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The species extinction rate has recently accelerated worldwide and is a thousand times higher than through natural
processes alone. Small, isolated populations are especially vulnerable to extinction due to deterministic and stochastic
threats. Hence, the conservation of such populations is challenging. The present study from 2015 to 2021 aimed to
understand the population, nesting characteristics, and breeding ecology of the country’s southernmost population of
Gyps indicus in Mudumalai Tiger Reserve, South India. The population estimation was performed on the roosting and
nesting sites of Gyps indicus in the Mudumalai Tiger Reserve. To study the nesting characteristics and breeding ecology,
each nesting colony was systematically visited four times per month during the breeding season (October to May).
Assessments of threats were estimated during the field visits. In 2015-2021, four breeding sites were identified. Two
nesting sites were identified in 2016 and two more in 2017 and 2020. The mean altitude of the nesting sites was 1122.25
+ 170.06 m a.s.l, ranging from 821 m a.s.l. to 1600 m a.s.l. In the Protected Area, two nests were located on east-
facing exposure, one nest on southeast-facing exposure, and one nest on south-facing exposure. In terms of population
composition, the mean number of adult individuals steadily increased from 9.5 = 0.46 in 2016 to 14.08 £ 0.67 in 2021.
Consequently, the mean total number of individuals per colony increased from 13.66 & 0.56 in 2016 to 27.83 + 0.62 in
2021. A total of 40 (in average, 6.66 + 0.49 pairs/year) territorial pairs with occupied nests were observed in 2015-2021.
Of them, 31 (in average, 5.16 + 0.30 pairs/year) breeding pairs had laid eggs. Successful incubation was recorded, and
the mean incubation period was 63.64 = 1.74 days. Out of 31 incubated nests, 23 fledglings (3.83 + 0.47 individuals/
year) successfully came out with 74% breeding success. The entire nesting period was 128.43 + 1.16 days. In total,
out of 17 failed breeding attempts nine (53%) were detected before egg laying, and eight (47%) were found during
incubation. There were no significant differences between nests abandoned before and after egg laying (t = 0.4152,
p > 0.05). During the breeding seasons of 2015-2017, a human-made forest fire posed a serious threat to nesting
colonies of Gyps indicus, resulting in no observed nesting. A species-specific conservation-oriented action programme
is necessary to secure this last southernmost wild viable Gyps indicus population in the Mudumalai Tiger Reserve. At
this juncture, we highly recommend declaring the buffer zone of the Mudumalai Tiger Reserve as a «Vulture Sanctuary»
to provide a legal protection of the Gyps indicus population living in the studied area.

Key words: cliffs, colony, egg, fledgling, incubation, roosting, vulture

https://dx.doi.org/10.24189/ncr.2024.027

Introduction

In recent years, the extinction rate of species has
increased worldwide and is a thousand times higher
than through natural processes alone. Small, iso-
lated populations are especially vulnerable to extinc-
tion (Seether & Bakke, 2000) due to various threats
(Boyce, 1992). The conservation of these populations
is challenging (Young, 2000). Vultures are obligate
scavengers and belong to the most threatened avian
guild worldwide (Buechley & Sekercioglu, 2016;
McClure et al., 2021). A variety of factors, includ-
ing contamination with veterinary pharmaceuticals
(Oaks et al., 2004; Hernandez & Margalida, 2008;
Margalida et al., 2014), poisoning (Hernandez &
Margalida, 2008, 2009; Oro et al., 2008), habitat de-
struction (Thiollay, 2006), and low food availability
(Thiollay, 2006; Margalida et al., 2010; Margalida &
Colomer, 2012), combined with regulations and en-
actments (Camifia & Yosef, 2012), human persecu-
tion (Thiollay, 2006), collisions with wind turbines

(Carrete et al., 2012), electrocution and collisions
with power lines (Boshoff et al., 2011), and anthro-
pogenic disturbance (Moran-Lopez et al., 2006),
have contributed to the decline of vultures world-
wide. During the late 1990s — early 2000s, popula-
tions of three Gyps species across southern Asia
declined by more than 95% (Prakash, 1999; Gilbert
et al., 2006; Prakash et al., 2003, 2012; Oaks et al.,
2004). These populations were decimated by veteri-
nary use of non-steroidal anti-inflammatory drugs,
particularly diclofenac (Oaks et al., 2004; Pain et
al., 2008; Ogada et al., 2012; Margalida & Ogada,
2018). These drugs are nephrotoxic to birds and
cause renal failure in vultures (Oaks et al., 2004). Six
out of nine species of vultures found in India, have
been facing the problem of existence and are, there-
fore, declared as threatened (Prakash et al., 2007).
Of these, three species endemic to South Asia (Gyps
bengalensis (Gmelin, 1788), Gyps indicus (Scopoli,
1786), and Gyps tenuirostris Gray, 1844) are at high
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risk of global extinction and are listed as Critically
Endangered because of rapid population declines
within the last decade in the Indian subcontinent
(Prakash et al., 2007).

