individual skinks present in the 

enclosure during my study. I also constructed an additional photo identification library 

containing photos of new skinks present in the enclosure that were not present in the previous 

study. For each individual skink, photos were obtained that clearly showed all the unique 

pattern markings around the nose and foreleg regions.  

 

Age-group is usually determined by SVL (snout to vent length) where adults usually 

have a SVL of around 112-142 mm, sub-adults from around 92-108mm, and juveniles from 

around 66-70 mm (Bogisch et al., 2016; Cree & Hare, 2016). However, the skinks were not 

able to be handled in this study, therefore photographs and observations from my 

photographic surveys along with photos obtained in 2017 and 2018 were used to classify 

skinks into one of three age-groups; adults, sub-adults or juveniles (Figure 2.2). Relative 

body size was the main indicator used to determine age-group, along with boldness of body 

markings. Those with darker and bolder markings were typically younger (Figure 2.2). 

Relative body size was used to identify age-groups where individuals identified as adults in 

2017 and 2018 were classified as adults in my study, and sub-adults from 2017 and 2018 that 

were now the same size as adults during my study were also classified as adults. Individuals 

that were not quite as large as adults were classified as sub-adults. Individuals born during 

the study were classified as juveniles along with any other individuals that appeared 

considerably smaller than sub-adults.    



	 29	

 

 

 

 

 

 

 

 

 

 

 

 

 

 

2.3 Sample periods 

My study was carried out in two data collection periods. The first sample period was carried 

out from the 16th of January until the 20th of March, and the second sample period was carried 

out from the 3rd of June until the 5th of October. Due to the covid-19 lockdown, data was not 

collected between these two sample periods. Collecting data from two time periods, one 

during Summer and Autumn and the other during Winter and Spring, allowed me to explore 

whether there was any temporal variation in their aggression, sociality, boldness and 

exploration levels.  It also allowed me to test whether any of the behavioural traits that were 

measured were repeatable, and therefore represented personality traits. Behaviours between 

sample periods were chosen to be analysed instead of between seasons due to not enough 

Figure 2.2. Examples of the three age-groups: juveniles (top), sub-adults (middle), 

and adults (bottom) Otago skinks at Ōrokonui Ecosanctuary. Photograph by Holly 

Thompson, 2020.  
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time and observations in each season to reflect examine potential seasonal shifts in 

behaviours for the different age-groups.  

 

 

2.4 Photographic Surveys 

In order to document the sociality, boldness, exploration and aggressive tendencies of each 

individual skink, photographic surveys were carried out two to three times a week from the 

16th of January until the 20th of March and from the 3rd of June until the 5th of October. 

Surveys were carried out twice a day, with a minimum of an hour in between surveys. In the 

warmer months of January to March, the surveys occurred between the hours of 10.00 am to 

12.30 pm. In the cooler months of June to October, the surveys occurred between the hours of 

12.00 pm to 3.30 pm. Surveys were carried out later in the day during the colder months as 

this was typically the warmest part of the day and therefore there was an increased chance of 

observing the majority of the skinks out basking. There were some weeks during the colder 

months of May to October where photographic surveys were not possible due to extreme 

weather conditions. For example, if there were temperatures below 7°C and forecasts of rain 

and/or thick fog, photographic surveys were not carried out.  

 

Surveys involved photographing all skink individuals who were visible in the 

enclosure at that time. The skink enclosure was divided into 11 different rock tor areas to 

enable identification of the location of each observation. Rock tors were identified as distinct 

rocky outcrops separated by shrub and other vegetation, and were allocated a number from 1 

to 11, with tor 1 beginning at the carved statue (Figure 2.1) At the start of each survey, the 

weather conditions (i.e. presence of sun, cloud, wind, and rain) and temperature (in degrees 

Celsius) were recorded using the website yr.no (served by the Norwegian Meteorological 
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Institute and NRK). Each photographic survey began at the same location (tor 1) and 

continued in a clock-wise direction around the enclosure, ending at tor 11. Sudden 

movements and loud noises were avoided to prevent startling the skinks. An additional rock 

tor approximately 50 m from the enclosure was occasionally occupied by an Otago skink, and 

was added to the end of each survey (tor 12). To ensure all skinks were accounted for during 

the survey, I walked around the perimeter of the enclosure twice, examining all tors. If 

individuals were seen more than once during the survey, I would only record the first sighting 

or the sighting where they were present in a group.  

 

When a skink was observed, photos were taken from as many angles as possible using 

a Canon EOS 1100D camera with 4x optical zoom. The time of the observation, tor number 

(1 to 12), age-group of the skink, whether the skink was found in a group or alone, presence 

or absence of the tail tip, and the distance to closest crevice was recorded for each sighting. 

The distance to closest crevice was recorded categorically as either in a crevice (part of their 

body in a crevice), less than a body length, a body length, or, more than a body length away 

from the crevice. Tail-tips of individuals were assessed by observations and photographs 

taken, and was used to reflect the potential occurrence of aggressive interactions with 

conspecifics. If part of the tail was missing and with no visible regeneration then this was 

recorded as “absent”, whereas if the tail was unscathed, with nothing missing or regenerated 

it was recorded as “present”. Regenerated tails were recorded as present as this tail-tip 

observation aimed to examine current events of aggression, and not historic cases of 

aggression. However, the absence of a tail-tip could also reflect a predation attempt by an 

avian predator (Kelehear & Webb. 2006; Higham et al., 2013). During this study cause of 

damaged tail-tips were not able to be distinguished between predation attempt or conspecific 

aggression. Skinks were considered to be ‘in a group’ if they were within 10cm and could be 
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seen by the other skink (Elangovan, 2019). The number of other skinks present in the group 

was also noted. When skinks were classified as ‘in a group’, it was also recorded whether 

individuals were interacting passively or aggressively. A individual interacting passively was 

classified as a skink demonstrating no change in behaviour. An individual interacting 

aggressively was recorded as a skink demonstrating displacement behaviours resulting in 

chasing and/or fighting (Elangovan, 2019). Each skink was observed for a total of one 

minute, and the behaviour and movement of the skink was recorded during this time. 

 

 

From data collected in the photographic surveys, measures of sociality, aggression, 

boldness, and exploration were derived for each individual (Table 2.1 provides a summary of 

these measures).  
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Table 2.1. A description of Photographic Survey behavioural trait variables and how they 
were analysed. 
Personality-
related Trait 

Variable name Description Analysis used 

Boldness Sessions Sighted Proportion of sessions an 
individual was sighted  

GLMM with 
binomial 
distribution 

Boldness Crevice distance Proportion of sightings 
present more than a body 
length away from a crevice 
for each individual 

GLM with quasi-
binomial 
distribution 

Exploration Number of tors 
visited 

Total number of tors an 
individual was sighted at 

GLM with quasi-
poisson 
distribution 

Exploration Time spent at 
favourite tor 

Proportion of sightings 
present at the tor they were 
observed most frequently 
at, for each individual 

GLMM with 
binomial 
distribution 

Sociality Sightings in a 
Group 

Proportion of sightings in a 
group for each individual 

GLMM with 
binomial 
distribution 

Sociality Biggest Group Size of largest social group 
for each individual 

Chi-square 

Aggression Aggressive 
Interactions 

Whether an individual 
demonstrated an aggressive 
interaction 

Chi-square 

Aggression Tail-tip status Whether an individual was 
missing their tail tip or not 

Chi-square 

 

Two measures were used to represent boldness; (1) the proportion of sightings present 

more than a body length away from a crevice, and (2) the proportion of sessions an individual 

was sighted. The category of “more than body length” away from a crevice was used to 

represent boldness, because a lizard basking more than a body length away from a crevice 

cannot retreat back to a crevice as quickly as those basking at a closer proximity, therefore 

could be considered bolder. The proportion of sessions sighted in was calculated by dividing 

the number times an individual was sighted by the total number of photographic surveys (i.e. 
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sessions) carried out. Because some juveniles were born part-way through the study, the 

proportion of sessions they were observed in was calculated from the first sighting of a 

neonate juvenile (session 25) rather than the total number of photographic survey sessions.  

The proportion of sightings basking more than a body length away from a crevice was 

calculated by dividing the number of sightings an individual was present more than a body 

length away from a crevice by the total number of sightings for that individual.  

 

Two measures were calculated to represent exploration behaviour; (1) the proportion 

of sightings present at their favourite tor, and (2) total number of different tors visited for 

each individual. If an individual had more than one favourite tor (i.e. had two or more tors 

with the same number of highest number of sightings at) they were allocated a N/A for the 

favourite tor analysis due to the analysis not being able to run correctly with more than one 

favourite tor. Proportion of sightings at a favourite tor was calculated by divided the number 

of sightings present at a favourite tor by the total number of sightings.  

 

Two measures were calculated to represent sociality; (1) the proportion of sightings 

the individual was observed in a social group, and (2) the size of the largest social group each 

individual was present in. The proportion of sightings present in a group was calculated by 

dividing the number of sightings present in a group by the total number of sightings.   

 

Two measures were calculated to represent aggression levels; (1) whether or not they 

were recorded acting aggressively in an interaction, and (2) whether their tail-tip was missing 

or not (Table 2.1).  
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2.5 Behavioural Assays 

In order to further assess boldness levels of individual skinks, behavioural assays were 

carried out on 13 occasions from the 24th of February until October 5th 2020. Behavioural 

assays were carried out between the hours of 10.00am – 12.30pm in the warmer months of 

February to March, and between 12.00 – 3.30pm in the colder months of June to October. 

