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Research Article

Lion-tailed macaques in Indian zoos in the context of the
global population

Abstract

This study analyses the development and status of the Indian captive population
of the endangered lion-tailed macaque with reference to the global historical zoo
population of the species. Lion-tailed macaques are endemic to South India and have
been kept in zoos globally for more than a hundred years. In the year 2018, the global
captive population comprised 516 individuals in 98 zoos spread over 30 countries.
Recent studies reveal that the development of the historical and current populations
has not been satisfactory due to low productivity and other problems. Our study
intends to assess the potential of the Indian subpopulation for conservation breeding
and whether it can be used to support the global core European population, and to
function as a reserve for the wild population. It is found that the status of the captive
population in India is poor and needs improvements in terms of size, structure,
keeping systems, and management. We propose that the management of living
conditions must consider the most critical aspect, which is the female-bonded social
system in lion-tailed macaques. This would support breeding and welfare. To achieve
this goal, it is proposed to closely cooperate with the European Association of Zoos
and Aquaria’s EAZA Ex-situ Programme (EEP) by exchanging know-how and
introducing lion-tailed macaques from the EEP population. The management would
profit from training systems for zoo personnel on all levels, with emphasis on the
biology of lion-tailed macaques and their adaptive potential under the altered
conditions in zoos. It is suggested to have a less centralised management system.

Keywords: Captive history, conservation breeding, EAZA Ex-situ Programme (EEP),
Indian captive population, Lion-tailed macaque, zoo management.

Introduction

Lion-tailed macaques (Macaca silenus), endemic to the Western Ghats Mountain range
of South India, are threatened by extinction. The species is classified as
Endangered on the IUCN Red List (Singh et al., 2020) and listed in Appendix I of the
CITES (CITES, 2025). In India, the lion-tailed macaque is a highly protected species,
categorised under Schedule I of the Wildlife (Protection) Act, 1972. According to
Kavana et al. (2025), the total population in the wild is estimated 4,219 individuals,
distributed across 237 groups. The population suffers from fragmentation and other
human-induced alterations of their habitats, like tea plantations, settlements,
roads, high-tension power lines, and hunting (Molur et al, 2003; Kumara &
Sinha, 2009; Singh et al, 2020; Dhawale & Sinha, 2025). Two genetically distinct
subpopulations of the species have been identified north and south of the 40 km
long Palghat Gap (Ram et al, 2015). Lion-tailed macaques have been kept in zoos for
more than a hundred years (Lindburg, 2001; Begum et al,, 2022). In the year 2018,
the global captive population comprised 516 individuals in 98 zoos spread over 30
countries (Sliwa & Begum, 2019). Recent studies by Begum et al. (2022, 2023) reveal
that the development of the historical population has not been satisfactory due to
low productivity and other problems. Low productivity was found to be influenced by
management and husbandry systems which did not sufficiently consider the specific
social way of living in permanent female-bonded groups with a modal size of 16-21
individuals in contiguous forests (see Kumar, 1987; Ramachandran & Joseph, 2000;
Kumara & Singh, 2004; Kumara et al, 2014; Sushma et al, 2014; Singh, 2019).
Management also did not consider that only males leave their natal groups and join
other groups (see Kumar et al, 2001). For details on the biology of the species, see
Singh & Kaumanns (2005), Singh (2019), and Begum (2023). The global captive
population decreased over the last decade to a core population in Europe of 322
individuals, and a few other (small) subpopulations, including the Indian population
with about 51 individuals (status as of 2018; for details of the development, see
Begum et al, 2021, 2022, 2023). Especially, space problems in the American and
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European populations led to a management of population size
mainly via birth control (Lindburg et al., 1997, Sliwa et al., 2016;
Rode-White & Corlay, 2024). It resulted in the attempted smaller
populations but also produced problematic side effects in terms
of perpetuating low productivity across these populations (see
Penfold et al, 2014). The proportion of ageing females growing
into an infertile status increased. The formerly large American
population decreased to a small number of non-productive
individuals. Several descendants of the American population
are found in Europe and in smaller subpopulations, but most
probably not in the Indian one (see Sliwa & Begum, 2019).
For a more elaborated and differentiated discussion of the
potential effects of birth- control on population size (see Begum
etal 2022, 2023). The authors propose that the productivity of
a population may be linked to a population’s “natural” growth
patterns and size.

The results of Begum et al (2021, 2022, 2023) studies
indicate that the historical captive population of the lion-tailed
macaque probably experienced a loss of genetic and phenotypic
diversity. To stop the decline and to support the captive
population’s long-term persistence (as a reserve for the
threatened wild population), a new global management
approach must be developed that allows more breeding in large
female-bonded groups, despite the space problems European
zoos suffer from. It seems that the Indian zoos have the potential
to provide the necessary conditions in terms of space. Begum
et al. (2021), therefore, proposed that Indian zoos should
cooperate closely with the European Association of Zoos and
Aquaria’s EAZA Ex situ Programme (EEP), house lion-tailed
macaques born in Europe, and serve as an interface between
zoos and the wild for reintroductions. They can thus
contribute to establishing a larger and more diversified
global reserve population. The records available from the
International Studbook for the Lion-tailed Macaque and from
other sources reveal, however, a poor status of the Indian
population and its living conditions, and a strong need for
improvements. This especially should refer to the social system
of lion-tailed macaques.

The present study aims to analyse the development and status
ofthe Indian subpopulation, to discuss its potential for long-term
survival and conservation breeding, and to propose necessary
management improvements. Since the results of the
investigation are placed and discussed in the context of the
global historical captive population of the species, the global
population is described briefly. The paper is oriented towards
providing comprehensive materials for practical use and
should contribute to the conservation of the species via captive
propagation. The propositions should contribute to
establishing a special management and breeding programme
for the Indian lion-tailed macaque population. The
establishment of the programme should be significantly
supported by the Central Zoo Authority, considering
contributions by the individual zoos. Furthermore, the already
available husbandry guidelines for the lion-tailed macaque
(Kaumanns et al, 2006) should be used, as well as a number
of other papers referring to the topic (Kaumanns et al, 2013;
Begum et al, 2021, 2022, 2023; Begum, 2023). The existing
husbandry guidelines (Kaumanns et al, 2006) point to
welfare-based management indicators, for example, the role
of social living conditions, feeding ecology, arboreal life, and
enclosure complexity.