Gyps indicus is one of the three native, resi-
dent Gyps species in India. It breeds in southeast
Pakistan and peninsular India, south of the Gan-
getic plain, north to Delhi city, east through Mad-
hya Pradesh state, south to the Nilgiris district, and
occasionally further south (Collar et al., 2001). The
species is classified as Critically Endangered (Bird-
Life International, 2021) because of a catastrophic
decline of 90-98% in the population of Gyps spe-
cies (Prakash et al., 2007) due to diclofenac poison-
ing (Gilbert et al., 2006; Green et al., 2004). Prakash
et al. (2019) estimated the population to be c.12 000
individuals based on road transactions carried out in
2015. This roughly equates to 8000 mature individu-
als. It is placed in a band of 5000-15 000 mature
individuals. It nests almost exclusively in colonies
on cliffs and ruins (Naoroji, 2007), although in the
deserts and grasslands of the Thar region (western
India) they have been recorded as nesting on trees
(Kulshreshtha, 2001). The breeding season of G.
indicus is from October to May — June (Naoroji,
2007). Despite being a priority species for conserva-
tion, relatively little is known about their breeding
and nesting ecology (Naoroji, 2007). In the southern
Indian region, a small population of G. indicus in the
Ramanagaram Hills of Karnataka and Nilgiri Forest
Division in Tamil Nadu is known to remain in in-
land southern India, and it is rare elsewhere within
its former range (Prakash et al., 2007; Venkitacha-
lam & Senthilnathan, 2015, 2016). Regular moni-
toring breeding populations of threatened vultures
is widely recognised as a priority to enable the ef-
fective implementation of targeted conservation ac-
tions in key areas across their ranges (Buechley et
al., 2019; Santangeli et al., 2019).

This study was aimed to assess the population
of G. indicus in the Mudumalai Tiger Reserve, Tamil
Nadu, South India. To achieve this goal, the follow-
ing objectives were outlined: to examine the nest-
ing habitat characteristics of G. indicus, estimate the
population structure within nesting colonies, analyse
breeding ecology, identify conservation threats, and
provide scientific management recommendations for
long-term species conservation.

Material and Methods
Study area
Mudumalai Tiger Reserve (11.527828° —
11.716657° N, 76.367281° —76.750001° E) is situ-

ated in the Western Ghats of South India (Fig. 1).
Its area is 688.58 km?. Mudumalai Tiger Reserve
is bounded by Wayanad Wildlife Sanctuary on the
west, Bandipur Tiger Reserve on the north, Nilg-
iris Forest Division on the south, and Sathiyaman-
galam Tiger Reserve on the east with an average
altitude of 900-1000 m a.s.l. The perennial River
Moyar flows eastwards in the Mudumalai Tiger
Reserve. The climate has three marked seasons,
namely a dry season (January — April), southwest
monsoon (May — August), and northeast monsoon
(September — December). The annual rainfall var-
ies from 600 mm in the east to 2000 mm in the
west. According to Champion & Seth (1968), the
vegetation types in Mudumalai are classified into
southern tropical dry thorn forest, southern tropi-
cal dry deciduous forest, southern tropical moist
deciduous forest, southern tropical semi-evergreen
forest, moist bamboo brakes, and riparian forest.
Threats to this area include enormous biotic pres-
sure (cattle grazing, cultivations, settlements, col-
lection of fuel wood, non-timber forest products)
exerted by the ever-expanding human population.

Breeding sites investigations

In 2015-2021, we found Gyps indicus nests by
carrying out systematic searches in all areas tak-
ing into consideration appropriate for nesting in-
dividuals (cliffs, ravines, or large rocky outcrops).
These territories were defined priorly based on to-
pography and river systems within the study area
(Fig. 1). The same areas were investigated each
year, although some sites within the study area
were added over the first few years of the study.
Nests had remained observed with the use of 10 x
52 binoculars and a 25-75x% 70 S3 spotting scope.
Nests were identified by the presence of fresh nest-
ing materials and whitewash (excreta) on the cliffs.
Each nest was positioned using a GPS-receiver,
and numerous photos of the nests and surrounding
environment were taken to facilitate recognition of
the exact location in subsequent years. A few envi-
ronmental variables were collected to understand
the selection of the nesting site. We categorised
each nest as accessible or inaccessible to predators.
Nest orientation, exposure, ledge type, and altitude
were recorded because of their potential influence
on the microclimatic conditions of the nest. We
measured nest orientation with a compass. We ex-
tracted the information on the slope altitude, dis-
tances from neighbouring nesting sites as well as
the nearest rivers, roads, and human habitation us-
ing Google Earth Pro 7.3.6 1.9345.
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Fig 1. Study area with breeding sites of Gyps indicus in
Mudumalai Tiger Reserve, South India.