Behavioural assays were carried out after the photographic survey so that any disturbance 

caused by the behavioural assay did not impact the photographic survey data. Behavioural 

assays involved presenting an individual skink with a novel stimulus; two pieces of yellow 

and red Lego attached to the end of an 80cm strand of fishing line on the end of a 2-metre 

telescopic pole (Figure A1.1). Skinks were selected at random for behavioural assays by 

walking around the perimeter of the enclosure. Skinks who were emerged and within reach of 

the 2-metre telescopic pole were selected for the assays.  Skinks further than 2-metres away 

were not assayed because they could not be reached by the telescopic pole. The camera was 

then placed on the top of the enclosure fence to video the assay, ensuring the skink was in 

view. I carefully moved the stimulus to approximately 10 cm in front of the skink to ensure 

that it detected the stimulus. I observed the skink’s behaviour for one minute, recording the 

latency to initiate fleeing (seconds) into a crevice and whether the skink approached the 

stimulus or not. Once the skink fled, the novel stimulus was retracted and I waited 30 seconds 

for the skink to re-emerge, and recorded the latency to re-emerge (seconds). If the skink did 

not re-emerge after 30 seconds, I recorded that the skink did not re-emerge. Latency 

measures were measured using a stopwatch on a cellphone in seconds. While I aimed to test 

all skink individuals at least three times over the course of the study, one adult and four 

juveniles were not tested at all, and two adults, one sub-adult and three juveniles were either 

tested only once or twice. This was because these skinks were either not observed, or they 

were out of reach of the telescopic pole when assays were carried out. 
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The videos of each behavioural assay were later used to ensure the recording of 

latency measures were accurate. Videos were also used to observe and record more detailed 

accounts of behaviours in response to the novel stimulus (Appendix 3).  

 

Five measures of boldness were quantified from the behavioural assays; (1) whether 

the individual approached or touched the stimulus or not, (2) whether the individual fled 

before placement of the stimulus (< 1 second of stimulus placement), or after placement of 

the stimulus (≥ 1 second after placement of stimulus), (3) the time taken before the individual 

fled (seconds), (4) whether the individual re-emerged within 30 seconds after fleeing, and (5) 

the time taken before the individual re-emerged (seconds) (Table 2.2).  
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Table 2.2. A description of the behavioural assay boldness variables and how they were 
analysed.  
Personality-related 
Trait 

Variable Definition  Analysis used 

Boldness Approached or Not Whether an 
individual 
approached and/or 
touched the stimulus 

- 

Boldness Fled Before or After 
Stimulus 

Whether the 
individual fled 
before placement the 
stimulus (<1 second 
of stimulus 
placement), or after 
placement of the 
stimulus (≥1 second 
after placement of 
stimulus) 

GLM with binomial 
distribution 

Boldness Flee Time Time taken until 
initiation of fleeing 
after placement of 
stimulus (seconds) 

Kruskal-test 

Boldness Re-emerged or Not Whether an 
individual re-
emerged within 30 
seconds 

GLMM with 
binomial distribution 

Boldness Re-emerging Time Time taken to 
initiate re-emergence 
after fleeing 
(seconds) 

GLMM with poisson 
distribution 
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2.6 Temporal variation and repeatability of behaviours 

To examine longer-term changes in behavioural traits, I compared photographic survey 

behavioural measures from the two sample periods in my study with the same photographic 

survey behavioural measures collected from a previous photographic survey carried out on 

same Otago skink population in from 17th of April to the 24th of October 2018 (Elangovan, 

2019; Elangovan et al., 2020). The study by Elangovan (2019) was comprised of 61 

photographic surveys, which I split into two sample periods (see Table 2.3). This comparison 

was used to examine whether there was repeatability in behavioural variables of; sessions 

sighted in, sightings in a group, biggest group, time spent at favourite tor, number of tors 

visited and aggressive interactions, over the four sample periods. Distance from crevice and 

tail-tip status were not tested for repeatability because these variables were not measured in 

Elangovan (2019). The repeatability of the behaviour is determined by estimating how much 

of the variation in the behavioural variable is explained by identity of each skink by 

calculating a repeatability estimate (R). Behaviours that show a high repeatability estimate 

may represent personality traits. Repeatability estimates at 0.5 or higher was used as a 

threshold for high repeatability.  
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Table 2.3. The four sample periods examined for repeatability and temporal variation of 
photographic survey variables. Each sample period has a description of origin of the sample 
period, number of sessions, and number of juvenile, sub-adult and adult Otago skinks tested.  
Name of 
Sample Period 

Origin of Sample 
Period 

Number 
of 

sessions 

Number of individuals examined 
for repeatability and temporal 

variation 
Juveniles Sub-adults Adults 

Sample Period 
1 

Elangovan (2019) 
first sample period 
(17th April – 5th 
August 2018) 

30 - 5 12 

Sample Period 
2 

Elangovan (2019) 
second sample 
period  
(6th August - 24th 
October 2018) 

31 - 5 12 

Sample Period 
3 

Present study’s first 
sample period 
(16th January – 20th 
March 2020) 

43 9 5 12 

Sample Period 
4 

Present study’s 
second sample 
period  
(6th June – 5th 
October 2020) 

33 9 5 12 

 

 

 

 I also investigated whether there was an age-related effect on stability of behaviours 

over the four sample periods by examining temporal variation in the photographic survey 

behavioural traits described above. Increased variation of the behaviours over the four sample 

periods would suggest that the individuals were not behaving consistently over time. Three 

comparisons between the four sample periods were analysed for each behavioural 

variable/trait; sample period 1 versus sample period 2, sample period 2 versus sample period 

3, and sample period 3 versus sample period 4.  

 

Repeatability and temporal variation of the photographic survey behavioural variables 

was examined over the four sampling periods where possible. However not all individuals 



	 40	

were present in all four sampling periods, because individuals were either born part-way 

through the study period, or died part-way through the study period (Table 2.3). For 

example, juveniles born during the present study were only examined for two sampling 

periods. Three out of the 12 juveniles could not be tested for repeatability and temporal 

variation due to only being present in one sample period. 12 adults in the present study were 

present in Elangovan (2019) study, one of which was classified as a sub-adult. All five sub-

adults in the present study were also present in Elangovan (2019) study, where they were also 

classified as sub-adults (Table 2.3).  

 

Repeatability of the behavioural assay boldness variables were also examined over the 

two sample periods of the current study for eight adults, five sub-adults and eight juveniles 

over the 13 behavioural assay sessions. 

 

2.7 Statistical analysis 

All statistical analyses and some graphing was carried out using R version 3.6.3 (R 

Development Core Team, 2016). Some graphs were also made in Microsoft Excel Version 

15.20 (2016).  

 

2.7.1. Examining age-related differences in behaviour 

Before I began to examine how behavioural traits differed between age groups, I first wanted 

to determine whether the measured behavioural variables were independent of each other (i.e. 

multiple variables were not all representing the same aspect of the behavioural traits (i.e. 

aggression, boldness, exploration, and sociality). In order to understand whether any of the 

measured variables were clearly correlated (and therefore representing the same aspect of a 

behavioural trait), pair-wise scatter plots were used for visual exploration of correlation 
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between the photographic survey and behavioural assay variables, separately. From visually 

examining the pair-wise scatterplots there did not appear to be any strong correlations 

between the variables in either dataset, therefore all measured variables were retained for 

analysis.  

 

In order to understand whether the measured behavioural traits differed between age-

groups for the two sampling periods in my study, I used a range of different analyses 

(generalised linear mixed model (GLMM), generalised linear model (GLM), chi-square test 

and Kruskal Wallis test), depending on the distribution of the response variable, and whether 

the initial GLMM would converge. For the proportion of sessions sighted in, proportion of 

sightings at a favourite tor, proportion of sightings in a group and whether an individual re-

emerged or not, a binomial GLMM (Bernoulli trials > 1) with a logit link was used, using the 

function glmer in package lme4 (Bates et al., 2015). In these analyses, the response variable 

consisted of the number of successes (e.g. number of occurrences an individual was not 

sighted, in a group, at favourite tor, re-emerged) and the number of failures (e.g. number of 

occurrences an individual was not sighted, not in a group, not at favourite tor and not re-

emerging). Age-group and sample period were included as fixed effects, while the ID of 

individuals was included as a random effect. An interaction term between age-group and 

sample period was also included, however non-significant interactions were removed from 

the final model. A poisson GLMM using the log link was run for re-emerging time for each 

sample period with age-group as a fixed effect and ID of the individuals as a random effect. 

This GLMM had to be run separately for each sample period due to data being singular fit. 

Since this analysis was testing the response variable twice (i.e. once for each sample period) a 

Bonferonni-correction was applied to p-values. The original alpha level of 0.05 was divided 

by two. The corrected p-value threshold was 0.025. The Anova function in the package car 
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(Fox & Weisberg, 2019), was used to test the significance of the main effects and interaction 

terms, and Tukey post hoc tests using the function glht in the package multcomp (Hothorn et 

al., 2008) were carried out to determine which age-groups were significantly different from 

each other. Delta marginal R2 and delta conditional R2 were calculated for each model using 

function r.squaredGLMM in package MuMIn (Barton, 2009). Delta marginal R2 measured 

how much of the model variance is explained by the fixed effects, while delta conditional R2 

measured how much of the model variance is explained by the complete model.  

