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Felids are commonly housed in zoological collections worldwide. While aspects of their behaviour are well studied, there

remain questions on best practice husbandry including during reproduction and breeding scenarios. In 2016, the Zoologi-
cal Society of London’s (ZSL) London Zoo held a pair of Sumatran tigers (Panthera tigris sumatrae) for the purpose of breed-
ing. While they are believed to be solitary in the wild, many collections maintain their tigers in pairs, with some keeping pairs
together during parturition and rearing periods. The aim of this study was to investigate the social interactions between a male
Sumatran tiger and cubs when housed in a shared enclosure. The data were collected using CCTV footage in the indoor enclo-
sure for the tigers. The CCTV footage ran continuously throughout the day and night, allowing a more holistic overview of be-
haviour. These 24-hour recordings were split into 6 equal hour ranges to calculate behaviour activity budgets and proximity of
the male from the cubs. Data were analysed using a Chi-squared test for association to determine differences between individu-
al behaviour. Overall, the male spent longer than expected engaging in guarding behaviour of the cubs. The male also regularly
engaged in affiliative behaviours directed towards the cubs. No cub-directed aggression was observed from the male toward
the cubs. Overall, this suggests that maintaining a male tiger with its progeny may be feasible as a management approach

in some zoological collections, provided the male’s personality is compatible, and alternative accommodation is available.
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Introduction 10,000 different species housed in captive collections worldwide

Zoos and aquaria play a role in wild animal conservation
through their engagement with captive breeding, research and
education [1,2]. To maintain the genetic diversity and viability of
zoo animal populations, zoos are often required to set up man-

aged breeding programmes for endangered species [3]. With over

[4], there remain gaps in the knowledge of best practice husbandry

and breeding protocols, even for commonly housed species.

Felids are commonly housed in zoological collections [1,5,6]. A

February 2022 review of Species360’s [7] Zoological Information
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Management System (ZIMS) revealed that zoological collections
maintained at least 11,000 individuals in the Felidae (cat) family.
Of these, 5,000 individuals belonged to the Panthera genus, a genus
which includes the lion (Panthera leo), tiger (Panthera tigris), leop-
ard (Panthera pardus), snow leopard (Panthera uncia), and jaguar
(Panthera onca) [8].

Big cats are easily recognised and popular with the public [8,9],
largely irrespective of culture. The majority of species are also
becoming increasingly threatened with extinction, resulting in a
greater need for captive breeding [8]. There remains a key position

in the zoo for a range of Panthera species.

The Sumatran tiger (Panthera tigris sumatrae) is the smallest
of the six extant tiger subspecies, and is endemic to the island of
Sumatra, Indonesia [10]. They are classified as “Critically Endan-
gered” on the International Union for Conservation of Nature
(IUCN) Red List of Threatened Species’ [11,12]. Wild tiger behav-
iour and population density has been well studied, due to the intro-
duction new technology such as camera-trapping [10]. Generally,
research to date on tigers suggests that the species is solitary in
nature, except during brief period when males and females come
into contact for mating, and when females are rearing their cubs
[8,11]. There is however some plasticity in terms of territory size,

which appears to be dependant on food availability [12].

Given their apparent solitary nature in the wild, many Suma-
tran tigers are housed singly and mixed only for breeding purposes.
However, some animal collections maintain tigers, and more wide-
ly big cats, in small social groups, typically of pairs though some-
times larger groups [13-15]. The impact of social grouping in big
cats has been investigated previously by some authors, with mixed

results [8].

In terms of reproduction, male and female tigers are often sepa-
rated prior to the birth of cubs [8]. The decision to separate the
sexes is often as an attempt to protect the offspring from unwanted
aggression, or potentially infanticide, from the male [11,14,16]. The
separation of the two sexes should also, in theory, better replicate

the social structure that wild cubs would be exposed to [17-19].

There is limited research available on the potential impact on
maintaining male and female tigers together during the cub rearing
process. There may be hidden benefits to maintaining both sexes in
contact during this period: for example, the female may feel calmer
if the male is not removed. There is also some evidence to suggest

that big cats may be more social in the wild than has been previous-
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ly documented [6]. For example, male leopards have been observed
maintaining non-aggressive contact with adult offspring, suggest-

ing possible kin recognition behaviour [11,14,20].

The purpose of this study was to closely investigate the behav-
iour and interactions between a Sumatran tiger breeding pair and
newly born cubs at the Zoological Society of London’s (ZSL) Lon-
don Zoo. The study was conducted to investigate these interactions

over the complete twenty-four-hour cycle.

