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The modern zoo relies on the persistence of genetically and physiologically healthy populations of endangered species, which is enabled through breeding programmes globally and regionally. Many species commonly held in zoos are poorly studied in the wild, leading to a lack of in-depth knowledge surrounding breeding behaviours and subsequent parental behaviours and early life development of young. Knowledge of this information is critical to make informed management decisions which promote successful rearing of young in zoos. While the critically endangered Sumatran tiger is popular in zoos, rates of cub survival in the first 5 months are lower than 50%, highlighting the need for scientific evidence driving management decisions. This study monitors nursing and cub grooming behaviours in a first-time mother Sumatran tiger (Panthera tigris sumatrae) and her cubs throughout four stages of cub development. The social proximity of cubs and dam were recorded to describe social interactions within the group throughout cub aging. A series of Friedman tests and post-hoc tests found significant decreases in both cub grooming (χ2 (3, N = 96) = 14.20, p < 0.01) and nursing (χ2 (3, N = 96) = 25.77, p < 0.001) behaviours between the birth and weaning of the cubs, as well as within different phases of cub development between those times. Cub-to-cub proximity was maintained from birth to weaning, with cubs spending significant amounts of time in close proximity (within one adult body length) of each other (χ2 (3, N = 96) = 15.231, p = 0.001) throughout the study. The dam was found to spend significantly less time with the cubs as they reached weaning age (χ2 (3, N = 96) = 27.88, p < 0.001). These results are thought to be the first of their kind to detail timings of cub development and early life socialisation, providing evidence for timing of first food provision to young and promote the provision of space for the dam to spend time away from the cubs, while allowing the cubs to become confident, mobile, and independent.




Keywords: zoo, parental care, breeding programmes, tiger, animal behaviour




1 Introduction

The global decline of biodiversity has transformed the role of zoos, shifting the focus from the collecting and displaying of exotic species, to a focus on education, conservation, engagement, and research (Greenwell et al., 2023). The implementation of captive breeding programmes supports these goals by aiming to maintain genetic diversity and demographic stability in ex-situ populations (Greenwell et al., 2023; Kurniawan et al., 2021; Semiadi and Nugraha, 2006), by making breeding recommendations between specific compatible individuals (Martin-Wintle et al., 2017; Saunders et al., 2014). These programmes are particularly valuable for endangered species, such as Panthera sp. where maintaining healthy populations is critical.

Tigers (Panthera tigris) are a popular species in zoos (Carr, 2016; Powell et al., 2024) representing their wild counterparts which are threatened by habitat loss (Imron et al., 2011; Luskin et al., 2017; McKay et al., 2018), poaching (McKay et al., 2018), and a reduction in prey and dense vegetation (Patana et al., 2021; Pusparini et al., 2018). While there are some wider discussions surrounding the taxonomy of tiger subspecies (Stubbington et al., 2023), the CATnews Special Issue (Kitchener et al., 2017) currently describes 8 extant subspecies of Panthera tigris. Indonesia was once home to three subspecies, two of which have been declared extinct (the Javanese tiger, P. t. sondaica and the Bali tiger, P. t. balica; Kurniawan et al., 2021). Sumatran tigers are the only remaining extant species in this area, endemic to the forests of the island of Sumatra (Patana et al., 2021), where they are difficult to survey due to low numbers. A meta-regression of existing capture-recapture studies of Sumatran tigers has found that fragmented habitats have led to an increase in population density, but a reduction in overall population numbers since 1996 (Luskin et al., 2017). Luskin et al. (2017) estimated there to be two existing robust populations, each with fewer than 30 breeding females and fewer than 400 adults (Stubbington et al., 2023), and as such, the species has been classified as Critically Endangered by the International Union for the Conservation of Nature (IUCN; Luskin et al., 2017; Semiadi and Nugraha, 2006). While numbers of Sumatran tigers are declining in the wild, they are commonly found in zoos (Saunders et al., 2014), with 295 individuals currently recorded globally (Species360 Zoological Information Management System, 2024).

