
 Populations of the Endangered Lion-tailed Macaque (Macaca Silenus) in Indian Zoos
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ABSTRACT 

	The study aims to assess the population size, distribution, and management practices of the Endangered Lion-tailed Macaque (Macaca silenus) in Indian zoos, providing insights into conservation efforts and potential areas for improvement. The lion-tailed macaque, a species endemic to the rain forests of the Western Ghats, southern India is living under human-induced altered conditions. Its range and population structure are severely affected by habitat fragmentation and deterioration. In the face of escalating biodiversity loss, conservation strategies have evolved to include both in-situ and ex-situ approaches. While in-situ conservation preserving species within their natural habitats remains the preferred method, ex-situ conservation has become essential in cases where species face imminent extinction. Indian zoos play a pivotal role in ex-situ conservation, bridging the gap between wildlife preservation, education, and research. Initially established for public amusement, zoos in India have transformed into critical centres for conservation, guided by modern zoological practices and the oversight of the Central Zoo Authority. The current global population of Lion-tailed Macaque comprises 516 in 98 zoos and Indian captive population currently comprised 51 individuals including 16 wild-born macaques. With increasing urbanization, habitat destruction, and climate change contributing to the decline of wildlife populations, the function of zoos has expanded to include breeding programs, awareness campaigns, and scientific research. These institutions now complement in-situ efforts by offering safe environments for threatened species, thereby contributing to the broader goal of sustaining biodiversity. Indian zoos not only ensure the survival of endangered species through managed care and breeding but also engage the public in environmental education, fostering a deeper understanding of wildlife conservation. The study highlights the crucial role of Indian zoos in conserving the Endangered Lion-tailed Macaque through ex-situ conservation efforts, emphasizing the importance of managed care, breeding programs, and environmental education in sustaining biodiversity. Indian zoos serve as vital centres for conservation and education.
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1. INTRODUCTION

In-situ conservation refers to preserving biodiversity within its natural habitat, while ex-situ conservation involves protecting it outside of its original environment. Although in-situ conservation is generally the preferred method for maintaining and safeguarding biodiversity, certain circumstances may necessitate the use of ex-situ methods when no other options are available. Ultimately, the goal is to sustain biological diversity, which is vital to life itself, encompassing the variety and variability of living organisms as well as the ecological processes and interactions that support them (Ghosh et al., 2023).
Zoos in India play a significant role in wildlife conservation, education, and recreation. Established under the guidelines of the Central Zoo Authority (CZA), these zoological parks aim to protect endangered species, promote awareness about wildlife, and support breeding programs for threatened animals. India is home to a wide range of zoos, from large, state-run zoological gardens to smaller regional facilities, all working towards the preservation of the country’s rich biodiversity. In addition to being centres for animal care and research, Indian zoos also serve as important venues for public engagement and environmental education (Miranda et al., 2023; Mallapur et al., 2005).

Initially, zoos were primarily intended to satisfy public curiosity and provide amusement through the display of wild animals. Conservation was not a focal point, likely due to the abundance of wildlife in natural habitats and the absence of immediate threats to biodiversity. However, global developments in zoological practices—such as the founding of the Zoological Society of London in 1826 and Carl Hagenbeck’s introduction of bar-less enclosures in 1907—began to influence zoo design and animal care standards, encouraging more humane and naturalistic environments (Mallapur et al., 2005a &b; Newman et al., 2025; Dhawale et al., 2020)

In the context of rapid urbanization, habitat destruction, and biodiversity loss, the purpose of zoos has shifted dramatically. India’s growing human population and its accompanying infrastructural demands have led to deforestation, habitat fragmentation, and a significant decline in wildlife populations. This ecological crisis, exacerbated by poaching and climate change, has placed many species on the brink of extinction (Gupta et al., 2022).

Primates are among the most imperiled of the mammals (Schipper et al. 2008), with many species occurring in regions of high human density. Habitat loss and hunting have been the major causes for the population declines of many primate species (Mittermeier et al. 2009); many survive in just fragments of their former contiguous habitat, often as small and isolated populations (Mittermeier and Cheney 1987). The lion-tailed macaque (Macaca silenus), a species endemic to the rain forests of the Western Ghats, southern India is living under human-induced altered conditions. Its range and population structure are severely affected by habitat fragmentation and deterioration (Kumara and Sinha 2009; Kumara et al. 2014; Begum et al. 2022).  After Homo, Macaca has the widest geographical range among primates, and both of these genera are present in tropical and temperate regions as well (Thierry, 2007).
In response, modern zoos have embraced a conservation-oriented approach. No longer limited to entertainment, today’s zoos serve as vital institutions for ex-situ conservation, working in tandem with in-situ efforts to protect endangered species. The objective of this study is to determine the population size and distribution of the Lion-tailed Macaque (Macaca silenus) in Indian zoos and evaluate the effectiveness of their management and conservation practices.