 

For all other variables, where there was too little variation in the response variable, or 

the model returned a singular fit, a GLM was used to analyse the effect of age group on the 

response variable, with a separate GLM run for each sample period and age-group included 

as a predictor variable. A binomial GLM (Bernoulli trials > 1) was used to analyse whether 

an individual fled before or after the placement of the stimulus. For GLMs where the 

response variable had a dispersion above 1.5 or below 0.7, a quasi-family was used to 

account for over or under-dispersion respectively. A quasi-poisson GLM using a log link was 

used for number of tors visited. A quasi-binomial GLM (Bernoulli trials > 1) using the logit 

link was used for proportion of sightings present more than a body length from a crevice. In 

this analysis, the response variable consisted of the number of successes (i.e. number of 

occurrences an individual was present more than a body length away from a crevice) and the 

number of failures (i.e. number of occurrences an individual as not present more than a body 

length away from a crevice). An anova likelihood ratio test was used to test the significance 

of age-group, and Tukey post hoc tests using the function ghlt in the package multcomp 

(Hothorn et al., 2008) were run to determine which age-groups were significantly different to 

each other.  
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For variables where there were too few occurrences in the data along with too little 

variation in the response variable, or the model returned a singular fit, chi-square analyses 

were run separately for each sampling period. Chi-square analyses, using the chisq.test 

function, were used to examine number of individuals from each age-group missing their tail-

tip, number of individuals from each age-group who displayed aggressive behaviours and 

size of biggest group interaction for each individual. Because there was no aggressive 

behaviours observed in sample period 2, this variable was not analysed in sample period 2. 

Fisher-test p-values were used for these analyses due to chi-square approximations 

potentially being incorrect. For all GLM’s and chi-square analyses a Bonferonni-correction 

was applied to p-values from these model because the response variable was tested twice (i.e. 

once for each sample period). The original alpha level of 0.05 was divided by two. The 

corrected p-value threshold was 0.025. 

 

A Kruskal-Wallis non-parametric test, using the function kruskal.test was used to 

examine the effect of age-group on the time taken to initiate fleeing because it did not fit a 

poisson distribution (due to the presence of non-integers), and it could not be transformed to 

normality.  

 

Finally, because there were only three instances where individuals approached and 

touched the stimulus, statistical analysis was not possible for this variable.  

 

2.7.2. Repeatability and temporal variation of behaviours 

Firstly, to examine if the photographic survey behavioural variables of individuals were 

repeatable between sample periods, and therefore demonstrating a personality, I calculated a 

repeatability estimate using the R package rptR with the function rpt (Bates et al., 2015).   
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 GLMM- models using the link scale method were used to test for repeatability 

estimates of behavioural variables, where age-group was included as a fixed effect and ID 

was included as a random effect. Repeatability of the photographic survey variables of 

proportion of sessions sighted in, proportion of sessions at favourite tor, proportion of 

sessions sighted in a group and proportion of interactions aggressive in nature were analysed 

using the “Proportion” data type. Repeatability of biggest social group present in and number 

of tors visited were analysed using “Poisson” data type. For the behavioural assay variables 

of whether an individual fled before or after the placement of the stimulus, and whether an 

individual re-emerged or not, a “Binary” data-type was used. For time taken to initiating 

fleeing and time taken to initiate re-emergence, a “Poisson” data-type was used. The variable 

of whether an individual approached and touched the stimulus was not able to be tested for 

repeatability due to only three instances where this occurred. The repeatability coefficient (R) 

and standard error, along with the 95% confidence interval were reported. An anova 

likelihood ratio test was used to test the significance of the random effect of ID. However, a 

test of significance for the fixed effect of age-group as not been implemented as of yet (rptR, 

version 0.9.22). 

 

 To analyse the temporal variation of the photographic survey behavioural variables 

between the four sample periods, GLMs were used. This temporal variation analysis aimed to 

examine whether a behavioural variable (i.e. proportion of sessions sighted in, etc.) in one 

sample period correlated with the same behavioural variable in the following sample period 

and whether age-group had an effect on this correlation. For each behavioural variable, three 

analyses were run – comparing each consecutive pair of years. The response variable in these 

analyses is the behavioural variable (i.e. proportion of sessions sighted in, etc.) in the given 
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sample period. Age-group and the following sample period (i.e. the sample period being used 

for comparison) were the predictor variables and an interaction term between age-group and 

the following sample period was included in the final model. A significant interaction term 

for a behavioural variable would indicate that individuals are behaving consistently the same 

between sample periods (e.g. are sighted in approximately the same proportion of sessions in 

each sample period), however one age-group is behaving significantly more consistent than 

the other age-groups.  A binomial GLM using the logit link was used to analysis temporal 

variation for proportion of sessions sighted in groups, while quasi-binomial GLMs were used 

to analyse temporal variation of proportion of sessions sighted in and proportion of sightings 

present at favourite tor due to either under- or over-dispersion in data. A poisson GLM using 

the log link was used to analyse temporal variation for the sample period 1 versus 2 

comparison of biggest group size. Quasi-poisson GLMs were used for the other two biggest 

group size sample period comparisons, and all sample period comparisons for number of tors 

visited due to under-dispersion of the data. When examining the temporal variation of 

aggressive interactions, the sample period 2 versus 3 comparison was the only GLM analysis 

that would successfully run. There was not enough variation in the data for the other two 

season comparisons for a GLM analysis to run, therefore these comparisons were unable to 

be examined. An anova likelihood ratio test was used as the test of significance for these 

analyses. A Bonferonni-correction was applied to p-values from these models because of the 

large number of hypothesis tests carried out in this analysis. The original alpha level of 0.05 

was divided by nine (i.e. the number of sample comparison tests that were carried out for 

each photographic survey response variable). The corrected p-value threshold was 0.0056.  
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3. Results 

3.1. Photographic Surveys 

A total of 625 observations of 29 individual lizards were made over 76 photographic surveys. 

Forty-three photographic surveys were carried out in sample period 1, and 33 were carried 

out in sample period 2. A total of 29 skinks were present during the study, with 12 adults, 

five sub-adults and 12 juveniles. In sample period 1, 28 individual skinks were observed, and 

in sample period 2, 27 individual skinks were observed. One of the 12 juveniles was not 

observed until sample period 2, and two of the juveniles present in sample period 1 were not 

observed in sample period 2 (Table A2.1.). On average, individuals were observed 24.3 

times (SE = 2.82, range = 2 - 49) over the course of the study.  

 

Boldness 

Only one of two the variables that were measured to represent an individuals’ 

‘boldness’ was significantly affected by age-group. Age-group had a significant effect on the 

proportion of sessions an individual was sighted in (Table 3.1, Figure 3.1.1), where adults 

were sighted in a significantly higher proportion of sessions compared to juveniles (Tukey-

test P = <0.001, Figure 3.1.1.). There was no significant effect of age-group for either 

sample period for the proportion of sightings an individual spent basking more than a body 

length away from a crevice (Table 3.1).  
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Table 3.1. Photographic Survey response variable statistical output for GLMM, GLM and chi-square analyses for adult (n = 12), sub-adult (n = 
5), and juvenile (n = 12) Otago skinks. In sample period 1, 27 skinks were present, and in sample period 2, 28 skinks were present. Chi-square 
statistic, deviance residual statistic, and Anova X2 statistic were used for chi-square, GLM and GLMM analyses, respectively.  Delta marginal R2 
(R2m) and delta conditional R2 (R2c) were calculated for each GLMM model.  A Bonferonni p-value correction has been applied to crevice 
distance, number of tors visited, biggest group, aggressive interactions and tail-tip status changing the p-value threshold to <0.025. P-values in 
bold depict a significant effect of a predictor variable.    
 
Personality 
Trait 

Response 
Variable 

Test type Predictor 
variable 

Sample 
period 

X2/Deviance 
Resid. 

Df P R2 

Boldness Sessions sighted GLMM Age-Group 1 & 2 16.52 2 <0.001 R2m = 
0.357 
R2c = 
0.879  

 
Sample 
Period 

- 0.35 1 0.552 

Crevice 
distance 

GLM Age-Group 1 1.90 2, 25 0.324 0.072 

2 0.26 2, 24 0.815 0.015 

Sociality Sightings in a 
group 

GLMM Age-Group 1 & 2 9.54 2 0.009 R2m = 
0.031  
R2c = 
0.496 

 

Sample 
Period 

- 9.93 1 0.002 

Biggest group Chi-square Age-Group 1 9.11 4 0.081 - 

2 9.83 4 0.024 - 

Exploration Time spent at 
favourite tor 

GLMM Age-Group 1 & 2 13.71 2 0.001 R2m = 
0.490 
R2c = 
0.707 

 

Sample 
Period 

- 8.42 1 0.004 
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Number of tors 
visited 

GLM Age-Group 1 6.41 2, 25 0.006 0.295 

2 6.64 2, 24 <0.001 0.380 

Aggression Aggressive 
interactions 

Chi-square Age-Group 1 8.39 2 0.007 - 

2 - - - - 

Tail-tip status Chi-square Age-Group 1 5.75 2 0.032 - 

2 3.30 2 0.208 - 
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Figure 3.1.1. Boxplot of the proportion of sessions that juvenile (n = 12), sub-adult (n = 5), and 
adult (n = 12) Otago skinks were sighted in at Ōrokonui Ecosanctuary during sample period 1 and 
2; from the 16th of January to the 5th of October, 2020.  
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Sociality  

Both variables that were measured to represent an individuals’ ‘sociality’ (proportion 

of sessions in a group, and largest group size) were significantly affected by age-group 

(Table 3.1). Age-group had a significant effect on proportion of sightings an individual was 

present in a group (Table 3.1), where juveniles were sighted in groups more frequently than 

sub-adults (Tukey-test P = 0.009, Figure 3.1.2) although R2m value was low (0.031).  There 

was also a significant effect of sample period (Table 3.1).  On average, skinks spent a higher 

proportion of time in a group in sample period 2 (0.265+/-0.315), than sample period 1 

(0.151+/-0.601).  

