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A review of status and conservation of Lion-tailed Macaques (Macaca silenus) in Southern Western Ghats, Kerala
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ABSTRACT 

	The population status of various species of primates are rare, endangered, abundant and relatively safe. More than 50 non-human primates live in 20 countries in Asia, interacting 3 billion people ecologically. The Lion-tailed macaques are one of the most endangered and endemic primate species in the Western Ghats, Southern India. The main habitat of these species is the evergreen rainforests. Habitat fragmentation exhibits significant changes in its population. Many captive breeding programs are being conducted in India and globally for the conservation of endangered Lion-tailed macaques. To success of captive breeding programs for Lion-tailed macaques depends on scientific feeding methods and environmental enrichment
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1. INTRODUCTION 

The Western Ghats is a continuous mountain chain parallel to the western coast of India traversing six states Gujrat, Maharashtra, Goa, Karnataka, Kerala and Tamil Nadu. The complex topography and climatic conditions help in the presence of abundance fauna and flora in this region. At least 325 globally threatened species are present in the Western Ghats region and many species of plants and animals are yet to be discovered. The primates are the members of the biological order Primates. Non-human primates occur mostly in Central and South America, Africa and Southern Asia. Primates radiated in arboreal habitats and mostly dwells in Tropical forests. 
The topography and forest types present in Western Ghats promotes the wide distribution of primates. Primate species are distributed across the Western Ghats region. Considering the classification by Groves (2017), the forests of the Western Ghats a home to seven species of primates (Kumara and Singh, 2011), including Slender loris (Loris lydekkerianus), Bonnet macaque (Macaca radiata), Lion-tailed macaque (Macaca silenus), southern plains Grey langur (Semnopithecus dussumieri), Black-footed grey langur (Semnopithecus hypoleucos), Tufted grey langur (Semnopithecus priam) and Nilgiri Langur (Trachypithecus johnii). Further, Slender loris and Bonnet macaques include two sub species each, Mysore Slender loris (Loris lydekkerianus lydekkerianus) and Malabar slender loris (Loris lydekkerianus malabaricus) and Dark-bellied bonnet macaque (Macaca radiata radiata) and Pale-bellied bonnet macaque (Macaca radiata diluta) respectively. 
2. The Lion-tailed Macaque (Macaca silenus)
Lion-tailed macaque (Macaca silenus) is a primitive primate species endangered and endemic to rain forests of the Western Ghats in Southern India. Silent valley national park is one of the important protected areas of Lion-tailed macaques in Kerala. Silent valley is home to the largest population of Lion-tailed macaque. Lion-tailed macaques have silver mane, a tail ending in a tuft of black hair that resembles a lion’s tail with shiny black coats, hairless faces, and shades of amber in their eyes. Sitting in the upper canopies of rainforests and live in groups of 4 to 30 above individuals. Females and young ones to form groups, with up to three males; most males live in bachelor groups. They spend most of their time in the trees and climb the canopy to sleep together in crowded groups at night. Lion-tailed macaques mostly eat fruits, seeds, and leaves, but also insects and bird’s eggs. They can adapt to their surroundings and include flowers and fungi in their diet. Like other monkeys, they have distensible cheek pouches where they accumulate large amounts of food. But, unlike other macaques, lion-tailed macaques tend to avoid humans as much as they can. According to old records there are below 265 individuals in Silent valley national park (Ramachandran and Joseph, 2001). 