2. POPULATION STUDY OF LION-TAILED MACAQUE IN CAPTIVITY
The current global population of LTM comprises 516 in 98 zoos and the Indian captive population currently comprises 51 individuals including 16 wild-born macaques. Central Zoo Authority of India has categorized the Zoos into large, medium and small types based on the size and population of captive animals. The list of large, medium and small types was published by the Central Zoo Authority (Stud Book, 2018) is presented here as Table -1.
Table 1. Category-wise Zoos in India
	Category
	State
	Sl.No.
	Zoo name
	Location

	Large Zoo
	Andhra Pradesh 
	1
	Indira Gandhi Zoological Park
	Visakhapatnam

	
	
	2
	Sri Venkateshwara Zoological Park
	Tirupati

	
	Assam
	3
	Assam State Zoo Cum Botanical Garden
	Guwahati

	
	Bihar
	4
	Sanjay Gandhi Biological Park
	Patna

	
	Delhi
	5
	National Zoological Park
	Delhi

	
	Gujarat
	6
	Kamla Nehru Zoological Garden
	Ahmedabad

	
	
	7
	Sakkarbaug Zoological Park
	Junagadh

	
	Karnataka
	8
	Bannerghatta Biological Park
	Bengaluru

	
	
	9
	Dr. K.Shivarma Karanth Pililkula Biological Park
	Mangalore

	
	
	10
	Sri Chamarajendra Zoological Gardens
	Mysuru

	
	Kerala
	11
	Thiruvananthapuram Zoological Garden
	Thiruvananthapuram

	
	Odisha
	12
	Nandankanan Biological Park
	Bhubaneshwar

	
	Punjab
	13
	Mahendra Chaudhury Zoological Park
	Chhatbir, Chandigarh

	
	Tamil Nadu
	14
	Arignar Anna Zoological Park
	Vandalur, Chennai

	
	Telangana
	15
	Nehru Zoological Park
	Hyderabad

	
	Uttar Pradesh
	16
	Kanpur Zoological Park
	Kanpur

	
	
	17
	Nawab Wajid Ali Shah Zoological Garden
	Lucknow

	
	
	
	
	17

	Medium Zoo
	Chhattisgarh
	18
	Kanan Pandari Zoo
	Bilaspur

	
	
	19
	Maitri Baagh Zoo
	Bhilai

	
	
	20
	Nandanvan Jungle Safari (Naya Raipur)
	New Raipur

	
	Gujarat
	21
	Dr. Shyamaprasad Mukharjee Zoological Garden
	Surat

	
	
	22
	Indroda Nature Park
	Gandhi Nagar

	
	
	23
	Rajkot Municipal Zoo
	Rajkot

	
	
	24
	Sayaji Baug Zoo
	Vadodara

	
	Jharkhand
	25
	Bhagwan Birsa Biological Park
	Ranchi

	
	
	26
	Jawaharlal Nehru Biological Park
	Bokaro

	
	
	27
	Tata Steel Zoological Park
	Jamshedpur

	
	Kerala
	28
	State Museum & Zoo
	Thrissur

	
	Madhya Pradesh
	29
	Kamla Nehru Prani Sanghrahalaya Zoo
	Indore

	
	Maharashtra
	30
	Rajiv Gandhi Zoological Park and Wildlife Research Centre
	Pune

	
	
	31
	Veermata Jijabai Bhosale Udyan & Zoo
	Mumbai

	
	Manipur
	32
	Manipur Zoological Garden
	Iroisemba

	
	Nagaland
	33
	Nagaland Zoological Park, Rangapahar
	Rangapahar

	
	Rajasthan
	31
	Nahargarh Biological Park (Jaipur Zoo)
	Jaipur

	
	Tamil Nadu
	35
	Children’s Park
	Guindy, Chennai

	
	
	36
	Madras Crocodile Bank Trust/Centre for Herpetology
	Mahabalipuram

	
	
	37
	V.O.C. Park Mini Zoo
	Coimbatore

	
	Tripura
	38
	Sepahijala Zoological Park
	Sepahijala, Agartala

	
	West Bengal
	39
	Alipore Zoological Garden
	Kolkata

	
	
	40
	Jungle Mahal Zoological Park
	Jhargram

	
	
	41
	Padmaja Naidu Himalayan Zoological Park
	Darjeeling

	
	
	
	
	24

	Small Zoo
	Andaman & Nicobar Islands
	42
	Biological Park, Chidiyatapu
	Port Blair