Population estimation

The population estimation (72 visits) was done
on the roosting and nesting sites of G. indicus in
the Mudumalai Tiger Reserve in 2016-2021. The
roosting and nesting locations were confirmed.
Population estimation was done once a month.
We divided the age class of G. indicus individu-
als into three categories based on plumage char-
acteristics, namely adults (> 5 years), sub-adults
(24 years), and juveniles (< 2 years) (Naoroji,
2007). The population size of G. indicus was esti-
mated by counting the individuals in the roosting
and nesting sites during the early morning (from
06:30 h to 09:30 h) and late evening (from 17.30 h
to 19.30 h) (Dobrev et al., 2020). We assumed fi-
delity of nesting sites, fixed time of roosting and
geographic closure, and no movement into (im-
migration) or out of (emigration) sites to estimate
population size (Samson & Ramakrishnan, 2020).

Breeding ecology and threats

To study the breeding ecology of G. indicus,
each colony was visited once a week during the
breeding season (October to May) to check the sta-
tus and number of individuals present in each nest.
All observations of nesting colonies were made
from a distance of 300600 m from the breeding
cliffs. The focal animal sampling method (Altmann,
1974) was used to monitor the status and behav-
iour of G. indicus in nesting colonies (Postupalsky,
1974; Acharya et al., 2009). An active breeding
pair (breeding pair) was defined as one that laid an
egg, and a non-breeding pair (territorial pair) was
confirmed that occupied the nest at least for three
weeks but did not lay any eggs (Fernandez et al.,
1998). Breeding success was calculated based on
the number of fledglings divided by the number of

breeding pairs, which had laid eggs. During each
visit, active nests were considered occupied by a
pair only when a single or two adult vultures were
observed in the nest, i.e. one standing and one in-
cubating or one incubating adult was present or one
adult with a chick or a young chick alone was pre-
sented in the nest. A colony was considered active,
only if it contained at least one active nest with an
egg (Xirouchakis & Mylonas, 2005; Xirouchakis,
2010). Threat assessments, such as human pres-
sure, predator threat, and man-made threats, were
estimated during the field visits.

Results

In 2015-2021, four breeding colonies of G. in-
dicus were identified in the Mudumalai Tiger Re-
serve. Two of these four nesting sites were identi-
fied in 2016, and two more were recorded in 2017
and 2020, respectively. Notably, all nesting sites
located on rock cliffs were entirely inaccessible to
both humans and wild animals, whether from the
ground or the cliff top. The mean altitude of the
nesting sites was 1122.25 + 170.06 m a.s.l, rang-
ing from 821 m a.s.]l to 1600 m a.s.l. On nesting
sites, the average slope exposure was 37.78° =+
0.50°, ranging from 28.37° to 41.99°. On the east
exposure, 50% of the nests were located, 25% on
the south east-facing exposure and 25% on the
south-facing exposure. The nesting habitat ledges
comprised an equal distribution between open and
closed types, with 50% classified as open-type
ledges and 50% as closed-type ledges.

On average, nest sites were located at
2.59 £ 0.30 km from water sources. 75% of the
observed nest sites were situated within 2.5 + 0.45
km of water bodies, and one nest site was located
at 3.58 km from the nearest water body. The av-
erage distance between a given nest site and its
closest neighbour was 11.40 + 2.15 km. A half of
the observed nest sites were within 6.58 + 1.21
km of a neighbouring site, while all sites were
within 18 km from each other. On average, nest
sites were located at 3.76 + 0.32 km away from
human settlements; all sites were situated within
3.25+0.49 km. 81% of the nest sites were located
less than 4 km from human settlements. 66% of
the recorded nest sites within 2.40 + 0.37 km
away of the road network. Furthermore, nest sites
were less than 30.25 + 1.24 km from major towns,
while all sites being at least 20.59 + 1.19 km away
from large urban areas.

Table 1 summarises data on the number of
colonies, visits, and the mean number of adult,
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sub-adult, and juvenile individuals of Gyps indi-
cus observed in the Mudumalai Tiger Reserve in
2016-2021. Over the study period, the number of
colonies increased from two to four, by reflecting
the expansion of nesting sites. The total number of
visits remained constant at 12 per year throughout
the study duration.

Regarding the population composition, the
mean number of adults increased steadily from
9.5 £ 0.46 individuals in 2016 to 14.08 + 0.67 in-
dividuals in 2021. Similarly, the mean number of
sub-adults showed a consistent increase, reaching
7.25 £ 0.17 individuals by 2021. The t-test results
comparing sub-adult and adult populations revealed
a statistically significant difference (t = 7.546,
p < 0.001). This indicates a notable distinction be-
tween the sub-adult and adult populations within
the nesting colonies. Juvenile individuals also dis-
played an increasing trend, with their mean num-
ber escalating from 2.16 + 0.27 individuals in 2016
to 6.5 £ 0.15 individuals in 2021. Consequently,
the total mean number of individuals per colony
increased from 13.66 + 0.56 individuals in 2016
to 27.83 £+ 0.62 individuals in 2021. The ANOVA
test resulted for the nesting colony population
across study years showed a statistical significance
(F=34.08,p <0.001). This indicates that there is a
significant variation in the population trends within
nesting colonies across the study years. During the
breeding season, breeding populations exhibited a

significant increase, highlighting a notable dispar-
ity between breeding and non-breeding popula-
tions within nesting colonies (t = 8.246, p <0.001).

