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Abstract

:

Historically, behaviour of zoo housed species during hours of limited staff and visitor presence has been poorly studied, largely due to the lack of appropriate technology. Advances in digital monitoring equipment and facility design by European elephant holders has given researchers scope to accurately evaluate behaviour for this species over 24 hrs. Various behavioural indicators of welfare have now been identified for zoo housed elephants; however the relationship between resting behaviour and welfare experience has been an area highlighted to require additional research. Lying rest is a potential positive welfare indicator for this species, with studies suggesting that engagement in lying rest can be used to monitor both psychological and physiological wellbeing. Throughout this work we aim to give insights into the behaviour of individual Asian elephants at ZSL Whipsnade Zoo, specifically between the hours of 16:00 and 10:00. In addition to presenting the activity budgets of our study individuals during these times, we explore individual engagement in resting behaviour. Furthermore, we evaluate the social associations of our study group during rest. We provide evidence that unrelated individuals can form strong associations with conspecifics when resting and show that life history is a factor to consider when evaluating social compatibility between group members. Finally, we demonstrate the positive role that calves and juvenile individuals can play in facilitating meaningful associations between group members during rest. Our study highlights the importance of evaluating behaviour during understudied time periods in order to obtain a holistic view of individual welfare, further emphasising the importance of adopting an evidence-based approach to management for this species in zoos.
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1. Introduction


Modern zoos are striving to adopt a more holistic approach to assessing animal welfare [1], moving far beyond the requirements outlined in the “five freedoms” framework [2]. Zoos now aim to design habitats and management strategies which enable individuals to thrive in a zoo housed-environment [3]. Over the last two decades, criticisms have been raised in relation to the welfare experienced by elephants in European and North American zoos [4,5]. In consequence, a number of multi-institutional studies have been conducted, aiming to identify the relationship between zoo environmental factors and individual wellbeing [6]. Williams et al. [7] summarised that 37 unique indicators of welfare are used for African (Loxodonta africana) and Asian (Elephas maximus) elephants, which include documenting activity levels, recording engagement in positive social interactions, monitoring body condition scores, observing foot health and quantifying concentrations of faecal glucocorticoid metabolites. To evaluate individual wellbeing and welfare on an immediate and longer term basis, a range of these measures should be used simultaneously [7]. Carlstead et al. [8] show that meaningful elephant-keeper relationships are an important factor in the prediction of lower individual cortisol responses. Additionally, Edwards et al. [9] outlined that housing factors, such as free access to unique environments and management strategies including enrichment diversity, could influence the number of clinical heath events experienced by zoo housed elephants. Multi-institutional studies have also been conducted to understand how zoo environmental factors influence engagement in stereotypic behaviours, with Greco et al. [10] highlighting that variables such as isolated housing, experience of inter zoo transfers and time spent in mixed sex social groups influence engagement in stereotypy.



The social environment experienced by individuals is one of the key factors within a zoo setting to consider when evaluating welfare in elephants. When reporting the limited exposure of imported North American zoo housed elephants to birth experiences, Prado-Oveido et al. [11] outline the detrimental long-term welfare implications this could have for both those individuals and their offspring, due to limited opportunity to develop crucial allomothering skills [12].



Despite a focus in providing a more comprehensive overview of how different zoo environmental factors may influence overall welfare experience for elephants, there is a need for further information on the behaviour of individuals when there is a limited visitor and keeper presence, for example, outside of typical working hours. Due to recent advances in camera technology and increased investment by elephant holding zoos into facility design and monitoring equipment, robust evaluation of elephant behaviour over a 24 h period has become more achievable. [13,14].