Material and Methods
Study site and subjects

The study took place at ZSL London Zoo, England, from 27 June
to 14 July 2016. The study underwent an internal ethical review
prior to data collection, and focused on a pair of Sumatran tigers,
which were housed in the Tiger Territory exhibit. The pair had
been selected and given a breeding recommendation by the Euro-
pean Ex-Situ Programme (EEP) coordinator and had already pro-
duced a trio of cubs in 2014. During the study, the pair were housed

with their two most recent cubs, a male and a female (Table 1).

Name (studbook | Age (at time of Sex Origin

identifier) study). g
Melati 7 Years F Perth Zoo
(1429)
Jae Jae 7 Years M San Francisco Zoo
(1400)

Achilles (1718) 0-1 Months M London Zoo
Karis (1719) 0-1 Months F London Zoo

Table 1: Individual information for tigers housed within ZSL
Tiger Territory at the time of study.

Tiger Territory opened in March 2013. The animals had access
to and indoor enclosure (Figure 1) and an outdoor area, which
could be further divided by the keepers into separate enclosures.
The indoor enclosure consisted of multiple areas with no public
viewing. However, closed-circuit television (CCTV) cameras were
set up to cover the key areas where tigers might be seen: the cub-
bing den, empty cubbing den and cubbing race. The outdoor enclo-
sure consisted of a viewing experience with multiple perspectives,
including a prominent, highly visible platform for the education de-
partment to deliver talks and floor to ceiling glass viewing panels
topped with a fabric canopy allowing visitors to get up close with

the tigers (Figure 2).
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Figure 1: Enclosure blueprint (not to scale) provided by ZSL for

the indoor tiger enclosure.

Figure 2: Outdoor enclosure of Tiger Territory at ZSL (Photo
Credits: Base Structures). a) pond, b) grass viewing area, c) rock

viewing area.

Behavioural data collection

Tiger behaviour was monitored and recorded using the 24-hour
continuous CCTV system. Focal animal behavioural observations
were completed from the CCTV footage to record the proximity
index, state and event behaviours for each animal by one of the
authors (KS). All behaviours that were observed were noted using
continuous focal sampling, and information on keeper presence
and the proximity of other tigers were recorded. The behaviours
were recorded alongside observations on enclosure zone use, us-
ing a focal sampling method. Individual adult tigers could be identi-
fied based on their size and coat pattern. Due to similarities in their
markings, small body size and resolution of the CCTV system, the

two cubs could not be individually identified so behavioural obser-
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vations for these individuals were pooled into the category of ‘cub’.

Behaviours were inputted into Microsoft Excel™ 2016 and cat-
egorised based on a standardized field ethogram by Stanton.,, et al.
[19] that was adapted to fit the behaviours observed within this
project [16,17]. The 24-hour recordings were split into 6 equal
hour ranges for statistical analysis. To create activity budgets,
behaviours were categorised into classes (Table 2) also based on

similar research [16,17].

Class Behaviours Included
Affiliative |Allogroom conspecific, play with conspecific, head/|
body rub conspecific, sniffing conspecific, chuffing,
looking into nest box, carrying cub.
Aggressive | The animal engages in spitting, growling, or hiss-
ing, or bites, swipes or chases another individual.
Close Guard- | Adult standing over cubs, within the cubbing den)
ing Cubs (including nest box), for at least three seconds.
Exploratory | Any interaction with objects, and/or looking (not
in nest box).
Feeding The animal consumes food.
Inactive | The animal lies, sits or stands without engaging in
locomotory behaviour.
Locomotion The animal walks or runs around its exhibit.
Out of Sight Beyond observers range of vision.
(008)
Maintenance Defecate, urinate, self-groom.
Marking |The animal sprays its enclosure by clawing objects
or through anal gland secretions.
Reproductive | Sniff anogenital region in a Flehmen response.
Shifting Female leaving male with cubs (male alone with
Guarding cubs).
Stereotypic | The animal engages in repetitive behaviour with-
out apparent adaptive function

Table 2: Behavioural Classes categorised to create time budgets.
Adapted from Stanton., et al. [36].

Enclosure usage

The CCTV cameras covered the study area within the indoor en-
closure (Figure 1) and was split into 3 proximity categories with
out of sight (0O0S) added (Table 3). This was used to calculate the
guarding behaviour of both the adult male tiger and adult female

tiger when the cubs were in the cubbing den.
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Enclosure Area Proximity Category

Cubbing Den (including Nest Box) Close guarding

Empty Cubbing Den Nearby guarding
Cubbing Race Nearby guarding
Outdoors Out of sight (00S)

Table 3: Proximity Categories in relation to CCTV enclosure
areas in Tiger Territory at ZSL.

Statistical analysis

Graphs were created using Microsoft Excel™ and data analysis
was conducted using R Studio (R Core Team, 2018, version 3.5.0).
Chi squared tests were run to determine whether there were sig-
nificant differences in the overall use of enclosure zones between
the male and female and also to investigate differences in affiliative

and guarding behaviour types.