	
	Arunachal Pradesh
	43
	Biological Park, Itanagar
	Itanagar

	
	Goa
	44
	Bondla Zoo
	Usgao

	
	Haryana
	45
	Rohtak Zoo
	Rohtak

	
	Himachal Pradesh
	46
	Dhauladhar Nature Park
	Gopalpur

	
	
	47
	Himalayan Nature Park
	Kufri

	
	Karnataka
	48
	Bellary Childrens Park-Cum-Zoo
	Bellary

	
	
	49
	Children Park cum Zoo
	Gadag

	
	
	50
	Tiger & Lion Safari
	Shimoga

	
	Kerala
	51
	Parassinikkadavu Snake Park and Zoo
	Kannur

	
	Madhya Pradesh
	52
	Gandhi Zoological Park
	Gwalior

	
	
	53
	Van Vihar National Park Zoo
	Bhopal

	
	Maharashtra
	54
	Maharajbag Zoo
	Nagpur

	
	
	55
	Nisargakavi Bahinabai Choudhary Pranisangahalaya
	Chinchiwad, Pune

	
	
	56
	Sanjay Gandhi National Park and Zoo
	Borivali

	
	Meghalaya
	57
	Nehru Park Zoo, Danakgre,Tura
	Akhongini Tura

	
	Mizoram
	58
	Aizawl Zoo (Mizoram Zoo)
	Aizwal

	
	Odisha
	59
	Indira Gandhi Park Zoo
	Rourkela

	
	
	60
	Kapilash Zoo
	Dhenkanal

	
	
	61
	Wild Animal Conservation Centre
	Mothijharan

	
	Punjab
	62
	Deer Park, Bir Moti Bagh
	Patiala

	
	
	63
	Ludhiana Zoo
	Ludhiana

	
	Rajasthan
	64
	Kota Zoo
	Kota

	
	
	65
	Machia Biological Park
	Jodhpur

	
	
	66
	Sajjangarh Biological Park
	Udaipur

	
	Sikkim
	67
	Himalayan Zoological Park, Bulbuley
	Gangtok

	
	Tamil Nadu
	68
	Amirdhi Zoo
	Vellore

	
	
	69
	Chennai Snake Park
	Guindy, Chennai

	
	
	70
	Kurumbapatti Zoological Park
	Salem

	
	Telangana
	71
	Kakatiya Zoological Park
	Warangal

	
	Uttarakhand
	72
	Pt. Govind Ballabh Pant High Altitude Zoo
	Nainital

	
	West Bengal
	73
	Bardhaman Zoological Park
	Burdwan

	
	
	74
	Marble Palace Zoo
	Kolkata

	
	
	
	
	33

	Mini Zoo
	Andhra Pradesh
	75
	Deer Park, Chittoor
	Chittoor (East) Division

	
	
	76
	Deer Park, Kandaleru
	Kandaleru

	
	Arunachal Pradesh
	77
	Miao Mini Zoo
	Miao

	
	
	78
	Mini Zoo, Roing
	Roing

	
	Assam
	76
	Bijni Deer Park
	Bongaigaon

	
	Dadra & Nagar Haveli
	80
	Lion Safari - Vasona
	Vasona

	
	Delhi
	81
	A.N.Jha Deer Park
	Hauz khas (New Delhi)

	
	Gujarat
	82
	Ambardi Wildlife Interpretation Zone
	Amreli

	
	
	83
	Sardar Patel Zoological Park 
	Kevadiya

	
	
	84
	Sundervan Nature Discovery Centre
	Jodhpur Tekra (Ahmedabad)

	
	Haryana
	85
	Deer Park,Hissar
	Hissar

	
	
	86
	Mini Zoo,Bhiwani
	Bhiwani

	
	
	87
	Mini Zoo,Pipli
	Pipli

	
	Himachal Pradesh
	88
	Renuke Mini Zoo
	Sirmur

	
	
	89
	Rewalsar Mini Zoo
	Mandi

	
	
	90
	Sarahan Phesantry
	Sarahan

	
	Jharkhand
	91
	Birsa Mrig Vihar
	Kalimati

	
	Karnataka
	92
	Deer Park, N.M.D.C.Ltd.
	Donimalai

	
	
	93
	Indira Priyadarshini Sangrahalaya, Anagodu
	Davangere Taluk

	
	
	94
	Kittur Rani Chennamma Nisarg Dhama Mini Zoo
	Belgaum

	
	
	95
	Mini Zoo A. M. Gudi Balvana
	Chitradurga

	
	
	96
	Mini Zoo at Gendekatte
	Hassan

	
	
