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FOREWORD

Snow Leopard is a globally threatened species and is a focus for various
conservation initiatives across its distribution range. One of the tools employed in the
conservation of the species is ex situ conservation. This involves establishment of captive
populations as an insurance to support long-term survival of the species. Maintaining
captive populations to complement in situ conservation is a time-taking and resource
intensive process. Further, captive populations need to be demographically, genetically and
behaviourally competent to achieve the goal to support subsequent species restoration
efforts.

A cornerstone for effective management of species in captivity is record keeping.
Studbooks are a source of genealogical data of all individual animals in human care and
they can also assist with breeding- and transfer recommendations between different
countries and regions. The Central Zoo Authority (CZA) has initiated a conservation
breeding program for 74 threatened species in Indian zoos. To complement the ongoing
conservation breeding for these species, the Central Zoo Authority has embarked to
create/update the national studbooks of all species. The first in this series is the Snow
Leopard.

The fourth edition of the National Studbook for Snow Leopard (Panthera uncia) is
a significant step towards goal-oriented management of the species in Indian zoos. The
recommendations contained in this edition should inform the management of the species
in captivity. I hope that this also forms a basis to take up collaboration with other breeding
programs being undertaken in other countries.
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CHAPTER 1

Background

Studbook is a record containing information on the current status and history of
a captive population. The information is individual — based including pedigree
(parentage information), date of birth, death and acquisition or transfer. The
studbook hence traces the history of each individual in a captive population which

ultimately defines the demographic and genetic profile of the captive stock.

Studbooks have a key role in monitoring and scientific — management of cap-
tive populations. Studbooks are regularly updated and they are prepared in a
standard format which allows detailed demographic and genetic analysis, which

will eventually govern the management of the captive stock.

A studbook tracks the movement of each specimen for its entire life, starting
with the date of capture or date of birth (if born in captivity), and ending with
the date of death or the date at which the specimen leaves the region or managed
population. Every event (e.g. breeding, transfer between zoos etc.) occurring
during the lifetime of an individual is entered in the database. In addition to
the date and location of each event, the studbook also includes information on
parentage, sex, origin, cause of death (if known), house name, transponder number,
band or tattoo number, and any other information that will assist in tracking

individual specimens.

The Central Zoo Authority (CZA) is a statutory body of the Ministry of Envi-
ronment, Forest & Climate Change. The statutes and functions of the Authority
are provided in the Chapter IVA of the Wild Life (Protection) Act, 1972. One of
the functions assigned to the Central Zoo Authority under 38C(f) is to ‘...ensure

maintenance of stud-books of endangered species of wild animals bred in captiv-

Y

ity... .

species that are part of conservation breeding program housed across recognised

In compliance to this, the CZA has created studbooks for 34 endangered

zoos in India, including the globally threatened Snow Leopard (Panthera uncia).

1



CHAPTER 1: BACKGROUND

Figure 1.1: Snow Leopard with two cubs. They inhabit and are highly adapted
for a life in the rugged montane terrain. Their coat color allows

them to camouflage in the habitat. Photo: Prashant Chauhan

¥

1.1 Snow Leopard Studbook (Edition IV)

Till date, three editions of the National Studbook for Snow Leopard has been
published by the Central Zoo Authority (2009, 2015 and 2018). These versions
were prepared as part of a collaborative project with the Wildlife Institute of
India, Dehradun. All the editions include individuals housed in Indian zoos, with
the last edition updated till March 31, 2018.

This is the 4" regional edition for the Snow Leopard (Panthera uncia) Stud-
book which covers all the individuals housed in Indian zoos, both historical and

current. It covers data until March 31, 2022.