The study is organised as follows: the first part briefly describes
the global historical population, and the second and third parts
focus in detail on the Indian historical and living populations,
respectively.
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Materials and methods

The study is based on the most recent edition of the International
Studbook of the species as of 31 December 2018 (Sliwa & Begum,
2019). The terms “current” or “living” population in this study
always refer to the status in 2018.

The Studbook provides information on the individual lion-tailed
macaques kept globally and in Indian zoos with records from
1899 to 2018 (Sliwa & Begum, 2019). Data include identity,
origin, births, deaths, reproductive output, transfers and
locations. Group sizes could only be derived from the number
of individuals per location. Additional information was taken
from relevant publications, wherever available. Due to the small
number of individuals in Indian zoos, limited descriptive
statistics are used. Conservation and breeding potential are
mainly discussed with reference to the reproductive output of
the population and the living conditions currently provided, and
deficiencies that need to be improved.

The International Studbook for the Lion-tailed Macaque is
maintained as an electronic database using the software SPARKS
(Single Population Analysis and Records Keeping System v
1.66) (Scobie & Bingaman Lackey, 2012). For analysing various
demographic parameters, we used the population management
programme PMx v 1.8.1.20250501 (Ballou et al, 2025),
available from the Species Conservation Toolkit Initiative
(https://scti.tools). The data were organised and analysed
using Microsoft Excel and R v 4.5.1 (R Core Team, 2025), and
most figures were generated using GraphPad Prism 10.6.0
(GraphPad Software, 2025).

Results and discussion

The historical trend of the global captive population of
lion-tailed macaque can be roughly divided in four periods
(Figure 1). Between the end of the 19* century and about 1950,
the number of individuals and births was small. Both increased
slightly until the 1970s, followed by a significant increase till
the 1990s, with the highest number of individuals (n = 561)
recorded in 1994. From this “prime-time” onwards, the size
of the population decreased. No further increase was due to
a strong management-induced shrinking of the American
subpopulation (see Lindburg, 2001) - “compensated” by an
increase in the European subpopulation, which played a
dominant role since the mid-1990s. The global population has
been declining since 2011-2012, mainly due to management
measures implemented in Europe (see Sliwa et al.,, 2016). Among
the smaller subpopulations, the Japanese population remained
stable, while the size in India is shrinking (see later). As of 2018,
Europe constituted 62% of the global population, followed by
Japan and India, which comprise 15% and 10% of the
population, respectively. The North American population has
been reduced to a small, ageing population of 31 individuals.

The large populations were embedded in breeding programmes
(Species Survival Plan SSP) in North America, and European
Endangered Species Breeding Programme/ EAZA Ex situ
Programme (EEP) in Europe in the years 1983 and 1989,
respectively. In India, a breeding programme was established in
the mid-2000s (CZA Guidelines, 2011).

The increase of the global captive population in its first decades
was mainly contributed by wild-caught lion-tailed macaques.
A total of 428 wild-born individuals (183 males, 209 females,
36 unknown sex) were recorded between 1899 and 2018
(Figure 2, Table 1). In the early period, India transferred 249
wild-born individuals to North America (n = 132, ¢.31%)
and Europe (n = 117, c¢.27%), thus “establishing” these big
populations. Smaller numbers of wild-born individuals were
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Figure 1: Development of the global population of lion-tailed macaques
in captivity. Adapted with permission from Begum et al (2022),
published in Primate Conservation
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Figure 2: Population dynamics in the global captive lion-tailed macaque
population over time. Adapted with permission from Begum et al. (2022),
published in Primate Conservation

Table 1: Transfer of wild-caught individuals to zoos outside India
between 1899 and 2018.

North America 132
Europe 117
Japan 21

Other smaller regions 9

279 (additionally 149 remained in
Indian zoos)

Total

transferred to Japan (n = 21, c¢.5%) and other regions (n = 9,
c.2%). It seems that these transfers were executed by animal
dealers. Indian zoos kept 149 wild-born individuals (c.35%).
A number of individuals were transferred from North America
and Europe to other countries, especially in Asia, establishing
smaller peripheral populations. For an elaborated account of the
transfers and exchanges of lion-tailed macaques between the
various regions, see Begum et al. (2022).

From the 1970s onwards, further import of wild-caught
individuals was voluntarily banned in zoos in North America
and Europe, more breeding was propagated, and the proportion
of individuals born into the population increased substantially
(see Hill, 1971; Heltne, 1985; Kaumanns & Rohrhuber, 1995).
Over the 119-year period (1899-2018), 2,195 births, 1,923
deaths, and 295 individuals lost to follow-up were recorded.
North America (691 births) and Europe (1,044 births) together
contributed to 79% of the individuals born in zoos globally. The
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number of births increased till about 1989, which was followed
by a decrease due to management-induced population control
in North America. The second increase in births in the global
population from the early 2000s was contributed by increased
breeding in Europe. Over the last decade, the number of births
has been declining continuously as a result of birth control
measures in Europe and declining birth rates in other
subpopulations.

Patterns of management

North America and Europe

Till the 1970s, management and husbandry of captive lion-tailed
macaques were mainly organised locally by individual zoos (see
Lindburg, 2001; Begum et al., 2022).

The 1980s brought significant collaborative efforts together
following the first international symposium on lion-tailed
macaques in Baltimore in 1982, leading to the publication of a
Studbook in 1983, the establishment of the Species Survival Plan
(SSP) in North America (1983), and the European Endangered
Species Programme (EEP) in 1989. This resulted in systematic
and conservation-oriented management and research in zoos.
It included science-based improvements of physical and social
living conditions. Breeding and improving breeding conditions
were propagated. Progress was achieved in several international
lion-tailed macaque symposia (see Singh et al, 2009; Begum et
al, 2021).

The European and North American breeding programmes
contributed the most to the global population, where both
the subpopulations grew via captive breeding alone, without
further imports (see Begum et al., 2022). Since the end of the
1980s, however, these two large breeding programmes have
developed different management strategies and goals. A key
development in the 1990s was the management-induced
shrinking of the North American subpopulation (steady-state
management, Lindburg et al, 1997), a decrease in their housing
z0os, a reduction in group sizes, and export of individuals to
other regions, resulting in a small (and non-productive)
subpopulation (Figure 1). The European subpopulation, on the
other hand, was managed by the EEP to grow steadily, and the
establishment of large groups was propagated (Kaumanns et
al,, 2013). Comprehensive overviews of the management of the
American and European populations are presented in several
publications (Lindburg et al, 1997; Lindburg, 2001; Kaumanns
etal, 2001, 2013).

