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Abstract 
Animals are continuously adoptive to fit in their environment by expressing their activities. They adopt as per their 

surrounding environment, climate, food availability, size of inter and intra-species group and prey-predator relationship. In 

captive environment, some of their activities are minimise or express more due to their dependency on park management and 

visitors’ presence. Indian Muntjac, Muntiacus muntjak (Zimmerman 1780) is a species under cervidae family, naturally found 

in the forested regions of south and south-east Asia. To understand their activities, a study was made on the adult male and 

female Muntiacus muntjak in the captivity of Jawaharlal Nehru Biological Park, Bokaro, Jharkhand in different season using 

Scan Sampling Method.  

It was observed that barking deer spent nearly 70 percent of time in activity while rest of time they were in resting during the 

diurnal hours. Among the daily activities, 20% of time spent in feeding, followed by 19 % of time in walking, and 

approximately 12% time in scanning and social activities. Further, the comparative study of the male and female individuals, it 

was found that male spent more time in feeding, movement and other activities compared to the female while, female spent 

more time in scanning and resting activities compared to male.  

The study concludes that though in the captivity all the individuals get equal habitat type, food supply and security from the 

predators, they have difference in their daily activities. This might be due to their difference in morphology, size, sex, age, etc. 

More observation needs to be made to understand their activities for the survival and management of barking deer in captivity 

as well as in their natural habitats. 
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Introduction 
Animal living and adopted in a particular environment and 

habitat needs some basic pattern in activities to sustain in 

local environmental condition (Koladiya et al., 2012; 

Quasin et al., 2014) [13, 30]. Each kind of animal adopted 

some strategy in their basic activities and behavior to sustain 

successfully in a habitat, and according to the changing 

environment (Koladiya et al., 2012; Mahato et al., 2013) [13, 

20]. Time allocated to different activities affected by the sex 

of individual, time of day, season (Martinez, 2000) [21], 

habitat type (Eberhardt et al. 1989) [8] and on habitat 

utilization (Caraco 1979) [5].  

Southern Red Muntjac or Indian Muntjac (Muntiacus 

muntjak, Zimmermann 1780) are small solitary tropical 

forest ruminant deer species (Dubost, 1970; Barrette, 1977; 

Kurt 1981) [4, 6, 14] is a native to Southeast Asia, commonly 

called the "barking deer" due to its distinctive alarm call 

(Arini et al., 2024). Muntjac deer have 9 known species (Shi 

and Ma 1988, Amato et al. 1991, Nowak 1991, Giao et al. 

1998, Wang & Lan 2000) [3, 18, 24, 28] and 15 subspecies of the 

Muntjacin the world (Ohataishi& Gao, 1990). Barking deer 

is primarily a solitary species and can be seen occasionally 

in a group of 4 or 5 animals (Kurup, 1971) [15]. 

Indian muntjac prefer shrub grassland and thorny shrubland 

and used dry savanna (Teng et al., 2004) [29]. Muntjac 

avoided woods, cultivated grass plot and deciduous 

monsoon forests (Teng et al., 2004) [29]. The species is 

known to bepredominantly a browser, and shrubs are 

expected to build a majorpart of its diet (Lekagul and 

McNeely, 1977) [16]. Barking deer is classified as an 

omnivore and is considered both browser and grazer with 

grass, ivy, thorny bushes, low leaves, barks, twigs, grasses, 

fruits, eggs, and small blood animals (Habiba et al., 2021) 
[9]. 

A comprehensive knowledge of the basic behavioural 

patterns is needed for understanding the social interactions 

of an animal (Torr and Shine, 1994). Behaviour is likely to 

vary with individuals and age- sexes; as such, an 

understanding of sex specific behaviour traits may assist in 

improving management techniques and practices (Lu et al., 

2009) [17]. Behavioural variation in ungulate populations is 

an area of research, which could provide insights not only 

into the evolution of ungulate behaviour, but also more 

generally into the evolution of the process in individual 

decision making (Isvaran, 2005) [11]. 

A total of 37 different types has been recorded under 13 

major heads of behavioural patterns of Muntiacus muntjac 

by Mondal and Dutta (2023) [23], while Dwi Arini et al. 

(2024) [7] recorded 14 distinct behaviours in barking deer at 

captive condition. The behavioural patterns were almost 

similar for male and female with several patterns showing 

variations (Akter et al., 2015). 