CHAPTER 2

Snow Leopard n situ

2.1 Species biology

The Snow Leopard (Panthera uncia) is an apex predator inhabiting the motane
habitats of Central Asia (Figure 2.1). A large part of their distribution range is
predominantly treeless due to either alpine or cold desert-like conditions, at ele-
vations of about 600-4000 m in the northern part of their range to 1800-5800 m
in the southern portions (McCarthy et al.; 2005; Fox and Chundawat, 1988; Jack-
son and Ahlborn, 1984). It is the smallest of the big cats of the genus Panthera.
Adult snow leopards measure 100-130cm from nose to tail, with a tail length of
80-100 cm (ca.80% of body length), the longest relative to body size of any felid
(Nowak and Walker, 1999). Average shoulder height is about 60 cm. Adult snow
leopards (>3 years) weight between 36-52 kg and sub-adults (2-3 years) weigh
21-40kg (McCarthy et al., 2005; Johansson et al., 2013). The coat has a white
to cream yellow background color, mottled with gray to black spots and rosettes.
The spots on the head and neck are solid, while larger rosettes with smaller spots
within occur on the body and tail. They can be recognized individually by their
facial patterns (Hemmer, 1972).

Snow Leopards are crepuscular/nocturnal, showing more activity at night (51%
of the time) than during the day (35%) (McCarthy et al., 2005). Like most large
solitary felids, they stalk and kill their prey either by nape bite or suffocation
through throat bite (Fox and Chundawat, 1988; Schaller et al., 1977).

Adult snow leopards are generally solitary, although they may be seen in groups
of 2-4 individuals during the breeding season or with the birth of cubs. The cubs
stay with the females until they are around 1-2 years old (McCarthy et al., 2005).
Recent satellite telemetry-based studies in southern Mongolia reports the average

annual adult home range of male as 207 km? and female as 124 km? (Johansson
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CHAPTER 2: SNOW LEOPARD in situ

Figure 2.1: Distribution Map of the Snow Leopard (orange — extant (resident),
pink — possibly extant (seasonality unknown)). Source: Panthera,
Wildlife Conservation Society, Snow Leopard Trust, Snow Leopard
Network 2017. Panthera uncia. The IUCN Red List of Threatened
Species. Version 2021-3.
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et al., 2015). The primary prey of snow leopards is wild sheep and goats inhabiting
the rugged terrain of mountainous regions. Domestic livestock, primarily domestic
sheep and goats also comprise a significant component of snow leopard diet in
several part of its distribution range. The vocal repertoire of the snow leopard
includes non-aggressive prusten (a puffing sound emitted through the nostrils),
mew calls, copulatory hissing, growling (females) and a loud cry (males), and
agonistic spitting, hissing, growling (Peters, 1980; Hemmer, 1972).

Studies in the wild and captivity are indicative of breeding mostly occurring
during late winter (January-March), commonly with 2-3 (rarely 1 or 4-5) cubs
born in April-June following a 90-105-day gestation period. The estrous period
in females lasts 2-8 days (Ricger, 19841).

2.2 Status in the wild

The species in classified as Vulnerable by the IUCN Red List (McCarthy, 2017).
This assessment projects a global estimate of 2710—3386 mature individuals. THe
population trends over spatial-temporal scales across its distribution range and the
decline/local extinction in historically occupied regions eludes the global popula-

tion estimates.



CHAPTER 3

Snow Leopard ex situ

3.1 History of the species in captivity

The earliest records of Snow Leopard under human care dates back to 1851 when
the first individual was exhibited at Antwerp Zoo (Sunquist and Sunquist, 2002).
The early specimens in captivity were mainly used for display and no record of
captive breeding were reported until 1910 (Blomqvist, 1995). Basic information of
captive individuals were documented in the 1950s, whereas, systematic efforts at
record keeping were initiated only in the 1980s. Realizing the need for managing
a sustainable population in captivity, an international studbook was first created
in 1976 (Blomqvist, 1978).

To facilitate, co-operative management of captive populations, breeding pro-
grams for several globally threatened species, including the Snow Leopard were
established in several regions. The first regional breeding program for the species
was launched in North America during 1984 (Wharton and Mainka, 1997). This
was followed by the European Endangered species Programme (EEP) in 1987 and
others such as Japan, Russia and Australia. In 2007, the Central Zoo Authority
identified the species as a priority for undertaking planned breeding program in

India.