India

Conservation-oriented work in zoos in India is more recent
compared to North America and Europe. A preliminary
approach to a systematic breeding programme in India emerged
in the 2000s. The Central Zoo Authority (CZA) in India identifies
one large zoo in the distributional range of a target species
as a coordinating zoo for breeding the selected species. The
coordinating zoo is responsible for establishing the initial
founding stock and developing off-display breeding centres
as per designs approved by the CZA. This zoo is supposed to
coordinate with a few more zoos (usually 2-4) that are also close
to the species’ distributional range and have been identified by
the CZA as participating institutions in the programme. The
participating zoos are responsible for maintaining satellite
populations once sufficient numbers are bred at the
coordinating zoo (see CZA Guidelines, 2011).

The breeding programme for the lion-tailed macaque in India
deviates from the international programmes described above
in terms of the management system as presented. It does not
include all individuals of the Indian captive population and all
z0os. It rather included three selected zoos (Vandalur, Mysore,
and Thiruvananthapuram) in the range states (Tamil Nadu,
Karnataka, and Kerala) of the species only (see above, CZA
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Guidelines, 2011). The management of the lion-tailed macaque
programme is also organised in a centralised manner by the
CZA and Vandalur Zoo as the coordinating zoo, and to a limited
extent by the two other participating zoos. Since the number
of participatinginstitutionsisonly three, many otherzooskeeping
lion-tailed macaques are excluded and are not managed
systematically.

Lion-tailed macaques in many Indian zoos were often kept in
small and barren enclosures (Mallapur et al, 20053, b; Begum,
pers. observation). Zoos that participate in the breeding
programme may keep individuals in off-exhibit areas, but may
also use enclosures that are open to the public. The coordinating
zoo is specifically financially supported by the CZA.

The Indian historical captive population

Historically, a total of 350 individuals were recorded in 36 Indian
institutions, as derived from the International Studbook (Table
2; Sliwa & Begum, 2019). Most institutions kept only a few
individuals. The list includes 28 individuals who were
transferred to other regions (see later).

Population development
Although a few individuals in a few zoos were recorded since
late 1949, the regular keeping of lion-tailed macaques in Indian

Z00s can be traced since 1959. A total of 350 individuals (152
males, 167 females, 31 unknown sex) have been kept so far, with
amean (+SD) of about 42 * 24.83 individuals per year.

The population increased till the early 1990s and decreased
continuously till 2000 (Figure 3). After a period of some increase
during 2001-2008, the population has been declining overall
(lambda, A = 0.909). As of 2018, the population consists of 51
individuals in 10 zoos (Figure 3).

Historically, over about 70 years (1949-2018), approximately
53% of the lion-tailed macaques in Indian zoos were captive-
born, 43% were wild-born, and 4% were of unknown origin
(Table 3). Between 1950 and 2018, the mean number (+SD)
of captive-born individuals was 19.75+#14, and the mean
number (+SD) of wild-born and unknown-origin individuals was
21.63+11.2.

Determinants of population development

The development of the Indian population was influenced by
the integration of wild-caught and unknown origin individuals
(n = 165), captive births (n = 185), and a few transfers (n = 28)
to other regions (see Table 3, Figure 4). A total of 213 deaths
and 33 individuals lost to follow-up were recorded. Births, as
recorded continuously from 1969 onwards, increased until
1982, declined till 1998, increased again till 2007, and have

Table 2: Historical captive population of the Lion-tailed macaque in Indian zoos.

Duration (in No. of years Total years

Institutior.l mnemonic Total in- Captive-  Wild- Un- years) between  between 1st when
recorded in t!le Stud- dividuals born born kn_m_/vn- 1st and last/ and last/ living individuals
book - as assigned by origin R . .
Species360 (m.fu)* (m.fu)* (m.fu)* (m.fu)* !wmg individuals individualsin were
in2018 2018 present
Acooli 4 (1.3.0) 4(1.3.0) 1963 <1 <1
Ahmedabad 3(0.3.0) 3(0.3.0) 1958-1989 31 16
Assam 9 (3.6.0) 1(0.1.0) 8(3.5.0) 1966-2014 48 37
Bannerghatta 6 (1.5.0) 5(1.4.0) 1(0.1.0) 1981-2018 37 15
Bhilai 7(3.40)  7(3.4.0) 1982-2013 31 31
Calcutta 9 (3.6.0) 3(1.2.0) 6 (2.4.0) 1953-2008 52 21
Chatbir 15(7.6.2) 6(4.1.1) 7(24.1) 2(1.1.0) 1977-2018 42 42
Delhi 61 >2 9 (3.6.0) 1959-2018 60 60
(21.29.11) (18.23.11)
Guindy 9(63.0) 2(1.1.0) 7(5.2.0) 1990-2009 19 19
Hyderabad 13 (6.7.0) 4 (3.1.0) 8(3.5.0) 1(0.1.0) 1964-2018 54 54
Jaipur 16 (6.9.1) 12 (4.7.1) 4(2.2.0) 1978-2005 27 27
Jodhpur 1(0.1.0) 1(0.1.0) 1984-1992 8 8
Kanpur 12 (7.5.0) 7 (43.0) 5(3.2.0) 1973-2003 30 30
Khandala 1(1.0.0) 1(1.0.0) 1980-1985 5 5
Kodanad 4 (4.3.0) 4(2.2.0) 1988-2002 14 14
Lucknow 5(3.20)  3(1.2.0) 1(10.0) 1(1.0.0) 1988-2018 30 24
Madras (Vandalur) ?335_33_15) ?247.22_15) %311_0) 1(1.0.0) 1982-2018 36 36
Maharashtra 1(1.0.0)  1(1.0.0) 1977-1980 3 3
Mangalore 4 (1.3.0) 4(1.3.0) 1992-2018 26 12
Mohotta 1(1.0.0) 1(1.0.0) 1982-1984 2 2
Mysore ?128_13_1) 8 (5.2.1) 533.11.0) 1975-2018 43 38
Nandankanan 18(10.8.0) 13(8.5.0) 5(2.3.0) 1966-2010 44 44
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Parassinikadavu 5(2.3.0) 0 5(2.3.0) 1986-2016 30 15
Patna 10 (3.7.0) 6(3.3.0) 3(0.3.0) 1(0.1.0) 1972-2017 45 25
Poona (Peshwe) 1(1.0.0) 1(1.0.0) 1984-2006 22 22
Pune 1(1.0.0) 1(1.0.0) 1984-2006 22 22
Shillong 3(1.2.0) 3(1.2.0) 1994-2000 6 3
Shimla 2 (1.1.0) 2 (1.1.0) 1986 <1 <1
Shimoga 1(1.0.0) 1(1.0.0) 1990-1996 6 6
Sirmur 1(0.1.0) 1(0.0.1) ~1995 <1 <1
Thrissur ?111.10.0) 6(33.0) 7(430) 8(44.0) 1959-2018 59 52
Tripura 1(0.1.0) 1(0.1.0) 1990-2000 10 10
Trivandrum