The breeding programme for Sumatran tigers in zoos across the world is supported by the Global Species Management Plan (GSMP) developed for this species (Wilting et al., 2015), which allows zoos to cooperate with each other to maintain healthy ex-situ populations. Successful reproduction is vital to the progress of breeding programmes (Stubbington et al., 2023), and understanding the factors which influence this is critical (Holland et al., 2023; Saunders et al., 2014). A review of the Tiger International Studbook in 2006 found that captive cub mortality at less than 5 months reached 59% (Semiadi and Nugraha, 2006), while a more recent figure in the Sumatran Tiger European Endangered species breeding Programme (EEP) Long-term Monitoring Plan reports juvenile mortality to be 42% in the first few weeks of life (Stubbington et al., 2023). This highlights a need for scientific, evidence-based decisions to be made to effectively manage populations of this species (Holland et al., 2023; Saunders et al., 2014). Saunders et al. (2014) found that certain demographic and population management factors such as age, female breeding experience and whether the male and female were previously housed at the same institution, may influence breeding success (Stubbington et al., 2023). However, little information describing the behaviours exhibited by Sumatran tigers during parturition and subsequent raising of cubs in zoos currently exists (Pastorino et al., 2022).

Building upon this knowledge, increasing rates of successful cub weaning will help to maintain healthy global zoo populations of Sumatran tigers, providing stable insurance populations (Saunders et al., 2014). Tigers are one of the most charismatic endangered species, receiving significant conservation attention (Armstrong et al., 2021; Bullock et al., 2021; Carr, 2016; Wilting et al., 2015), and act as flagships to provide opportunities for education, public awareness and fundraising for wider conservation issues (Christie, 2010); by attracting visitors to zoos, they allow the funding of other conservation endeavours. As part of a wider project, we recorded a range of behaviours to document the dam’s activity budget following the birth of her cubs continuously over 24-hour periods. In this study, we report on changes in two key maternal behaviours (grooming of cubs and nursing cubs), as well as the changes in proximity of cubs to each other and the dam from birth through to weaning age; critical behaviours which are vital for cub survival (Holland et al., 2023; Yachmennikova et al., 2018). Although not the main aim of the paper, we also report on the presence of a male during birth, which has rarely been described in the literature to date (Holland et al., 2023). Typical husbandry for this species includes housing males and females separately, except for breeding purposes (Galardi et al., 2021; Pastorino et al., 2022), however, there are increasing reports of collections keeping a male and female mixed throughout their lives (Holland et al., 2023), with suggestions that male Sumatran tigers may join females when mating and when females rear their cubs (Holland et al., 2023; Pastorino et al., 2022). We predict that as time passes, the dam will spend less time engaging in cub-directed behaviours (grooming, nursing), and the cubs will spend more time apart from the dam and each other as they become increasingly independent.




2 Methods



2.1 Study population

A breeding recommendation for Kasarna, an eight-year-old female Sumatran tiger born at Chester Zoo, led to the arrival of Dash, a three-year-old male Sumatran tiger, in July 2022. Both individuals were included in this study, along with the cubs born on 7th January 2023. Three cubs were born, but one did not survive beyond the first development phase. The study began on the day of the birth of the cubs. The group were housed in a custom-built habitat with four dens (104 m2 total) and two outdoor areas (1800 and 210 m2 respectively) which enables individuals to be physically separated from each other for husbandry purposes as required. The cubs and the dam had access to three dens and were given access to the smaller off-show paddock when the cubs became independently mobile and started following the adult female around the study area. The temperature in the dens was maintained at a minimum of 18°C, with the lights switched on between 07:30 and 17:00. The keepers minimised access to the dens throughout the study period, with a black curtain installed between the keeper corridor and the dens to reduce visual contact between keepers and the animals. When accessing the dens to provide feed, keepers checked a remotely accessible live CCTV feed to ensure the group was calm before entering the house. Using slides to place food in the dens with as little disturbance as possible, keepers would then opportunistically spot clean the enclosure, before leaving and monitoring the group’s reaction on the CCTV. Visual contact between keepers and cubs was initiated by the cubs when they gained mobility and started exploring the dens when keepers were present.