In the wild, the female Lion-tailed macaque give birth to their first offspring when they are five years old, and then have only 1 or 2 offspring in their lifetime. Male Lion-tailed macaque is bred for the first time at the age of 8 (Green and Minkowski, 1977). Kumar (1987) reported that the first birth age of female Lion-tailed macaques in the wild as about 6.6 years and the average birth interval was 3.6 years. In captivity, female Lion-tailed macaque reaches sexual maturity at about 4 years of age and males at 5 years of age. Kurup and Kumara (1993) reported that there are two birth seasons per year in the wild and captive Lion-tailed macaques in their study. Krishna et al. (2006) found a group of Lion-tailed macaques inhabited an isolated rainforest fragment of the Anamalai hills in Tamil Nadu. The group had been mainly located in a private tea of coffee estate. The authors have estimated the population of Lion-tailed macaques in the Anamalai Hill ranges and observed birth-death rate of this species. During the study period, the authors found that the group size of observed individuals has increased. All females of the group gave birth to the infants and noted the interbirth interval was 23.18 months. The major birth peaks were reported during the months of February and March. Finally, the authors suggested that the availability of abundant cultivated food plants if influenced by the growth rate of Lion-tailed macaques in the Anamalai Hill ranges. Acharjyo et al. (2001) have studied the duration of the life of a male lion-tailed macaque who was housed in Nandankanan Zoological Park in Bhubaneswar. According to the study, the authors collected the history of the male Lion-tailed macaque, the animal was born on 26 May 1976 at the National Zoological Park in New Delhi and given to Nandankanan Zoologikal Park Bhubaneswar, Odisha at the age of 6. The authors reported that the animal has died at the age of 24 in the year 2001. The study noted that the lifespan of the Lion-tailed macaque recorded in the Nandankanan Zoological Park was the longest record in Indian zoos. Kumar et al. (2001) studied the migration of male Lion-tailed macaque and how it effects on social interactions among the group. The authors observed a solitary male and recorded pre-migratory, migratory and post-migrated events and opined the male migration of Lion-tailed macaques was a typical phenomenon in the wild. And the authors also reported the group female Lion-tailed macaques easily approach the solitary male Lion-tailed macaque for mating. During this study, the authors also recorded the birth rate of Lion-tailed macaque.
2.1 Population Status 

Detailed population estimation of all the species for the entire Western Ghats is impossible, and the current knowledge is based on surveys in few protected areas. Here, it discusses the present known population of Lion-tailed macaques, conservation and further research required the field of conservation. The total population of Lion-tailed macaque is estimated to be less than 4, 000 individuals made up of 47 isolated sub-populations in seven different locations of South Western Ghats (Molur et al., 2003; Singh et al., 2006) and about 600 individuals in captivity. The overall population of Lion-tailed macaque is declining. The Lion-tailed macaque is always found in a low abundance. Sushma et al. (2014) assessed the population status of lion-tailed macaques in the Kalakad-Mundanthurai Tiger Reserve. The authors reported the importance of this sub-population for the conservation of the lion-tailed macaque. In an attempt to save and restore the northernmost habitat of LTM, Santhosh et al. (2013) proposed that the forest they were live be declared a protected area, using them as an umbrella species for conservation. the study was conducted from January to April 2008 using sweep sampling method for total count. The authors estimated 638 Lion-tailed macaques in 31 groups excluding the 3 solitary males. Umapathy et al. (2011) opined several suggestions against the impact of habitat fragmentation on the demography of Lion-tailed macaque populations in the rainforests of Anamalai Hills, Western Ghats. Conservation of animals depends on the needs of the species concerned. Different species of primates living in the forest and urban areas require different protection.