Results
Enclosure use

The adult tigers used their enclosure significantly differently
to one another (X*>= 145.84. df = 4, p < 0.001). The adult female
spent more time within the cubbing race than expected, whereas
the adult male spent less time in this location. The adult male spent
significantly less time than expected outdoors, out of sight of the
CCTV cameras. Both individuals spent significantly longer than ex-

pected in the ‘cubbing den’ (Figure 3).
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B Qutdoors

lae lae

Individual

Figure 3: Enclosure use (with out of sight observations removed)

for both adult male (Jae Jae) and female (Melati) tiger.
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Affiliative behaviour

Overall, there was a significant difference in the frequency of af-
filiative behaviour between tigers (X*>= 36.692, df = 4, p < 0.001).
A chi squared association test was conducted to investigate differ-
ences between affiliative behaviour frequencies across locations.
The ‘Cubbing den and nest box’ were combined for this association
test to reduce issues with values less than 5. Affiliative behaviour
occurred significantly more often in specific areas (X?= 23.988, df
=12,p=0.02).

The adult male’s affiliative behaviour towards the adult female
occurred less frequently in the ‘cubbing race’ than expected but
more frequently in the ‘cubbing den/nest box’. Whereas the adult
female’s affiliative behaviour towards the adult male was higher
within the ‘cubbing race’ than expected but lower within the ‘cub-

bing den/nest box.

The adult male’s affiliative behaviour towards the cubs was
highest within the ‘cubbing den/nest box’ (Figure 4). This was also
the location where the highest number of affiliative behaviours
from the adult male towards the adult female occurred. The adult
female’s affiliative behaviour towards the cubs was highest within
the ‘cubbing race’ and she was observed displaying affiliative be-
haviour across a wider range of locations than the adult male. Affil-
iative behaviour shown from the cubs towards the adult male was

seen rarely and occurred within the ‘cubbing race’.

Figure 4: Total count of affiliative interactions across study

period for all tigers at London Zoo.
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Proximity to cubs

There was a significant difference between the two tigers in
terms of their frequency of cub guarding (X* = 51.053,df =2, p <
0.001). The adult male was observed close guarding the cubs more
often than the adult female. He also spent more time ‘guarding
nearby’ than expected and a significantly less amount of observa-
tions ‘further away from the enclosure’ than what was expected

based on chi-squared expected values.

Activity budgets

Figure 5 displays the overall time budget for behavioural ob-
servations for male, female and cub tigers. Overall, both adults dis-
played ‘inactive’ as their highest behavioural frequency observed,
with the adult male obtaining the highest frequency of this behav-
iour whilst the adult female displayed the highest frequency of
‘locomotion’ out of the two. Only a 1.39% difference between the
adult male and the adult female was seen in ‘close guarding’ be-
haviour towards the cubs, however, the adult female’s frequency
observation for ‘out of sight’ and ‘shift guarding’ was substantially

greater than that of the adult males.

Figure 5: Time budget of overall behavioural observations for
male, female and cub tigers at ZSL London Zoo (+/- standard

deviation).

Diurnal and nocturnal behaviour

The adult male’s behaviour was tracked across the over 24-hour
observation period divided into four-hour ranges (Figure 6). The
hour range 00.00-04.00 only observed ‘inactive’ behaviour at 100%
during this period followed with another high observed frequency

at 20.00-24.00. The adult male’s behavioural frequency for ‘affilia-
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tive’ was highest during the hour range of, 16.00-20.00 followed by
04.00-08.00 and then 12.00-16.00. Furthermore his ‘close guard-
ing’ observed frequency was seen at its highest during the hour
ranges of 12.00-16.00 and 08.00-12.00. The adult male was rarely
seen ‘out of sight’ during the hour ranges of 04.00-08.00, 08.00-
12.00 and 12.00-16.00.

Figure 7 displays a time budget of the adult female’s behaviour
across the over 24-hour observation period divided into four-hour
ranges. The adult female’s affiliative behaviour was highest in the
hour range 0.00-0.400 followed by a closely shared frequency dur-
ing 04.00-08.00 and 16.00-20.00 and further followed by the hour
range 12.00-16.00. ‘Close guarding’ was observed with a shared
frequency of 18.18% during 0.00-04.00 and 20.00-24.00 followed
by 04.00-08.00. Unlike the adult male, the adult female has a near
even spread of ‘inactive’ behaviour across all hour ranges apart
from the lowest frequencies seen during 0.00-04.00 and 04.00-
08.00.

Figure 6: Time budget of male (Jae Jae) tiger behaviour across the

over 24-hour observation period divided into four-hour ranges.