Jawaharlal Nehru Biological Park is located at the Bokaro 

Steel City, Jharkhand having large collection of herbivorous 

species including barking deer. The park is regularly visited 

by large number of city populace and tourist from other 

parts of the city. The daily activities of barking deer are 

normally influenced by diurnal hours, season, weather, food 

availability and visitors’ presence. Hence, the study was 

conducted to assess the diurnal activity pattern of barking 

deer and tested with the diurnal hours and seasonal 

influence.  
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Materials and Method 

Study Area: Study was conducted in the captivity at the 
Jawaharlal Nehru Biological Park (JNBP), Bokaro Steel 
City, Jharkhand (Figure 1). The total geographical area of 
the park is about 50 hectors. It maintains a variety of 
animals belonging to various vertebrate groups, collected 
from different parts of India and also from abroad. The 
present study on barking deer (Muntiacus muntjac) was 
carried out on the enclosure situated on the south-eastern 
portion of park. The size of the enclosure is approximately 
one (1) acre, containing a total number of 13 barking 
deerincluding4 adult males, 7 females and 2 fawns. The 
surface of the enclosure during the time of the study was 
mostly bear with some patches of grasses. At the southern 
part of the enclosure has shed and rest of the area covered 
by the shed of large trees. The western side of the enclosure 
is separated by the enclosures of Blackbuck and Sambhar. 
Northern and Eastern sides of the enclosure is open for 
visitors. 

 

Methodology: The classification and description of an 

animal’s behavior is fundamental to quantitative ethological 

studies (MacNulty et al., 2007) [19]. We recorded activity 

patterns and social organization of adult male and female 

barking deer in captivity at the Jawaharlal Nehru Biological 

Park, Bokaro Steel City, Jharkhand. Observation was made 

to record data on the various basic activities of barking deer 

covering all seasons. For data recording, the activities of 

each animal were observed 5 minutes in an interval of 10 

minutes continuously for 3 hours in each day of observation. 

Observation was conducting in three sessions (morning, 

noon, afternoon) in a day. Data were recorded on the data 

sheet designed for the study. Data were collected during the 

normal operating hours of the park, which were generally 

0900h to 1800h. Observation hours were equally distributed 

between dawn and dusk. Activity of both male and female 

were sampled repeatedly in different hours of the day using 

focal animal sampling method (Altman, 1974) and at the 

same time numbers of visitors and social organization of 

Nilgai were counted by scan sampling method (Altman, 

1974). The behavioural states recorded were feeding, 

walking, resting and social. Resting includes standing, 

scanning and lying activity of the individual. 

 

 
 

Fig 1: Showing the location of enclosure of barking deer at Jawahar Lal Nehru Biological Park, Bokaro Steel City, Jharkhand 

 

The basic activities of barking deer were categorized into 

feeding, resting, scanning, walking and social behaviour. 

The definition of recorded activities as: 

1. Feeding: means animal engaged in feeding or drinking. 

2. Resting: means animal in rest with no body movement 

or very little body movement. 

3. Scanning: means animal looking around by moving 
head in all directions. 

4. Walking: means animal moving from one place to 
another by feet 

5. Social: means other activities including grooming, 
fighting, chasing, mating, comfort & submissive 
behaviour etc.  
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The observed data were used to calculate the percentage 

time spent in each activity, frequency and bout duration of 

each activity and compared within diurnal hours and 

between seasons.  

The percentage times spent in various activities were 

calculated by using a formula: 

 

 
 

Results and Discussion 

A total of 216 hours were spent observing the behavioural 

activities of the barking deer at Jawaharlal Nehru Biological 

Park during the study period. Various activities such as 

feeding, resting, locomotion and grooming were recorded 

during the observation hours. The time spent in each activity 

was calculated to determine the percentage of activity. Time 

when the animal moved inside the enclosure without a 

specific activity was not included in the final calculation. 

 

Activity time budget 

The results of the study on the time spent in each of the 

activities in diurnal hours are shown table 1. The study 

recorded male barking deer spent nearly one-third time 

(29%) in resting and 71 percent of time they were active 

(Figure 2), while female spent 41% of time in resting and 

nearly 60% of time, they are active during the diurnal hours 

(Figure 3). Comperatively, male spent maximum time in 

resting, followed by movement, feeding and social 

behaviour while minimum time in scanning. The female 

barking deer spent maximum time in resting, followed by 

feeding, walking and scanning and minimum time in social 

activity. The study highlighted that both male and female 

spent nearly equal time in social activities. Altogether, male 

barking deer were more active compared to the female 

barking deer at the JNBP, Bokaro Steel City. 