 Comparing the ecological and life history of two species of macaques in South India, it is not possible to find the habitat required for each species today (Singh, 2019). Lion-tailed macaques (Macaca silenus) are found in the rainforests of the Western Ghats but their population status has been severely affected by the destruction of their habitats. Bonnet macaques (Macaca radiata) are found on the premise of urban and temple areas. This is due to habitat degradation and declining food availability in the forest. Srivastava (2006) had been studied the distribution and status of the different primate species and assessed the status of forest and the interaction of the human population with the primate species, and habitat fragmentation in Northeast India. The Lion-tailed macaque does not show primitive behavior with humans, although its future survival depends on the complete protection of the relatively uninterrupted tropical forest. The population of Lion-tailed macaque was assessed to be less than 500. Consecutive figures are 1700 and high as 3000. The Lion-tailed macaques in Southern India are protected from extinction through conservation and integrated conservation activities at protected areas at Silent Valley in Kerala and Anamalai Hills in Tamil Nadu (Southwick and Siddiqi, 1994). Mazumdar (2014) studied diversity, habitat preferences and conservation of primates in the Southern part of Assam in India, a part of the Indo-Burma Biodiversity hotspot. The author has reported 9 species of primates to occur in different habitats. Krishnamani and Kumar (2018) studied why Lion-tailed macaques are so rare in rainforests of Southern India, finding that plants that normally feed on animals are not self-sufficient and that these plants are not eaten by animals during the periods of food abundance. However, Lion-tailed macaques use the most common varieties of Cullenia and Ficus species as diet, which are important foods throughout the year. These food trees control the distribution and survival of this primate. The authors opined that the inadequacy of food trees significantly affects the survival of Lion-tailed macaques. The species is endangered due to the declining habitat of Lion-tailed macaques. In addition, the remaining forest is deforested due to encroachment on roads plantations, agriculture, dams, and industrial projects. According to Kumar (1987), about half of the wildlife is scattered in forests less than 20 KM2 away. In some areas, the species is under more pressure from poaching (Karanth, 1992). As the rate of extinction is likely to increase in small fragmented habitats, the number of Lion-tailed macaques left in the wild is almost uncertain for their future survival, as well as the isolation of forest groups and declining forest quality. The future of Lion-tailed macaque is related to its rainforest habitat (Green and Minkowski, 1977). Located in the Silent Valley National Park in Kerala in the early 1980’s the decision to build the hydroelectric dam was blocked by environmental activists, who subsequently halted the project. The construction of a dam in this area will submerge most of the remaining Lion-tailed macaque’s habitat in the area. It can be assumed that the protracted struggle over the future of the Silent Valley National Park and the consequent focus on the Lion-tailed macaque would have created local familiarity with this species and its plight. However, Karanth (1992) reports that few forests dwellers in the neighboring state of Karnataka are aware of the presence of Lion-tailed macaques in their area and that no one considers them a conservation interest. The authors assumed that Indian primatologists are of great importance in the field of education at the local level as an important part of wildlife conservation programs (Karanth, 1992; Ramachandran and Joseph,2001). All the primate species studied so far are highly selective in food selection, with specific portions of specific portions of specific species being regularly selected. In general, shoots, flowers, and fruits are more commonly eaten than mature leaves. Awareness of the complexity of the factors affecting primate food selection is increasing. It is now clear that caloric value is just one of many factors that affect food choice and qualitative differences between foods (Brock, 1977). 
[bookmark: _Hlk54861787]According to Erinjery et al. (2015) the ranging pattern and sleeping site use are influenced by the major food resources in a particular season. Hohmann (2009) described seasonal changes in the feeding pattern and food selection in primates which depended on the food availability. Narasimmarajan and Nagarajan (2010) conducted a study on the demographic and resource availability of Lion-tailed macaques in the rainforest the Anamalai Tiger Reserve in the Western Ghats of South India. The authors found 15 groups of Lion-tailed Macaques at various locations in the Anamalai Tiger Reserve. The study found that Lion-tailed macaques can survive by changing their diet due to food insecurity and that they use secondary or exotic food sources. Kumar (1987) suggested that if selected trees preferred by the Lion-tailed macaque could be grown between the fragments in the streams or hill slopes where their habitats are found, the males could provide at least away for males to migrate between fragments. Singh, et al. (2006) studied the structure of dominance and the relationship between the social grooming of wild female Lion-tailed macaque. The results indicated that the grooming and dominance relationship in this species is more authoritarian. 