(Thiruvananthapuram) 46 17 (9.7.1) 28 1(1.0.0) 1963-2018 55 44

(25.20.1) (15.13.0)

Vadodara 2 (1.1.0) 2(1.1.0) 1986-1996 10 10
Veermata 14 (59.0) 7(4.3.1) 7 (1.6.0) 1949-1995 46 24
Vocpkzoo 2(1.1.0) 1(1.0.0) 1980-1990 10 10

*The names of institutions are mnemonics assigned by Species360, as recorded in the International Studbook and the corresponding data recording

software, SPARKS. Current names are included in brackets.

w nou “w

**Letters “m’, “f” and “u” refer to male, female, and unknown sex, respectively.
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Figure 3: Development of the captive population of lion-tailed macaques
in India.
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been decreasing since then. The mean (+SD) number of births
per year (2.64+2.3) was consistently lower than the mean (xSD)
number of deaths, lost to follow-up and exports (3.91+£3.33).

Patterns of reproduction

An important reason for the poor development of the population
was the low productivity of the individual females (see Figure 5).
Between 1969 and 2018 (period of regular births), a mean (+SD)
of 17.48+7.92 (median 15.5; range 5-34) adult females were
recorded; however, a mean (#SD) of only 3.5+2.1 (median 3;
range 0-10) adult females bred per year. The figure also reveals
the increase in the number of females aged 5-20 years from the
mid-1970s to mid-1980s, and a continuous decline until 2000.
In the last two decades (1995-2018), the number of females of
reproductive age remained less than 20 per year, and the
number of breeding females exceeded five only at three times.
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Figure 4: Annual numbers of births, imports of wild-born, and unknown
origin individuals, deaths, exports, and lost individuals (based on 149
wild-born, 14 unknown origin, 185 captive-born, 213 dead, 33 lost to
follow-up and 28 exported individuals) of the captive lion-tailed
macaque population in India.

Table 3: Origins and exports of lion-tailed macaques from Indian zoos
from 1949 onwards.

Individuals

Individuals
. . . exported to L
Historical population . remaining in
. R other regions .
recorded in Indian > Indian zoos
from Indian
Z00S (male, female,

institutions

(male, female) unknown)

170

185 (70m, 70f, 30u)

Captive-born 15 (8m, 7f)

136

Wild-born (63m, 72f, 1u)

149 13 (9f)

Unknown-origin 16 16 (7m, 9f)

322

350 (140m, 151f, 31u)

Total 28
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Figure 5: Annual number of adult females (5-20 years) and breeding
females in the captive population of lion-tailed macaques in India.

Totally, 19% (n = 36) of the offspring born into the population
died at less than 1 year of age (Figure 6), and another 12
offspring were lost to follow-up at less than 1 year after birth.
Furthermore, another 11% (n = 20) either died (n = 17) or
were lost to follow-up (n = 3) between the ages of 1 and 5 years.
Therefore, about 26% of the captive-born individuals did not
survive the first year of life, and a total of 37% of the individuals
born were not available for breeding.

The number of institutions that kept lion-tailed macaques
increased until about 1990 to 22 zoos and remained constant till
1995 (Figure 7). The numbers have been declining continuously,
especially since 2001, reaching 10 zoos in 2017 and 2018, the
lowest recorded in the last four decades (1977-2018).

The number of zoos in which breeding occured per year
remained low (Figure 7). Between 1969 and 2018, a mean of
2.2241.28 zoos (median 1, range 0-6) recorded births per year,
with maximum six zoos with births in 1990. Since 1991, the

Infant mortality

| Captive births | Infants not survivingto 1yr | Infants lost-to-follow up < 1 yr
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o
o
-

Figure 6: Annual number of births, infant deaths <1 year, and infants
lost to follow-up < 1 year in the captive lion-tailed macaque population
in India.
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number of institutions with births has remained consistently
low (0-4). The majority of the 185 births occurred in three zoos:
Vandalur (c. 35%, n = 64), followed by, Delhi (c.27%, n = 49) and,
Thiruvananthapuram (c.8%, n = 15), out of which Delhi zoo was
a non-participant in the breeding programme, but contributed
to births, especially in the 1970s (Table 4).

Another 39 infants were contributed by 16 females (including
one that also bred in Thiruvananthapuram) across nine other
Z00s.

Reproductive output of the females
In the Indian historical captive lion-tailed macaque population,
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Figure 7: Indian institutions keeping lion-tailed macaques and recording
births of individuals.

only 32% (n = 49) of the 151 females bred at all; this constitutes
about 43% of the available adult females (n = 114) (see Table 5).
When accounting for surviving infants only (n = 118), less
than 29% (n = 43) of the females and about 38% of the adult
females contributed to successful reproduction in the
population. Females breeding in Indian zoos constituted only
about 10% of the total 500 breeding females recorded in the
global historical population.

There were large differences in the reproductive output between
the females, ranging from 1 to 13 infants and 0 to 8 surviving
infants. About 45% (n = 22) of the breeding females produced
1-2 infants per female lifetime, accounting for approximately
19% (n = 30) of the infants with known mothers. Only 12
females, forming 24% of the breeding females, produced five or
more infants per female lifetime and contributed to 50% of the
infants born to known mothers.

A total of 26% of the infants born to known mothers did not
survive to the age of 1 year. Among the wild-born females, only
25% (n = 18) bred, contributing to 50 surviving infants.