3.2 Captive management

The cryptic and elusive nature of the Snow Leopard combined with their remote
and inaccessible native habitats presents a challenge in studying them in the wild.
Many studies over years have significantly improved our understanding of their
biology (Nyhus et al., 2016). However, many aspects of their biology remains to

be understood. Limited information about species biology is a major drawback

bt



CHAPTER 3: SNOW LEOPARD ez situ

in their captive management. Creating a captive habitat that allows the expres-
sion of species-specific behaviours is a major challenge under such circumstances.
However, following three decades of systematic management of Snow Leopard in
captivity, significant husbandry advancements for the species has been documented
(Wharton and Mainka, 2007; Blomqvist and Sliwa, 2016).

The Central Zoo Authority has published various guidelines for the manage-
ment of threatened species in captivity including the Snow Leopard. As per the
extant guidelines, a minimum size of 500m? for outdoor open enclosure and feed-
ing/retiring cubicle with minimum dimensions of 2.00m(L) x 1.80m(B) x 2.5m (H)
is mandated for housing Snow Leopard in recognised Indian zoos.

The habitat of Snow leopards has specific environmental characteristics that
enable the species to thrive. These variables include ample sunshine, ultraviolet
radiation, low atmospheric pressure and air quality. Therefore, initiating captive
breeding for the species outside its distribution range requires careful consideration
of the elevation, mean temperature and annual sunshine time to enable mimicking
living conditions of the species in the wild. A study by Blomqvist (1998); Ketchum
(1985) on the conservation breeding of the species in China report the following
key aspects that were given emphasis for successful breeding of the species in

captivity:
1. Daily illumination: Irradiating the cage with infrared and ultraviolet lamps.

2. Cages in specified dimensions, outdoor playground, and disinfection routine

with UV lamps and soap solution.
3. A specialized diet that ensures a lower percentage of fat.

4. Long periods of sunshine with intensive UV radiation, low temperatures all

year round with cold and long winters and high altitude.

5. Larger spaces for housing as they prefer to use different areas for their daily

activities.

3.3 Conservation breeding of Snow Leopard in

India

Started in 2007, planned conservation breeding is a flagship activity of the Cen-

tral Zoo Authority to promote conservation of threatened Indian wildlife. The
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program targets 74 native species (46 mammal species, 24 bird species and 4 rep-
tile species). As per the guidelines for conservation breeding by CZA (https:
//cza.nic.in/uploads/documents/guidelines/english/g-12.pdf) the over-
arching goal during the inception of the program was ...to establish a captive pop-
ulation of 250 properly bred and physically, genetically and behaviourally healthy
individuals of the species in the world in captivity of which at least 100 must be in
India...’. The guidelines outline the following steps to be adopted for undertaking

conservation breeding:

1. Identification of founders
2. Marking of founders (transponders, ear tags or rings)

3. Preparation of animal history sheets and animal observation sheets of the

indentified founders by the zoos
4. Compilation of studbook by the National Studbook Keeper
5. Liason with the International Studbook Keeper of the species (if any)

6. Possibility of acquiring the founders from foreign zoos (if required) and de-

tails of the zoos from where founders can be acquired

7. Physical health check-up of the founders using the veterinary hospital at
the zoo as well as National Referral Centre (Indian Veterinary Research

Institute, Bareilly)

8. Genetic health check-up of the founders using blood samples or body parts
with help from LaCONES, Hyderabad

9. Engagement of Technical Assistant (Biologist, Veterinary assistant etc.) in

the coordinating zoo

Subsequently, a working manual Snow Leopard Conservation Breeding pro-
gram (2014) set a target to establish a population of 20 individuals by 2016 re-
taining 90% genetic diversity and acceptable levels of inbreeding at 10%. To un-
dertake the breeding program, Padmaja Naidu Himalayan Zoological Park, West
Bengal was identified as the coordinating zoo, and, Himalayan Zoological Park,
Sikkim, Pt. Govind Ballabh Pant High Altitude Zoo, Nainital, and Himalayan