One of the most common behaviours observed in zoo housed animals during periods of limited staff and visitor presence is resting behaviour, with many species showing a circadian variation in activity [15]. Rest is essential to the development and maintenance of good health status in multiple species, including elephants [13]. However, resting has received little study in comparison to other more active behaviours, despite both genera of elephant being housed in zoos for over a century [16]. Santymire et al. [17] highlight that individuals can only experience rapid eye movement sleep, a phase of rest known for its important and restorative properties, when they are lying down. However, for a large herbivore such as an elephant, lying down increases their vulnerability to predation events [18]. As such, choosing to rest in a recumbent position could be suggested as an indication that individuals feel safe and comfortable within their environment. Duration of time spent in lying rest has been suggested, in Asian elephants, as an indicator of physiological health, with a low engagement in recumbent rest linked to poor foot and musculoskeletal health, particularly in geriatric individuals [19]. Additionally, the proportion of time that individuals spend lying down to rest can give an insight into psychological wellbeing, with a decrease in lying rest associated with poor group social compatibility [19]. The effect of changes in facility design or husbandry routine may also be evaluated using lying rest. The transition towards providing deep sand substrate to individuals was suggested to facilitate positive recumbent rest [20], particularly in individuals which previously showed a low engagement in this behaviour.



The aim of the study was to provide an insight into the activity of a female breeding group of Asian elephants housed at ZSL Whipsnade Zoo during time periods that are typically unobserved in a zoo setting, with a particular focus on evaluating resting behaviour. Our low cost, repeatable methods are designed to capture information on nocturnal behaviour alongside data on the duration, type and social context of rest behaviour. The information collected allows for a robust and comprehensive evaluation of individual wellbeing, during times of day where limited staff and visitor presence makes it difficult to observe animal behaviour. We aimed to highlight the importance of documenting this activity to obtain an accurate and holistic overview of individual wellbeing, emphasising the benefits of an evidence-based approach in the management of this species in a zoo setting.




2. Materials and Methods


2.1. Study Subjects


The subjects of this research were five female Asian elephants housed at ZSL Whipsnade Zoo (WZ) UK, managed in a protected contact system. The breeding group consisted of two post reproductive females (AF1; Date of Birth [DOB]: 20 July 1982, AF2; DOB: 24 May 1982), one breeding adult female (AF3; DOB: 27 August 1998), one juvenile female (JF; DOB 23 July 2009) and one female calf (C; DOB 10 June 2016). Mother–calf dyads were present within the study group between “AF1” and “JF” and “AF3” and “C”. “AF2” is an unrelated member of the study group but has been housed with “AF1” for over 30 years. Age classes for this study were determined using previous published work [6]. This group was one of two subgroups managed within the elephant facility at WZ, separated due to severe long-term incompatibility issues between two adult females. Our study group was housed with visual and auditory contact to another subgroup consisting of two individuals (one post reproductive cow and one young bull). An adult breeding bull was housed in a separate facility over 100 m away.




2.2. Enclosure


Housing provision was consistent throughout the entire duration of study. Study subjects were housed in a custom-built indoor facility totalling 700 m2, with multiple timed hay-nets, browse feeders and species-specific enclosure furnishings including enrichment devices. Individuals were housed on a fine grade sand substrate to a depth of at least 1 metre throughout the facility. Sand was maintained four times per week, providing a dynamic environment with sand mounds to facilitate lying rest for the study individuals. The times at which haynets were operated was regularly reviewed to ensure minimal disturbance to the individuals. Outside of the observed times as part of their normal daily management, all individuals had outdoor access to either all weather or grass paddocks, rotating seasonally over an area of approximately 7 acres.