	97
	Mini Zoo Cum Children Park
	Kalaburgi

	
	
	98
	Namadachilume Deer Par
	Tumkur

	
	
	99
	Tungabhadra Dam Mini Zoo
	Bellary

	
	Kerala
	100
	Kaprikkad Mini Zoo and Rescue Centre
	Ernakulam

	
	
	101
	Lion Safari Park at Nayyar Dam
	Thiruvananthapuram

	
	
	102
	Snake Park, Malampuzha
	Malampuzha, Palakkad

	
	Madhya Pradesh
	103
	Maharaja Martand Singh Jedeo White Tiger Safari and Zoo, Mukundpur
	Satna

	
	Maharashtra
	104
	Gorewada International Zoo
	Nagpur

	
	
	105
	Maharaja Shahaji Chhatrapati Zoo
	Kolhapur

	
	Meghalaya
	106
	Lady Hydari Park Animal Land
	Shillong

	
	Mizoram
	107
	Deer Park,Thenzawl
	Thenzawl

	
	Odisha
	108
	Deer Park, Cuttack Municipal Corporation
	Cuttack

	
	
	109
	Deer Park, Papadahandi
	Nawarangpur

	
	
	110
	Gharial Research & Conservation Unit
	Tikarpara

	
	
	111
	Harishankar Deer Park
	Balangir

	
	
	112
	Kuanria Deer Park, Nayagarh Forest Division
	Nayagarh

	
	
	113
	Taptapani Deer Park
	Parlakhemundi

	
	Punjab
	114
	Deer Park, Bir Talab
	Bhatinda

	
	
	115
	Deer Park, Neelon
	Ludhiana

	
	Telangana
	116
	Deer Park, Kesoram Cement
	Basant nagar

	
	
	117
	Deer Park, Jawahar Lake Tourist Complex
	Shamirpet

	
	
	118
	Karimnagar Deer Park
	Karimnagar

	
	
	119
	Kinnerasani Deer Park
	Kinnersari

	
	
	120
	Pillalamarri Deer Park
	Pillalamarri Complex, Mahabub Nagar

	
	Uttar Pradesh
	121
	Lion Breeding Centre and Multiple Safari Park, Etawah
	Etawah

	
	
	122
	Nawabganj Deer Park
	Unnao

	
	
	123
	Sarnath Deer Park
	Varanasi

	
	
	124
	Van Prani Udyan, I.V.R.I.
	Izatnagar, Barelly

	
	
	125
	Vinod Van Mini Zoo, Ramgarh
	Gorakhpur

	
	Uttarakhand
	126
	Deer Park, Narain Tewari Dewal
	Almora

	
	
	127
	Dehradun Mini Zoo
	Dehradun

	
	West Bengal
	128
	Adina Deer Park
	Malda

	
	
	129
	Gar Chumuk (Ulughata) Deer Park
	Howrah

	
	
	130
	Harinalaya at Eco Park
	Kolkata

	
	
	131
	North Bengal Wild Animals Park
	Jalpaiguri

	
	
	132
	Rasikbeel Mini Zoo
	Coochbehar

	
	
	133
	Sundarban Wild Animal Park, Jharkali
	Dist.24 Parganas South

	
	
	134
	Surulia Mini Zoo, Purulia
	Purulia

	
	
	
	
	60

	Rescue Centre
	Andhra Pradesh
	135
	Karuna Wildlife Rescue and Rehabilitation Centre - Rayalseema
	Dist. Anantapur

	
	Arunachal Pradesh
	136
	Centre for Bear Rehabilitation and Conservation
	Pakke

	
	Assam
	137
	Centre for Wildlife Rehabilitation and Conservation
	Golaghat

	
	Haryana
	138
	Ch. Surinder Singh Elephant Rescue Centre
	Bansantour

	
	
	139
	Vulture Conservation Breeding Centre
	Pinzore

	
	Himachal Pradesh
	140
	Nehru Pheasantry
	Manali

	
	
	141
	Rescue and Rehabilitation Home
	Tutikandi

	
	Karnataka
	142
	People for Animals - Rescue Centre
	Bengaluru

	
	Maharashtra
	143
	Amte’s Animal Ark
	Gadchiroli

	
	
	144
	Leopard Rescue Centre
	Manikdoh

	
	
	145
	People for Animals, Shelter House
	Wardha

	
	
	146
	Rescue Centre at Gorewada
	Nagpur

	
	Uttar Pradesh
	147
	Agra Bear Rescue Facility
	Agra

	
	West Bengal
	148
	South Khairbari Rescue Centre
	Madarihat

	
	
	
	