Reproductive output of the males

The Indian captive historical population comprised 140 males,
of which about 21% (n = 30) contributed to breeding at all, with
fewer (c.19%, n = 26) contributing to surviving infants (Table 6).
Based on the origin, 21% of the wild-born males and 24%
of the captive-born males bred. Large differences in terms of
individual reproductive output were found: 65% (n = 99) of the
infants with known sires were produced by only seven males,
which comprise about 23% of the breeding males recorded.

Composition of groups

Since the social way of life is an important aspect in the lives of
primates, this is referred to by analysing the composition of the
units in which lion-tailed macaques in the Indian population
were kept. The “total historical colony size” refers to the overall
number of individuals recorded in a zoo throughout its history.
Out of the 36 institutions documented in the International
Studbook, 24 had historical colony sizes ofless than 10, including
17 zoos that kept fewer than 5 individuals in their captive history.
In terms of group composition, 15 zoos either did not keep
individuals of both sexes, or did not house both sexes together
for more than a year. Most of these zoos kept a single individual
at a time.

In the remaining 21 zoos that maintained heterosexual units,
the median group size each year ranged from 2 to 13, with 20
zoos recording a size of 2 to 7 individuals (Table 7). In these
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Table 4: Breeding of lion-tailed macaques in the three institutions participating in the conservation breeding programme and the non-participating
Delhi zoo, India.

Females recorded in the
No. of

No. of births Surviving infants Infants surviving

Zoos f::;l::rsl:ﬁglellg dia) known dams g‘:ll:sknown (1year) till 5 years
Vandalur 30 13 62 46 30
Thiruvananthapuram 19 7 9 8 8

Mysore 12 1

Delhi 26 12 47 37 31

Total 34 121 92 70

Table 5: Individual reproductive output of the females in the historical captive population of lion-tailed macaques in India.

Wild-born Captive-born Unknown-origin Total
Total females 72 70 9 151
Adult females (5+ years) 60 51 3 114
Breeding females 18 31 49*
Infants born 62 98 160
Surviving infants 50 68 118
Range of infants per breeding female 1-13 1-8 1-13
Range of surviving infants per breeding female 0-8 0-5 0-8

*Excludes one female that bred in India before transfer to North America, and includes one female that bred in 2 Indian zoos
Table 6: Individual reproductive output of the males in the historical captive population of lion-tailed macaques in India.

Wild-born Captive-born Unknown-origin Total
Total males 63 70 7 140
Adult males (6+ years) 44 38 5 87
Breeding males 13 17 30
Infants born 47 105 152
Surviving infants 37 75 112
Range of infants per breeding male 1-13 1-21 1-21
Range of surviving infants per breeding male 0-13 0-15 0-15

heterosexual groups, over 71% (n = 15) had 2 to 4 members
per year; five groups had 5-7 members, while only one group
exceeded 8 members per year.

Most of the heterosexual units (n = 19) also experienced
discontinuity and had periods during which either no
individuals or only single-sex individuals were kept. Overall,
most of these groups consisted of less than 5 members; keeping
individuals in solitary conditions was, and is, not rare.

In order to describe and visualise the distribution of group
sizes over the years, the empirical cumulative distribution
function was applied. The analysis uses the number of
individuals in heterosexual groups of two or more members,
as recorded at the end of each year from 1959 to 2018. For the
heterosexual groups, approximately 75% of the groups had
fewer than seven members throughout the complete history of
the population (Figure 8, Table 8).

Transfer of individuals between zoos

Population dynamics were influenced by the integration of
wild-caught individuals (see above) and also by the transfer of
individuals between zoos.
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Females
A total of 15 captive-born females were removed from their
natal groups and transferred to other zoos within India
(additionally, seven females were transferred to five regions,
Table 3).

The mean (+SD) age at removal of females from natal groups was
7.11+4.29 years. Six out of the 15 females were transferred at
less than 5 years of age as young juveniles and infants. Among
the transferred females, seven individuals bred at all: four bred
in the new group, and three bred in the natal group before
transfer. The latter produced 14 infants, of which 12 survived
(see Figure 9). Of the 55 captive-born females remaining in their
natal groups, 24 bred and contributed to 75 infants. Overall,
about 80% (n = 78) of the infants, and 82% (n = 56) of the
surviving infants produced by captive-born females were born
in the respective natal group of the dam.

Wild-born (n = 18) and unknown-origin (n = 1) females were
sometimes transferred to more than one zoo after capture from
the wild. About 74% (n = 14) of these transferred wild-born and
unknown-origin females did not breed at all. After capture from
the wild, only one individual bred in both the first group and the
new group, while four individuals bred in the new group only.
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Table 7: Composition of the heterosexual groups of lion-tailed macaques kept in Indian zoos.

No. of zoos that sometimes

Mean (* SD) no. of

Mean (£ SD) Mean (* SD) no. of years

Group size Total zoos years with both sexes had no individuals or had no. of years with no individuals
one sex with one sex

2to4 15 15.6+10.96 15 11.87+£10.57 7.13+9.69

5to7 5 35.2+18.18 3 6.4+10.26 0

8 and more 1 33 1 3 1

Total 21 21.09+15.15 19 10.14+10.37 5.14+8.73

1.00
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Figure 8: Distribution of sizes in heterosexual groups of captive
lion-tailed macaques in Indian zoos.

Table 8: Distribution of group sizes in the Indian historical captive
population of lion-tailed macaques.

Heterosexual units 1959-2018 Group size

Quantile 75% 7

Quantile 50% 4

Range 2-25
Males

Of the 70 males born into the population, about 29% (n = 20)
were transferred from their natal zoos to other locations
within India (Figure 10). Additionally, eight individuals were
transferred to other regions; therefore, these individuals have
been excluded from the analysis of male transfers in India. Half
of the males (n = 10) were transferred at less than 5 years of age.
The mean (+SD) age at dispersal was 5.28+2.80 years. Of the 50
males that remained in their natal groups, 11 bred to produce
83 infants, which is about 55% of all infants born to known sires
and 79% of infants produced by captive-born males. A large
percentage of infants in the few productive groups were likely to
be produced by relatives.

Indian living population as of 2018

The Indian population, as of 2018, comprised 51 individuals
(21 males, 24 females, 6 unknown sex) distributed across 10
z0os (see Sliwa & Begum, 2019). There are only four zoos with
breeding units that comprise five or more individuals. The
remaining six zoos keep units with fewer than three individuals,
sometimes even one individual only.