2.3. Data Collection


Data were collected between 19 August 2018 and 28 February 2019 (n = 139 days), between the hours of 16:00 and 10:00 approximately, dependent on husbandry routines. Data were collected using instantaneous focal sampling (via closed circuit television (CCTV) recording) of state behaviours at 15 min intervals [21], for the entire duration that individuals spent in the habitat (Appendix A). Continuous focal sampling was used to record the precise duration of both standing and lying rest behaviour. Social aspects of resting behaviour were documented by recording the ID and proximity of the focal individuals two nearest conspecifics, in elephant body lengths, up to three elephant body lengths away [22]. An individual was only classed as engaging in social rest when the focal animal actively chose to rest in an area in which their conspecific/s were also resting. This data collection method along with the ability to pause and playback footage on the camera system, allowed for multiple individuals to be observed accurately across each observation period. Three CCTV cameras were used for recording behaviour; these were positioned to cover the entire indoor area with no blind spots. All data collection was carried out by the lead author, eliminating the need for interobserver reliability assessment. Observation time for the study totalled 2443 h. For individuals “AF1”, “AF2”, “AF3” and “C” this equated to 450 h each or 25 nights total observation time. Due to “JF” being pregnant at the time of the study (estimated to give birth January 2019), more frequent observations were conducted on this individual. Total observation time for “JF” was 643 h, or 35 nights. During the data collection period on 12 January 2019, “JF” gave birth to a calf which died 72 h later. As a result, data in date range 12 January–21 January 2019 was excluded from analysis for all individuals, as daily husbandry routines were severely disrupted during this period. Within the overall data collection period, data were classified into one of two seasonal conditions: “Summer” observation period was between 19 August 2018 and 3 November 2018, “Winter” observation period was between 24 November 2018 and 28 February 2019.




2.4. Data Analysis—Activity Budget


All analyses were conducted using R statistical analysis software, version 1.3.1056 [23]. When tested for normality, activity budget data were found to have a normal distribution (Shapiro–Wilks test: Standing Rest; w = 0.89, p = 0.53, Lying Rest; w = 0.81, p = 0.44). Duration of resting behaviour, calculated in minutes, was also normally distributed (w = 0.98, p = 0.24). In consequence, parametric statistical tests were used throughout data analysis. Due to the small sample size (n = 5) in this study, we treated each day as the experimental unit. When investigating the relationship between resting bouts and time spent resting, we treated each resting bout as the experimental unit. In both cases the authors accepted pseudoreplication. In consequence, we accept the inapplicability of our results to the wider zoo population of Elephas maxmius as a limitation of this particular analysis [21].




2.5. Data Analysis–Social Data


Sociograms were constructed using NetDraw network visualization software version 2.172 package on UCINET version 6.709 [24], using information obtained by calculating an Index of Association for each dyad within the study group [21]. Index of Association was used to determine the extent to which individuals within the study group associated with each other during the data collection period. Index of association score ranged from 0 (no association) to 1 (complete association), using the proximity data collected during periods of standing and lying rest for the focal individual. Only scores ≥0.1 were displayed on the sociograms for clarity. Line thickness between nodes were adjusted to display the strength of relationships between individuals. To determine the true extent to which individuals were choosing to associate with each other during both lying and standing rest, sociograms were constructed only using data in which individuals were either touching or within one elephant body length of each other (the two closest proximity categories).





3. Results


3.1. Activity Budgets


Individual activity budgets were calculated for each of the study subjects. The most commonly observed behaviours for each animal were feeding (AF1: 65.8% ± 1.9, AF2: 62.7% ± 1.3, AF3: 68.2% ± 1.6, JF: 57.9% ± 0.93, C: 37.9% ± 3.7; Figure 1) and resting (AF1: 26.4% ± 1.7, AF2: 24.1% ± 0.9, AF3: 23.0%, 1.3, JF: 31.1% ± 0.8, C: 32.9% ± 2.3); Figure 1). Individuals were not observed to engage in any stereotypic behaviour or agonistic social behaviour throughout this study. “Other” behaviours included positive social behaviour, enrichment manipulation, play and keeper interaction (Appendix A, Table A1).




3.2. Resting Times


The data collection period was split into three six-hour time periods, in line with other published work [20].



The proportion of time spent engaging in standing rest did not significantly differ between time periods for four of the five study individuals (One way ANOVA: AF1: F = 4.14, df = 24, p = 0.06; AF2: F = 5.54, df = 24, p = 0.12; AF3: F = 3.14, df = 24, p = 0.23; JF: = 4.04, df = 34, p = 0.10,—Table 1). Throughout the data collection period, individual “C” spent all of her time in standing rest in “Period One” (One way ANOVA: F = 38.43, df = 24, p < 0.05-Table 1).