Nature Park, Kufri were identified as participating zoos.


https://cza.nic.in/uploads/documents/guidelines/english/g-12.pdf
https://cza.nic.in/uploads/documents/guidelines/english/g-12.pdf

CHAPTER 4

Methods

4.1 Scope

This edition of the studbook lists all the individuals of Snow Leopard housed in
Indian zoos and their founders housed in zoos abroad until 31/3/2022. In total,
the studbook lists records of 237 individuals (120.106.11). This includes:

i. 83 individuals (38.34.11) individuals housed in Indian zoos, both historic

and current, and,

ii. 154 individuals (72.82.0) which are the founders of the Indian population

and other individuals housed in zoos abroad.

4.2 Data collection and Data quality

The database created for the previous editions was used as a baseline dataset. To
improve the overall data quality and achieve completeness of the information, each
record was corroborated with inventory records, animal history records and other
relevant data submitted by zoos available at the office of Central Zoo Authority.

For the period from 31/3/2018 to 31/3/2022, all events (births, deaths, acqui-
sitions & disposals) were updated based on information received from respective
zoos. The data derived from International Pedigree Book for Snow Leopards,
Panthera uncia (Volume 11) was used to update International Studbook Number
of the individuals.

There are, however, still gaps in the information for several individuals that
will be updated as additional data becomes available. For instance, 39 births to
parents with unknown ages (20% of the total births) are listed in the studbook.

The overall summary of data quality is indicated in Figure 4.2.

8



CHAPTER 4: METHODS

Figure 4.1: Snow Leopard individual in captivity. Photo: Steve Tracy

Figure 4.2: Data Quality Rating as derived from PMx

Indicators Value Rating Criteria
Common Mame  Snow Leopard
Sdentific Mame  Panthera Unda
Current to 31-03-2022

Points Summary
Demography Data Quality Issues 0.06 - Green £ 0,20 < Yellow < 0.35 < Orange <0.50 < Red
Genetic Data Quality Issues 0.56 - Green =0.20 < Yellow =0.35 < Orange =0.50 < Red
Demography Status Concerns 0.47 17 Green £0.20 < Yellow £0.35 < Orange £0.50 < Red
Genetic Status Concerns 0.60 - Green £ 0,20 < Yellow =0.35 < Orange =0.50 < Red

4.3 Data analysis

The studbook database is maintained using Single Population Analysis and Record
Keeping System (SPARKS) version 1.66 (Scobie et al., 2004). The data was ex-
ported to PMx version 1.6.2 (Lacy et al., 2012) for calculating genetic and de-
mographic correlates of the captive stock. The statistical analyses and data visu-
alisation was performed in R Program (R Core Team, 2022) using the packages
tidyverse (Wickham et al., 2019) and RColorBrewer (Neuwirth, 2022). The pedi-
gree analysis was carried out using the program Lineage version 1.06 developed by
JP Pollak and Kevin Egan. The data from individuals housed abroad were used
only for calculating genetic correlates of the captive stock. Along with the stud-
book data analysis, an overview of the demographic summary based on Annual
Inventory submitted by holding institutions for the period 1995-1996 to 2021-2022

is presented to derive a correlation between studbook records and inventory data.



CHAPTER 5

Studbook analysis

5.1 Overview of the captive stock of Snow Leop-

ards based on Annual inventory

The Central Zoo Authority obtains the annual inventory information on animals
housed in all recognised Indian zoos (submitted by the zoos for each financial
year i.e. from 1% April of a given year to 31" March of the following year).
These records comprise of opening and closing stock including details of births,
acquisitions, disposals and deaths for each financial year.

Only four zoos have housed the species in captivity in India (Figure 5.1).
Mostly, fewer than 15 individuals were housed over the years and the sex ratio
is slightly skewed towards females. A majority of the individuals were housed
at Padmaja Naidu Himalayan Zoological Park whereas the remaining three zoos
have only housed a few individuals over the course of the breeding program.