A total of 40 territorial pairs, averaging
6.66 £ 0.49 pairs per year, with occupied nests
were observed between 2015 and 2021 (Table
2). Among these, 31 breeding pairs, averaging
5.16 £ 0.30 pairs per year, successfully laid eggs,
with a noted incubation period of 63.6 + 1.7 days.
Out of the 31 incubated nests, 23 fledglings (in av-
erage, 3.83 £ 0.47 individuals per year) success-
fully fledged from the nest, resulting in a breed-
ing success rate of 74%. The total nestling period
was calculated as 128.4 = 1.16 days. The highest
breeding success rate (83%) was observed in the
breeding seasons of 2019-2020 and 2020-2021,
indicating a considerable progress in Gyps indicus
breeding success in the Mudumalai Tiger Reserve
over the study years.

Significant differences were noted in the in-
crease of the number of nests 2015 to 2021 be-
tween the occupied and incubated nests (t = 6.70,
p < 0.01), as well as between an incubated and
hatched nests (t = 6.325, p < 0.001). Fledging suc-
cess was found to be significantly correlated with
hatching success (r = 1.00, p < 0.001), and the in-
cubation was significantly correlated with hatching
success (r=0.95, p <0.01). No significant variabil-
ity was recorded in breeding success and produc-
tivity over the study years (F =2.012, p > 0.05).

Table 1. The characteristics of Gyps indicus population in 20162021 in the Mudumalai Tiger Reserve, South India

Cootones. | Y i individuats| M*S® | indivicuals | M*SF | indiiduats | MESE | of maividunts | M* "
2 2016 12 114 9.50 +0.46 24 2.00+0.27 26 2.16+£0.27 164 13.66 +0.56
3 2017 12 133 11.08 +£0.39 34 2.83+0.11 46 3.83+0.24 213 17.75+0.41
3 2018 12 132 11.00 £+ 0.40 46 3.83+0.35 61 5.08 £0.22 239 19.91 £ 0.57
3 2019 12 139 11.58 £0.45 58 4.83+0.11 69 5.75+£0.13 266 22.16 +0.44
4 2020 12 158 13.16 £ 0.62 70 5.83+£0.29 72 591+£0.11 298 24.83 + 0.66
4 2021 12 169 14.08 + 0.67 87 7.25+0.17 78 6.50+£0.15 334 27.83 +£0.62
Note: M — average value, SE — standard error.
Table 2. Reproductive performance of Gyps indicus in the Mudumalai Tiger Reserve (South India) in 2015-2021
R e e b e e
2 2015-2016 5 4 2 80 0.50 0.40 3
3 20162017 6 5 3 83 0.60 0.50 3
3 20172018 6 5 4 83 0.80 0.67 2
3 2018-2019 7 5 4 71 0.80 0.57 3
4 2019-2020 8 6 5 75 0.83 0.63 3
4 2020-2021 8 6 5 75 0.83 0.63 3
In total: 40 31 23 78 0.74 0.58 17
M+ SE 6.66 + 0.49 5.16 £0.30 3.83+£0.47 77.83 £2.00 0.72+0.05 0.56 = 0.04 2.83+0.16

Note: M — average value, SE — standard error.



Nature Conservation Research. 3anoseonasn nayxa 2024. 9(4)

https://dx.doi.org/10.24189/ncr.2024.027

Breeding failures occurred at various stages of
the breeding cycle, with the highest proportion of
nest failures occurring before the egg-laying stage.
Out of a total of 17 failed breeding attempts, nine
(53%) attempts were detected before egg laying,
and eight (47%) during the incubation period. There
was no significant difference observed between nests
abandoned before and after egg laying (t = 0.415,
p > 0.05). The analysis of nest abandonment across
the studied years revealed a significant difference in
month-wise distribution (H = 5.84, p < 0.05). The
abandoned nests were observed in November (ten
nests; 59%) and December (seven nests; 41%). Ad-
ditionally, a significant difference was observed be-
tween the number of occupied and abandoned nests
(t=8.032,p<0.001).

Discussion

Raptor populations are limited by the availabil-
ity of breeding habitats at microscale level (Bevers
& Flather, 1999). However, macrohabitat character-
istics, such as vegetation cover type, topography, hu-
man pressure, availability and accessibility of prey
are important components in nesting habitat selection
(Sergio et al., 2004; Kudo et al., 2005; Rodriguez-
Lado & Tapia, 2012). The present study highlights the
suitability of the eastern side of the rocky mountain-
ous structures in the Mudumalai Tiger Reserve as an
optimal breeding habitat for Gyps indicus. The nest-
ing colonies in the Mudumalai Tiger Reserve were
inaccessible to humans as well as terrestrial predators,
contributing to their protection and breeding success.
The physical characteristics of nesting sites play a
crucial role in determining the breeding success by
influencing predation risk (Martin, 1993; Verlando
& Marquez, 2002; Mainwaring et al., 2014). Specifi-
cally, hidden nests or those situated on locations in-
accessible to terrestrial predators tend to have higher
breeding success rates (Mallory & Forbes, 2011;
Haynes et al., 2014; Anderson et al., 2015).