The proportion of time each study individual spent in lying rest did significantly differ between time periods (One way ANOVA: AF1: F = 55.44, df = 24, p < 0.05; AF2: F = 48.61, df = 24, p < 0.05; AF3: F = 56.28, df = 24, p < 0.05; JF: F = 46.32, df = 34, p < 0.05; C: F = 51.30, df = 24, p < 0.05—Table 1). Post hoc analyses with Bonferroni adjustment revealed that the pairwise differences between “Period One”—”Period Two” and “Period Two”—”Period Three” were statistically significant (p < 0.05), with all individuals spending the most time in lying rest at “Period Two” between the hours of 22:01 and 04:00 (Table 1).




3.3. Seasonal Influences on Rest


Study subjects were observed in “Summer” and “Winter” periods throughout the course of data collection. Duration of time spent resting (standing and lying rest combined) did not significantly differ for each individual between “Summer” and “Winter” data collection periods (Paired sample t-test: AF1: t = −1.18, df = 24, p = 0.25; AF2: t = 1.82, df = 24, p = 0.30; AF3: t = 2.89, df = 24, p = 0.06; JF: t = 0.75, df = 34, p = 0.46; C: t = −1.85, df = 24, p = 0.09 (Figure 2).




3.4. Relationship between Number of Rest Bouts and Total Time Resting


For subjects within our study group, there was a strong positive correlation between the number of minutes spent in lying rest and the number of bouts of lying rest (Pearson’s correlation: t = 8.10, df = 289, p < 0.001, cor = 0.637). Additionally, we observed a strong positive correlation between the number of minutes spent in standing rest and the number of bouts of standing rest (Pearson’s correlation: t = 18.53, df = 289, p < 0.001, cor = 0.88). When examining the relationship between lying and standing rest, we observed a negative correlation between the duration of time spent in lying rest and the duration of time spent in standing rest (Pearson’s correlation: t = −3.03, df = 289, p = < 0.001, cor = −0.30).




3.5. Social Aspects of Resting Behaviour


When evaluating the social aspects of resting behaviour, of their time spent in both lying and standing rest, all individuals studied chose to rest within two body lengths of a conspecific, doing so for over 80% of the time (Table 2). Three of the five individuals studied (“AF2”, “JF” and “C”) always chose to rest within two body lengths of a conspecific throughout our data collection period (Table 2). Three of the five individuals studied chose to spend the majority of their time resting either touching or within one body length of a conspecific (“AF1”, “JF”, “C”; Table 2).




3.6. Extent of Resting Associations


3.6.1. Extent of Associations in Standing and Lying Rest


Dyads with the highest extent of association, during both standing and lying rest are “AF1” and “JF” (0.8), “JF” and “C” (0.6) and “AF1” and “AF2” (0.6; Figure 3).




3.6.2. Extent of Associations in Lying Rest Only


Dyads with the highest extent of association, when in lying rest are “AF1” and “JF” (0.8), “JF” and “C” (0.6), “AF1” and “C’ (0.6) and “AF1” and “AF2” (0.6; Figure 4).






4. Discussion


Our study outlined how camera technology can be used to observe zoo housed individuals during times of limited staff and visitor presence. We highlight the importance of using known species-specific behavioural indicators of welfare to allow for a comprehensive evaluation of well-being on an individual basis. We present and discuss individual activity budgets for our study group. Additionally, we highlight our study individuals engage most in lying rest between the hours of 22:01 and 04:00. Furthermore, the time spent resting by our study group was not found to be influenced by seasonality. We add to the body of work that outlines the importance of social compatibility within zoo housed groups of elephants, showing that our study individuals form strong associations with each other during rest. These highly associated dyads include mothers and calves as well as unrelated individuals which have been housed together for an extended period. Due to the small sample size for this study, the authors have treated each day as the experimental unit within statistical analyses and have accepted pseudoreplication. In consequence, we highlight that our results may not be applicable to the wider population of zoo housed Elephas maximus. Therefore, we discuss our results in the context of our study group, with suggestions and directions for further study for other elephant holders.