There have been relatively fewer acquisitions and disposals within the captive
stock (Figure 5.2). The recruitment within the stock is not optimal as number of
births does not significantly compensate for the mortalities observed in the stock.

A localised polynomial regression (loess) was plotted to investigate trends in
the collection of the species across zoos (Figure 5.3). The overall trend of the
species in captivity is indicative of a slight upward growth in the mid-2000s, how-

ever, since then, an overall decreasing trend is evident.

5.2 International studbooks

As per information available on Zoological Information Management System (ZIMS),
there are currently two international studbooks actively managed for the Snow

Leopard (Table 5.1).

10



CHAPTER 5: STUDBOOK ANALYSIS

Figure 5.1: Census of Snow Leopard in Indian zoos: 1995-96 to 2021-22
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Table 5.1: International Studbooks currently managed as per ZIMS.

Studbook name,

and contact

keeper Scope

Living animals

Leopard, Snow (Uncia uncia) AZA 217 (115.102.0) 105
Lynn Tupa (ltupa@cabq.gov)
Snow Leopard (Uncia un- WAZA 442 (216.224.2) 194

cia) ISB, EEP Emma Nygren

(emma.nygren@nordensark.se)

11
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CHAPTER 5: STUDBOOK ANALYSIS

Figure 5.2: Births and Mortalities in Snow Leopard captive stock in Indian zoos:
1995-96 to 2021-22. Data points indicate annual number of births
and deaths.

E Births E Deaths

Number of births/deaths

Snow Leopard

5.3 Demograhic summary

5.3.1 Population overview

The first record of the species in captivity in India was a pair of captive-bred
specimens acquired from Zoologische Station Eichberg and Zoo Zurich at Pad-
maja Naidu Himalayan Zoological Park, Darjeeling in 1986. Of the total 237
individuals (120.106.11) recorded in this edition of the studbook, 198 individuals
(101.86.11) were historically housed. And of these 198 individuals, 71 individuals
(32.28.11) comprise the historical population housed at Indian zoos. This includes
69 (30.28.11) captive-born individuals and 2 (0.2.0) wild-born individuals. The
status of 27 individuals (13.14.0) housed in zoos abroad are unknown and needs

further investigation to ascertain their status.

5.3.2 Living population

12 captive-bred individuals (6.6.0) comprise the living population, all housed at
Padmaja Naidu Himalayan Zoological Park, Darjeeling, West Bengal.

12



CHAPTER 5: STUDBOOK ANALYSIS

Figure 5.3: Trend of Snow Leopard captive stock in Indian zoos: 1995-96 to
2021-22 (with loess smoothing and shaded region representing con-
fidence internals). Points represent annual census and bars represent

number of holding institutions.
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5.3.3 Reproductive output of the captive population

Of the 83 individuals housed in Indian zoos, 20 individuals (24%) have bred at
least once. A total of 83 births have been reported in the captive population
housed in Indian zoos. These births are attributed to breeding by 11 females and
sired by 9 males. Four individuals (2.2.0) (#00211, #00229, #00230, #00231)

with a proven breeding history are part of the living population.

5.3.4 Age structure and life table summary

The age structure of the living captive population of Snow Leopards in Indian zoos
is indicative that majority of the individuals are aged 8-12 years (Figure 5.4). All
the proven breeders are also within this age range. While the species in known
to breed in captivity until about 15 years (Wharton and Freeman, 1988), the
reproductive success may be low in older individuals. Further, the low number of
individuals in the pre-reproductive and reproductive age group is also a limiting
factor for optimal population growth.

The captive stock shows a stable growth rate with A = 1.010 (i.e. an annual

13



CHAPTER 5: STUDBOOK ANALYSIS

Figure 5.4: Age structure of the living captive population of Snow Leopard in

India zoos.
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increase in the population by around 1% ). The generation length (T) is 6.7 years,
which is the average age of reproduction (production of offspring) averaged for
both the sexes. Given the relatively smaller stock size, life table calculations were
not performed. A model to forecast the population status for the next 20 years
was indicative of lower probability of population growth given the demographic

correlates (Ngg = 6.4 individuals).