Sunshine and slope orientation appeared to be
of low importance in the case of Aegypius monachus
(Linnaeus, 1766) (Mihoub et al., 2013), but aspects of
the cliff location play a role in nest site selection. For
example, Gyps fulvus (Hablizl, 1783) generally pre-
fers western and southern exposures of slopes due to
a larger amount of sunshine (Marinkovi¢ et al., 2012).
Although the present study revealed the use of almost
all aspects for nest building, the west and north slopes
were the least preferred aspects. As expected, 50% of
the nests were located on eastern exposure, 25% on
southeast exposure, and 25% on southern exposure.
This orientation provides more sunshine for chicks

in a colder climate and typically maintains congenial
atmospheric temperatures compared to western- and
northern-facing locations. A similar observation was
made in the Gyps indicus population in Protected
Areas of Madhya Pradesh, Central India (Jha et al.,
2021). Venkitachalam & Senthilnathan (2015) found
that 50% of the nests were located on north-facing
exposures, 16% on east-facing exposures, and 17%
on south and southeast-facing exposures in the Moyar
Valley, Tamil Nadu, India. In some other studies (e.g.
Vlachos et al., 1998; Liberatori & Penteriani, 2001;
Sen et al., 2017), the southern aspect was preferred,
possibly, due to the sunlight availability (Carlon,
1992). The present study also revealed that the pre-
ferred nesting site altitude was between 821 m a.s.l.
and 1600 m a.s.l. Jha et al. (2021) found that Gyps
indicus and Neophron percnopterus (Linnaeus, 1758)
showed preferences for nesting sites ranging from 56
m a.s.l. to 169 m a.s.l. in Protected Areas of Madhya
Pradesh, Central India. This indicates that altitude
is linked to local topography rather than a species-
specific requirement (Mihoub et al., 2013). Notably,
the same nests were consistently utilised by Gyps in-
dicus throughout the study period in the Mudumalai
Tiger Reserve. Some studies have observed that con-
structed nests are re-used for years or even decades
by the same birds, gradually increasing in size with
each breeding season (Rasmussen & Anderton, 2005;
Kushwaha & Kanaujia, 2009; Vergara et al., 2010).

In the Mudumalai Tiger Reserve, factors con-
tributing to disturbance, such as the average distance
to roads and villages (2 km and 4 km, respectively),
were notably far away from the nesting habitats.
Most road networks have a very low traffic intensity
due to the Protected Area status, although the State
Highway passing through the Mudumalai Tiger Re-
serve exhibited a high traffic intensity. Consequently,
their impact on vultures remains minimal. However,
nesting vultures are highly sensitive to disturbance,
to the extent that increased activity along roads may
lead to nest site desertion (Bridgeford & Bridgeford,
2003; Monadjem & Garcelon, 2005). In contrast,
Gyps bengalensis, G. indicus, Sarcogyps calvus
(Scopoli, 1786) and Neophron percnopterus have
been observed foraging around human settlements
(Thakur & Narang, 2012; Samson & Ramakrishnan,
2016, 2020). Similar associations have been docu-
mented for other species, such as Gyps bengalen-
sis, Necrosyrtes monachus (Temminck, 1823), and
Neophron percnopterus in various parts of the world
(Henriques et al., 2018).

Despite the crucial role of water in a vulture
survival (Fergusons-Lees & Christie, 2001; Naoroji,
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2007), information regarding the vulture nest prox-
imity to water bodies is scarce. In the present study,
the distance of Gyps indicus nests to water bodies
is a few kilometres, indicating that vegetation suit-
ability is prioritised over the water proximity. Jha
et al. (2021) observed larger vulture congregations
near water bodies and smaller populations at a higher
distance from them in Protected Areas of Madhya
Pradesh, Central India. Wagley et al. (2020) found
that river banks are favourable areas for wild animal
carcasses, providing enough food for vultures and
increasing the food availability. Moreover, the pres-
ence of active and occupied nests near water sources
allows the species and their offspring convenient
access to water after feeding on carrion. Thakur &
Narang (2012) also noted that most nest sites were
located near water sources, while Ghimire (2016)
observed nests on forest edges in a close proximity
to water sources. Ramakrishnan et al. (2014) con-
firmed the importance of water for vulture nesting,
emphasising its significance for all living organisms.
Samson et al. (2014) highlighted the importance of
waterholes as decisive factors for vulture conserva-
tion within their habitat range, a finding supported by
similar observations elsewhere. Gyps africanus Sal-
vadori, 1865 are known to prefer riparian vegetation
for nesting (Monadjem, 2001; Monadjem & Garce-
lon, 2005), although this preference may vary in the
absence of such vegetation (Tarboton & Allan, 1984;
Monadjem & Garcelon, 2005).