Discussion

A sound understanding of the social interactions between ani-
mals and their offspring is important for those wishing to breed
endangered species in captivity [3]. It is especially important to as-
sess the compatibility of males, who might otherwise pose a threat
to the safety of their progeny. In the wild, male felids often present
a threat to infants [20-23]. Overall, this study identified no substan-

tiation of threats from the male tiger, the adult male, to the two
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Figure 7: Time budget of female (Melati) behaviour across the

over 24-hour observation period divided into four-hour ranges.

Sumatran tiger cubs. Furthermore, the male displayed evidence of
both cub guarding and affiliative behaviour directed toward his off-

spring.

Behaviour and enclosure use

Individual activity budgets showed that tigers regularly en-
gaged in affiliative behaviour. This is particularly surprising, given
that the males are not believed to interact with their cubs in the
wild [10]. A slight ‘shift guarding’ pattern was recognised from the
female observations, with the male ‘close guarding’ the cubs along-
side the female during the day and early evening, and affiliation and
inactivity during the night. During times when the male engaged in
close guarding behaviour, high frequencies of affiliative behaviours
directed toward the cubs also occurred. While the female tiger was
almost always close to the cubs, it is surprising that the male was
permitted to be close and to interact with its offspring. Other stud-
ies, focusing on adult tigers, have found similar affiliative interac-
tions between related individuals. De Rouck,, et al. [11] found that
tigers which were housed with a relative (brother, sister or half-
sister) were more likely to display affiliative behaviour between
littermates. Similar findings have been revealed in group-housed
domestic cats (Felis catus) [24], suggesting that behavioural plas-
ticity in terms of group size may be more widespread across felids
than has previously been cited. The affiliative interactions between
father and offspring are promising in terms of alternative strate-

gies for housing felids in captivity [25].
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Time budgets for overall behavioural frequency showed that
the adult male spent less time displaying ‘locomotion’ along with
more observed frequency of ‘inactive’ and ‘affiliative’ behaviour.
Tigers are known to spend up to 75% of the day inactive, however
males are normally more active than females [14,25,26]. Therefore,
it could be suggested that the adult male was more inactive than
the adult female due to the adult female’s vigilance and care of her
cubs. Hour range time budgets suggest that due to the adult fe-
male’s frequent ‘out of sight’ and ‘shift guarding’ behaviours being
substantially greater than that of the adult males, there is a possi-
bility that the adult female allowed the adult male to guard the cubs

whilst she ventured into further parts of the enclosure.

Enclosure use has been well studied in zoo literature, with many
indices available to the practitioner [26,28-30]. It is surprising that
despite the relatively large size of the outdoor zones, the male tiger
chose to spend his time inside during the observation period. This
is especially interesting as the study was conducted during sum-
mer, in which conditions outside were warm, with minimal rain.
This suggests that the male was choosing to spend his time close to
the youngsters. Future studies investigating exhibit use for tigers
both during cub rearing, and during control periods, would be ben-

eficial in investigating this further.

Future directions

Aside from the lion, Panthera species are rarely documented
spending time in the wild in social groups [8] but see Pirie,, et al.
[6]. Furthermore, there is limited evidence to suggest that wild
Panthera males engage in care of their offspring [8]. Indeed, some
species regularly practice infanticide in the wild (usually from un-
related males), in order to reduce the amount of time before fe-
males become receptive [21,23]. The defence of cubs by the female
may therefore be a biologically driven strategy [8]. Despite this,
there appeared to be little evidence of aggression, either between
the two adults or directed at the cubs, during this study. There was,
by contrast, good evidence of affiliative interactions from the adult

male to the cubs and also to the adult female.

In terms of future directions, further research should be con-
ducted on a wider range of typically solitary felids [31,32]. At cur-
rent, this paper is a case study to investigate whether pair-housing
during breeding is a feasible strategy, to provide welfare evidence

for a management system that is already in practice in some insti-
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tutions. It is important, therefore, to use multiple assessments of
welfare, both for adults and cubs in future studies in this topic area
[33-39]. Assessment of the personality of both parents may also be
critical; anecdotally, it has been suggested that the male tiger, the
adult male, had a stable and outgoing personality that meant ag-

gression was unlikely to occur [35] (Figure 8).

Figure 8: CCTV still frame of the adult female (Left) and the adult
male (Right) displaying affiliative behaviour towards newly born
cub (Photo Credits: Base Structures).