Prior to the birth, the dam’s diet was increased by 30% (by mass) and this was maintained throughout the study period. The cubs were provided with their own food after they started showing interest in the dam’s food by sniffing and picking it up. Food was provided in the dens as part of the regular husbandry routine, by being placed on the floor for the individuals to find. They were provided with a rabbit alongside the dam’s feed, which allowed them to explore and practice feeding on solid food. The dam and the cubs were weighed opportunistically every other month for the first few months of the cubs’ lives, and keepers used body scoring to monitor their condition. This allowed keepers to ensure the cubs were increasing in weight as expected, and that the dam’s weight did not decrease excessively. At both 8 weeks and 11 weeks, the cubs were microchipped, vaccinated, and weighed by the veterinary team.

The sire was present for 100 minutes during and following the birth of the cubs but was subsequently separated from the group to provide the dam and the cubs with time to bond and was reintroduced 48 hours post-birth for 90 minutes, giving him access to outdoor areas, as recommended in the long-term management plan for the species (Stubbington et al., 2023).




2.2 Data collection

We observed the newborns and their parents via a remotely accessible CCTV cameras (Axis IP Camera, North West Security Group) which recorded the footage and automatically uploaded and stored it onto a server from which the observers could access remotely for up to one month after capture (Milestone XProtect video management software). CCTV cameras were fitted during the construction of the habitat, with the aim of covering as much of the areas available to the animals as possible (Figure 1). Only the outdoor areas and the inside of the tunnels linking rooms did not have CCTV coverage. Footage was reviewed from the moment of the cubs' birth to their weaning age at 10 weeks using continuous focal animal observations for defined periods within each development phase (see Table 1), totalling 132 hours. The location and social proximity of all individuals was continuously recorded during the observation periods, along with the behaviours of the sire and dam when visible in the study area, following the ethogram described in Table 2. Cub behaviours were not recorded as it was not possible to individually identify them.




Figure 1 | The study area. The red lines represent the delimitations of the areas as defined in BORIS.




Table 1 | Cub development phases and observations undertaken.




Table 2 | Ethogram adapted from Stanton et al. (2015) and developed to describe maternal and social behaviours in adult Sumatran tigers (P. t. sumatrae) following the birth of cubs.



Cameras were fitted with infrared lighting for night-time visibility enabling 24-hour sampling. The study period was divided into four distinct phases, as described in Table 1 below. This method resulted in 132 hours of footage spread over a period of 70 days.

Data were collected using BORIS (Behavioural Observation Research Interactive Software), a free and open-source software which allows the user to code behaviours from pre-recorded video clips (Friard and Gamba, 2016). It has previously been used to record the behaviours of Sumatran tigers in Ragunan Zoological Park, Jakarta (Kusmarani et al., 2019). This software increases the accuracy and efficiency of data collection by automatically noting the timestamp for each behaviour, with an accuracy of up to 0.001 seconds, making the data collection process faster and more reliable. Coding the behaviours from pre-recorded CCTV footage allows for re-winding and slowing down of footage to ensure accuracy of timings and behaviours, and for the observation of several individuals simultaneously (Kusmarani et al., 2019). The study subjects were marked as ‘Out of sight’ when they were outdoors with limited CCTV coverage (OUT on Figure 1), or inside a tunnel between rooms (TNL1 and TNL2 on Figure 1), and therefore out of sight of the cameras.

A map of the study area was created using screenshots taken from the CCTV images and uploaded into BORIS (Figure 1), allowing observers to record the location of each individual. The areas were divided by physical limitations (e.g. platform at a height), but also by aspects such as the line of sight of an individual in an area (an area where an individual could see through a tunnel to the next room was separated into its own area, e.g. TR2, which could see into CR1 through TNL2).

Prior to the commencement of the data collection, a series of inter-observer reliability tests were performed on 10-minute samples of the footage to ensure all observers were coding behaviours uniformly. This was repeated until all observers (LN, CG, JD and EG) had a rate of agreement of over 90% when using a 5 second window (range from 91% to 96% agreement between observer pairs, with a Kohen Cappa’s score ranging from 0.89 to 0.95, controlling for the likelihood of observers coding the same behaviour at the same time by chance). The observations collected in BORIS were exported in a CSV format and uploaded into RStudio version 4.3.0 (“Already Tomorrow”; R Core Team, 2023) for tidying and analysis.




2.3 Analysis

We conducted all analyses in RStudio, and the data were formatted using the “tidyverse” package (Wickham et al., 2019) before analysis.