In the Mudumalai Tiger Reserve, the population
trend of Gyps indicus exhibited significant growth
over the study years. Particularly, the number of
adult and sub-adult individuals showed a notable
association, indicating a promising trend in the sur-
vival and transition of sub-adults to adults within
the Gyps indicus population in the Protected Area.
Population variations were observed between breed-
ing and non-breeding seasons, a pattern also noted
in studies of Baral et al. (2005) and Samson & Ra-
makrishnan (2020), investigated Gyps bengalensis
populations in Nepal and India. This observed vari-
ation could be attributed to the behaviour of adult
birds during non-breeding seasons, as they tend to
fly far away in search for food and may not return to
nesting colonies at the same day (Rabenold, 1987).
Consequently, the maximum number of vultures was
observed in and around nesting colonies only dur-
ing breeding period in contrast with non-breeding
seasons. It was noted that the number of Gyps indi-
cus individuals in the population slightly increased
during the breeding season compared to the non-
breeding season. This phenomenon may suggest a

high survival rate among the birds and/or an influx
of non-breeding birds from other areas. However,
further investigations are needed to confirm this.

The timing of the breeding and nesting season of
Gyps indicus, observed in this study from October to
May, is consistent with earlier studies (Naoroji, 2007;
Misher et al., 2017). Gyps indicus lay their eggs in
November, i.e at the beginning of the winter season
in the Mudumalai Tiger Reserve, which is at the end
of the rainy season. The incubation takes place in No-
vember and December and eggs are being hatched in
January. These findings strongly support the sugges-
tion that the egg-laying in Gyps genus is generally
triggered at the end of the rainy season, irrespective
of the latitude (Mundy et al., 1992). Newton (1979)
observed that normally the breeding chronology in
raptors varies according to the geographic area and
is largely defined by food availability and weather
conditions. In the Mudumalai Tiger Reserve, nesting
colonies of Gyps indicus are relatively small in num-
ber compared to the whole population, and breed-
ing success varies depending on the colony. Some
studies suggest that breeding success in group-living
birds may be influenced by the colony size (Hunt et
al., 1986; Barbosa et al., 1997; Brunton, 1997, 1999;
Weaver & Brown, 2005). Furthermore, the optimal
group size depends on the definition of fitness (Sibly,
1983; Giraldeau & Gillis, 1985; Kramer, 1985).

During the breeding seasons, spanning from
2016 to 2021, a total of 40 occupied nests, including
31 active nests and 23 chicks, were observed in the
Mudumalai Tiger Reserve, resulting in a breeding
success rate of 74%. The average incubation period
was recorded at 63.6 + 1.7 days, while the nestling
period was observed to be 128.4 £+ 1.16 days in the
Protected Area. These findings are consistent with
those reported by Misher et al. (2017), observed an
incubation period at 62.5 + 1.5 days and a nestling
period of 129.4 £+ 1.0 days along the River Cham-
bal in Rajasthan, India. However, the study of Ravi-
kanth & Baskaran (2023) showed that the incubation
period ranged at 53-55 days with a mean of 54 + 1
days, while the observed nestling period was 103 +2
days in the Kaghaznagar Forest Division and its ad-
joining areas on the Deccan Plateau, India.

In the southern Indian states of Tamil Nadu,
Karnataka, Andhra Pradesh, and Telangana, there
are only a few number of Gyps indicus populations.
Venkitachalam & Senthilnathan (2015) reported four
breeding pairs and nesting site characteristics of Gyps
indicus in the Moyar Valley ecosystem, Tamil Nadu,
India. Additionally, Samson & Ramakrishnan (2018)
recorded an additional nesting site of G. indicus in
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the Moyar Valley ecosystem with successful breed-
ing. Subramanya & Naveein (2006) documented ten
adults of Gyps indicus with three occupied nests, re-
sulting in a 75% breeding success rate in the Raman-
agaram hills, Karnataka state, India. A recent study
of Padma (2018) reported 253 sightings of Gyps in-
dicus in 76 visits, with an average of 3.3 vultures per
visit in the Ramadevarabetta Vulture Sanctuary over
2015-2017. However, all three nests observed during
the breeding seasons of 2015-2017 were unsuccess-
ful. Srinivasulu et al. (2009) observed a total of 17
Gyps indicus emerging from nearby rocky outcrops
in the Adoni area of the Nagarjunasagar-Srisailam
Tiger Reserve, Andhra Pradesh state, India. Stotrab-
hashyam et al. (2015) documented nesting sites of
Gyps indicus in the Southern Indian region, with a
particular focus on Palarapu Cliffs, Bijjur Reserve
Forest, Telangana state, India. Ravikanth & Ram
Mohan (2016) reported 19 adults and ten occupied
nests with eight chicks, resulting at 80% breeding
success rate in Palarapu Cliff, Telangana state, India.
Considering the northern part of India, Chhangani
(2004) observed that 92 nests of Gyps indicus with
eggs had chicks from October 1999 to April 2000
at various nesting sites. The nesting success, deter-
mined from egg laying to fledging was 90%. Gurjar
& Gawande (2011) found eight nests accounting for
eight chicks with 100% breeding success on Gyps
indicus in the Panna Tiger Reserve, Madhya Pradesh
state, India. Misher et al. (2017) recorded 22 nests
with 17 active ones, of which 16 were successfully
hatched (94%) and 14 chicks were successfully
fledged (82.25%) out from the nest of Gyps indicus
in Gapernath, River Chambal, Rajasthan state, In-
dia. Chishty & Choudhary (2020) recorded that in
the first observation year (July 2017 — June 2018),
a successful breeding rate of 60% was recorded. Of
the five nests, in three nests successfully developed
the chicks and were able to fly while two nests were
a failure. In the second year (July 2018 — August
2019), the successful breeding rate was 20% only.
In one nest the chick developed successfully and it
was able to fly, while the other four nests failed (Ch-
ishty & Choudhary, 2020). McClure et al. (2021) ob-
served that Gyps indicus had 2397 potential nesting
ledges, of which 1183 (49.4%) were in the Rajasthan
state and 1214 (50.6%) in Madhya Pradesh state. Of
them, 686 (58%) and 723 (60%) ones were occupied
at least once in Rajasthan state and Madhya Pradesh
state, respectively. Ravikanth & Baskaran (2023)
studied the breeding ecology of Gyps indicus at
Palarapu Cliffs in Kaghaznagar and Sironcha Forest
Divisions in 2010-2021. The study documented 84