 
The largest social group observed during this study consisted of three individuals. The 

average group size in this study was 2.2 (SE = 0.10). The size of the largest group for each 

individual was significantly different between age-groups in sample period 2 only (Table 3.1, 

Figure 3.1.3). Juveniles were typically seen in the largest group size of three more than sub-

adults and adults. Sub-adults were more likely to be observed either in a group of two or 

solitary, whereas adults were more commonly observed in a group size of two to three 

(Figure 3.1.3).  
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Figure 3.1.2.  Boxplot of proportion of sightings present in a social group for juvenile (n = 12), sub-
adult (n = 5), and adult (n = 12) Otago skinks at Ōrokonui Ecosanctuary during sample period 1 and 
sample period 2; from 16th of January to the 5th of October, 2020.  
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Figure 3.1.3. Stacked bar-plot of the proportion of juvenile (n = 12), sub-adult (n = 5), and adult (n = 
12) Otago skinks at Ōrokonui Ecosanctuary and the biggest group size they were observed in sample 
period 2; from the 3rd of June to the 5th of October, 2020. 
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Exploration 

Both variables that were measured to represent an individuals’ ‘exploration’ 

(proportion of sightings spent at favourite tor, and number of tors visited) were significantly 

affected by age-group (Table 3.1).  There was a significant effect of age-group on the 

proportion of sightings spent at a favourite tor (Table 3.1, Figure 3.1.4), where juveniles 

spent significantly more time at their favourite tor compared to both sub-adults (Tukey-test P 

= 0.003) and adults (Tukey-test P = 0.001) (Figure 3.1.4). There was also a significant effect 

of sample period on proportion of sightings spent at their favourite tor (Table 3.1).  On 

average, skinks spent a higher proportion of time at their favourite tor in sample period 2 

(0.871+/-0.189), compared to that of sample period 1 (0.776+/-0.233). One sub-adult and one 

juvenile did not have a favourite tor in sample period 1, instead they had two or more tors 

that shared the same value of highest number of sightings.  

 

 Over the period of the whole study, skinks visited a total of 2.7 tors (SE = 0.29, range 

= 1 - 7). There was a significant effect of age-group on the number of tors visited for both 

sample periods (Table 3.1, Figure 3.1.5). In sample period 1, sub-adults visited a 

significantly higher number of tors compared to juveniles (Tukey-test P = 0.004) and in 

sample period 2, adults visited a significantly higher number of tors compared to juveniles 

(Tukey-test P = 0.001) (Figure 3.1.5). One sub-adult was sighted outside the enclosure for 

80% of its’ observations (n = 12), usually (n = 11) on a rocky outcrop 50m away from the 

enclosure. When this skink was observed in the enclosure (n=3), it was observed interacting 

with another skink on one occasion. A comparison with location data from the current study 

and Elangovan’s data (2019) revealed that skink found outside the enclosure in the present 

study was a different skink than the one observed outside the enclosure by Elangovan (2019).  
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Figure 3.1.4.  Boxplot of proportion of sightings spent at favourite tor for juvenile (n = 12), 
sub-adult (n = 5), and adult (n = 12) Otago skinks present at Ōrokonui Ecosanctuary during 
sample period 1 and 2; from the 16th of January to the 5th of October, 2020.  
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Figure 3.1.5. Boxplots of number of tors visited for adult (n = 12), sub-adult (n = 5), and juvenile (n = 12) 
Otago skinks present at Ōrokonui Ecosanctuary. (a) Sample Period 1; from the 16th of January to the 20th 
of March, 2020. (b) Sample Period 2; from the 3rd of June to the 5th of October, 2020. 

()	

(a) 

(b)	
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Aggression 

Only one of the variables that were measured to represent an individuals’ ‘aggression’ 

were significantly affected by age-group (Table 3.1). Aggressive interactions were only 

observed in sample period 1 on seven occasions. There was a significant effect of age-group 

on the likelihood of an individual being observed in an aggressive interaction (Table 3.1, 

Figure 3.1.6). Juveniles were not observed in any aggressive interactions, whereas 60% of 

sub-adults and 42% of adults demonstrated aggressive interactions (Figure 3.1.6). Some 

juvenile, sub-adult and adult individuals were observed to be missing tail-tips during sample 

period 1 and 2, however there was no significant effect of age-group on tail-tip status (Table 

3.1) 

 

 

 
 
 
 
 
 
3.2. Behavioural Assays 

Figure 3.1.6. Bar-plot of proportion of juvenile (n = 12), sub-adult (n = 5), and adult (n = 12) Otago 
skinks at Ōrokonui Ecosanctuary that demonstrated aggressive interactions in sample period 1; from the 
16th of January to the 20th of March, 2020.  
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A total of 91 assays were carried out over 13 days. Twenty-four assays were carried out over 

four days during sample period 1, and 67 assays were carried out over nine days in sample 

period 2. A total of 19 individuals were tested, with eight adults, five sub-adults and eight 

juveniles (Appendix Table 1). All individuals responded to the stimulus in all assays, with 

10 of 29 individuals always fleeing before the placement of the stimulus. 

 

 On only three occasions did a skink approach and touch the novel stimulus. One adult 

individual (skink 3) approached and touched the stimulus during two assays, one in each 

sample period. On both occasions the skink reached forward to touch the novel stimulus with 

the end of its snout before fleeing immediately after contact. Another adult individual (skink 

13) approached and touched the stimulus only in sample period 2. This individual ran 

towards the stimulus over a distance of approximately one metre (down two rocks) and 

attempted to lick and bite it before fleeing eight seconds later.  
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Table 3.2. Behavioural Assay response variable statistical output for GLMM, GLM and 
Kruskal-Wallis non parametric test, analyses for adult (n = 8), sub-adult (n = 5), and juvenile 
(n = 8) Otago skinks. Anova X2 statistic, deviance residual statistic, and Kruskal-Wallis chi-
square statistic were used for the GLMM, GLM, and Kruskal-Wallis test analyses, 
respectively. Delta marginal R2 (R2m) and delta conditional R2 (R2c) were calculated for each 
GLMM model. 	A Bonferonni p-value correction has been applied for fled before or after 
stimulus and re-emerging time changing the threshold to <0.025. P-values in bold depict a 
significant effect.  
Response 
Variable 

Test 
Type 

Predictor 
Variable 

Sample 
Period 

X2/Deviance 
Resid.  

df P-
value 

R2 

Fled 
Before or 
After 
Stimulus 

GLM Age 1 3.547 2, 9 0.170 0.423 
2 1.261 2, 

21 
0.532 0.077 

Fleeing 
Time 

Kruskal 
test 

Age 1 & 2 0.007 2 0.996 - 

Re-
emerged 
or Not 

GLMM Age 1 & 2 1.240 2 0.537 R2m = 
0.028 
R2c = 
0.136 

 

Sample 
Period 

- 0.003 1 0.958 

Re-
emerging 
Time 

GLMM Age 1 4.470 2 0.107 R2m = 
0.311 
R2c = 
0.803 

 
2 1.310 2 0.519 R2m = 

0.036 
R2c = 
0.678 
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3.3. Repeatability and temporal variation of the behavioural variables 

 

Repeatability of Photographic Survey and Behavioural Assay Variables 

Proportion of sessions sighted in, proportion of sightings present in a group, and 

proportion of sightings spent at a favourite tor, were significantly repeatable over four sample 

periods, although they all had low repeatability estimates (R = 0-0.120) (Table 3.3). 

Individual repeatability was highest for the proportion of sessions sighted in, and lowest for 

proportion of sightings present in a group (Table 3.3). Age-group explained the most 

variation for the number of tors visited, and the least variation for the proportion of sightings 

present in a group. Individual repeatability was also significantly low for proportion of 

sightings spent at a favourite tor (Table 3.3).  
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Table 3.3. Repeatability of photographic survey response variables over four sample periods 
for adult (n = 12), sub-adult (n = 5), and juvenile (n = 9) Otago skinks. Juveniles were only 
tested for repeatability in two of the four sampling periods. ID was a random effect and age 
was a fixed effect in these analyses. P-values in bold depict a significant effect of a predictor 
variable. ‘R’ stands for repeatability estimate, ‘SE’ stands for the standard error of R, and 
‘95% CI’ stands for 95% confidence interval.  
Response 
Variable 

Predictor 
Variable 

R SE 95% CI P-value 

Sessions 
sighted 

ID 0.109 0.031 0.039-0.158 <0.001 

Age 0.065 0.034 0.021-0.154 - 

Sightings in 
a group 

ID 0.022 0.014 0.000-0.050 0.020 

Age 0.016 0.013 0.003-0.052 - 

Biggest 
group 

ID 0.120 0.079 0.000-0.264 0.094 

Age 0.037 0.062 0.002-0.232 - 

Time spent 
at favourite 
tor 

ID 0.061 0.032 0.000-0.116 0.010 

Age 0.132 1.315 0.043-0.401 - 

Number of 
tors visited 

ID 0.000 0.030 0.000-0.110 0.5 

Age 0.363 0.203 0.115-0.901 - 

 
 

 