4.1. Activity Budgets


Activity budgets are a useful tool in outlining how individuals choose to spend their time within their environment [25]. Historically, activity budgets outside of visitor and staff hours have been difficult to obtain for zoo housed individuals [4]. However, following investment in monitoring equipment by elephant holders and further research into behavioural indicators of welfare for this species [7], accurate and robust behavioural data can now be collected, particularly over the nocturnal period. Our results outline that in the hours between 16:00 and 10:00, all individuals spend the most time feeding and resting irrespective of age group. Feeding represented the majority of the activity budget for our study group, with individuals feeding on average for 57.7% (range 37.9%–68.2%) of their nocturnal activity budget. Studies on feeding behaviour on both wild and captive elephants mainly report daylight feeding hours. However, Sukumar [26] reported wild Asian elephants may spend up to 16 h a day feeding or foraging whilst wild savannah elephants were outlined to spend as much as 74% of their total time budget feeding [27]. Whilst direct comparisons with these studies are not achievable, we can suggest that the majority of a wild elephants’ time budget is spent feeding, a trend observed in our study. Resting was also found to represent a high proportion of individuals’ activity budgets with an average time spent resting calculated to be 28.2% (range 22.9% to 35.1%) of the data collection period. In previous published work, we highlighted that the duration of time our study subjects spent resting was in line with another large European institution [22]. In addition, we outlined that the majority of time resting for of our study individuals was spent in lying rest [22], a suggested positive welfare indicator for this species [7]. Engagement in other species-specific behaviour was recorded throughout our study, with all individuals observed to engage in affiliative social behaviour and self-maintenance behaviours. Furthermore, we report no bouts of agonistic social or stereotypic behaviour during our data collection period. Participation in species-appropriate behaviour has been suggested as a potential indicator that an individual is experiencing a good state of wellbeing [28,29], with several species-specific behaviours being used as indicators of positive welfare for zoo housed elephants [7]. Stereotypies are the most frequently used behavioural measure of welfare for elephants [7] and whilst their use as a sole indicator of welfare experience should be treated with caution [30], their absence or reduction within an activity budget is usually correlated with positive welfare experience [30,31,32,33]. We suggest that the quantification of individual activity budgets, particularly during hours of limited visitor or staff present, can provide a more holistic and comprehensive evaluation of wellbeing using multiple species-specific behavioural indicators of welfare.




4.2. Resting Times


Engagement in resting behaviour is known to be fundamental for growth, development and regeneration across the animal kingdom [34,35,36,37]. However, there have been relatively few studies that have investigated the resting behaviour of elephants housed in UK zoos [7,20,38]. Despite this lack of research, elephant holders have suggested that the quality and pattern of resting behaviour of zoo housed elephants should be an area of research focus due to its potential indication of welfare status [39]. In line with other published works, our data collection window was split into three time periods [20] and we documented engagement in both standing and lying forms of rest. Our findings were consistent with that of other studies [20,38,40,41], with individuals spending the majority of their time in lying rest between the hours of 22:01 and 04:00. However, the time that individuals spent in standing rest did not significantly differ across the three time periods. In consequence, based on consistent findings with other published works, it could be recommended that future studies evaluating lying rest in zoo housed elephants could direct their observations towards the hours of 22:01–04:00, to maximise resource if time was limited. However, if standing rest was the behaviour of interest it may be recommended that researchers observe the whole night of footage to gain a comprehensive understanding. Studies on resting behaviour on wild elephants are limited; however, Gravett et al. [42] reported wild African females to have an average daily sleep time of two hours, mostly between the hours of 02:00 and 06:00. Wild individuals were observed to only exhibit recumbent rest every third or fourth day, possibly due to potential poaching or predation events, suggesting that individuals will only lie down to rest when they feel comfortable and secure within their environment [31]. In consequence, whilst further work is required to directly correlate resting behaviour with welfare status, highlighting patterns of resting behaviour consistent with those found in other studies is a useful step towards increasing understanding the relationship between rest and wellbeing in zoo housed elephants.