While we recorded behaviours following an extensive ethogram as part of a long-term monitoring project, we chose to focus this study on maternal behaviours as an indication of parental investment in the species (“parental” behavioural category described in Table 2). As such, we calculated the proportion of time the dam spent nursing and grooming the cubs by determining the total number of seconds spent performing each behaviour within each hour of each studied development phase. Nursing and grooming the cubs are key behaviours that play a vital function in the development of cubs in Felidae. Data were also collected on sire parental behaviour such as grooming, sniffing and guarding when mixed with the dam and cubs for short periods during the birth (100 minutes) and 48 hours after the birth (90 minutes). Other parental behaviours recorded as part of the ethogram were not analysed. For the T0 phase, we used the 60 hours of footage to determine an average proportion of each behaviour for each hour of the day, resulting in 24 data points for each phase.

The continuous location of each individual was used to describe social proximity of individuals within the group. The proportion of time individuals spent apart and together was calculated in the same way as the behavioural data.

To examine the changes in both chosen key behaviours and time spent together between individuals between each phase, we conducted a series of Friedman tests as the data was not normally distributed, and to account for repeated measures. As the results from all tests were statistically significant, we performed a series of post-hoc tests in the form of pairwise Wilcoxon rank sum tests with Bonferroni correction, which is the appropriate post-hoc test for a Friedman test. In all Friedman tests, the grouping variable was the development phases (categorical; “T0”, “T1”, “T2”, “T3”), and the hour slots (continuous; 0-23) were used as the blocking variable.

To examine the changes in mean proportion of time spent in key parental behaviours between phases, we used the proportion of time spent grooming and nursing the cubs respectively as response variables (F1 and F2).

To describe the proportion of time the cubs spent in close proximity to each other, we calculated the duration (total number of seconds) of time the cubs spent in the same location and within one adult body length of each other (as divided in Figure 1), the same room but different location, and in a different room to one another for each phase. The proportion of time the cubs spent in the exact same location and within one adult body length of each other was used as a response variable in the Friedman test (F3).

To describe the proportion of time the dam spent in proximity to the cubs, we calculated the total number of seconds the dam spent with the cubs in the first development phase. In subsequent phases, we recorded the number of seconds the dam spent with zero, one or two cubs. The proportion of time the adult female spent in the same location as cubs was used as a response variable in the Friedman test (F4).





3 Results

A total of 26 of the 31 behaviours described in the ethogram were observed at least once throughout the study period and used for a long-term monitoring study. The results reported below focus on parental behaviours (as defined in Table 2) proximity of the cubs to the dam and each other.



3.1 Parental behaviours

As predicted, the proportion of time the dam spent in parental behaviours decreased steadily throughout the development phases. Grooming and nursing made up the majority of parental behaviours throughout (Figure 2).




Figure 2 | Across the development phases, the proportion of time the dam spent in parental behaviours decreased. Nursing was the most prominent parental behaviour. Parental behaviours are represented by the coloured areas and other behavioural categories, as defined in the ethogram, are in grey. The parental behaviours have been separated into the studied behaviours (denoted by an asterisk) and other parental behaviours which were observed, but not analysed.





3.1.1 Grooming cubs

A Friedman test revealed a statistically significant difference in cub grooming durations across developmental phases (Figure 3; F1; χ2 (3, N = 96) = 14.20, p < 0.01). Pairwise Wilcoxon rank sum tests with Bonferroni corrections detected a significant decrease in mean proportions of time spent grooming between phases T0 and T3, and T2 and T3 (Table 3).




Figure 3 | Proportion of time the dam spent grooming the cubs over the four development phases. The orange dots represent the mean proportion observed over each hour of the day, while the orange lines represent the standard deviation. T0 represents the 60 hours following the birth of the cubs, T1 is 5 days following the birth, T2 is 5 weeks following the birth and T3 is 10 weeks following the birth. The asterisks represent statistically significant results from the Wilcoxon rank sum test with Bonferroni correction.




Table 3 | p-values of the Wilcoxon rank sum test with Bonferroni correction when investigating the proportion of time the dam spent grooming the cubs.