 
Table 1: Time spent (%) in each of the basic activity by the 

Barking deer at JNBP 
 

 Male (Mean±SE) Female (Mean±SE) 

Feeding 22.04±3.13 18.14±3.25 

Walking 24.72±2.87 14.54±2.25 

Scanning 11.30±1.07 14.16±2.69 

Resting 28.98±4.37 41.11±5.78 

Social 12.96±1.29 12.03±1.53 

 

Diurnal Activity Pattern 

The results of diurnal activity pattern of various basic 

activities are separately discussed in below section: 

 

Feeding: Analysis of data revealed that among the various 

basic activities, the feeding activity of both male and female 

showed increasing trend from morning to evening hours 

(Figure 4). The male spent maximum time in afternoon 

hours between 3 pm to 6 pm, while minimum time in 

morning 6 am to 8 am. Similarly, female spent maximum 

time in 5 pm to 6 pm, followed by 10-11 am, while 

minimum time spent in feeding during 12-1 pm. 

 

 
 

Fig 2: Daytime spent (%) on basic activities by adult male at Jawaharlal Nehru Biological Park, Bokaro, Jharkhand 
 

 
 

Fig 3: Daytime spent (%) on basic activities by adult female at Jawaharlal Nehru Biological Park, Bokaro, Jharkhand 
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Movement: The data recorded on the movement activity of 

barking deer at the captivity of JNBP, Bokaro steel city, it 

was found that movement activity of male was slowly 

decline from morning hours to evening hours with highest 

movement recorded during 6-7 am morning and lowest 

during 1-2 pm (Figure 5). Reverse to that, the movement in 

female slowly increases from morning to evening hours 

with highest recorded during 2-3 pm and 5-6 pm, and lowest 

recorded during 12-1 pm (Figure 5). 

 

 
 

Fig 4: Diurnal pattern of feeding activity (%) of Muntiacus muntjak at JNBP, Bokaro, Jharkhand 

 

 
 

Fig 5: Diurnal pattern of movement (%) of Muntiacus muntjak at JNBP, Bokaro, Jharkhand 

 

Scanning: The observation on the scanning activity of 

barking deer at the captivity of JNBP, Bokaro steel city, it 

was found that scanning of both male and female was 

similar and in all the diurnal hours scanning was also more 

or less similar in all hours of the day. The highest peak of 

scanning was recorded in male during 3-4 pm and lowest 

during 1-2 pm (Figure 6). Similarly, in female scanning was 

recorded highest during 3-4 pm and lowest recorded during 

12-1 pm (Figure 6). 

 

 
 

Fig 6: Diurnal pattern of scanning activity (%) of Muntiacus muntjak at JNBP, Bokaro, Jharkhand 
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Fig 7: Diurnal pattern of resting activity (%) of Muntiacus muntjak at JNBP, Bokaro, Jharkhand 

 

Resting: Observation on the resting of barking deer at the 

captivity at JNBP, it was found that male highest time in 

resting during noon hours with peak of resting at 1-2 pm and 

lowest resting during the 5-6 pm (Figure 7). The resting was 

recorded in declining trends as move from morning to 

evening hours. Similarly, in female resting was recorded 

maximum in noon hours with resting peak at 12-1 pm and 

lowest recorded during 5-6 pm (Figure 7). Like male, the 

trend of resting in female during diurnal hours is declined 

between mornings to noon hours.  

Social behaviours: Social behaviour are an important basic 

activity for the interaction and communication among the 

individuals of the group living animals. Observation on the 

social activity of barking deer at the captivity at JNBP, it 

was found that in both male and female have social 

activities slowly decline from morning to evening hours 

(Figure 8). The peak of social activities recorded in male 

during 11-12 am and 5-6 pm while in female 7-8 am. The 

lowest social activities were recorded in male and female 

barking deer during noon hours.  

 

 
 

Fig 8: Diurnal pattern of social activities (%) of Muntiacus muntjak at JNBP, Bokaro, Jharkhand 

 

The activities of barking deer in captivity were varied 

during diurnal hours like other similar or closely related 

species. Mondal and Dutta (2023) [23] observed highest 

frequency (33.25 %) of foraging and the lowest (1.28 %) of 

sexual behaviour in Barking deer at captive environment. 

They also found that males showed more sexual behaviour 

and less submission behaviour towards females (Mondal 

and Dutta, 2023) [23]. The present study recorded highest 

time spent by barking deer in feeding in male and walking 

in female.  