4.3. Seasonal Influences on Rest


Seasonality is something that drives behaviour change in many mammalian species [43,44,45], due to changes in temperature and availability of resources [46]. When evaluating resting behaviour in this study, individuals were not found to significantly differ their total time spent resting between the two seasons. This result may be due to the consistency of the indoor housing environment experienced by our study subjects, with no changes in housing temperature or resources throughout the data collection period.




4.4. Relationship between Number of Rest Bouts and Total Time Resting


Few studies examine the relationship between the number of resting bouts and the total time that individuals spend resting in zoo housed elephants. Standing and recumbent resting bouts have been observed in wild elephants [47] but the accurate proportions of each have not been quantified to date. Our findings are consistent with Williams et al. [20], that the duration of time spent in rest is positively correlated with the number of observed resting bouts, when in both standing and lying rest. In addition, the amount of time that our study individuals spent in lying rest was negatively correlated with the total time that individuals engaged in standing rest. In consequence, our work can suggest a theory that each individual has a total rest allocation per night, the proportions of which are divided into standing and lying rest. As such, this proportion of standing vs. lying rest could be used as an additional measure in the longitudinal evaluation of individual welfare. In their systematic review to identify welfare indicators for this species, Williams et al. [7] outline that there may be an optimal level of rest for individuals, but further work needs to be done to understand the relationship between recumbence and rest from a welfare perspective. Studies have outlined that recumbence behaviour is inversely related to age for both African and Asian elephants, with Holdgate et al. [38] also identifying that recumbence behaviour was highest in individuals which had access to the largest amount of outdoor space overnight. Chadwick et al. [39] outline that from the perspective of zoo staff, individuals not lying down to rest is an indication of negative welfare; however, excessive recumbent bout lengths for individuals could also be a suggestion of suboptimal welfare experience [7]. As such, we cannot definitively state the correlations between standing and lying rest bouts observed in this study are an indication of positive welfare, more that the documentation of this information can be used alongside other welfare indicators over time to gain a more comprehensive understanding of welfare experience on an individual basis.




4.5. Social Aspects of Resting Behaviour


Appropriate social groupings have been highlighted as one of the most important factors in determining the success of keeping Asian elephants in a positive welfare state within a zoo setting [19,48,49]. Elephant holders are now striving to replicate social environments which reflect that of wild individuals, aiming to keep herds formed of multiple highly related matrilines, led by a matriarch [22]. Affiliative social relationships between group members are thought to contribute strongly to overall group cohesion and stability and as such are used as indicators of positive welfare [7]. Previous study has reported that social variables have a strong association with time spent in lying rest [38], with Williams et al. [20] reporting that individuals were found to have longer resting bouts when a conspecific was within a distance of two elephant body lengths. However, in groups of mixed age-classes some individuals were found to rest less due to disturbance from younger individuals [50]. In addition to social structure, social compatibility can also influence time spent resting, with Evison et al. [51] highlighting that following the translocation of a socially incompatible female to another facility, duration of time spent in recumbent rest increased for the remaining group members.



Results from our study outline that our subjects chose to spend the majority of their time resting in social proximity of other individuals. Three individuals “AF2”, “JF” and “C” chose to rest exclusively within two body lengths of conspecifics throughout our data collection period.



When evaluating the extent of association between individuals, we found that mothers and calves were highly associated when engaging in rest behaviour. Additionally, we found “C” the youngest individual within our study to be highly associated with half-sister “JF”, a dyad which could be extremely important in the development and facilitation of social behaviour [52,53]. Using the Index of Association score, we highlight the key role that “C” plays in connecting her dam “AF3” to the core female group, particularly in lying rest (Figure 3 and Figure 4). In consequence, the role that calves and juveniles could play in encouraging and facilitating positive social relationships within breeding groups should not be overlooked.