3.1.2 Nursing cubs

Throughout the study period, the mean proportion of time the dam spent nursing her cubs steadily decreased. A Friedman test found that the difference in mean cub nursing behaviours between developmental phases was statistically significant (Figure 4; F2; χ2 (3, N = 96) = 25.77, p < 0.001). Pairwise Wilcoxon rank sum tests with Bonferroni corrections detected significant decreases in mean proportions of time spent nursing the cubs between all phases, except for T0 and T1, and T2 and T3 (Table 4).




Figure 4 | Proportion of time the dam spent nursing the cubs over the four development phases. The orange dots represent the mean proportion observed over each hour of the day, while the orange lines represent the standard deviation. T0 represents the 60 hours following the birth of the cubs, T1 is 5 days following the birth, T2 is 5 weeks following the birth and T3 is 10 weeks following the birth. The asterisks represent statistically significant results from the Wilcoxon rank sum test with Bonferroni correction.




Table 4 | p-values of the Wilcoxon rank sum test with Bonferroni correction when investigating the proportion of time the dam spent nursing the cubs.







3.2 Social proximity



3.2.1 Proximity of the cubs to each other

The proportion of time cubs spent in proximity to each other was divided into three categories: same location (within one adult body length), same room (different location; more than one adult body length but within visual contact), and different room (likely no visual contact).

The mean proportion of time the cubs spent in the same location was significantly different between phases (F3; χ2 (3, N = 96) = 15.231, p = 0.001), however post-hoc tests revealed no significant differences in social proximity between the phases. There was, however, a near-significant visible trend for the cubs spending less time in the same location during phase T2 (Figure 5; Table 5).




Figure 5 | Across the developmental phases the cubs spent similar amounts of time in close proximity to each other. The increase of “Same room (different location)” in T2 (when the cubs are 5 weeks old) highlights a phase in their development where one cub started showing signs of independence before the other one. ‘Same location’ represents times when the cubs were in the exact same study area and within one adult body length. ‘Same room (different location)’ indicates the cubs were in the same room but further than one adult body length. ‘Different room’ indicates the cubs were not in the same room and likely had no visual contact with each other.




Table 5 | p-values of the Wilcoxon rank sum test with Bonferroni correction when investigating the proportion of time cubs spent in the exact same location as each other.






3.2.2 Proximity of the dam to the cubs

The proportion of time the dam spent in proximity to the cubs was divided into three categories: no cubs, one cub and two cubs. Throughout the study period, there was a steady decline in the proportion of time the dam spent with cubs, instead spending time mostly with no cubs (Figure 6).




Figure 6 | Across the development phases the dam spent significantly less time in proximity to the cubs (p < 0.001). (A) In development phase T0 all cubs were present but remained in close proximity to each other and were relatively immobile, with the dam spending 91.7% of her time with them. (B) The proportion of time the dam spent in close proximity to 1 or 2 cubs significantly decreased in development phase T3.



The mean proportion of time the dam spent in the exact same location as the cubs was significantly different across the study periods (F4; χ2 (3, N = 96) = 27.88, p < 0.001). Pairwise Wilcoxon rank sum tests with Bonferroni corrections revealed that the dam spent significantly less time with the cubs in phase T3 compared to all other phases (Table 6).


Table 6 | p-values of the Wilcoxon rank sum test with Bonferroni correction when investigating the proportion of time the dam spent in the same location as the cubs.






3.2.3 Male parental behaviour

The sire spent 19.5% of observed time when mixed in with the group engaging in parental behaviours (predominantly sniffing and grooming the cubs). Additionally, he spent 59% of observed time inside the den with the cubs (within one adult body length), and 16.5% of observed time on top of the den, suggesting a chosen proximity to the cubs and possibly indicating guarding behaviour. He was out of sight for 2.5% of total observed time, highlighting the proximity he kept to the group throughout the time he was present.






4 Discussion

This study aimed to quantify key parental behaviours during the development of Sumatran tiger cubs, as well as document changes in interactions between the cubs and the dam in their early life as they reach independence. We found that the dam decreased the amount of time she spent in proximity with the cubs, particularly from approximately five weeks of age, with parental care also decreasing as a result. Understanding the behavioural changes at different stages of cub development is crucial to provide effective husbandry, which will not only ensure optimal welfare for the species, but increase the likelihood of successful breeding, boosting numbers for the breeding programme (Yachmennikova et al., 2018).