Both sexes of (Muntiacus reevesi) showed somewhat more 

activity during daylight than night, with peaks of activity in 

morning and evening in most months (McCullough et al., 

2000) [22]. Average percent of time active over the year was 

53.2% for males and 46.5% for females in Muntiacus 

reevesi (McCullough et al., 2000) [22]. The study recorded 

similar trend in JNBP, as both the male and female 

individuals of barking deer were most activate during 

morning and afternoon hours and less active during noon 

hours.  

Females consumed food and took rest more frequently than 

males, who spent more time in foraging and movement. 

Males also showed higher frequency of sexual behaviours 

and less submissive behaviours (Akter et al., 2015). The 

present study recorded similar time spent in social 

behaviours by the male and female individuals.  

There are 14 distinct behaviours were identified by Dwi 

Arini et al. (2024) [7], with resting behaviour being the most 

frequent (59–69%), followed by consuming (14–20%), 

movement (5–6%), foraging and self-directed behaviour (2–

3%), and other activities. Similarly, the present study 

recorded highest time spent by both male and female 

individuals in resting during the diurnal hours at JNBP, 

Bokaro Steel City.  
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Conclusion 

The present findings reveal that majority of the behaviours 

resemble that of other cervids at captivity. The pattern of 

activities during diurnal hours an important and vital 

adaptation for survival and determined by the local climate, 

weather, temperature, food availability, habitat condition, 

prey-predator presence, etc. In the captivity, some of the 

activities like feeding, movement and social behaviours are 

limited comparative to the barking deer found in wilderness 

due to the limited space available at captivity. Though, the 

scanning was more frequent in captivity as compared to the 

wilderness due to presence of visitors at captivity, while in 

wilderness, they are more vigilant due to the presence of 

predators.  

 

Acknowledgement  

We express our sincere thanks to the Director and other 

authorities of the Jawaharlal Nehru Biological Park, Bokaro 

Steel City, for granting us the permission and providing all 

the necessary facilities to carry out this project.  

We are highly grateful to Supervisor, Department of 

Biology, Capital University, Koderma, for his constant 

encouragement and co-operation throughout the study, 

which helped us to complete the work smoothly.  

 
Reference 

1. Ahammed R, Aktar M, Khan MMH, Kabir MM. 

Activity pattern, feeding and social behavior of barking 

deer Muntiacus muntjak (Zimmermann, 1780) in 

captivity. Jahangirnagar Univ J Biol Sci,2013:2(2):51-

58. 

2. Aktar M, Ahammed R, Khan MMH, Kabir M. 

Preliminary Findings on Behavioral Patterns of The 

Barking Deer, Muntiacus muntjak (Zimmermann 1780) 

In Captivity at Dhaka Zoo in Bangladesh. J Asiat Soc 

Bangladesh, Sci,2015:41:233–243. 

doi:10.3329/jasbs.v41i2.46207. 

3. Amato G, Egan MG, Rabinowitz A. A new species of 

muntjac, Muntiacus putaoensis (Artiodactyla: 

Cervidae) from northern Myanmar. Animal 

Conservation,1991:2:1-7. 

4. Barrette C. Some aspects of the behaviour of muntjacs 

in Wilpattu National Park. Mammalia,1977:41:1–34. 

5. Caraco T. Time budgeting and group size: a test of 

theory. Ecology,1979:60:618–627. 

6. Dubost G. L’organisationspatiale et sociale de 

Muntiacus reevesi Ogilby 1839 ensemiliberte. 

Mammals,1970:34:331-355. 

7. Dwi Arini DI, Fitriari U, Firdaus MF. Ex-Situ 

Management and Daily Behaviours of Southern Red 

Muntjak (Muntiacus muntjak, Zimmermann 1780) in 

Semarang Zoo, Central Java, Indonesia, 2024. 

8. Eberhardt LE, Books GG, Anthony RG, Rickard WH. 

Activity budgets of Canada geese during brood rearing. 

Auk,1989:106:218–224. 

9. Habiba U, Anwar M, Khatoon R, Hussain M, Khan 

KA, Khalil S, et al. Feeding habits and habitat use of 

barking deer (Muntiacus vaginalis) in Himalayan 

foothills, Pakistan. PLoS One,2021:16(1):e0245279. 

doi:10.1371/journal.pone.0245279. 

10. Hameed W, Mian A. Population features of barking 

deer (Muntiacus muntjak) in Margalla Hills National 

Park, Pakistan. Pakistan Journal of 

Zoology,2009:41(2):137–142. 

11. Isvaran K. Variation in male mating behaviour within 

ungulate populations: patterns and processes. Curr 

Sci,2005:89(7):1192–1199. 