 None of the behavioural assay boldness measurements were significantly repeatable 

for individuals (Table 3.4). Similarly, age-group explained very little variance for the 

behavioural assay boldness variables (all R < 0.061) (Table 3.4).  
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Table 3.4. Repeatability of behavioural assay response variables over two sample periods for 
adult (n = 8), sub-adult (n = 5) and juvenile (n = 8) Otago skinks. ID was a random effect and 
age was a fixed effect in these analyses. P-values in bold depict a significant effect of a 
predictor variable. ‘R’ stands for repeatability estimate, ‘SE’ stands for standard error of R, 
and ‘95% CI’ stands for 95% confidence interval.  
Response 
Variable 

Predictor 
Variable 

R SE 95% CI P-value 

Fled Before 
or After 
Stimulus 

ID 0.000 0.038 0.000-.0126 0.5 

Age 0.008 6.658 0.001-14.76 - 

Flee Time ID 0.086 0.086 0.000-0.290 0.174 

Age 0.005 0.067 0.001-0.170 - 

Re-emerged 
or Not 

ID 0.104 0.109 0.000-0.352 0.155 

Age 0.027 6.909 0.003-24.343 - 

Re-emerging 
Time 

ID 0.000 0.039 0.000-0.142 1 

Age 0.061 0.066 0.005-0.244 - 

 
 
 
 
 
Temporal Variation of Photographic Survey Variables 
 
 There were only two behavioural variables that demonstrated a correlation between 

sample periods; proportion of sessions sighted in and proportion of sessions spent at a 

favourite tor (Table 3.5). For the boldness measure of the proportion of sessions sighted in, 

there were significant effects of the comparison sample period in two sample period 

comparisons (Table 3.5, Figure 3.3.1). There was a positive relationship between sample 

period 2 and 3, and sample period 3 and 4 for proportion of sessions sighted in. Therefore, 

skinks that were sighted more often in sample period 2 and 3 were also sighted more often in 

sample period 3 and 4, respectively. In the sample period 3 versus 4 comparison, there was 

also a significant effect of age-group on the proportion of sessions sighted in sample period 3 

where on average juveniles (0.13 +/- 0.032) were sighted in a lower proportion of sessions 

compared to sub-adults (0.40 +/- 0.036) and adults (0.44 +/- 0.056) (Table 3.5, Figure 3.3.1).   
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The proportion of time spent at a favourite tor during same period 1 versus sample 

period 2 was the only sample period comparison to demonstrate a significant interaction term 

between sample period and age-group (Table 3.5).  There was a positive relationship 

between sample period 1 and 2, and sample period 2 and 3 for proportion of sightings present 

at a favourite tor. Therefore, skinks that were sighted more often in sample period 1 and 2 

were also sighted more often in sample period 2 and 3, respectively. This relationship was 

stronger for adults than sub-adults, with adults showed more consistency in the proportion of 

sightings at the favourite tor between sample periods (i.e. closer to the linear regression line) 

than sub-adults, although it is worth noting only four sub-adults were included in this analysis 

(Figure 3.3.2a). 
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Table 3.5. Sample period comparisons of photographic survey response variables over four sample periods. The effect age and the behavioural 
measure in the following sample period, along with the interaction effect between age and behavioural measure in the following sample period 
was examined for adult (n = 12), sub-adult (n = 5) and juvenile (n = 9) Otago skinks. Sample period 1 vs 2 and 2 vs 3 comparison had a sample 
size of 17, however sample period 3 vs 4 comparison had a sample size of 26. Temporal variation could only be examined for juveniles between 
sample period 3 and sample period 4. A Bonferonni p-value correction has been applied. P-values in bold depict a significant effect (< 0.0056) of 
a predictor variable.   
Behaviour 
type 

Response 
Variable 

Sample 
periods 

Age Following sample period 
behavioural measure 

Age x sample period 

Deviance 
Resid. 

df P Deviance 
Resid. 

df P Deviance 
Resid. 

df P 

Boldness Sessions 
sighted 

1 vs 2 3.87 1, 15 0.348 31.52 1, 14 0.007 1.44 1, 13 0.567 

2 vs 3 2.63 1, 15 0.354 47.09 1, 14 <0.001 2.43 1, 13 0.382 

3 vs 4 48.15 2, 25 <0.001 36.78 1, 24 <0.001 2.93 2, 22 0.616 

Sociality Sightings in 
a group 

1 vs 2 10.34 1, 15 0.001 1.24 1, 14 0.264 3.31 1, 13 0.069 

2 vs 3 1.23 1, 15 0.267 4.01 1, 14 0.045 1.03 1, 13 0.310 

3 vs 4 2.71 2, 23 0.258 2.71 1, 22 0.100 7.02 2, 20 0.030 

Biggest 
group 

1 vs 2 3.82 1, 15 0.051 3.94 1, 14 0.047 2.61 1, 13 0.106 

2 vs 3 0.004 1, 15 0.921 0.88 1, 14 0.142 0.34 1, 13 0.360 

3 vs 4 1.05 2, 23 0.063 0.37 1, 22 0.163 0.44 2, 20 0.311 

Exploration Time spent 
at favourite 
tor 

1 vs 2 4.53 1, 13 0.013 15.29 1, 12 <0.001 6.96 1, 11 0.002 

2 vs 3 1.59 1, 13 0.440 31.03 1, 12 <0.001 0.004 1, 11 0.970 

3 vs 4 3.98 2, 21 0.503 0.09 1, 20 0.861 6.18 2, 19 0.144 

Number of 
tors visited 

1 vs 2 0.03 1, 15 0.813 0.22 1, 14 0.532 0.48 1, 13 0.358 

2 vs 3 1.24 1, 15 0.068 1.12 1, 14 0.083 0.42 1, 13 0.286 
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3 vs 4 4.85 2, 23 0.023 0.41 1, 22 0.426 1, 21 2, 21 0.134 

Aggression Aggressive 
Interactions 

2 vs 3 5.52 1, 11 0.019 0.77 1, 10 0.381 0.00 1, 9 0.999 
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(a) 

Figure 3.3.1. Scatterplots of correlations of proportion of sessions sighted in between two sample periods for 
adult (12), sub-adult (5) and juvenile (9) Otago skinks. (a) Sample Period 2 versus Sample Period 3. (b) Sample 
Period 3 versus Sample Period 4. A 1:1 line is shown fitted to the data.  

(b) 
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(a) 

(b) 

Figure 3.3.2. Scatterplots of correlations of proportion of sightings present at favourite tor 
between two sample periods for adult (12), and sub-adult (5) Otago skinks. (a) Sample period 1 
versus Sample period 2. (b) Sample Period 2 versus Sample Period 3. A 1.1 line is shown fitted 
to the data.  
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4. Discussion 

This study has observed some significant findings in relation to the ontogenetic differences in 

behaviours of the Otago skink. Firstly, my study did not find strong evidence for personalities 

in Otago skinks at Ōrokonui.  Only three out of the nine behavioural variables measured were 

repeatable for individuals. However, the repeatability of these behaviours; proportion of the 

sessions sighted in, proportion of sightings in a group, and proportion of sightings present at a 

favourite tor were still relatively weak. Despite this, I did observe ontogenetic differences in 

behaviour among Otago skinks. Juveniles were more social compared to sub-adults and 

adults, with juveniles more often found in a social group, and were observed in larger social 

groups. Adults and sub-adults were more aggressive than juveniles, with adults and sub-

adults more frequently observed in aggressive interactions than juveniles. Sub-adults and 

adults were more explorative than juveniles, with sub-adults and adults visiting more tors and 

spending less time at their favourite tor compared to juveniles. Adults were also sighted more 

often than juveniles, suggesting that adults are significantly bolder than juveniles.  

 

There was little evidence of differences between age-groups for temporal variation of 

the photographic survey behaviours variables between sample periods. Only one behaviour 

variable (proportion of time spent at a favourite tor) differed between the age-groups for the 

correlation of a behaviour between sample periods, with adults being more consistent in this 

behaviour than sub-adults. I also found some correlations of behaviours between sample 

periods for number of sessions sighted in, and proportion of sightings present at a favourite 

tor. This therefore demonstrates some stability in these behaviours over-time for all age-

groups.  
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Therefore, this study provides new information on how behavioural traits differs 

between different aged Otago skink individuals. Having knowledge of these differences of 

behaviours will aid in the understanding of how different aged Otago skink individuals may 

differ in how they act, react and tolerate different environments, situations and con-specifics.  

 

4.1. Repeatability of behaviours 

Individual repeatability was only observed for the boldness variable of proportion of sessions 

sighted in, the sociality variable of proportion of sightings in a group, and the exploration 

variable of proportion of sightings present at a favourite tor. This provides evidence of 

repeatability in boldness, exploration and sociality behaviours of Otago skinks, however, the 

repeatability is weak. The weak repeatability of these behaviours suggests that Otago skinks 

at Ōrokouni may not possess personality traits, or that those personality traits are weakly 

repeatable.  

 

 The reason for the low repeatability observed in this study of Otago skinks could be 

likely due to Otago skinks being ectotherms and therefore their behaviour is strongly 

influenced by the environment (Bell et al., 2009). For example, in behavioural assays the 

time taken for skinks to flee and re-emerge may have been more affected by the temperature 

and weather conditions opposed to the novel stimulus. Decreased repeatability of anti-

predator responses for ectothermic species compared to endothermic species was observed in 

a meta-analysis carried out by Bell et al., (2009). Ectothermic species such as; garter snakes 

(Thamnsphis sirtalis sirtalis), western fence lizards (Sceloporus occidentalis), hawksbill sea 

turtles (Eretmochelys imbricata), and leatherbacks (Dermocheyls coriacea) were observed to 

demonstrate lower repeatability of behaviours involved in anti-predator responses compared 

to a variety of endothermic species (Bell et al., 2007).  
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 Due to these skinks being in a semi-natural environment this meant that temperature 

and other environmental factors were not able to be controlled. Carrying out photographic 

surveys and assays in environment that was able to be readily controlled may have resulted in 

the observations of increased repeatability of behaviours.  