4.1 Parental behaviours

The parental care strategy in big cats suggests that females will halt breeding and provide maternal care until their existing cubs are independent. This is also thought to play a role in the subsequent breeding success of their offspring (Balme et al., 2017). In the wild, the duration of parental investment can vary markedly due to factors such as litter size, prey availability, environmental stressors, and sex allocation (Balme et al., 2017; Johansson et al., 2021), but little is known about how it varies ex-situ.

Allogrooming in carnivores maintains group stability and redirects aggression and is also thought to be a way of affiliating with higher-ranking individuals (Van Den Bos, 1998). In a mother-cub relationship, grooming may serve a mostly hygienic function of keeping the cubs clean before they are able to do it themselves (Modena et al., 2023; Van Den Bos, 1998). However, it is also possible that investing affiliation in the cubs may provide them with the skills necessary to successfully bond with conspecifics in later life, increasing their chances of successful reproduction (Massen et al., 2010). This, in turn indirectly benefits the mother by increasing the chances of her genes getting passed on (Dunbar and Shultz, 2010). As predicted, our results found that the proportion of time the dam spent grooming the cubs significantly decreased from the start of the study period (the day of the birth) to weaning. This decrease may be explained by the fact that the cubs had gained enough independence to self-groom for hygiene reasons. Despite this, the cub grooming behaviour did not disappear altogether, suggesting that the behaviour fulfils a social function and that the group were well affiliated. Further, grooming may contribute to the reduction of stress in cubs by providing an olfactory “safe space” created from saliva, urine and faeces (Behnke et al., 2021; Soini et al., 2012). The pheromones produced by the dam and deposited on the young through the action of grooming, are detected by olfactory processes (Shreve and Udell, 2017) and have been found to reduce distress vocalisations in domestic kittens by conveying information on familiar conspecific presence.

The increased levels of oxytocin in the dam following the birth promote pair-bonding and parental care in mammals, which is a crucial stage for maternal bonding. But the release of oxytocin following a birth also promotes nursing behaviours: studies have found the peptide not only stimulates lactation but in turn increases the amount of food being provided to the young (Montgomery et al., 2018). Milk feeding is crucial for the early-life development of cubs (Alekseeva et al., 2020): it provides the cub with the necessary nutrients and microbiome to promote successful development to independence (Alekseeva et al., 2020; De Jonge et al., 2022; Zhang et al., 2022). The benefits of nursing may in turn also influence that individual’s breeding success, emphasising the impact of this early-life behaviour on an entire lifespan (Balme et al., 2017). The proportion of time the dam spent nursing the cubs in this study steadily decreased with the development of the cubs. While the behaviour represented over 50% of the dam’s activity budget throughout the week following the birth of the cubs, she spent significantly less time engaging in this behaviour at 5 weeks and 10 weeks following the birth. Nursing cubs is energetically expensive for the dam: a study in domestic cats found that cortisol levels were highest in females four weeks after the birth of their cubs, presumably due to the energetic requirements of producing milk as the cubs begin to be weaned (Alekseeva et al., 2020). The adult female in this study spent the highest observed proportion of time resting five weeks after the birth of her cubs (T2; 37% of observed time), supporting the suggestion that felids experience high physiological stress during lactation. The increase in proportion of time spent resting may also be due to the additional time available as she starts spending less time grooming and nursing the cubs, as the cubs gain their milk teeth and start investigating solid food. As the cubs age, the concentration of oxytocin in the dam will decrease, influencing the amount of time she chooses to spend in parental behaviours, especially nursing (Romero, 2015).




4.2 Social proximity and male presence during parturition



4.2.1 Social proximity

Close proximity between individuals is usually related to a level of tolerance and association to another individual, and our results suggest that the cubs showed a high level of association with each other as they consistently spent high proportions of time in close proximity throughout the study period. These results highlight the difference in cub sociality in Sumatran tigers compared to other felids, such as the Iberian lynx (Lynx pardinus), where sibling fights cause high rates of first-year mortality (Antonevich and Naidenko, 2009). While the tiger cubs maintained a high level of social proximity throughout, there were times during their development, notably at five weeks old (T2), where the cubs spent slightly less time in close proximity. This was due to one of the cubs showing more interest in exploration than the other. The behaviourally ‘bolder’ cub would follow the dam around the study area, while the other would remain mostly in the room near the birthing den. Keepers anecdotally mentioned that these differences in personalities were not apparent ten weeks after their birth as the less ‘bold’ cub had become independent and confident enough to follow their sibling. As the cubs became more independent, the adult female spent increasing amounts of time solitary in the habitat, mostly outdoors. A study tracking wild pumas (Puma concolor) using accelerometers estimated that females with kittens were away from their young for over 80% of studied time (Laundré and Hernández, 2008). While the motivation for spending time away from cubs may differ in the wild (e.g. for hunting), our results found that the dam spent 65% of her time in a different room and therefore, out of sight from the cubs 10 weeks after their birth.