The population consists of 16 wild-born (5 males, 11 females)
and 34 captive-born individuals (15 males, 13 females, 6
unknown sex), as well as one individual of unknown origin.
Wild-born individuals are housed in seven institutions, of which
two zoos house lone individuals and two zoos house pairs
(Table 9).
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Age-sex composition

The age sex structure of the Indian population, as of 2018 refers
to 51 individuals, including five individuals for whom birth date
estimates were not known, but transfer dates to zoos were
available (Figure 11). Based on these dates, the mean (+SD)
ages of the individuals were as follows: females 14.65+9.2 years,
males 11.8+6.12 years, unknown-sex 2.36+1.25 years.

The declining population trend and decreasing number of
births are reflected in the unfavourable age-sex composition.
As of 2018, there were only 10 individuals (1 male, 3 females,
6 unknown-sex) under the age of 5 years, accounting for
about 19% of the population. Another 67% (n = 34; 19 males,
15 females) of the population was between the age range of
5 and 20 years, indicating some potential to breed, while 14%
(n = 7; 1 male, 6 females) of the population was older than 20
years. With only a few individuals in the youngest age classes,
the potential for future growth may be limited.

Seven zoos housed 14 females of breeding age (Table 10). Among
the remaining three housing institutions, Delhi has a female
under 5 years of age, who may breed in the future. Only two zoos
have more than two females of breeding age. Furthermore, two
zoos each house a single female of breeding age, and two other
zoos maintain only pairs (see also Table 9).

Reproduction in the living population

A total of 16 (2 males, 14 females) individuals in the living
population as of 2018 bred in four institutions (Table 11).
Females from only one zoo (Vandalur) contribute to
approximately 83% of the surviving infants. Furthermore, there
are no living sires in other zoos.

The females in the population (living in 2018) produced a
total of 41 infants, of which 29 survived to the age of one year.
In terms of reproductive output per female, 9 out of the 14
breeding females had two or fewer surviving infants. About
36% (n = 8) of the females that reached adulthood were yet to
breed (see Table 12). Among the 14 females that had bred, five
were over 20 years of age. The average age of the remaining
nine breeding females was 11.62 +3.68 years, with an age range
of 5-17 years. Additionally, four of these nine females had not
bred in the last 5 to 8 years. In contrast, four females housed in
Vandalur had bred regularly, producing 3 to 4 offspring per
female at intervals of 1 to 2 years. They produced 13 infants,
of which 11 survived.

The differences in the number of infants produced by the
females are even more pronounced in the males. Only two males
(c.9.5%) contributed to breeding, resulting in nine surviving
infants (Table 13).

Genetic status

Since a future use of the population as a breeding and reserve
population will require information on the living population’s
(in 2018) genetic status, it is briefly presented here (Table 14 )
together with the potential of the members of the population for
breeding, e.g., with reference to age.
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The development of the genetic status is influenced by the fact
that 77% of the individuals in the population did not breed at
all. This includes 79% of wild-born and 76% of captive-born
individuals. Among those that did breed, there was considerable
variation in lifetime reproductive output, especially among the
males. This pattern is consistent across generations and among
both wild and captive-born individuals. Low productivity and
large variation in reproductive success also go together with
the small number of founders (n = 16) from which the living
population is derived, and their uneven contributions to the
gene pool.

Female Transfers

Total captive-born females: 70
Captive-born females transferred from natal zoos: 15 (21% of total)

EINiDE 2 14 females were transferred once,
Dead 10 and 1 female was transferred twice
Lost-to-follow-up (LTF) 3

Mean Age at Transfer Reproductive Output

7.11 £ 4.29 years
from Natal Group 3 females bred in natal groups

Age (years) at Transfer No. of Transferred before transfer, contributing to 9
from Natal Group Females infants, of which 8 survived
<5 6
5-9 3 4 females bred in non-natal groups,
10 and more 4 producing 14 infants, of which 12
13* survived

*Birth dates were known for 13 out of 15 transferred females

Females remaining in their Natal Groups
Captive-born females that remained in natal groups: 55 (79% of total)

Reproductive Output

24 of the captive-born females remaining in
their natal groups bred, contributing to 75
infants, of which 48 survived, i.e.,

71% of the surviving infants produced by
captive-born females

Living (< 5 years) 11 (3)
Died/LTF as adults 27

Died/LTFat< 5 years 17

Figure 9: Female transfers and reproductive output of captive lion-tailed
macaques in Indian zoos.

Male Transfers and Tenure

Total captive-born males: 70
Captive-born males transferred from natal zoos: 20 (29% of total)

The only living wild-caught individuals in the global captive
population are in the Indian zoos. There were four founders
and 12 potential founders (wild-born individuals with no living
descendants) in the living population (as of 2018). The average
age of the founders was 19.77+9.39 years, and the average
age of the potential founders was 16.29+9.48 years. Twelve
wild-born individuals were less than 20 years of age; however,
their breeding potential, in terms of social living conditions,
needs to be assessed. For example, two potential founder
females were housed alone in two zoos.
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Figure 11: Age-sex composition of the captive lion-tailed macaque
population in India as of 2018

Living 4
el 9 17 males were transferred once, . . L . . .
and 3 males were transferred twice Table 9: Living population of captive lion-tailed macaques in India as of 2018.
Lost-to-follow-up (LTF) 7
Mean Age at Transfer Male Tenure 14 P
from Natal Group 5.28 £2.803 years Average Tenure in No. of . . !\IO. Of Wild Captlve Ur}k_nown
(e | e Institution individuals born born origin
Age (years) at Transfer from| No. of Transferred P % % % %
Natal Group Males ‘yia; s) MTeS (m.fu) (m.fu) (m.fu) (m.fu)
<5 10 1to4 & Bannerghatta 1 (0.1.0) 1(0.1.0)
- 7 Dtots i :
| i T ] Chatbir 1(1.0.0) 1(1.0.0)
: 18 12 Delhi 5(4.1.0) 5(4.1.0)
*Birth dates were known for 18 out of the 20 transferred males
** The fate (n=7) and date of death (n=1) were unknown for 8 out of the 20 transferred males Hyderabad 2 (1 1 0) 1 (O 1 0) 1 (1 0 0)
Reproductive Qutput
6 out of the 20 transferred males bred both in their respective natal and non-natal groups to Lucknow 2 (110) 1 (010) 1 (100)
produce 22 infants in total, of which 15 survived 19
+
Bred in natal only Bred in natal & non-natal Bred in non-natal only Vandalur 20 (5'9'6) 1 (0'1'0) [5_8_6)
. 1infant, 0 surv. (nat.) A
1 male=s 1 infant, 0 surv. 1 maless_ . 4 males mp17 infants, 13 surv.
2 P I (e Mangalore 2(1.1.0) 2(1.1.0)
Males remaining in their Natal Groups Mysore 7 (3.4.0) 3(1.20) 4(2.2.0)
Captive-born males not transferred from natal groups to other zoos: 50 (71% of total) Thrissur 1 (0_1'0) 1 (0_1'0)
Reproductive Output
Eiine(lgiveats) ue@ 11 of the captive-born males remaining in their Thiruvanan- 10 (5.5.0) 7(34.0) 3(2.1.0)
Died as adults 14 natal groups bred, contributing to 83 infants, of thapuram
Died/LTF at < 6 years 25 which 60 survived, i.e., 80% of the surviving
infants produced by captive-born males Total 51 (21.24—.6) 16 34 1 (1_0_0)
(511.0)  (15.13.6)