Conclusion

It is unlikely that this research paper documents the first occa-
sion in which a male tiger was able to share an exhibit with his new-
born offspring. However, this is, to the authors’ knowledge, the first
journal paper covering the behaviour and interactions between the
father and offspring. It is possible that big cats in general may have
much greater behavioural and social plasticity than has previously
been documented, allowing them to adapt to social housing con-
ditions when maintained in captivity. Allowing a well-established
male to stay in an exhibit during cub rearing, particularly where
personalities between the male and female are compatible, may be
feasible in some zoological collections. There is a possibility that
this management protocol may improve the resulting compatibil-
ity of the cubs upon their reaching of adulthood. Before attempting
this in zoos in the future, it is advisable for keepers to assess the
reactions between the male and female tiger before allowing the
male to remain in the exhibit. Further exploration of this topic, cov-
ering a wider range of felids, would have merit in further evidence-

basing the work of zoological collections.

76
Acknowledgements
The authors would like to thank the staff at ZSL London Zoo for

their support and guidance during the development of this project.

Bibliography

1. Breton G and Barrot S. “Influence of enclosure size on the dis-
tances covered and paced by captive tigers (Panthera tigris)”.
Applied Animal Behaviour Science 154 (2014): 66-75.

2. Brereton SR and Brereton JE. “Sixty years of collection plan-
ning: what species do zoos and aquariums keep?” Internation-
al Zoo Yearbook 54 (2020): 131-145.

3. LacyRC. “Achieving true sustainability of zoo populations”. Zoo
Biology 32 (2011): 19-26.

4. Mason GJ. “Species differences in responses to captivity:
stress, welfare and the comparative method”. Trends in Ecol-
ogy and Evolution 25 (2010): 713-721.

5. Mohapatra RK,, et al. “Study on activity pattern and incidence
of stereotypic behavior in captive tigers”. Journal of Veterinary
Behavior 9 (2014): 172-176.

6. Pirie TJ., et al. “Social interactions between a male leopard
(Panthera pardus) and two generations of his offspring”. Afri-
can Journal of Ecology 52 (2014): 574-576.

7. Species 360. “Zoological Information Management System”
(2022).

8. Macdonald D and Loveridge A. “The biology and conservation
of wild felids, 2™ edition; Oxford University Press: Oxford, UK
(2010): 154-256.

9. Courchamp F, et al. “The paradoxical extinction of the most
charismatic animals”. PLoS Biology 16 (2018): 1-11. https://
doi.org/10.1371/journal.pbio.2006686

10. Linkie M, et al. “Panthera tigris ssp. Sumatrae”. The IUCN Red
List of Threatened Species (2008): e.T15966A5334836.

11. De Rouck M, et al. “A comparative study of the influence of
social housing conditions on the behaviour of captive tigers
(Panthera tigris)”. Animal Welfare 14 (2015): 229-235.

Citation: Giovanni Quintavalle Pastorino., et al. “Patterns of Diurnal and Nocturnal Cub-Directed Social Interaction and Guarding Behaviour in Sumatran

Tigers". Acta Scientific Veterinary Sciences 4.9 (2022): 70-78.


https://www.sciencedirect.com/science/article/abs/pii/S0168159114000550
https://www.sciencedirect.com/science/article/abs/pii/S0168159114000550
https://www.sciencedirect.com/science/article/abs/pii/S0168159114000550
https://zslpublications.onlinelibrary.wiley.com/doi/abs/10.1111/izy.12264
https://zslpublications.onlinelibrary.wiley.com/doi/abs/10.1111/izy.12264
https://zslpublications.onlinelibrary.wiley.com/doi/abs/10.1111/izy.12264
https://onlinelibrary.wiley.com/doi/abs/10.1002/zoo.21029
https://onlinelibrary.wiley.com/doi/abs/10.1002/zoo.21029
https://www.sciencedirect.com/science/article/abs/pii/S0169534710002120
https://www.sciencedirect.com/science/article/abs/pii/S0169534710002120
https://www.sciencedirect.com/science/article/abs/pii/S0169534710002120
https://www.sciencedirect.com/science/article/abs/pii/S1558787814000379
https://www.sciencedirect.com/science/article/abs/pii/S1558787814000379
https://www.sciencedirect.com/science/article/abs/pii/S1558787814000379
https://onlinelibrary.wiley.com/doi/abs/10.1111/aje.12154
https://onlinelibrary.wiley.com/doi/abs/10.1111/aje.12154
https://onlinelibrary.wiley.com/doi/abs/10.1111/aje.12154
https://global.oup.com/academic/product/the-biology-and-conservation-of-wild-felids-9780199234455?cc=in&lang=en&
https://global.oup.com/academic/product/the-biology-and-conservation-of-wild-felids-9780199234455?cc=in&lang=en&
https://global.oup.com/academic/product/the-biology-and-conservation-of-wild-felids-9780199234455?cc=in&lang=en&
https://doi.org/10.1371/journal.pbio.2006686
https://doi.org/10.1371/journal.pbio.2006686
https://www.researchgate.net/publication/233636527_A_comparative_study_of_the_influence_of_social_housing_conditions_on_the_behavior_of_captive_tigers_Panthera_tigris
https://www.researchgate.net/publication/233636527_A_comparative_study_of_the_influence_of_social_housing_conditions_on_the_behavior_of_captive_tigers_Panthera_tigris
https://www.researchgate.net/publication/233636527_A_comparative_study_of_the_influence_of_social_housing_conditions_on_the_behavior_of_captive_tigers_Panthera_tigris