 

4.2. Age-related differences in sociality, aggression, boldness and 

exploration 

 

Sociality and Aggression 

Juveniles had higher levels of sociality, reflected by a higher proportion of time in a social 

group and being observed in larger social groups, compared to adults and sub-adults. This 

provides some support for my prediction that juveniles and sub-adults would demonstrate 

higher levels of sociality compared to adults. I also observed that juveniles did not 

demonstrate any aggressive or displacing interactions in the first sample period of this study, 

compared to sub-adults and adults who were more likely to be observed in aggressive 

interactions. This therefore provides some support for my prediction that juveniles and sub-

adults will demonstrate decreased levels of aggression compared to adults. 

 

Otago skink juveniles likely benefit from living in social groups by prolonging heat 

retention during the colder months and increasing thermal benefits such as improved 

locomotion and immune function (Elangovan, 2019). Juveniles may also be present in groups 

more often to mitigate environmental pressures and risks, such as predation threats from adult 

skinks (Langkilde et al., 2007; Elangovan, 2019). Elangovan (2019) made observations of 

many adult female-juvenile and adult male-juvenile interactions for the same Otago skink 
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population in 2018 and postulated that parental care may result in increased sociality levels 

for juveniles. This observation may also explain why juveniles and adults appeared to be in 

larger social groups compared to that of sub-adults. Being in a group may not only increase 

protection for juveniles from predators and aggressive con-specifics, but also provide better 

access to retreat and basking sites, along with food sources (Bull & Baghurst, 1998; 

Elangovan, 2019). Increased sociality levels for juveniles and decreased levels for adults has 

also been observed for animals such as; Vervet monkeys (Chlorocebus pygerythus) (McGuire 

et al., 1994), the common lizard (Lacerta vivipara) (Le Galliard, 2015), and the Australian 

Gidgee skink (Egernia stokesii) (Dunffield & Bull, 2002). However, the findings from this 

study are not consistent with Chapple & Keough (2006), who observed social groups of 

White’s skink (Egernia whitti) contained a higher proportion of adults compared to juveniles.  

 

 Adult and sub-adult Otago skinks may be more aggressive due to having lower levels 

of sociality and social tolerance (Capitanio, 1999, Brien et al., 2013). Increased aggression 

levels later in life may also likely be due to the need to protect food sources, basking and 

retreat sites, offspring, and mates from other conspecifics in this high density population 

(Groves, 1978; Enoksson, 1988; Hyman et al., 2004; Parthasarathy et al., 2019; Chopik & 

Weaver, 2019). Elangovan et al. (2020) observed aggressive interactions between adults and 

a sub-adult in sample period 1 and 2. These adults may have been demonstrating increased 

aggression to defend young from a potential conspecific predation or defend space and food 

resources from the competing sub-adult (Elangovan et al. 2020). Predation and displacement 

by adults on juveniles and sub-adults has been observed in other species such as the velvet 

gecko Oedura lesueurii (Kearney et al., 2001; Schlesinger & Shine, 1994). Elangovan et al. 

(2020) observed cannibalism in Otago skinks, where an adult male consumed a sub-adult, 

which could be due to competition for resources such as space or food in this high-density 
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population. No instances of cannibalism were observed in the current study; however two 

juvenile Otago skinks present in the first sample period of this study were not present in the 

second sample period. These juveniles may have succumbed to cannibalism from older 

conspecifics due to competition for resources, or they may have more likely dispersed from 

the enclosure to avoid competition, or simply succumbed to other environmental pressures 

such as avian predators (Lind & Hartwell, 1994; Sakai, 2018; Elangovan, 2019). Juvenile-

juvenile aggression was observed by Elangovan (2019), therefore juveniles may have 

aggressive tendencies but at a much lower level compared to sub-adults and adults. Increased 

levels of aggression in adults has also been observed for animals such as; dogs (Canis lupus 

familiaris) (Chopik & Weaver, 2019), rhesus macaques (Macaca mulatta) (Capitanio, 1999), 

passerine nuthatches (Sitta europaea) (Enoksson, 1988), ruddy turnstones (Arenaria 

interpres) (Groves, 1978), saltwater crocodiles (Crocodylus porosus) (Brien et al., 2013), and 

subordinate family-living tree skinks (Egernia striolata) (Riley et al., 2017). 

  

Sub-adults displayed more solitary and aggressive behaviours than adults. Sub-adults 

spent a lower proportion of time in social groups and a higher proportion of sub-adults 

demonstrated aggressive interactions. This is likely due to decreased social tolerance and 

dispersal from their natal territory to avoid displacement and aggressive interactions from 

adults (Brien et al., 2013). Increased aggression levels may also be likely due to the need to 

compete with older conspecifics for food, and space for basking and retreating (Riley et al., 

2017). However, due to sub-adults being smaller and potentially not as dominant as adults, 

this could increase the chance of injury.  
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Boldness and Exploration 

Adults had higher levels of boldness compared to juveniles, with adults being sighted more 

frequently than juveniles. Adults and sub-adults were also observed to demonstrate increased 

levels of exploration compared to juveniles, reflected by juveniles significantly visiting fewer 

tors and spending a larger proportion of time at their favourite tor. These trends do not 

support my hypothesis of juveniles and sub-adults demonstrating increased levels of boldness 

and exploration compared to adults and are not consistent with other study findings for; dogs 

(Canis lupus familiaris) (Chopik & Weaver, 2019), Vervet monkeys (Chlorocebus 

pygerythus) (McGuire et al., 1994), firebug nymphs (Pyrrhocoris apertus) (Gyrius et al., 

2012), male field crickets (Gryllus integer) (Hedrick & Kortet, 2012), European green lizards 

(Lacerta viridis) (Bajer et al., 2015), and the clonal gecko species Lepidodactylus lugubris 

(Sakai, 2018).  

 

 Increased boldness levels of Otago skink adults are likely due to increased levels of 

dominance within the enclosure. As seen for family-living tree skinks (Egernia striolata), 

adults may get used to “winning” most aggressive interactions and therefore realise their 

dominance, resulting in an increase of risk-prone behaviours (Riley et al., 2017). The 

increased boldness levels, similar to the increased aggression levels, is also likely to be due to 

adults having to readily defend their young, along with obtaining and defending food, 

basking and retreat sites, from other aggressive adult and sub-adult conspecifics (Groves, 

1978; Hyman et al., 2004; Parthasarathy et al., 2019; Elangovan, 2018). Increased boldness 

may also be to increase mating success, as seen in species such as; monitor lizards (Varanus 

panoptes) (Ward-Fear et al., 2018), Trinidadian guppies (Poecilia reticulate) (Godin & 

Dugatkin, 1996), and black-legged kittiwakes (Rissa tridactyla) (Collins et al., 2019). Finally, 

adult Otago skinks present in the enclosure may demonstrate increased boldness due to the 
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lack of predators and therefore their lack of experience with dangerous situations (Harris et 

al., 2010). This has been observed for other species such as; Tammer wallabies (Macropus 

eugenii) (Blumstein, 2002) and tadpoles (Rana temporaria) (Laurila et al., 2008).   

 

Increased exploration in adults and sub-adults could be due to their potential increased 

levels of boldness (Mettke-Hofmann & Leisler, 2002). Sub-adult and adult Otago skinks are 

also more likely to demonstrate increased exploration within the enclosure due to their larger 

body size, and/or to obtain resources such as food, basking and retreat sites, and mates (Lind 

& Hartwell, 1994; Sakai, 2018). The increased exploration levels could also be triggered by 

sub-adults and adults being more familiar with the surroundings of their enclosure and the 

potential basking and retreat locations different tors provide, therefore they are more inclined 

to explore further or potentially have larger home-ranges (Forrester et al., 2015; Marchand et 

al., 2017). Other studies have also demonstrated increased exploration levels in older 

individuals for species such as; the Oregon garter snake (Thamnophis atratus) (Lind & 

Hartwell, 1994) and the clonal gecko species Lepidodactylus lugubris (Sakai, 2018). One 

sub-adult was observed outside the enclosure on 12 occasions during this study. This sub-

adult is likely demonstrating increased levels of exploration, and larger home range, due to 

avoiding competition for food, basking and retreat sites from larger conspecifics within the 

densely populated enclosure (Lind & Hartwell, 1994; Sakai, 2018). Similar patterns have 

been observed in other animal species such as; white-tailed deer (Odocoileus virginianus) 

(Rosenberry et al., 2001), and Nile crocodiles (Crocogylus niloticus) (Behangana et al., 

2020).  

 

As observed for the Nambian rock agama (Agama planiceps), individuals who spend a 

high proportion of time basking and travelling on open rock are exposed to an increased 
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predation risk and are therefore considered to be bold (Carter et al., 2010). However, it is 

possible that this could also reflect increased activity levels and therefore detectability 

(Bauwens et al., 1996; Broeckhoven & Mouton, 2015). Individuals that spent more time in 

open sight, as opposed to hidden away in crevices and foliage, could just be more active 

opposed to bold. This has been observed in other species such as; the armadillo girdled lizard 

(Ouroborus cataphractus) and the Karoo girdled lizard (Karusasaurus polyzonus) 

(Broeckhoven & Mouton, 2015). Therefore, it is possible that there are no differences in 

boldness levels between the different age-groups of Otago skinks. This is also potentially 

reflected by the fact that there were no significant differences between the age-groups for any 

of the behavioural assay boldness variables. However, two adult skinks were observed to 

approach and touch the novel stimulus during these assays, although it is not apparent 

whether the touching and attempting to bite the stimulus is indicative of increased boldness, 

aggression, or that of hunger.  