	14

	Circus
	Gujarat
	149
	Great Golden Circus
	Ahmedabad

	
	
	
	
	1



In India, the following eight zoos were identified as breeding centres for Lion-tailed macaque
1. [bookmark: _Hlk112054324]Thiruvananthapuram Zoological Garden, Thiruvananthapuram, Kerala
2. Arignar Anna Zoological Park, Chennai, Tamil Nadu
3. Nehru Zoological Park, Hyderabad
4. M.C. Chatbir Zoo, Chandigarh
5. National Zoological Park, New Delhi
6. Allen Forest Zoo, Kanpur
7. Chamarajendra Zoological Gardens, Mysore
8. Nandankanan Biological Park, Bhubaneswar
The population status of Lion-tailed macaque in different zoological parks in India was summarized by the Central Zoo Authority (Stud yearbook-2008) is presented below and data collected by Malviya et al. (2011) was summarized and presented below.
[bookmark: _Hlk198758545]Table 2. Population Status of Lion-tailed macaque in Indian zoos
	
	Location
	Total no. of individuals (M.F.U)  
	Living Individuals (M.F.U)
	The time span during which Lion-tailed Macaques were kept (years)
	Births (M.F.U)
	Deaths (M.F.U)

	1
	Assam 
	3.6.0
	0.1.0
	1966-15 (50)
	0.1.0
	3.4.0

	2
	Bannerghatta 
	1.4.0
	1.1.0
	1987-15 (29)
	0.0.0
	0.0.0

	3
	  Bhilai 
	3.4.0
	0.1.0
	1982-15 (34)
	2.3.0
	2.2.0

	4
	Calcutta 
	1.5.0
	0.0.0
	1970-08 (39)
	0.2.0
	1.1.0

	5
	Chatbir  
	4.4.0
	1.0.0
	1979-15 (37)
	2.0.0
	3.3.0

	6
	Delhi 
	17.27.11
	3.2.1
	1959-15 (57)
	14.19.11
	5.16.10

	7
	Guindy  
	4.3.0
	0.0.0
	1990-09 (20)
	0.0.0
	1.0.0

	8
	Hyderabad 
	5.6.0
	0.1.0
	1964-15 (52)
	0.0.0
	4.3.0

	9
	Jaipur  
	6.9.1
	0.0.0
	1978-05 (28)
	2.7.1
	5.7.1

	10
	Jodhpur 
	0.1.0
	0.0.0
	1984 (1)
	0.0.0
	0.0.0

	11
	Kanpur 
	6.4.0
	0.0.0
	1973-03 (31)
	2.2.0
	6.4.0

	12
	Kodanadu  
	2.2.0
	0.0.0
	1988-89 (2)
	0.0.0
	0.0.0

	13
	Lucknow  
	2.1.0
	1.0.0
	1988-15 (28)
	0.0.0
	0.1.0

	14
	Madras 
	34.29.9
	11.13.1
	1983-15 (33)
	27.19.9
	14.11.8

	15
	Mangalore 
	0.2.0
	0.0.0
	1992-01 (10)
	0.0.0
	0.0.0

	16
	Mysore  
	9.8.2
	2.3.1
	1981-15 (35)
	1.0.2
	5.4.1

	17
	Nandankanan 
	10.8.0
	0.0.0
	1966-10 (45)
	7.4.0
	9.7.0

	18
	Parassinikkadavu 
	1.2.0
	1.1.0
	1986-15 (30)
	0.0.0
	0.6.0

	19
	Patna  
	1.6.0
	0.1.0
	1995-15 (21)
	0.1.0
	1.4.0

	20
	Peshwe 
	1.0.0
	0.0.0
	1984 (1)
	0.0.0
	0.0.0

	21
	Pune  
	2.0.0
	0.0.0
	1984-06 (23)
	0.0.0
	2.0.0

	22
	Shillong  
	1.0.0
	0.0.0
	1994-00 (7)
	0.0.0
	0.0.0

	23
	Shimoga 
	1.0.0
	0.0.0
	1990 (1)
	0.0.0
	0.0.0

	24
	Thrissur 
	11.10.0
	1.1.0
	1959-15 (57)
	1.1.0
	6.8.0 7

	25
	Tripura  
	0.1.0
	0.0.0
	1990-00 (11)
	0.0.0
	0.1.0

	26
	Trivandrum   
	21.17.1
	8.6.0
	1960-15 (56)
	6.6.1
	4.3.1

	27
	Vadodara 
	1.1.0
	0.0.0
	1986-96 (11)
	0.0.0
	1.1.0

	28
	Veermata 
	5.7.0
	0.0.0
	1949-95 (47)
	3.2.0
	3.5.0

	29
	Voc Pk Zoo 
	1.0.0
	0.0.0
	1980 (1)
	0.0.0
	0.0.0



[bookmark: _Hlk121685934]Table 3. Lion-tailed Macaque Population in captivity in India (Malviya et al., 2011)
	Sl. No.
	Name of Zoos
	Males
	Females
	Unknown
	Total