Patterns of Diurnal and Nocturnal Cub-Directed Social Interaction and Guarding Behaviour in Sumatran Tigers

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

O’Brien TG., et al. “Crouching tigers, hidden prey: Sumatran
tiger and prey populations in a tropical forest landscape”. Ani-
mal Conservation 6 (2003): 131-139.

Galardi EG,, et al. “An investigation into the Behavior, Sociality
and Enclosure Use of Group-Housed Lions and Tigers”. Journal
of Veterinary Medicine and Animal Science 4 (2021): 1-9.

Lyons ., et al. “The effects of physical characteristics of the
environment and feeding regime on the behavior of captive
felids”. Zoo Biology 16 (1997): 71-83.

Quintavalle Pastorino G., et al. “Role of Personality in Behav-
ioral Responses to New Environments in Captive Asiatic Li-
ons (Panthera leo persica)”. Veterinary Medicine International
(2017b): 1-17.

Quintavalle Pastorino G., et al. “Investigating the effect of so-
cial grouping on the behaviour of captive leopards”. Journal of
Zoo and Aquarium Research 9 (2021): 116-123.

Quintavalle Pastorino G., et al. “Behavioural Profiles of Brown
and Sloth Bears in Captivity”. Animals 7 (2017c): 39-51.

Quintavalle Pastorino G., et al. “Personality and Sociality in
Captive Tigers (Panthera tigris)”. Annual Research and Review
in Biology (2017a) 1-17.

Johnson B and Langton ]. “Behaviour change in Amur tigers
Panthera tigris altaica after an enclosure move”. Journal of Zoo
and Aquarium Research 9 (2021): 186-192.

Balme G and Hunter L. “Why leopards commit infanticide”.
Animal Behaviour 86 (2013): 791-799.

Singh R,, et al. “Strategy of female tigers to avoid infanticide”.
Current Science 107 (2014): 1595-1597.

Wielebnowski NC,, et al. “Noninvasive assessment of adrenal
activity associated with husbandry and behavioral factors in
the North American clouded leopard population”. Zoo Biology
21 (2002): 77-98.

Bertram BC. “Social factors influencing reproduction in wild
lions”. Journal of Zoology 177 (1975): 463-482.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

77
Bradshaw JWS and Hall SL. “Affiliative behaviour of related
and unrelated pairs of cats in catteries: a preliminary report”.
Applied Animal Behaviour Science 63 (1999): 251-255.

Liu D, et al. “Simultaneous polyandry and heteropaternity in
tiger (Panthera tigris altaica): Implications for conservation of
genetic diversity in captive populations of felids”. Chinese Sci-
ence Bulletin 58 (2013): 2230-2236.

Phillips C and Peck D. “The effects of personality of keepers
and tigers (Panthera tigris tigris) on their behaviour in an in-
teractive zoo exhibit”. Applied Animal Behaviour Science 106
(2007): 244-258.

Biolatti C., et al. “Behavioural analysis of captive tigers (Pan-
thera tigris): A water pool makes the difference”. Applied Ani-
mal Behaviour Science 174 (2016): 173-180.

Kelling AS and Gaalema DE. “Postoccupancy evaluations in
zoological settings”. Zoo Biology 30 (2011): 597-610.

Brereton JE. “Directions in animal enclosure use studies”. Jour-
nal of Zoo and Aquarium Research 8 (2020): 1-9.

Brereton JE and Fernandez EJ. “Which index should I use? A
comparison of indices for enclosure use studies”. Animal Be-
havior and Cognition 9.1 (2021): 119-132.

Sellinger RL and Ha JC. “The effects of visitor density and inten-
sity on the behavior of two captive jaguars (Panthera onca)”.
Journal of Applied Animal Welfare Science 8 (2005): 233-244.

Saunders SP, et al. “Factors influencing breeding success, ovar-
ian cyclicity, and cub survival in zoo-managed tigers (Panthera
tigris)”. Animal Reproduction Science 10.144 (2014): 38-47.

Whitham JC and Wielebnowski N. “New directions for zoo
animal welfare science”. Applied Animal Behaviour Science 147
(2013): 247-260.