 

4.3. Temporal variation of the behavioural variables 

Significant differences between age-groups for temporal variation of behaviours was only 

demonstrated for exploration (i.e. the proportion sightings spent at a favourite tor) between 

sample period 1 and 2. For this behaviour, it appeared that adults may behave more 

consistently than sub-adults. This provides some support for my hypothesis of juveniles and 

sub-adults demonstrating increased temporal variation of behaviours. However, there were no 

significant effects for any of the sample period comparisons containing juvenile Otago 

skinks, therefore it cannot be determined whether juveniles demonstrated decreased stability 

in their behaviours compared to adults and sub-adults.  
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It may be beneficial for sub-adult and juvenile Otago skinks to have increased 

plasticity in their behaviours in response to the relatively novel environment around them and 

the uncertainty that comes with it, as seen for many other species such as Eastern 

mosquitofish (Gambusia holbrooki), field crickets (Gryllus campestris), mangrove killifish 

(Kryptolebias marmatus), and laboratory mice (Mus musculus) (Polverino et al., 2016). By 

contrast, Otago skink adults may benefit by behaving with increased stability due to their 

increased familiarity with their environment, therefore the benefits of behavioural plasticity 

do not offset the cost of this strategy (Polverino et al., 2016).  

 

Only boldness and exploration behaviours demonstrated some significant correlations 

between sample periods. No stability was detected for sociality and aggressive behaviours.  

The boldness variable of proportion of sessions sighted in and the exploration variable of 

proportion of sightings spent at a favourite tor also demonstrated significant individual 

repeatability, but were however relatively low. This demonstrates that the behaviours of 

Otago skinks may not be overly stable, with only some stability in boldness and exploration 

levels. Since stability of boldness and exploration has been demonstrated, it may benefit 

further studying these behavioural variables and examining whether they are correlated and 

potentially indicating towards a behavioural syndrome (Herde & Eccard, 2013).  Temporal 

variation was only examined over four sampling periods and the population was small in 

sample size, therefore the noise of excess variation in the data could easily mask significant 

trends. Trends of increased stability for all behavioural variables may not have been observed 

in this study due to other factors that may have been shaping behaviours such as the weather 

conditions, that were out of my control (Huey, 1982; Bell et al., 2009). Therefore, if there is 

variation in the weather and temperature, this may result in variation in the behaviours of the 

Otago skink.  
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4.4. Limitations of this study 

Ōrokonui Ecosanctuary is a public area, therefore the responses I measured of the Otago 

skinks could be affected by human impact such as noise. Even though they are captive-bred, 

they could still be affected by human disturbance, affecting the behaviours I measured 

(Elangovan, 2019). For example, on several occasions skinks were startled by visitors and 

would retreat to crevices during my photographic surveys (pers. obs). The presence of the 

observer itself could also affect the skink’s behaviours through proximity to the enclosure 

and noise disturbances such as the camera shutter, rustling sheets of recording paper in the 

wind, footsteps, shadows, and any sudden movements (pers. obs; Kerr et al., 2004; 

Elangovan, 2019). These disturbances could have interfered with my measures of latency to 

flee and whether individuals fled or not in the behavioural assays. When an individual fled 

before the novel stimulus was placed, it could have been due to the noise of the elongation of 

the telescopic pole, or the shadow produced from the novel stimulus (pers. obs).  

 

 Another significant limitation to the photographic surveys and the behavioural assays 

is that the function and behaviours of Otago skinks, like other lizard species, is reliant on the 

surrounding temperatures (Huey, 1982). Because this was a field study, I could not control 

for temperature variation, therefore lizards may have been responding more to environmental 

cues rather than that of the novel stimulus in the behavioural assays (Huey, 1982). The fact 

that the skinks demonstrated low repeatabilities in their behaviours could be another sign that 

the skinks were more responsive to the environment and temperatures surrounding them.  

 

Another limitation to the photographic surveys and behavioural assays is that the 

variables selected to represent certain behaviours, could instead be reflecting other 
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behaviours. For example, as mentioned above the proportion of sessions sighted in may not 

be reflecting boldness levels, instead it may be reflecting activity levels of individuals 

(Broeckhoven & Mouton, 2015). There is not an apparent way to determine whether the 

variables I selected were actually representing the behavioural traits I was intending them to. 

This is due to this population of skinks being in an environment where I could not control for 

all factors; such as the weather. Being able to handle the skinks and housing them in a 

controllable environment may shed more light on whether the measures selected in this study 

were reflecting certain behaviours.    

 

 Another limitation to this study was that of the missed observations from the 21st of 

March until the 5th of June due to the covid-19 lockdown. This period of time was directly 

after a majority of the neonates were born. Studying the skinks during this post-partum period 

would have enabled insights into changes in behaviours, such as aggression and exploration, 

of the adults and sub-adults in response to the influx of neonates into the population. 

Specifically, it would have been interesting to observe whether there was an increase in 

aggressive behaviours of adults protecting their young from other con-specifics as 

competition for space and food increased (Groves, 1978; Enoksson, 1988; Hyman et al., 

2004; Riley et al., 2017; Parthasarathy et al., 2019; Chopik & Weaver, 2019). It was apparent 

that there may have been some aggressive interactions over this time period, since the 

majority of juveniles, along with some sub-adults and adults were missing their tail-tips at the 

start of the second sample period.  

  

Lack of time and a small sample size was also a limitation to this study, especially so 

for behavioural assays that were only conducted over 13 days. Behavioural assays could have 

been carried out for an increased period of time if the study was able to exceed a year, or 
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even to the very end of the year where warmer weather would ensure that more skinks are out 

and in sight. With more assays carried out, all skinks may have been able to be assayed at 

least three times which would increase statistical power to aid in detecting potential 

significant differences between the age-groups. A larger sample size would have also allowed 

the inclusion of a control group to further improve the behavioural assays and increase 

statistical power.   

 

Time and sample size were also limiting factors for examining temporal variation of 

the behaviours. Extending the time period of this study would enable a better insight into the 

repeatabilities and temporal variation of the photographic survey and behavioural assay 

behaviours. Further sample periods of photographic surveys and behavioural assays could be 

carried out, and further sample period comparisons could be analysed to increase statistical 

power to aid in detecting potential significant effects of age-group for repeatability and 

temporal variation of behaviours. Another aspect that may have affected examination of 

whether Otago skinks demonstrate personalities is that the population I was observing was a 

population that could not be captured and handled. If I were able to capture the skinks and 

house them in a more controllable environment this may have resulted in potential detection 

of repeatability of behaviours and therefore the presence of personalities.   

 

Because juveniles were only observed during the sampling periods in this study (i.e. 

the juveniles observed in Elangovan’s (2019) study were not present in the current study), 

this means that temporal variation and repeatabilities of their behaviours observed in 

photographic surveys was only observed over two sample periods. With extra time, more 

sample periods could have been carried out and therefore trends of their behavioural temporal 

variation and repeatability could have been more thoroughly observed, as was done for adults 
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and sub-adults present in both 2018 (Elangovan, 2019; Elangovan et al., 2020) and the 

present study. It would be particularly interesting to examine whether they start to express 

increased levels of aggression and boldness as they age, as seen for the sub-adults and adults 

during this study.  

 

 

4.5. Future research 

There are many knowledge gaps with it comes to the behaviours of sociality, aggression, 

boldness and exploration of Otago skinks are how expression of these behaviours may differ 

with age. This study has demonstrated some age-related differences in these behaviours, 

however there is still a plethora of concepts to further examine.  

 

 One of the outstanding questions is how well the results of this study of a semi-

captive population reflect the behaviours of wild populations. A future study could examine 

the potential differences in behaviours and ontogenetic changes in behaviours between the 

Otago skink captive-bred population present at Ōrokonui Ecosanctuary and the wild 

population present at Macraes Flat. It would be interesting to examine whether the different 

environments elicit different behaviours for these populations. For example, the increased 

predation risk at Macraes Flat could result in different levels of aggression, boldness and 

exploration compared to what is observed of the Ōrokonui Ecosanctuary population 

(Whitaker & Loh, 1995). Another key difference between the Macraes and Ōrokonui 

population is that Ōrokonui population density is considered to be much higher (Bogisch et 

al., 2016). This higher population density could be what is eliciting the increased aggression 

levels that have been observed to result in cannibalism (Heusser, 1970; Kaplan & Sherman, 

1980; Elangovan et al., 2020). It may be expected that the population present at Macraes may 
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demonstrate decreased levels of aggression due to reduced competition for resources such as 

food and space (Enoksson, 1988; Hyman et al., 2004; Chopik & Weaver, 2019).  

 

 It would also be beneficial to further examine why these potential ontogenetic 

changes in behaviours are occurring for this Otago skink population. Since Otago skinks are a 

long-living species a longitudinal study could be carried out to determine whether 

experiences early in life have an impact on personality of an individual later in life (Butler et 

al., 2011; Polverino et al., 2016; Horback & Parsons, 2018; Chopik & Weaver, 2019). Factors 

such as the environmental conditions and situations experienced earlier in life, and growth 

rate could be examined to determine what is potentially eliciting the changes in aggression, 

boldness, exploration and sociality (Neave et al., 2020).  Through the use of photographic 

surveys and behavioural assays, these factors could be examined. For example, group sizes of 

neonates could be monitored to see whether this determines sociality and aggression levels 

later in life; as seen for Vervet monkeys (Chlorocebus pygerythus) (McGuire et al., 1994). 