Figure 10: Male transfers and reproductive output of captive lion-tailed
macaques in Indian zoos.
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*Letters “m’, “f” and “u” refer to male, female, and unknown sex, respectively.

122 https://doi.org/10.63033 /JWLS.CXGU6570



Table 10: Distribution of captive lion-tailed macaque females aged 5-20
years (in 2018), in different zoos in India.

Table 12: Individual reproductive output of the females in the living
population of the captive lion-tailed macaque in India as of 2018.

Zoos No. of females
Vandalur 4
Mysore 4
Thiruvananthapuram 2
Lucknow 1
Mangalore 1
Thrissur 1
Bannerghatta 1

Table 11: Location of living breeders (in 2018) in the captive lion-tailed
macaque population in Indian zoos.

- ey
Total females 11 13 24
Adult females 11 11 22
Breeding females 6 8 14
Infants born 14 27 41
Surviving infants 10 19 29

Range of infants per breeding

female 1-7 1-8 1-8

Range of surviving infants per

breeding female 0-6 1-4 0-6

Females Table 13: Individual reproductive output of the males in the living
N No. of No. of No. of population of the captive lion-tailed macaque in India as of 2018.
Zoos where living breedin, offsprin survivin
females bred 5 pring : § Wild- Captive- Unknown
females produced infants . Total
born born origin
Vandalur 8 33 24 Total males 5 15 1 21
Mysore 2 3 1 Adult males 5 13 1 19
Thiruvananthapuram 3 4 3 Breeding males 0 2 0 2
Delhi 1 1 1 Infants born 10 10
Total 14 41 29 Surviving infants 9 9
Males Range of infants per
. 4-6 4-6
- No. of No. of No. of breeding male
Zoos where living . . L
breeding  offspring  surviving .

males bred males roduced infants Range of surviving

p infants per breeding 4-5 4-5
Madras 2 10 9 male
Total 2 10 9

Overall, the population retained 82.06% of gene diversity,
which was lower than the recommended 90% for a captive
population to be of conservation value (Soulé et al, 1986;
Ballou et al.,, 2010). Moderate levels of relatedness among the
individuals are reflected in the values of mean kinship (0.1794)
and mean inbreeding (0.1781) (see Ballou et al, 2010). The
values of most of the genetic measures indicate a low potential
of the population as a reserve, also at the level of genetics (see
Lees & Wilcken, 2009; Leus et al, 2011; Long et al,, 2011; Che
Castaldo et al, 2019).

Summary and conclusions

India only served as a resource for wild-caught lion-tailed
macaques for American and European zoos in the first decades
of the 20" century. The history of an Indian captive population
of the species in zoos started in the 1950s, characterised by local
management only, and a distribution over many zoos keeping
few individuals only. Breeding occurred rarely. From the total
of about 500 wild-caught lion-tailed macaques, almost equal
proportions of individuals went to North America, Europe,
and remained in India. They grew over the next decades in
subpopulations of different sizes and composition: peak sizes
were 269 (1988) in North America, 338 (2012) in Europe, 80
(2014) in Japan, and 76 (1988) in India. The living populations
as of 2018 comprised 31 individuals in North America, 322 in
Europe, 76 in Japan, and 51 in India.

The development of the subpopulations was influenced by
different (systematic) management approaches as realised

within breeding programmes. They were established in 1983
(North America), 1989 (Europe), and in the 2000s (India). The
programmes in India differ from the SSP and the EEP version in
terms of a strictly designed and controlled system managed by a
“Central Zoo Authority”. The nature of the breeding programme
provides only a limited influence of local zoo staff, although they
are directly dealing with the animals.

Whereas SSP and EEP intend to include all individuals kept in
the region in question (e.g., in North America or Europe) in the
programme, in India, only a small proportion of the zoos and
individuals, respectively, are included. For the lion-tailed

Table 14: Genetic status of the Indian population of captive lion-tailed
macaque (in 2018) as provided by PMx.

Founders; Potential Founders (additional) 16; 11

. . 94.30%;
0, - 0, )
% Pedigree Known; % Ancestry Certain 93.00%
Gene Diversity 0.8206
Founder Genome Equivalents (FGE), .
Potential FGE 2.79; 1941
Population Mean Kinship 0.1794
Founder Genomes Surviving 7.16
Mean Inbreeding 0.1781
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macaque, the breeding programme presently comprises only
three out of the 10 housing institutions.