2.2 Lion-tailed Macaques' relationship with Silent Valley National Park's evergreen rainforest tree species
Asia has wide variety of forest types. The phenology of plants is vigorously contained by climatic factors and evolutionary development. The phenology timing of plants has determined on the biological process from the level of organism to the ecosystem (Mohandass et al., 2016). Gaikwad et al. (2014) compiled a list of flowering plants of Northern Western Ghats in India and discussed the IUCN status of those plants. From the list compiled by the author’s, it was found that about 159 plants are found in endemic in Northern Western Ghats. Of these, 18 species are listed as endangered. Previous year’s studies were included for data collection. Trees are one of the most important constituents of forests on which local and tribal people depend for their various needs. Remesh et al. (2016) studied the ethnobotanical features of trees in Palakkad District in Kerala, and prepared a checklist of tree species which are used by tribal peoples as food and medicine. In this context, we have to understand the relationship between trees and animals in the wild. Animals depend on the tree species as food and shelter, in the wild nature, especially in the arboreal species like primates. In this study, the authors have been discussed the conservation of tree species. Cullenia exarillata Robyns is one of the largest trees which are endemic and endangered in the rainforests of the Western Ghats. When the tree is in bloom, it becomes a center of activity and serves as a keystone resource for many species of mammals, including the endangered primate species of Lion-tailed macaque and Nilgiri langur. Primary efforts were initiated to revitalize and restore the population of Cullenia exarillata Robyns (Anand et al., 2015). Many non-flying mammals contribute to the pollination of vegetation in tropical forests. Cullenia exarillata, an evergreen canopy tree in the Western Ghats, is of non-flying mammals to illustrate how the flowers of the tree are frequently used, and how selective mammals of some of them make pollination important. Cullenia exarillata used many primate species as a pollinating vector (Ganesh and Devi, 2006). The mid-elevation dipterocarp wet forests of the South Western Ghats are the largest part of the uninterrupted forest remaining in this biodiversity hotspot. Ganesh and Priya (2005) conducted a study on fruiting phenology and pre-dispersal seed predation in a rainforest of the Southern Western Ghats. The authors estimated that a total of 42 tree species were sampled by seed dispersal intensity. Among these tree species, the authors found that the trees were fruiting every nine years, seven years and once a year. Two primates and two arboreal squirrels are the major seed dispersers in the wild. Primates were responsible for sone seed dispersal, while squirrels were a seed predator. In a rainforest in the Southern Western Ghats of India, a study on fruit biomass and frugivore abundance for more than three years found that 645 kg of fruits are produced in the forest every year. Of these, only 49% are palatable and the remaining are in the form of non-edible gills. The mammalian frugivore is larger than the avian frugivore, and most mammals are seed predators (Ganesh and Priya. 1999).
                 Palaeobotanical evidence suggests that the climate of the last Cretaceous and early Tertiary was humid and tropical throughout peninsular India. As the terrain moved north and the rainforests began to recede from the central and eastern parts of the peninsula, the climate became drier. Pascal (1988) discussed the status of the different rainforest types in the Western Ghat and their feasible intensity before human encroachment. Generally misused tree species Dipterocarpus indicus (Dipterocarpaceae), Palaquium ellipticum (Sappotaceae) for making plywood, Calophyllum elatum (Clusiaceae) for aircraft development and Mezua ferrea (Guttiferae) for making railroad bind, and Artocarpus species (Moraceae) for the manufacture of boats and furniture. The Western Ghat rainforest is mainly seen in the Southern states of Karnataka, Kerala and Tamil Nadu. In Kerala, the Depterocarpaceae family dominates the dense evergreen forests of the Western Ghats for the Palghat Gap (Menon, 1993). Replacing the Cullenia-Mesua-Palaquium forest type Depterocarp plant preserved in the medium elevation forests of the Western Ghats. It occurred from the Southern tips of the Western Ghats to the border between Kerala and North Karnataka. Forests in the Nilgiris (Silent Valley National Park, Attappady, Kerala) Anamalai Regeon (Indira Gandhi Wildlife Sanctuary, Tamil Nadu) and Agasthyamala Hills (Kalakkad Mundathurai Tiger Reserve, Tamil Nadu). Although these are protected forests, they are subjected to varying degrees of disturbances (Pascal, 1988; Menon, 1993; Ramachandran and Joseph, 2001) 
All the primate species studied so far are highly selective in food selection, with specific portions of specific portions of specific species being regularly selected. In general, shoots, flowers, and fruits are more commonly eaten than mature leaves. Awareness of the complexity of the factors affecting primate food selection is increasing. It is now clear that caloric value is just one of many factors that affect food choice and qualitative differences between foods (Brock, 1977). Gilby et al. (2010) studied a direct comparison of scan and focal sampling methods for measuring wild chimpanzee feeding behaviour at Kanyawara, Kibale National Park, Uganda. The author’s found that the group level scan sampling was highly correlated with the focal sampling. Authors also considered the seasonal variation of foods in the wild. The distribution and availability of food is examined to see how it influenced ranging patterns and sleeping site selection in a group of LTM. The Lion-tailed macaques are usually seen in the core area of the evergreen forests and they are endangered and endemic to the Western Ghats. According to Erinjery et al. (2015) the ranging pattern and sleeping site use are influenced by the major food resources in a particular season. Hohmann (2009) described seasonal changes in the feeding pattern and food selection in primates which depended on the food availability. A helpful user's guide of methods in primate nutritional ecology in the wild condition was prepared by Rothman et al. (2011). The authors were examined how to collect and preserve forage plant species eaten by primates. Dierenfeld and McCann (1999) studied the feeding behavior of two groups of semi free-ranging primates inhabit on St. Catherines Island, Georgia. The animals were observed at daily for one year on the basis of season. Instantaneous scan sampling was done for behavioral observation of each group. During the observation the Authors were recorded the following data of actively feeding; the time of feeding, the plant species eaten, plant parts eaten, feeding height and the time of when animal stope their feeding. The plant species were collected from the study area by using a standard method and subjected to chemical analysis. Crude protein, NDF, ADF and soluble carbohydrate were evaluated in fruits and seed samples by using the methods of Kjeldahl, Calorimetric and Spectroscopy respectively. Authors were collected 106 samples from 30 identified plant species for chemical analysis. Finally, the authors concluded that the annual feeding time of the two primates were similar. Lemur had higher diet diversity than Lion-tailed macaques. The two groups had different choices of food species and it varies periodically. 