Body size could also be monitored to observe whether the body state of a neonate predicts 

exploration and boldness levels at later stages. It was observed for laboratory rats (Rattus 

norvegicus), that individuals whom were larger as juveniles were typically bolder and more 

explorative as adults (Rodel & Meyer, 2011). Predation experience has been observed to 

elicit changes in risk-taking behaviours for a number of different species (Bell & Sih, 2007; 

Frost et al., 2013). Therefore, early life experiences related to predation could also be 

monitored via observations of aggressive interactions and injuries received from conspecifics 

to help determine whether individuals who had an increased number of predation experiences 

behaved differently later in life compared to those who had less experiences. Behavioural 

assays using a stimulus that mimics an avian predator could also be used to determine 
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whether individuals whom were exposed to the stimulus frequently behaved a different way 

later in life compared to those who did not experience the stimulus.  

 

A longer-term study would also allow examination of when changes in aggression, 

sociality, boldness and exploration levels are occurring. It may be observed that Otago skinks 

are demonstrating changes in behaviours around developmental periods and times of 

dispersal as seen for a number of other species (Brien et al., 2013; Polverino et al., 2016; 

Neave et al., 2020). Studying behaviours over a long-term period would also allow further 

examination of potential seasonal differences in behaviours, that may potentially be related to 

reproductive behaviours, of the different age-groups.  

 

Finally, future studies could use the present data to examine whether there are any 

correlations between behavioural traits for the different age-groups. This could determine 

whether this population of skinks are demonstrating behavioural syndromes and whether they 

differ between the age-groups.  

 

4.6. Implications for conservation 

Animal personality and behaviour plays many important roles in ecology, evolution and 

genetic diversity of animal species (Sih et al., 2004; Wolf & Weissing 2012). Having an 

understanding on how behaviours such as sociality, boldness, aggression, exploration and 

activity levels change ontogenetically may add insights into the understanding of dynamics 

within populations and also among ecological levels (Polverino et al., 2016). Having an 

insight into ontogenetic changes of these behaviours will also aid in the further understanding 

of the occurrences of social interactions, group cooperation, leadership roles, dispersal, 
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foraging behaviours and the spreading of information, disease and parasites, etc. for different 

age-groups.  

  

 For example, Otago skink adult and sub-adult individuals that demonstrate increased 

boldness and aggressive behaviours could become dominant individuals who are more likely 

to have an increased risk of predation, parasitic infection, and antagonistic interactions with 

conspecifics that could result in injury (Capitanio, 1999; Colleter & Brown, 2011; Keiser et 

al., 2016). However, they may be more likely to successfully access and defend food, habitat, 

and mates (Enoksson 1988;	Groves, 1978;	Hyman et al., 2004;	David et al., 2011; Aplin et 

al., 2014; Riley et al., 2017; Parthasarathy et al., 2019; Chopik & Weaver, 2019). Those with 

increased exploration levels may be inclined to disperse further distances, where they have 

successful foraging experiences and interact with many conspecifics (David et al., 2011; 

Gyruis et al., 2012; Aplin et al., 2014). They may also be more likely to spread parasites, 

disease, and information through coming into contact with more individuals over further 

distances (Barber & Dingemanse, 2010). Other studies have demonstrated that individuals 

with higher levels of sociality may experience an increased number of stable and successful 

interactions resulting in gaining access to food, basking and retreat sites, thermal benefits, 

and protection from predators and other con-specifics (Capitanio, 1999; Blumstein et al., 

2009; Elangovan et al., 2020). However, being present in a large social group may increase 

chances of infection of disease and parasites due to close contact with individuals (Barber & 

Dingemanse, 2010). It could be examined whether the increased sociality levels of Otago 

skink juveniles are resulting in a higher number of stable and successful interactions and 

whether this increases the risk disease and parasitic infections.  

 

Observations of adult and sub-adults acting aggressively and cannibalistic towards 
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juveniles in this population indicates that future translocations should avoid releasing 

juveniles close to adults (Bogisch et al., 2016; Elangovan et al., 2020). The increased 

aggression levels and predation from conspecifics, potentially in response to high population 

density and therefore competition for resources, indicates that the Ōrokonui Ecosanctuary 

may need to increase suitable habitat surrounding the enclosure that gives options for natural 

dispersal that would normally occur in a wild population (Kaplan & Sherman, 1980; Polis & 

Myers, 1985; Wömer, 2009; Browning & Maple, 2019). The observation of a sub-adult 

residing outside the enclosure may be further indicative of the need to increase the quantity of 

suitable habitat.    

 

Research on personality and behaviour is also crucial for providing a deeper 

understanding of how individuals differ in their tolerance, reactions and interactions to 

surrounding environments, conspecifics and other animals. Having a further understanding of 

these factors may benefit and further ensure that appropriate wildlife management and 

conservation decisions and actions are taken to appropriately manage species both as a whole 

population and the individuals within (Brooker et al., 2016). Research on animal personality 

is still less represented in applied wildlife management and conservation, and it is suggested 

that increasing studies focusing on this topic may help towards ensuring effective 

conservation, management and recovery of populations (Merrick & Koprowski, 2017). It is 

also thought that the study and management of animal personality and knowing the variations 

of behaviours within a population will aid in understanding the genetic diversity of the 

population (Smith & Blumstein, 2013). It is therefore apparent that links between 

conservation biology and the study of animal personality and ontogenetic changes in 

behaviours need to be established to ensure appropriate conservation and wildlife 

management techniques are occurring. This is especially important for endangered animal 
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species, such as the Otago skink, where correct conservation and wildlife management 

actions are crucial in aiding in the re-growth of populations.  

 

4.7. Conclusions 

This is the first study to examine the potential age-related differences in sociality, aggression, 

boldness and exploration for the Otago skink. This is also the first study to examine whether 

there are age-related differences in temporal variation of these behaviours and to determine 

whether their behaviours are repeatable, and therefore expressing personalities.  

 

Otago skinks did not appear to demonstrate personalities due to the low repeatability 

of behavioural variables over sample periods. Although this does not rule out the possibility 

of personalities existing in Otago skinks, I was unable to detect it in my study. Despite this, I 

still found differences in behaviour between juveniles, sub-adults and adults. Juveniles were 

more sociable than sub-adults and adults, whereas adults and sub-adults appeared to be 

bolder, more explorative and aggressive. Stability in the behaviours of the Otago skink were 

also somewhat low, however some stability was observed for boldness and exploration 

behavioural variables over the sample periods. An effect of age-group on temporal variation 

of behaviours was only observed for one sample period comparison, where adults 

demonstrated increased stability in the proportion of time spent at a favourite tor compared to 

sub-adults over two sample periods. These findings further solidify that ontogenetic changes 

of behaviours are occurring for some lizard species, although the patterns and directions of 

these ontogenetic changes of behaviours are not always consistent over different lizard 

species. Therefore, this demonstrates that ontogenetic changes in personality and behaviours 

should be examined for other lizard species.  
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 Having a deeper understanding of how behaviours differ between age-groups for 

Otago skinks will provide a deeper understanding of how individuals will differ in their 

reactions, tolerance and interactions with the surrounding environments, other species and 

con-specifics. Having a deeper understanding of these behavioural factors for this endangered 

species may benefit and further assist in improving conservation management of Otago 

skinks, both as a whole population and the individuals within (Brooker et al., 2016).  
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Appendix 1 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure A1.1. Novel stimulus apparatus used for Behavioural Assays. (a) Telescopic 

pole (not extended) with 80cm of fishing line attached with attachment of the novel 

stimulus; two Lego pieces. (b) Lego novel stimulus; 47.7mm length, 15.8 mm width 

and 19.2 mm height.  
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Appendix 2 

 
Table A2.1. Skink identification number, age, and number of behavioural assay and 
photographic survey observations from sample period 1 and sample period 2.  
 
Skink 
ID 

Age Number of Behavioural Assays Number of Photographic Survey 
Observations 

Sample Period 1 Sample Period 2 Sample Period 1 Sample Period 2 
1 A 0 0 6 2 
2 A 0 1 16 11 
3 A 4 6 24 19 
4 SA 1 2 18 12 
5 SA 2 3 23 16 
6 A 4 1 27 24 
7 A 0 4 27 22 
8 J 1 2 17 7 
9 SA 0 2 16 12 
10 A 0 5 22 20 
11 A 1 3 19 9 
12 A 2 2 30 17 
13 A 0 3 9 14 
14 SA 0 3 16 11 
15 A 0 3 11 15 
16 A 1 4 10 20 
17 A 2 5 27 22 
18 SA 0 0 14 1 
19 J 1 4 7 18 
20 J 0 0 7 2 
21 J 0 5 5 17 
22 J 0 0 2 0 
23 J 3 3 9 13 
24 J 2 0 5 1 
25 J 0 0 3 4 
26 J 0 3 3 5 
27 J 0 0 2 0 
28 J 0 1 1 8 
29 J n/a 2 n/a 7 
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Appendix 3 

The URL to a behavioural assay video recorded on the 24th of February at approximately 

11.04am. In this video an adult skink approaches and touches the novel stimulus.  

 

https://youtu.be/HIWZ_lQXbTI 

	