	1
	Assam State Zoo cum Botanical Garden
	0
	1
	0
	1

	2
	National Zoological Park, New Delhi
	3
	1
	1
	5

	3
	Sri Chamarajendra Zoo (mysore Zoo), Mysore, Karnataka
	7
	6
	0
	13

	4
	Arignar Anna Zool Park Chennai, Chennai, Tamil Nadu
	9
	11
	0
	20

	5
	Nehru Zoological Park, Hyderabad, Andhra Pradesh
	0
	2
	0
	2

	6
	Nandankanan Biological Park, Orissa
	0
	1
	0
	1

	7
	Kanpur Zoological Park, Uttar Pradesh
	2
	2
	0
	4

	8
	Mahendra Chaudhary Zoological Park, Punjab
	1
	0
	0
	1

	9
	Bannerghatta Zool Garden National Park, Bangalore, Karnataka
	1

	0
	0
	1

	10
	Thiruvananthapuram (Trivandrum) Zoo, Kerala
	9
	6
	0
	15

	11
	Parassinikkadavu Snake Park, Kerala
	1
	2
	0
	3

	12
	Maitri Bagh Zoo, Bhilai, Chhattisgarh
	2
	3
	0
	5

	13
	Sanjay Gandhi Biol.Park, Bihar
	1
	3
	0
	4

	14
	Children's Corner, Guindy Childrens Pk, Chennai, Tamil Nadu
	2

	0
	0
	2

	15
	Alipore Zoological Garden, Calcutta
	1
	1
	0
	2

	16
	Jaipur Zoological Garden, Rajasthan
	1
	0
	0
	1

	17
	Trichur Zoo, Kerala
	1
	0
	0
	1

	18
	Kodanadu Mini Zoo, Kerala
	1
	0
	0
	1

	19
	Lady Hydari Park and Animal Land, Shillong, Meghalaya
	1
	2
	0
	3

	20
	Lucknow Zoological Park, Lucknow
	1
	0
	0
	1

	
	TOTAL
	44
	41
	1
	86




3. BEHAVIOUR STUDIES OF LION-TAILED MACAQUE IN CAPTIVITY

3.1 Social Behaviour of Lion-tailed Macaque in Captivity

[bookmark: _Hlk121685946][bookmark: _Hlk121685958]Clark and Lindberg (1993) found that compared to other macaques, the Lion-tailed macaques were more aggressive, curious, and resourceful in their approach to their environment. According to Marriner and Drickamer (1994), captive primates have shown different stereotypic behaviours which are influenced by biotic and abiotic factors affecting their natural environment. The different kinds of environmental enrichment techniques reduced the un-occasional stereotypic behaviour of primate species; it indicated the welfare of captive animals.
[bookmark: _Hlk121685971][bookmark: _Hlk121685991]Mallapur and Choudhury (2003) observed the different types of abnormal behaviours and undesirable behaviours exhibited by 11 species of captive non-human primates in the 10 zoos of India. They reported that male Lion-tailed macaques and male gibbons exhibited begging behaviour and comparatively higher levels of these begging behaviour patterns than females.  Mallapur (2005) studied the behavioural pattern of LTM in the enriched and edge zones as designated areas in captivity and found a positive correlation of auto-grooming, social interactions, and food-related behaviours in the enriched zone. However, LTM showed abnormal behaviour such as stereotypic pacing, plucking hair, and floating limb was positively correlated, and food-related behaviour in the edge zone. 