Kurup and Kumar (1993) studied the behavior and time budget of Lion-tailed macaques at the Anamali Wildlife Sanctuary in Tamil Nadu. In this study, the authors categorized observed items into seven and followed the macaques through the forest. In the nutritional analysis, the Lion-tailed macaques are usually in frugivorous, the authors also found that the macaques were used insects as their diet and termed them as frugi-insectivorous. Primates’ activity and diet were analyzed in the wild condition. The study intents to analyze the relationship between the two by comparing the species in the captive population. The observations were made mainly in human interaction, climate change and the absence of threats. Scan and focal observations were done in the study area to record the behavior of different species. The results from the group scans of these items were compared to identify the relationship between diet and activity. Finally, the study suggests that there is no link between socialization and diet (Alexandrea, 2016).
3. CAPTIVE MANAGEMENT AND WELFARE OF LION-TAILED MACAQUES 
The captive breeding program in India is managed by the Central Zoo Autority (CZA), a statutory body under the Ministry of Environment and forest. The Indian Zoo act has been in force since 1991 for breeding of Lion-tailed macaques in Indian Zoos. Lion-tailed macaques are reared for breeding at three zoos in India, namely Arignar Anna Zoological Park, Chennai, Thiruvananthapuram Zoological Garden and Chamarajendra Zoological Park Mysore. Species databases are essential for the scientific management of species and specimens of captive wildlife populations. Two databases, the International Species Information System (ISIS) and the American Zoo and Aquarium Association (AZA) are used for population management decision sin North America. These databases support programs for monitoring and controlling the reproduction of captive wildlife. The use of ISIS data as a primary basis for population management and collection planning is increasing (Earnhardt, 1995). Lion-tailed macaques are bred on North America and Europe for breeding programs. The assessing overall welfare and the need for implementation of interventions such as increased the enrichment.  Captive non-human primates occasionally show more aggression towards conspiracies and stereotypes. Captive non-human primates are much less active than members of the same species in the wild. The use of environmental enrichment can improve well-being by reducing stress and improving performance. Enrichment increases the time spent engaging in locomotion behaviours and playful or exploratory behaviours. The goal of enrichment is to make the environment of the captive animal more attractive and mental stimulates and allows them to engage in natural behaviours that mimic the way they spend their time in the wild (Mazumder, 2019). Kaumanns et al. (2006) developed a husbandry and management program for the LTM by evaluating the existing information on the biology and ecology of the species in its natural and captive environment. The well-being of captive non-human animals depended on the natural mental, physical and behavioral needs of the animal and to what extend these needs are met. The inability to engaged in natural behaviors can lead to chronic stress and the manifestation of stereotypical behavior. This study was aimed to develop appropriate welfare strategies to comprehensively asses the unique needs of individually housed captive macaques (Macaca spp.). the study was focused on animal needs, history and preferences by integrating the physiological and behavior measures of well-being (Cannon et al., 2016). Enrichment has proven to be an effective way to reduce aggression, coprophilia and stereotyped behavior. Mallapur and Choudhury (2003) found that captive non-human primates had more novel-seeking personalities which could lead to more adventures exploring new and unfamiliar enrichments.  The birth rate of Lion-tailed macaques in the wild and captivity, Sharma et al. (2006) reported 127 births in a wild group of Lion-tailed macaques in the Anamalai hills from 1995 to 2001, and most of the birth was reported from the months of January to April. But there is no birth reports were in the month of June.