The productivity of the Indian lion-tailed macaque population
was low due to poor breeding conditions, and especially due to a
low number of potentially productive females in species-typical
breeding units and appropriate enclosures. According to Singh
et al. (2006), a female lion-tailed macaque in the wild may give
birth to up to five infants during her lifetime, but infants have a
high survivorship rate. Field studies show that infant
survivorship rate in the wild ranges from 0.80 to 0.973 (Kumar,
1987, 1995; Sharma, 2002; Krishna et al, 2006). Our study
reveals that in the Indian historical captive population, 68% of
the females did not breed, and 26% of the infants born either
died or were lost to follow-up within the first year of life. Among
the captive females that reproduced, most had fewer than five
infants, with 45% producing only 1-2 infants per female
lifetime. Evidently, the productivity of the females is low. As
was found in the global captive population (Begum et al,, 2022,
2023), a large percentage of the females did not breed at all - a
pattern that has not been reported from the wild. Overall, the
living and breeding conditions do not consider and allow for the
realisation of the social and reproductive system of lion-tailed
macaques. The Indian population is still (too) small and has an
unfavourable age-sex composition. It does not have the potential
to grow significantly and to develop sustainability. In the past,
it depended on the integration of wild-caught individuals.
With reference to the biology of lion-tailed macaques for
successful breeding, larger groups with female-bonded
structures are needed. To be able to carry out species-typical
spacing patterns, groups would require large enclosures with
some natural vegetation and richly furnished structures. Small
night quarters in which lion-tailed macaques are kept for large
parts of 24 hours of the day should be avoided. Under natural
climatic conditions, safety during the night can also be realised
via larger, airy subdivisions of the enclosures. Improved living
conditions would increase the contribution of India to the
global population growth via captive breeding. It has been low
so far with 185 births, i.e., 8.5% of total global births. Overall, the
structure of the units in which the lion-tailed macaques were
kept in various zoos did not correspond to the social system of
the species and especially to the demographic structure of the
groups in which they are found in the wild. Besides others, this
includes the option to have long-term social relationships and
the conditions to develop species-typical socialisation patterns.
For the management of the Indian subpopulation, consideration
of the social system of the species is of utmost importance for
the development of a national management plan.

With reference to the actual number of lion-tailed macaques
in the ten zoos that keep the species, only three zoos have the
potential to contribute to breeding in terms of group size and
the resulting social conditions. Seven institutions (in 2018)
kept single or two individuals only - a setup that does not
consider the natural (social) way of living of the species and
animal welfare standards. As far as possible, small groups should
be formed with these individuals. The process, however, would
require highly professional management since there are no such
group formations under natural conditions, and the individuals
involved might have developed behavioural deficiencies during
their suboptimal living conditions. For details on the process
of group formation and social integration under captive
conditions, see Kaumanns et al. (2006).

The three groups (with > 5 individuals) in zoos that participate
in the breeding programme may have the potential to
contribute to further breeding; however, as a starting set for
a reserve population, they do not provide enough individuals.
The groups, furthermore, are slightly inbred. Their further use
requires exchanges of breeding males.

The poor status of the Indian population requires the integra-
tion of further lion-tailed macaques from Europe - preferably
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(small) groups of related females. They should be associated with
wild-born males in India. To realise this, a programme to achieve
appropriate living and management conditions in Indian zoos
that intend to keep lion-tailed macaques must be developed.
This would include an assessment of existing keeping
conditions, proposing improvements, designing new keeping
systems, and developing an appropriate conservation breeding
programme. The latter must consider international standards.
As a key component of a new approach, management by a
competent zoo biologist or veterinarian as a programme
coordinator is required. The person should be familiar with
the biology of the species, be an experienced practitioner in
husbandry and management, and be able to act in a responsible
way. Management decisions should be in his/her
responsibilities but discussed and supported by a committee
of representatives of the participating zoos. The latter would
help to consider local husbandry systems and problems. This
approach proved to be successful in the European breeding
programme (EEP) as experienced by the second author, who acted
as the founding and long-term coordinator for the EEP for the
lion-tailed macaque. It welcomes external scientific advisors,
e.g., field biologists. The quality of the work might be evaluated
by experts who form a central zoo advisory board. On all levels,
the use of scientific methods and knowledge is necessary.
Contacts and know-how transfer with the relevant representatives
and organisations of the scientific community are indicated. To
establish such structures and to find the experts needed will
be difficult in India since its zoo community and organisation
so far does not support a more decentralised system that
depends more on the responsibility of the individual zoos and
their staff. The latter would be a condition for the development of
professional expertise (see Singh et al, 2012). It is essential to
consider that as many - better all - members of a zoo population
of a species, in this case lion-tailed macaque, are included and
managed in a programme like it is propagated in the European
breeding programmes. In the case of the Indian population of
the lion-tailed macaque, coordination should be attempted to
fully integrate all 51 individuals into a management plan and to
interact with the European breeding programme to establish a
population as proposed above.

Although the status of the captive population in Indian zoos
is poor and might be difficult to improve towards a reserve
population, efforts to achieve this goal are critical for the
survival of the global captive population. Programmes for the
reintroduction of this threatened primate species - endemic
to South India - evidently must be realised via Indian zoos. To
serve as an interface, they must develop the necessary expertise,
keeping systems and a viable national captive population.
The Indian community of conservation biologists seems to be
motivated to support corresponding plans, as indicated by
several publications (see Singh et al, 2012; Kaumanns et al,
2013; Begum et al,, 2021).

The analysis of the Indian population intends to contribute to
the development of better global and national programmes.
This study also demonstrates the special need for the existing
international breeding programmes in the various regions to
consider and care for the captive population of the species in its
country of origin. Plans to transfer lion-tailed macaques and to
improve the living conditions, training and know-how transfer
for Indian zoos have not been materialised, consequently, and
over longer time periods since the first international conference
on lion-tailed macaques in zoos in Baltimore in 1982 (see Singh
etal, 2009).

The present study indicates very poor reproductive output
of the Indian population, and related to this is a likely loss of
genetic and phenotypic diversity. Therefore, the Indian captive
population so far cannot be considered as a potential reserve.
This is supported by the poor age-sex composition of the current
population, especially due to the old age of the wild-born
individuals. Furthermore, many females experience long
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periods of non-breeding. Living conditions that do not allow
reproduction for extended time periods might negatively impact
the future reproductive potential of individuals (see Penfold et
al, 2014).

The finding that there are two genetically different
subpopulations of the lion-tailed macaque in the wild (Ram et
al., 2015) has not yet been properly considered for the global
captive populations. The authors propose to treat the two
genetic types as separate conservation units. Ram et al. (2015)
found that most of the members of the Indian captive population
are of the southern and a few of the northern type. A genetic
analysis would be urgently needed for the European population.

All living wild-born lion-tailed macaques of the global captive
population are kept in Indian zoos (Sliwa & Begum, 2019).
This must be considered for the management of the global
population.

The present study can be regarded as a model study that
highlights the problems and management issues in a population
of a highly threatened animal species. It can be used as a
model for the analysis of captive populations for other primates
and other threatened mammal species. Inappropriate living
conditions and management in the past of a population decrease
its potential to serve as a reserve. It refers to the adaptive
potential of the species in question. The adaptive potential of
a species kept in zoos should be regarded as a key aspect of
conservation breeding (see Kaumanns et al., 2020, 2025).
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