5.3.5 Genetic status

The living population of Snow Leopards in Indian zoos was founded from 40
individuals. Based on kinship matrix, the population mean kinship is 0.1843
(indicating a relatively high degree of relatedness among individuals), and the
gene diversity of living stock is 0.8157. The pedigree of the captive stock of Snow
Leopards housed in Indian zoos emphasises the need for active management of
breeding pairs to optimise the genetic profile (Figure 5.5). Uneven contribution
by those individuals that bred is also evident. Due to the lack of systematic record
keeping over the course of program, only 66.7% of the pedigree is known. Most of
the individuals in the living stock are inbred with an overall inbreeding coefficient
(F) of 0.0254. The high-relatedness among the living individuals combined with

the inbreeding presents major challenges in ensuring optimal pairing.

14



CHAPTER 5: STUDBOOK ANALYSIS

Figure 5.5: Pedigree of the captive population of Snow Leopard in Indian zoos.
Circles represent females, squares represent males and triangles rep-

resent unknown sex. Red solid fill indicates living individuals.
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Figure 5.6: Model projecting the population size and genetic diversity of the

captive stock given the current demographic and genetic correlates.
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CHAPTER 5: STUDBOOK ANALYSIS

5.4 Current status

The current captive stock of Snow leopard includes 12 individuals (6.6.0). The
population has a stable growth rate and has retained around 81% of the gene
diversity. The stock exhibits relatively high degree of relatedness and moderate
inbreeding. Given these parameters, ensuring sustainability and viability of the
captive stock, while ensuring optimal genetic diversity is challenging (Figure 5.6).
A combination of intensive population management and infusion of additional

founders is required as outlined in the recommendations.
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CHAPTER 6

Recommendations

As emphasized by several studies (Nyhus et al., 2016), ex situ methods have a great
potential to contribute to the conservation of the Snow Leopard. The reintroduc-
tion of the captive-bred individuals seems unrealistic given the species biology.
However, the species continues to decline in the wild. In such a scenario, the
establishment of self-sustaining backup population can help in safeguarding the
species from extinction. The Snow Leopard is a flagship species and one among the
few species with a high conservation value that are housed in zoos. It also helps in
generating funding support for broader conservation efforts, thus protecting many
other threatened species across its range.

Although the species has been in captivity for more than three decades, the
captive stock remains a small collection of 12 individuals housed in only one zoo.
Given the small stock, genetic profile and age structure, the long-term persistence
of the species as an ideal captive population is difficult. The addition of more
founders is necessary to ensure long-term persistence of the species in Indian Zoos.

Given this, the following is recommended:

1. The target size of 100 individuals was envisioned in guidelines issued by Cen-
tral Zoo Authority in 2011. Realistically, given the biological requirements
of the species, and carrying capacity at the zoo identified for conservation
breeding, a short-term goal of achieving a target size of 30 individuals in

next 20 years may be set.

2. Cooperation with international regional programs (e.g. FEuropean Associa-
tion of Zoos and Aquariums and American Association of Zoo and Aquaria)
shall be initiated to explore the possibility of additional founder animals. It
should be attempted to manage the Indian population as a meta-population

of the global captive population of Snow Leopard.

17



CHAPTER 6: RECOMMENDATIONS

3. Technical cooperation aimed at capacity building of Indian zoos in the hus-
bandry & management of the species shall be initiated to ensure survivability

of animals and successful breeding.

4. Further, future breeding attempts should prevent inbreeding and prioritise
optimisation of relatedness among individuals of the stock. The data pre-
sented in this studbook should aid in the pairing of individuals to avoid
inbreeding and maximise kinship. Further, the overall management of the

program shall be aligned with the conservation breeding guidelines of CZA.
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