Species-specific zoo legislation [54] now outlines that breeding collections should aim to keep stable matriarchal herds wherever possible, comprising of four compatible females over two years old. However, Williams et al. [55] emphasise that unrelated elephants can still form appropriate and successful social groupings with conspecifics. We present information from our study that supports this statement, highlighting that unrelated female “AF2” forms meaningful associations with other group members when resting. “AF1” and “AF2” have been housed in the same facility for over 30 years, moved to the UK in the same import from a logging camp in Myanmar. This dyad was found to be highly associated throughout our study. As a result, we outline that the time that individuals have been housed together could be an important factor to consider when evaluating herd structure and potential animal transfers as part of the species breeding programme. Our results show the importance of monitoring social relationships and overall compatibility of individuals within breeding groups, both to document compliance with outlined legislation and to use as an indicator of positive welfare experience.



As technology advances and becomes cheaper and more accessible, observing elephants during hours of limited staff and visitor presence will become more practically achievable globally. Methods described in this paper could be repeated to observe 24-h time budgets of other elephants under human care, to globally benefit zoo elephant welfare. As described by Fernandez and Timberlake [56] and Maple and Segura [57], improved collaborations between elephant holding zoos should be explored, using standardized shared methodologies to widen the dataset and enable broader academic collaborations. Using student research assistants to collect these data, the dataset could be further extended cost effectively, for meaningful future comparison between individuals experiencing different zoo situations, leading to individual welfare improvement. Additionally, within a single institution such as ZSL Whipsnade Zoo, repeating these methods over the long lifespan of an individual elephant will enable more extensive longitudinal welfare assessment and therefore welfare improvement throughout the animals’ life.
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Table A1. Ethogram; state behaviour definitions.






Table A1. Ethogram; state behaviour definitions.





	Behaviour Category
	Behaviour
	Description





	Anticipatory
	Anticipatory
	Individual stands in a stationary, quadrupedal position at a fixed point within the exhibit. Attention is often fixed at this point, with head orientated towards it and no other discernible behaviours taking place.



	Feeding
	Feeding
	Active consumption or manipulation of feed items or ingestion of water. Includes foraging for grass, browse and hay and consumption of pellet feed.



	Locomotion
	Walk
	Individual moving across the enclosure at a walking pace. Only one foot is removed from the ground at any one time.



	Locomotion
	Run
	Individual moving across the enclosure at a running pace, more than one foot is removed from the ground at any one time.



	Maintenance
	Digging
	Individual using foot to displace substrate.



	Maintenance
	Dust bathing
	Individual uses trunk to pick up sand, dust or other substrate and throw it over the body.



	Maintenance
	Grooming self
	Individual is scratching or rubbing itself using trunk or against an enclosure furnishing.



	Other
	Affiliative social behaviour
	Any social behaviour which maintains or strengthens positive social relationships within the group.



	Other
	Agonistic social behaviour
	Individuals interacting in a way which may disrupt or weaken social bonds within the group.



	Other
	Enrichment manipulation
	Interaction with pieces of enrichment provided by the keepers as part of their enrichment plan.



	Other
	Keeper interaction
	Any interaction between the individual and members of the animal keeping team.



	Other
	Object manipulation
	Interaction with other objects within the enclosure other than enrichment.



	Resting
	Lying rest
	Individual is relaxed in lateral recumbence.



	Resting
	Standing rest
	Individual is upright and stationary with 3 or 4 feet on the ground, trunk is relaxed and eyes usually closed. Individual is relaxed with no other behaviour being displayed.
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Figure 1. Activity budgets for each study subject, showing average proportion of time spent engaging in each behavioural category. 
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Figure 2. Total time spent resting (minutes), using both standing and lying rest data, for each study subject during the summer and winter data collection period. Data is displayed here as the median and interquartile range (IQR), with the whiskers representing Q1—1.5 * IQR and Q3 + 1.5 * IQR. Outliers are represented by the white circle. 