nests with 58 successfully hatched chicks, resulting
in a breeding success rate of 65%.

In the Mudumalai Tiger Reserve, all nesting
colonies were located quite far away from human
habitation on top of cliffs. Thus, both human pres-
sure and terrestrial predators did not pose a threat-
ening factor to the Gyps indicus population. Only
the largest eagles and vultures were relatively free
from predation pressure, although their nests may
occasionally be assaulted by carnivores (Tapia &
Zuberogoitia, 2018). Forest fires, particularly those
caused by humans, posed a serious threat to one of
the nesting colonies of G. indicus during the years of
2015-2016 and 20162017, resulting in no nesting
being observed during the breeding seasons. Forest
fires, especially those of human origin, represent a
significant threat to the Gyps indicus population in
the Mudumalai Tiger Reserve. Andalus (1993) ob-
served that forest fires destroyed nests of Coragyps
atratus (Bechstein, 1793) with chicks in Spain, in-
dicating a potential threat to the only Balkan colony
located in Greece.

Conclusions

The present study indicates an increase in the
population of Gyps indicus in the Mudumalai Tiger
Reserve, India, during 2015-2021. Forest fires posed
a serious threat to the nesting colonies of this spe-
cies. Based on these findings, we suggest continuous
monitoring of the population and breeding status of
Gyps indicus in the Mudumalai Tiger Reserve as it
is crucial for understanding the population trend of
the species. A species-specific conservation-oriented
action programme is necessary to secure this last
southernmost wild viable Gyps indicus population in
the Mudumalai Tiger Reserve. At this juncture, we
highly recommend declaring the buffer zone of the
Mudumalai Tiger Reserve as a «Vulture Sanctuary»
to provide legal protection to the Gyps indicus popu-
lation living in this area.
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nonvisanus, OCObEHHOCTHU 'HE3JOBAHUMSA U OKOJIOI'UA
PASMHOXKEHUSA HAXOJAIIETOCS TOJ YT'PO30M UICUE3HOBEHMUS GYPS
INDICUS B TUTPOBOM 3AIIOBEJJTHUKE MYIYMAJIAU, IOXKHASI UH]IUSA

A. Camcon®"2, JIxk. JI. MIpuucu®Y, b. PamakpuinHan?

'06wecmeo ecmecmeennoti ucmopuu bombes, Hnous
[Ipasumensemeeniviil KoaLeoxic uckycems, Hnous
*e-mail: kingvulturel 786(@gmail.com