4.2.2 Male presence during parturition

Although not a focus in this study, we recorded behaviours of the sire, who was present during the birth of the cubs and for a short duration later in phase T0. He spent 20% of his time engaged in parental care behaviours, supporting the suggestion that male tigers may have the capacity to form social bonds with related individuals (Holland et al., 2023). Similar findings have been reported in other groups: in 2016, a male Sumatran tiger mixed with two newborn cubs showed no cub-directed aggression, and regularly performed cub-guarding and affiliative behaviours towards the cubs (Pastorino et al., 2022). In 2020, a pair of Malayan tigers (Panthera tigris jacksoni) and their cubs were housed together, with evidence of affiliative behaviours performed by the male towards not only the adult female, but also the cubs (Holland et al., 2023). Another study found evidence of males regularly engaging in affiliative behaviours when left alone with cubs (Pastorino et al., 2022), as well as no observed instances of male aggression towards the cubs, even during 24-hour continuous monitoring (Holland et al., 2023; Pastorino et al., 2022). There may, therefore, be higher social flexibility than previously thought in big cat species (Holland et al., 2023; Pastorino et al., 2022). Following the study period, when the cubs were 11 weeks old, the male was re-introduced to the dam and cubs, following a period of visual contact through mesh. When the group was reunited, the sire showed no signs of aggression towards the cubs, instead showing affiliative behaviours with the dam, as well as curiosity and affiliation towards the cubs in the week following the mixing (personal communication, Dave Hall).

Mixing the male and keeping the group together may prove beneficial for several reasons – all individuals have access to the totality of the available habitat and have contact with each other, which has been found to lead to higher behavioural diversity with lower frequencies of stereotypies (De Rouck et al., 2005). Bullock et al. (2021) found that cubs and young tigers spent more time engaging in social behaviours than older tigers, emphasising the importance of early life socialisation. In groups, cubs can develop appropriate species-specific social behaviours (De Rouck et al., 2005) by playing with their siblings (Antonevich et al., 2019) and learning social skills from observing and interacting with their parents (De Rouck et al., 2005). This may increase their chances of being confident around conspecifics and breeding successfully when reaching adulthood, a vital trait for Critically Endangered species in a breeding programme (Ianni, 2015; Kelling et al., 2013).

The decision to mix the group should, however, be considered on a case-by-case basis, utilising keepers’ expertise in the species and the specific individuals in their care. In this case study, both parents were first-time breeders who had been mixed six months before the birth of the cubs. Due to this relatively short period of social housing, the team felt that the female would benefit from more time to develop her experience as a mother and enable the young group to bond before permitting ad libitum access to the male (personal communication, Dave Hall). When mixed, keepers anecdotally noted that the male wanted to access the cubbing den, as he had previously been spending time in there before the birth of the cubs. However, by separating the male, they provided him access to his own resources, and, importantly, ad libitum outdoor access. For future breeding attempts, keepers aim to construct another den area to increase opportunities for the male to be mixed in from parturition until weaning (personal communication, Dave Hall).