Figure 2. Total time spent resting (minutes), using both standing and lying rest data, for each study subject during the summer and winter data collection period. Data is displayed here as the median and interquartile range (IQR), with the whiskers representing Q1—1.5 * IQR and Q3 + 1.5 * IQR. Outliers are represented by the white circle.
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Figure 3. A sociogram highlighting the extent of association between study subjects, using both standing and lying rest data, when individuals were either touching or within one elephant body length of a conspecific. Only associations ≥0.1 were shown on the sociogram for clarity. Matching node colours indicate a mother–calf dyad. Blue font denotes the extent of association between an unrelated dyad. Black font denotes the extent of association between a related dyad. 






Figure 3. A sociogram highlighting the extent of association between study subjects, using both standing and lying rest data, when individuals were either touching or within one elephant body length of a conspecific. Only associations ≥0.1 were shown on the sociogram for clarity. Matching node colours indicate a mother–calf dyad. Blue font denotes the extent of association between an unrelated dyad. Black font denotes the extent of association between a related dyad.
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Figure 4. A sociogram highlighting the extent of association between study subjects, using only lying rest data, when individuals were either touching or within one elephant body length of a conspecific. Only associations ≥0.1 were shown on the sociogram for clarity. Matching node colours indicate a mother–calf dyad. Blue font denotes the extent of association between an unrelated dyad. Black font denotes the extent of association between a related dyad. 
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Table 1. Proportion of time (%) that each study subject spent engaging in standing and lying rest, throughout each period of the data collection window. Results presented as mean ± s.e. * denotes a significant statistical difference to the other time periods.
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Period One

(16:00–22:00)

	
Period Two

(22:01–04:00)

	
Period Three

(04:01–10:00)




	
Study Subject

	
Standing

	
Lying

	
Standing

	
Lying

	
Standing

	
Lying






	
AF1

	
45 ± 1.9

	
11 ± 1.9

	
12 ± 3.2

	
79 ± 4.6 *

	
43 ± 4.8

	
10 ± 1.5




	
AF2

	
51 ± 5.8

	
10 ± 0.9

	
23 ± 2.2

	
82 ± 2.5 *

	
26 ± 6.1

	
8 ± 3.5




	
AF3

	
45 ± 1.9

	
2 ± 0.5

	
32 ± 2.1

	
86 ± 4.9 *

	
42 ± 3.9

	
12 ± 2.1




	
JF

	
45 ± 3.2

	
13 ± 5.2

	
19 ± 2.9

	
67 ± 2.1 *

	
36 ± 1.2

	
20 ± 1.6




	
C

	
100 ± 0 *

	
26 ± 2.4

	
0 ± 0

	
51 ± 5.9 *

	
0 ± 0

	
23 ± 2.5
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Table 2. Proportion of time (%) that each study subject spent touching a conspecific, within one elephant body length of a conspecific and within two body lengths of a conspecific when engaging in standing and lying rest.






Table 2. Proportion of time (%) that each study subject spent touching a conspecific, within one elephant body length of a conspecific and within two body lengths of a conspecific when engaging in standing and lying rest.





	Study Subject
	Touching Conspecific
	Within One Elephant Body Length of Conspecific
	Within Two Body Lengths of Conspecific





	AF1
	3.3 ± 1.9
	68.2 ± 8.9
	97.4 ± 2.6



	AF2
	5.6 ± 5.6
	45.3 ± 13.2
	100 ± 0



	AF3
	33.2 ± 7.6
	42.8 ± 20.2
	80.1 ± 10.6



	JF
	20.6 ± 3.3
	85.2 ± 4.6
	100 ± 0



	C
	29.1 ± 8.6
	63.1 ± 11.9
	100 ± 0
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