Lion-tailed macaques are the one of the most endangered species in the Southern Western Ghats of India. Although the number of Lion-tailed macaques in the wild is declining, the number of macaques living in the zoo is increasing (Lindburgh, 1996). Breeding programs are being carried out in many major zoos in India for the protection of Lion-tailed macaques. Zoos in India have been very successful in this regard (Singh et al., 2009). However, some studies have shown that it can significantly affect the life history of Lion-tailed Macaques. One reason for this is the uniqueness of the residence. Lion-tailed macaques, which are found only in the rainforests of India, change their natural habitat as they change from one place to another, affecting the reproductive capacity of each animal. Therefore, environmental enrichment in zoos is an important factor. Jeffrey (2010) assessed the influence of zoo visitors on Lion-tailed macaques. Based on the presence of visitors, the results indicated that the increase in the number of visitors did not affect the social behavior of the Lion-tailed macaques. It was also found that the level of aggression, allogrooming, contact, clasping and social play did not change with the presence of visitors. Through this study, the author argues that the presence of visitors to the zoo does not in any way affect the behavior of the Lion-tailed macaque. Captive breeding as a tool for conservation of endangered species. According to a study of Boopal and Pandit (2010), the conservation of Lion-tailed macaque’s habitat in the Western Ghats is important because if captive breeding is successful, suitable habitats are needed to free the captive individuals. The authors point out three reasons behind the failure of reproductive traits such as low birth rate, high infant mortality rate and slow population growth. This can only be solved through a combination of modern and scientific methods. group size is one of the most important factors influencing the information and maintenance of successful social groups in captivity. Group size has a major impact on the behavior, welfare and reproductive success of captive animals. Depending on the species, suboptimal sizes may show abnormal behaviors, increased survival in captive mammals to a certain extent. However, in the absence of environmental constraints, many species can be housed in a wide variety of social groups rather than observing wildlife. Therefore, the main component of captive housing is flexibility. Captive animals face different environmental pressures than their wild animals. Food availability and hunting are no longer a concern (Price and Stoinski, 2006). According to a study by Mallapur et al. (2007) on the husbandry management of Lion-tailed macaques in various zoos around the world, more zoos have reported feeding behavior on their individuals compared to India, while abnormal behavior has rarely reported. The authors noted that reproductive success of Lion-tailed macaques in other zoos is much higher than in Indian zoos. The results indicated that group composition, enclosure enrichment and design, dietary preparation, nutrition as well as a visitor and animal interactions are greatly influenced the welfare and breeding success of Lion-tailed macaques in Indian zoos. In addition, the authors opined that Indian zoos have poor management mitigations than other zoos in the world. The study also highlights the need for good zoo management with proper record keeping, systematic behavioral monitoring, environmental enrichment management and advanced tagging practices to identify individual animals. Mallapur and Choudhury (2003) observed the different types of abnormal behaviors and undesirable behavior exhibited by 11 species of captive non-human primates in the 10zoos of India. The authors reported a male Lion-tailed macaque and a male gibbon exhibited begging behavior and males are exhibited higher levels of these behavior patterns than females did. Glaston (1997) was conducted research on the sex ratio of mammals in the zoo and the significance of zoo management. According to the study, the author found that the social environment was affecting the sex ratio in zoos and the research on this subject is not only of academic interest but also of great import to zoos and captive breeding program. The author reveals through this research on sex ratio will have a profound effect on zoo management strategy and breeding program protocols.
4. CONCLUSION

The conservation of Lion-tailed macaques, an endangered and endemic primate species of the Western Ghats, is crucial for maintaining biodiversity in the region. Habitat fragmentation poses a significant threat to their survival, leading to population decline and restricted distribution. While captive breeding programs in India and globally play a vital role in their conservation, their success depends on implementing scientific feeding strategies and environmental enrichment to promote natural behaviors and overall well-being. Strengthening conservation efforts through habitat protection, research-based management, and public awareness is essential to ensuring the long-term survival of this species in the wild.
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