[bookmark: _Hlk121686001][bookmark: _Hlk121686012]The researchers who had studied the behaviours of Lion-tailed macaques in different  Zoos in India categorized the behaviours like circling repetitively, floating limb, pluck hair, stereotypic pacing, telescoping, self-biting, begging, salute, stereotypic pacing, weave, affiliative bared-teeth face, affiliative grunt, bared-teeth display, eye-flash, self-biting, body-shake with lip-smack, hold penis, splash water, warning growl, branch shake or display bounce, inspect penis, masturbate, scratch body, yawn, autogroom as abnormal behaviour (Mallapur et al., 2005a). The Lion-tailed macaques housed in Indian zoos exhibited 25 and nine types of qualitative and quantitative abnormal behaviours respectively. Out of the abnormal behaviours, self-directed behaviours such as biting, masturbation, stereotype pacing, telescoping and rocking were exhibited only by the confiscated animal. But these bipedal walks with masturbation are almost never observed by wild-caught individuals.  (Mallapur et al., 2005a).
[bookmark: _Hlk121686021][bookmark: _Hlk121686038][bookmark: _Hlk121686050][bookmark: _Hlk121686061]Mallapur et al. (2005a) defined the enclosure area of Lion-tailed macaques housed in different zoos in India as edge zone (close to visitor area), back zone (faraway area from the visitor area), enrich zone (containing trees, platforms for sheds) and elevated bars (any enrichment devices) and other zone (other area not mentioned). Further, the authors had observed 47 macaque individuals in 13 zoos located in different parts of India and mentioned that captive Lion-tailed macaques had spent more time in the edge zone (42.6 ± 5.9 per cent), followed by the enriched zone (22.9 ± 4.5 per cent), then in another zone (18.3 ± 3.0 per cent).  Mallapur et al. (2005a) described the normal behaviours like alert, allogroom, approach, avoid, ignore, lip smacking, lost call and retreat behaviours are classified as neutral behaviours and other normal behaviours like bite, chase, fight, jump, and slap are grouped as playful behaviours. Mallapur et al.(2005b) studied the Lion-tailed macaque social behaviours in Indian seven zoos and observed 30 LTMs during July- December’2002. The influence of visitor’s presence was studied and LTM showed begging behaviour and frequencies of abnormal behaviour during the presence of visitors compared to visitor’s absence days and begging behaviour was exhibited to the zoo staff during visitor absence days also. However, frequencies of reproductive behaviour were significantly absent in the visitor’s presence, but males exhibited aggressive bite behaviour towards the females in their group in the visitor's presence. Mallapur et al. (2005b) compared the abnormal behaviour patterns among captive and free-range macaques. The study found that captive Lion-tailed Macaques exhibited abnormal behaviours like self-biting, begging, and stereotyping at frequencies 10 times higher than their free-range counterparts. Notably, the presence of visitors further increased the occurrence of these abnormal behaviours.
[bookmark: _Hlk121686069]
[bookmark: _Hlk126882715][bookmark: _Hlk121686080]Rouff et al. (2005) investigated the relationships among individual component scores and sex, hormonal status and dominant rank of captive Lion-tailed macaques and found the agonistic behaviours were higher in the females than males. They explored the behavioural status of 52 Lion-tailed macaques housed in eight different groups at four different zoos and used the following terms in the ethogram behaviours proximity, affiliativeness, novelty, assertiveness, intervenes, moves away, approachable and willing to interact. Shanthala et al. (2008) explored the social learning among Lion-tailed macaques in Sri Chamarajendra Zoological Garden, Mysore, India. The confiscated, hand-reared male LTM started using tools like plastic pieces, candy wrappers, leaves, vegetable leaves, egg-shells and coconut shells to drink water from the pool and after some time, the other captive monkeys also started to use multiple tools in a similar way to drink water.

[bookmark: _Hlk121686090][bookmark: _Hlk121686102][bookmark: _Hlk121686112][bookmark: _Hlk121686124]The assessment study was conducted by Jeffrey (2010) to reveal the presence of visitors in Zoos and the effect on behavioural changes exhibited by Lion-tailed macaques. It was observed that the presence of visitors, did not affect the social behaviour of the Lion-tailed macaques and also found that the level of aggression, allogrooming, contact, clasping and social play was not changed in the presence of visitors.  Missal (2013) studied a group of captive LTMS, in which sexually mature related males were housed with related females in order to assess the effect on male-female relationships at Reid Park Zoo in Tucson, Arizona. From that study author concluded that age and captivity stress, exacerbated by a lack of enrichment, contribute to the behaviour and interactions of the animals. Oyango and Anderson (2013) studied puberty and dispersal in a wild primate population, especially in baboons in the Amboseli basin of southern Kenya. The authors have described the series of events and processes that signal maturation in female and male baboons. Sex differences in age at both sexual maturity and first reproduction documented for this species are consistent with expectations of life history theory. Mazumder (2019) observed 27 normal and 13 abnormal behavioural traits among three captive Lion-tailed macaques housed in the National Zoological Park (NZP), New Delhi. They broadly classified the behaviour of Lion-tailed macaque into normal self-directed behaviour, social interaction behaviours abnormal self-directed behaviour, and social interaction behaviours. Mazumder (2019) reported the behaviour of Lion-tailed macaques at the National Zoological Park, New Delhi and found that zoo-born Lion-tailed macaques show more abnormal behaviour than the macaques caught from the wild and reported behaviours like climbing, running, walking, scratching body, laying down, stand, bipedal stand, active forage, passive forage, auto-grooming, inspect penis and sleep as normal self-directed behaviours. 
[bookmark: _Hlk121686140] 
Kluiver et al. (2022) indicated that time-activity budgets were crucially considered to know about energy intake and expenditure, providing better knowledge of a species’ lifestyle. The study was carried out on two captive Lion-tailed macaque groups, including eight macaques housed at the Apenheul Primate Park in Apeldoorn, Netherlands. Further, individuals were grouped as attained five years old and onwards were considered adults, from one to four years old were considered juvenile, and less than one year old were considered infants and infants were considered in their time activity studies. The second group included five macaques housed at Blijdorp Zoo in Rotterdam, Netherlands. The individuals observed in the two groups showed similar activity patterns even though they were housed in different locations and spent the majority of their day resting (49 ± 11per cent), followed by food-related behavioural states (24 ± 7 per cent) and activity (21 ± 7 per cent). Further, the lactating female spent most of the time resting more at the cost of foraging and feeding as an energy-saving strategy.