B nocnennee BpeMsi CKOPOCTh BBIMHPaHUS BUJOB YBEJIMYMIIACh BO BCEM MHPE M BO MHOTO Pa3 BBIIE, YeM B
pe3ynbrare BO3IEHCTBHS TOIBKO €CTECTBEHHBIX MponeccoB. HeGonbimnme n3onnpoBanHble TOMYISIINT Hanoosee
YSI3BEMBI IIEpeJl MPOLIECCOM BBIMUPAHUS BBUIY OOYCIOBJIEHHBIX M CIy4aiHbIX yrpo3. [loatomy coxpaHenue
TaKMUX TOMYNALNHN SBIAETCS CIOXKHOHN 3amadei. Hacrosmiee nccnenosanue, nposeneHnoe ¢ 2015 mo 2021 rr. B
TurpoBom 3anoBenunke Mynymanaii (tor Munun), Obu10 HanpaBlIeHO HA U3YYEHHE MOIMYISIIN, 0COOCHHOCTEN
THE3/I0BaHUSI M OKOJIOTHU Pa3MHOXEHHs CaMoil I0KHOW B cTpaHe nomymsinun Gyps indicus. OneHKa 4ncIiieH-
HOCTH 0co0el MPOBOAMIACH HA MECTaX HOUEBOK M THe3noBaHus Gyps indicus B TurpoBom 3amosennnke My-
naymanai. [l u3yueHnst 0cOOEHHOCTEH THE310BaHHs M SKOJIOTHH Pa3MHOMKEHHUS KaXTy0 THE3I0BYIO KOJOHHIO
CHCTEMATHYECKH TIOCEIAIN YeThIPe pa3a B MECSI] B TEUSHUE Ce30Ha pa3MHOKEHUS (OKTAOph — Maif). OneHkH
yIpO3 OLICHUBAIUCH B XOJIC BhIC3I0B Ha MecTa o0uTanus Buaa. 3a nmeprox 2015—2021 rr. ObUTO BBISIBICHO YEThI-
pe THEe3I0BBIX yuacTKa. [IBa u3 HuX ObuIH BhIssBICHBI B 2016 T. 1 ente o ogromy B 2017 . u 2020 1. ['He310Bbs
pacnonaraiaich B cpegHeM Ha Beicote 1122.25 £ 170.06 M H.y.M., B peaenax oT 821 M H.y.M. 10 1600 M H.y.Mm.
Ha Teppuropun nccneoBanus aBa rHE3/ia paciioiarajich Ha CKIIOHAX BOCTOYHON SKCIIO3HUIIUH, OJJHO — Ha CKJIO-
HE I0T0-BOCTOYHOH 3KCMO3UINN U OJHO — HA CKJIIOHE I0KHOW IKCTIO3MIMH. B OTHOIIEHNN cOCTaBa MOIMYIISIAN
CpENHsS YUCICHHOCTh B3POCIBIX 0codel Bo3pocia ¢ 9.5 + 0.46 B 2016 . o 14.08 £ 0.67 B 2021 . Caenona-
TEJILHO, Cpe/lHEee 3HAYeHUE 00LIel YMCICHHOCTH 0co0eil B KOJIOHUH yBenuuuiiock ¢ 13.66 = 0.56 B 2016 . o
27.83 £ 0.62 B 2021 1. B o0mieii cnoxkHoctu B 2015-2021 1. Habmomanock 40 (B cpentem 6.66 = 0.49 map/
rOJ1) TEPPUTOPUANIBHBIX Map C 3aHAThIMU rHe3namu. M3 uux 31 (B cpennem 5.16 + 0.30 map/rox) resasmasics
rapa OTJIOKHMIIA siiia. Bbuto oTMEYeHO ycremHoe BBICH)KMBAHKE ULl CO CPEHUM MHKYOAIlMOHHBIM ITEPHOIOM
B 63.64 = 1.74 musa. U3 31 rae3na ¢ kmaakamu 23 nrerna (3.83 £ 0.47 ocobeii/Tox) yCIenHo BEIIUTH U3 THE3/a;
ycrnex pa3MHOKeHus coctaBuil 74%. ITomublii nepron rHe3noBanus coctasun 128.43 +1.16 cytok. U3 17 ney-
JIAYHBIX TIOTIBITOK THE3/10BaHust 1eBsITh (53%) ObUIM 0OHAPYKEHBI J10 OTKIIAJIKH sIULL, @ BoceMb (47%) — BO BpeMsi
rieprosia BEICH)KMBaHUS ul. CTaTHCTHYECKH 3HAYMMBIX Pa3iIMYMi MEX]y KOJHMYECTBOM THE3[], HOKUHYTHIMU
JI0 ¥ TIOCJIE OTKJIAJKH S, He OblIo BhIsBIICHO (t = 0.4152, p > 0.05). B cezons! pasmHokennst B 2015-2017 rr.
CEPhE3HYIO YIPO3y HECKOJIBKUM I'HE3/JOBBIM KOJIOHUSM Gyps indicus TIPeCTABIISUIN JIECHBIE TTOXKAPhI aHTPOIIO-
TEHHOTO MTPOMCXOXKCHUS, B PE3yJIbTaTe Yero rHEe3/J0BaHMs TaM He HaOMo#anoch. st COXpaHEHUs H3yUeHHON
€IMHCTBEHHOW COXPAHMBIICHCS W CaMOU I0KHOI XKHu3HEeCTIocoOHOH nmomysamuu Gyps indicus B TurpoBom 3a-
noBeiHuKe Mynymanaii HeoOxoauma IporpaMma JIeiicTBUi, OpHEHTHPOBAHHAs Ha COXpaHEHHE JaHHOTO BH/IA.
B 771011 cBSI3M pexoMeHayeTcs MpeiCcTaBUTh OXPaHHYI0 30HY THUTpOBOro 3amoBenHuKa Mymaymainail B KauecTBe
«3akaznuka rpudos» («Vulture Sanctuary») Juist obecriedeHuns JerabHOM oxpaHbl oy Gyps indicus,
oOuTaromieil Ha TEepPUTOPUH UCCIIEJOBAHNS.
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