Shora JA, et al. “Should zoo foods be coati chopped”. Journal of
Zoo and Aquarium Research 6 (2018): 22-25.

Wibisono HT and Pusparini W. “Sumatran tiger (Panthera ti-
gris sumatrae): A review of conservation status”. Integrated
Zoology 5 (2010): 313-323.

Citation: Giovanni Quintavalle Pastorino., et al. “Patterns of Diurnal and Nocturnal Cub-Directed Social Interaction and Guarding Behaviour in Sumatran
Tigers". Acta Scientific Veterinary Sciences 4.9 (2022): 70-78.


https://www.researchgate.net/publication/227543071_Crouching_tigers_hidden_prey_Sumatran_tiger_and_prey_populations_in_a_tropical_forest_landscape
https://www.researchgate.net/publication/227543071_Crouching_tigers_hidden_prey_Sumatran_tiger_and_prey_populations_in_a_tropical_forest_landscape
https://www.researchgate.net/publication/227543071_Crouching_tigers_hidden_prey_Sumatran_tiger_and_prey_populations_in_a_tropical_forest_landscape
https://meddocsonline.org/journal-of-veterinary-medicine-and-animal-sciences/An-investigation-into-the-behavior-sociality-and-enclosure-use-of-group-housed-lions-and-tigers.pdf
https://meddocsonline.org/journal-of-veterinary-medicine-and-animal-sciences/An-investigation-into-the-behavior-sociality-and-enclosure-use-of-group-housed-lions-and-tigers.pdf
https://meddocsonline.org/journal-of-veterinary-medicine-and-animal-sciences/An-investigation-into-the-behavior-sociality-and-enclosure-use-of-group-housed-lions-and-tigers.pdf
https://onlinelibrary.wiley.com/doi/abs/10.1002/%28SICI%291098-2361%281997%2916%3A1%3C71%3A%3AAID-ZOO8%3E3.0.CO%3B2-8
https://onlinelibrary.wiley.com/doi/abs/10.1002/%28SICI%291098-2361%281997%2916%3A1%3C71%3A%3AAID-ZOO8%3E3.0.CO%3B2-8
https://onlinelibrary.wiley.com/doi/abs/10.1002/%28SICI%291098-2361%281997%2916%3A1%3C71%3A%3AAID-ZOO8%3E3.0.CO%3B2-8
https://pubmed.ncbi.nlm.nih.gov/28638674/
https://pubmed.ncbi.nlm.nih.gov/28638674/
https://pubmed.ncbi.nlm.nih.gov/28638674/
https://pubmed.ncbi.nlm.nih.gov/28638674/
https://www.researchgate.net/publication/351229369_Investigating_the_effect_of_social_grouping_on_the_behaviour_of_captive_leopards
https://www.researchgate.net/publication/351229369_Investigating_the_effect_of_social_grouping_on_the_behaviour_of_captive_leopards
https://www.researchgate.net/publication/351229369_Investigating_the_effect_of_social_grouping_on_the_behaviour_of_captive_leopards
https://www.mdpi.com/2076-2615/7/5/39
https://www.mdpi.com/2076-2615/7/5/39
https://journalarrb.com/index.php/ARRB/article/view/26424
https://journalarrb.com/index.php/ARRB/article/view/26424
https://journalarrb.com/index.php/ARRB/article/view/26424
https://www.jzar.org/jzar/article/view/520
https://www.jzar.org/jzar/article/view/520
https://www.jzar.org/jzar/article/view/520
https://www.sciencedirect.com/science/article/abs/pii/S0003347213003412
https://www.sciencedirect.com/science/article/abs/pii/S0003347213003412
https://www.researchgate.net/publication/267985077_Strategy_of_female_tigers_to_avoid_infanticide
https://www.researchgate.net/publication/267985077_Strategy_of_female_tigers_to_avoid_infanticide
https://onlinelibrary.wiley.com/doi/10.1002/zoo.10005
https://onlinelibrary.wiley.com/doi/10.1002/zoo.10005
https://onlinelibrary.wiley.com/doi/10.1002/zoo.10005
https://onlinelibrary.wiley.com/doi/10.1002/zoo.10005
https://zslpublications.onlinelibrary.wiley.com/doi/10.1111/j.1469-7998.1975.tb02246.x
https://zslpublications.onlinelibrary.wiley.com/doi/10.1111/j.1469-7998.1975.tb02246.x
https://www.sciencedirect.com/science/article/abs/pii/S0168159199000076
https://www.sciencedirect.com/science/article/abs/pii/S0168159199000076
https://www.sciencedirect.com/science/article/abs/pii/S0168159199000076
https://link.springer.com/article/10.1007/s11434-013-5722-5
https://link.springer.com/article/10.1007/s11434-013-5722-5
https://link.springer.com/article/10.1007/s11434-013-5722-5
https://link.springer.com/article/10.1007/s11434-013-5722-5
https://www.sciencedirect.com/science/article/abs/pii/S0168159107000342?via%3Dihub
https://www.sciencedirect.com/science/article/abs/pii/S0168159107000342?via%3Dihub
https://www.sciencedirect.com/science/article/abs/pii/S0168159107000342?via%3Dihub
https://www.sciencedirect.com/science/article/abs/pii/S0168159107000342?via%3Dihub
https://www.sciencedirect.com/science/article/abs/pii/S0168159115003214
https://www.sciencedirect.com/science/article/abs/pii/S0168159115003214
https://www.sciencedirect.com/science/article/abs/pii/S0168159115003214
https://onlinelibrary.wiley.com/doi/abs/10.1002/zoo.20398
https://onlinelibrary.wiley.com/doi/abs/10.1002/zoo.20398
https://jzar.org/jzar/article/view/330
https://jzar.org/jzar/article/view/330
https://www.researchgate.net/publication/358271393_Which_Index_Should_I_Use_A_Comparison_of_Indices_for_Enclosure_Use_Studies
https://www.researchgate.net/publication/358271393_Which_Index_Should_I_Use_A_Comparison_of_Indices_for_Enclosure_Use_Studies
https://www.researchgate.net/publication/358271393_Which_Index_Should_I_Use_A_Comparison_of_Indices_for_Enclosure_Use_Studies
https://www.tandfonline.com/doi/abs/10.1207/s15327604jaws0804_1
https://www.tandfonline.com/doi/abs/10.1207/s15327604jaws0804_1
https://www.tandfonline.com/doi/abs/10.1207/s15327604jaws0804_1
https://pubmed.ncbi.nlm.nih.gov/24326286/
https://pubmed.ncbi.nlm.nih.gov/24326286/
https://pubmed.ncbi.nlm.nih.gov/24326286/
https://www.sciencedirect.com/science/article/abs/pii/S0168159113000543
https://www.sciencedirect.com/science/article/abs/pii/S0168159113000543
https://www.sciencedirect.com/science/article/abs/pii/S0168159113000543
https://www.jzar.org/jzar/article/view/309
https://www.jzar.org/jzar/article/view/309
https://pubmed.ncbi.nlm.nih.gov/21392349/
https://pubmed.ncbi.nlm.nih.gov/21392349/
https://pubmed.ncbi.nlm.nih.gov/21392349/