The behaviour traits related to social behaviour studied by Kluiver et al. (2022) indicated that the study was carried out in two captive Lion-tailed macaque groups, including eight macaques housed at the Apenheul Primate Park in Apeldoorn, Netherlands and the second group included five macaques housed at Blijdorp Zoo at Rotterdam, Netherlands. The trait sociability was observed in the approach, climb, follow and pass by, whereas the climb was not fully performed by the macaques in captivity, because of limited space on climbing structures and branches, forcing individuals to move towards and pass by group members frequently and their sociability trait study indicated an individual’s willingness to associate with others. The other behaviour trait study was affiliation trait included contact-sit and groom, which were all behaviours important for social bonding in primates and body shake a new trait which was unrelated to affiliation, was found among captive macaques.

2.1.1 Welfare Under Captivity

Captive primates must be physically healthy and exhibit species-typical behaviour patterns in order to produce offspring that could, if necessary, be reintroduced to the wild. Second, zoological parks use animals to educate visitors about conservation through informative exhibits and research, thereby enabling zoo visitors to better understand the animals’ needs in captivity, as well as in the wild. A wide variety of environmental enrichment techniques are used in zoological parks and laboratories, and there is no optimum method for all primates. Species-specific requirements, such as diet, habitat, and sociality, must be taken into account when designing enclosures and environmental enrichment devices. However, in most enrichment studies a change from a sterile to a more naturalistic environment is accompanied by a reduction in the frequency of stereotyped behaviour and an increase in species-typical behaviour.
[bookmark: _Hlk121686181]Kurup and Kumar (1993) found that wild Lion-tailed macaques inhabiting a large, protected forest spent more than 50% of the day on food-related behaviours, approximately 33% on resting, and 15% on moving. In disturbed forest fragments, it was found that Lion-tailed macaques spent 42% of their time foraging and feeding, 16% on resting, and 34% on moving. Contrary to reports on wild populations, the captive groups spent most of their day inactive in this study, most likely due to differences in diet and available resources. In the wild, individuals are expected to spend more time seeking food and exhibiting foraging behaviour, while captive conditions offer calorie-dense food multiple times a day, thus reducing the necessity to forage for longer durations. Time-activity budget differences among wild Lion-tailed macaque groups were accounted for by seasonal variation, group size, and habitat quality; this was also evident in other primate species i.e., Assamese macaques (Macaca assamensis).
[bookmark: _Hlk121686169][bookmark: _Hlk121686204]Marriner and Drickamer (1994) claimed that at low type sterotype behaviour was noticed housed among primates at St. Louis Zoo because wide variety of environmental enrichment techniques, including ground cover, browse, and hanging ropes and cargo nets, as well as maintaining animals in naturalistic social environments. Further, in captivity search and handling times of omnivores might be lesser than those of frugivores and folivores due to the types of food available. Captive primates exhibited less agonistic and atypical behaviour when exposed to feeding enrichment. Kluiver et al. (2022) justified that welfare strategies for Lion-tailed macaques housed in captivity could not be developed based on the studies report on the comparison of time-activity budgets between wild and captive groups, considered an indicator of the negative welfare of the animals which were complex and unjustified.

4. Conclusion

In conclusion, Indian zoos have evolved from entertainment centres to vital hubs for wildlife conservation and education. Faced with habitat loss, urbanization, and climate change, they now play a key role in ex-situ conservation by protecting endangered species, supporting breeding programs, and complementing in-situ efforts. Guided by the Central Zoo Authority, these zoos also raise public awareness and promote environmental responsibility, making them essential for sustaining India’s rich biodiversity.
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