5 Conclusion

We believe that the findings in this study are the first of their kind to quantify and describe changes in maternal behaviours and social proximity from birth to weaning in a group of Sumatran tigers across 24-hour time periods. We found significant decreases in key maternal behaviours (grooming and nursing the cubs) between T0, the 60 hours immediately following the birth of the cubs, and T3, when the cubs were 10 weeks old. We also found a significant decrease in total duration of time the dam spent with the cubs between these two phases, however, the cubs were found to spend most of the observed time in close proximity to each other throughout the entire study period. Male parental care was consistent with previously published studies, whereby males showed high levels of interaction and curiosity towards the cubs, with no instances of agonistic behaviours observed. This provides additional evidence to support the presence of a sire during birth as a viable breeding strategy. Minimal keeper disturbance of the group during the first few weeks of life was thought to promote bond strength between parents and cubs, and to enable a natural decrease in maternal behaviour frequency and independence of the cubs, while CCTV access provided keepers with the ability to conduct welfare checks on the animals in their care and ensure the success of such important captive breeding programmes. These results document parental care behaviours while highlighting the timelines of cub development from birth to independence. This information can provide a practical evidence base for zoo managers to ensure that husbandry and management promotes ample space for the dam to spend time with and away from the cubs, opportunities for sire interaction, and opportunities for cubs to develop mobility, confidence, and independence in the lead up to weaning age.
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OEBPS/Images/table2.jpg
Behavioural Behaviour Description

category

Affiliative Head rub The individual moves its entire head and nose side to side against one area of another individual’s head or body.

Play The individual interacts with the cubs, reacting to them by rolling over, pawing, and mouthing at them,
showing reciprocation.

Sniff (adult) The individual’s nose is in direct or close contact to another individual on any part of its body. May or may not
be reciprocated.

Sniff (cub) The individual’s nose is in direct or close contact to a cub on any part of its body. May or may not
be reciprocated.

Allogroom The individual licks the fur of another individual’s head or body.
Agonistic Bite The individual snaps its teeth at and is successful in gripping something between its teeth.
Chase The individual runs rapidly in pursuit of something.
Spit The individual bares its teeth and draws ears back, the mouth may or may not be open, often accompanied by a

violent movement.
Swipe The individual rapidly moves its forepaw at something but doesn’t make contact.

Exploratory Look The individual is responding to a visual, auditory, or olfactory stimulus, with eyes open and/or ears forward,
mouth closed or slightly open, and head turning towards the stimulus. The eyes (if seen) are focused. Part or all
the body is rigid.

Investigate The individual shows attention towards a specific stimulus (not another individual) by sniffing and/or pawing at it.
Feed Drink The individual ingests water or other liquids by lapping up with the tongue.
Feed The individual ingests food or other edible substances by chewing with the teeth and swallowing. Includes

repeatedly licking meat.

Inactive Rest lying The individual’s body is on the ground in a horizontal position, including on its side, back, front, or curled in a
circular formation. There are no other behaviours evident.

Rest sitting The individual is in an upright position, with the hind legs flexed and resting on the ground, while front legs are
extended and straight. There are no other behaviours evident.

Rest standing The individual is in an upright position with all four legs extended and straight. There are no other
behaviours evident.

Locomotion Run Forward locomotion in a rapid gait, which is faster than walking or trotting.
Walk The individual locomotes forward at a slow gait.
Maintenance Defecate The individual releases faeces on the ground while in a squatting position.
Self-groom The individual licks, scratches, bites, or chews the fur on its own body. May also include the licking of a front paw

and wiping it over one’s head.

Urinate The individual releases urine on the ground while in a squatting position.
Mark Claw The individual drags front claws along an object or surface.
Spray The individual stands with tail raised vertically and releases a jet of urine backwards against a vertical object or

subject. The tail may quiver as urine is discharged.
Other Other Any behaviour which does not fit in one of the above categories.

Unknown The observer cannot tell with certainty which behaviour is being performed, due to animal position or
camera angle.

Parental Carry cub The individual picks up a cub off the ground and moves it to another location.
Groom cubs The individual uses its tongue to lick the cubs.
Nurse The dam is in a lying position with cubs latched onto the nipples.
Stand over cub The individual is upright and immobile within 1 adult body length of the cubs, with all four paws on the ground

and legs extended, supporting the body.

Stereotypy Stereotypy Sequence of events, generally long, repeated always in the same manner, that does not show obvious functional
achievements (e.g, pacing).

Out of sight Out of sight The individual is out of sight of the observer.

Each behaviour is assigned to a broader behavioural category.
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TO - birth 0 days 60 Eyes closed,
no mobility
T1 - week 1 5 days 24 Eyes starting
to open
T2 - developing 5 weeks 24 Milk teeth erupting
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T3 - weaning 10 weeks 24 Solid
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