Patterns of Diurnal and Nocturnal Cub-Directed Social Interaction and Guarding Behaviour in Sumatran Tigers

78
36. Stanton LA, et al. “A standardized ethogram for the felidae: A
tool for behavioral researchers”. Applied Animal Behaviour Sci-
ence 173 (2015): 3-16.

37. Mallapur A and Chellam R. “Environmental influences on ste-
reotypy and the activity budget of Indian leopards (Panthera
pardus) in four zoos in Southern India”. Zoo Biology 21 (2002):
585-595.

38. Szokalski MS,, et al. “Enrichment for captive tigers (Panthera
tigris): Current knowledge and future directions”. Applied Ani-
mal Behaviour Science 139 (2012): 1-9.

39. Giovanni Quintavalle Pastorino., et al. “How do Zoo Evening
Events at ZSL London Zoo Affect Sumatran Tiger Behaviour
and Enclosure Use?”. Acta Scientific Veterinary Sciences 4.8
(2022): 00-00.

Citation: Giovanni Quintavalle Pastorino., et al. “Patterns of Diurnal and Nocturnal Cub-Directed Social Interaction and Guarding Behaviour in Sumatran
Tigers". Acta Scientific Veterinary Sciences 4.9 (2022): 70-78.


https://www.researchgate.net/publication/275060791_A_Standardized_Ethogram_for_the_Felidae_A_Tool_for_Behavioral_Researchers
https://www.researchgate.net/publication/275060791_A_Standardized_Ethogram_for_the_Felidae_A_Tool_for_Behavioral_Researchers
https://www.researchgate.net/publication/275060791_A_Standardized_Ethogram_for_the_Felidae_A_Tool_for_Behavioral_Researchers
https://onlinelibrary.wiley.com/doi/10.1002/zoo.10063
https://onlinelibrary.wiley.com/doi/10.1002/zoo.10063
https://onlinelibrary.wiley.com/doi/10.1002/zoo.10063
https://onlinelibrary.wiley.com/doi/10.1002/zoo.10063
https://www.sciencedirect.com/science/article/abs/pii/S0168159112000718
https://www.sciencedirect.com/science/article/abs/pii/S0168159112000718
https://www.sciencedirect.com/science/article/abs/pii/S0168159112000718