12. Jaisankar I, Velmurugan A, Sivaperuman C. 

Biodiversity Conservation: Issues and Strategies for the 

Tropical Islands. In: Sivaperuman C, Velmurugan A, 

Singh A, Jaisankar I, editors. Biodiversity and Climate 

Change Adaptation in Tropical Islands. Academic 

Press, 2018, 525–552. 

13. Koladiya MH, Mahato AK, Roy V, Vijay Kumar. 

Activity Budgets of Sympatric Birds in Banni Region 

of Kachchh District, Gujarat, India. Proc Zool 

Soc,2012:65(1):52–56. 

14. Kurt F. Muntjac deer. In: Grzimek D, Badrian D, Herre 

D, Hess R, Jones M, editors. Grzimek’s enclopedia of 

mammals. McGraw-Hill Publishing Company, New 

York,1981:5:137–139. 

15. Kurup GU. A foursome of barking deer (Muntiacus 

muntjac Zimerman). Journal of Bombay Natural 

History Society,1971:68(2):445. 

16. Lekagul B, Mcneely JA. Mammals ofThailand. 

KurusapaLudprao Press, Bankok, Thailand, 1977. 

17. Lu L, Yan P, Mang XI, Feng J, Xu H, Yang Q, et al. 

Behavioral patterns of captive alpine musk deer: sex-

specific behavior comparisons. Front Agric 

China,2009:3(3):300–303. 

18. Ma SL, Wang YX. Taxonomic notes on the subspecies 

of the Indian muntjac (Muntiacus muntjak) in Yunnan, 

China. Acta Theriologica Sinica,1988:8:95–104. 

19. MacNulty DR, Mech LD, Smith DW. A proposed 

ethogram of large-carnivore predatory behavior, 

exemplified by the wolf. J Mammal,2007:88(3):595–

605. 

20. Mahato AK, Roy S, Majumder S, De JK, Ramakrishna. 

Activities of captive Nilgai, Boselaphus tragocamelus 

(Pallas, 1766) during partial solar eclipse. Ethology 

Ecology and Evolution,2013:25(3):269–274. 

21. Martinez C. Daily activity pattern of Great bustards, 

Otis tarda. Ardeola,2000:47(1):57–68. 

22. McCullough DR, Pei KC, Wang Y. Home range, 

activity patterns, and habitat relations of Reeve’s 

muntjacs in Taiwan. Journal of Wildlife 

Management,2000:64:430–441. 

23. Mondal S, Dutta AK. A behavioural study of the 

captive Muntiacus muntjak (Zimmerman, 1780) at 

Zoological Garden, Alipore, Kolkata. Indian J Applied 

& Pure Bio,2023:38(2):513–526. 

24. Nowak RM. Order Artiodactyla. In: Walker’s mammals 

of the world. 5th ed. The Johns Hopkins Univ Press, 

Baltimore, MD,1991:2:1334–1400. 

25. Ohtaishi N, Gao YT. A review of the distribution of all 

species of deer (Tragulidae, Moschidae and Cervidae) 

in China. Mammal Review,1990:20:125–144. 

26. Pokharel K, Chalise MK. Status and Distribution 

Pattern of Barking Deer (Muntiacus muntjak 

Zimmermann) in Hemja VDC, Kaski. Nepal Journal of 

Science and Technology,2010:11:223–228. 

27. Schaller GB. The deer and the tiger: a study of wildlife 

in India. Chicago University Press, Chicago, 1967, 37–

99. 

28. Shi LM, Ma CX. A new karyotype of muntjac (M. sp.) 

from Gongshan County in China. Zoological 

Research,1988:9:343–347. 



80 

29. Teng L, Liu Z, Song YL, et al. Forage and bed sites 

characteristics of Indian muntjac (Muntiacus muntjak) 

in Hainan Island, China. Ecol Res,2004:19:675–681. 

doi:10.1111/j.1440-1703.2004.00683.x 

30. Quasin S, Ganguly K, Mahato AK, Roy, De JK. 

Activity Patterns of Blue bull or Nilgai (Boselaphus 

tragocamelus) in Captivity at Zoological Garden, 

Kolkata. International Journal of Pure and Applied 

Zoology,2014:2(3):275–280. 

31. Zegeye H. In Situ and Ex Situ Conservation: 

Complementary Approaches for Maintaining 

Biodiversity. Ijres,2017:4:1–12. 

32. Ganguly K, Das D, Mahato AK, Roy, De JK. Deer of 

the Zoological Garden, Alipur, Kolkata, India-a 

comparative study on their behaviour. J Environ 

Sociobiol,2008:5(2):215–219. 


