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Abstract. Protected Area (PA) establishment is one of the commoner strategies for wildlife conservation, but the effectiveness of these
developments is rarely evaluated in terms of species’ performance. This article assesses the effectiveness of PAs of Central India, using an
assessment of threatened vulture species. These species may be considered as keystone species in this region. Relevant parameters considered
for assessment comprised: (i) the presence and population density of vultures in PAs compared with those in unprotected forests and
agricultural landscapes; (ii) counts of the breeding population, nesting preferences and environmental factors for such variables; and (iii)
the impacts of policies designed to combat the effects of the deadly diclofenac drug on vulture populations. Quantitative (total counts of
vultures and nests, transect surveys) and qualitative (semi-structured interviews, secondary data surveys) methodologies were used in data
collection, to provide an adequate information base. White-rumped, Long-billed, Egyptian and Red-headed vultures (resident) and Cinereous
Vulture, Eurasian Griffon and Himalayan Griffon (migratory) were recorded in PAs. The probability of vulture occupancy was significantly
higher in PAs (44-51%), than in unprotected forest (17.6-17.8%) and agricultural areas (0.03%). The average vulture density in PAs (0.529
+0.228 km™) was also much higher than in unprotected forest (0.014+0.012 km?) and agricultural areas. The presence of active, inactive
and abandoned nests in PAs revealed favorable habitat conditions for breeding, potential breeding and floater vulture categories. Disturbance
factors were insignificant. The statutory ban on diclofenac use had a significant impact on vulture populations within the PAs, but this
factor was insignificant in surrounding areas. These findings indicate a positive role of PAs in conservation, with insignificant impacts of
the diclofenac ban across different types of landcover. It is concluded that increased promotion of environmental education is important to
ensure effective vulture conservation and the success of PAs.

Keywords: vulture occupancy, vulture population, vulture density, nesting habitat, nesting density, diclofenac use, National Park and Sanctuary.

1. Introduction status of a species or a continuum of threats. Consequently,

this form of conservation management is deemed by

Protected areas (PAs) are almost synonymous with the managers, policy makers, researchers, and stakeholders to
conservation of biodiversity (Lewis et al., 2017) and be vital for sustainable ecological conservation (Stem et al.,
assessment of conservation, whether conducted to assess the ~ 2005). The global numbers and areas of conservation projects
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have grown exponentially over the past 25 years, especially
less developed countries (LDCs) with high biodiversity
(Naughton-Traves et al., 2005). PAs covered 15.4% of the
world’s terrestrial land surface by the second decade of the
21st century, with a target of 17% by 2020 (Convention on
Biological Diversity, 2010; Juffe-Bignoli et al., 2014; Watson
etal.,2014). Currently, the figure is 15.53% (Protected Planet,
2021). In India, PAs have been expanded, with the objective
of managing forests and wildlife populations, with particular
emphasis on endangered species. Central India (=Madhya
Pradesh) has a wide network of PAs (9 National Parks and 25
Wildlife Sanctuaries) covering more than 11% of forest area
of the state (AAR, 2000). The existing PA network protects
animal habitats from human-induced degradation and
consequent biodiversity loss (Bruner et al., 2001; Rodrigues
etal.,2004). Tiger conservation is the primary concern of PAs
in Central India, but other related species and habitats are
also considered (Jitendra Agrawal, Chief Wildlife Warden,
MP, personal communication).

Vultures are important species for conservation mana-
gement, because they are obligate scavengers at the top of the
trophic structure, with vital functions in ecosystem services,
especially the removal of decaying carcasses and the potential
spread of diseases in animals and human beings (Markandya
et al., 2008). Vulture populations, especially in India are
however seriously threatened by many environmental and
human-induced factors (Galligan et al., 2020; Jha & Jha 2020,
2021). Madhya Pradesh is considered as an Indian stronghold
for vulture species, but other Indian provinces still have
sizable populations of different vulture species (Jha, 2018).
Vultures mostly survive in PAs, with less presence in reserve
forest, and seriously declining populations in agricultural
landcover (Prakash et al.,2017). Favored nesting sites are tall
trees in forest stands, and cliffs of nearby hills (Jha, 2017).
Clift-nesting is hypothesized to offer unhindered movement
possibilities in open spaces, refuges and protection from
the harsh weather, etc. Resident vulture populations are
dependent on these parameters for nesting and roosting, but
migratory species only need roosting structures.

The decline of Gyps species, along with other vultures
such as the Egyptian Vulture and the Red-headed Vulture,
across the Indian subcontinent was attributed largely to the
consumption of tissue from carcasses of individual cattle
administered with the nonsteroidal anti-inflammatory
drug diclofenac (Shultz et al., 2004; Galligan et al., 2014;
Majgaonkar et al., 2018). Veterinary formulation of this
drug was banned to protect the vulnerable, declining vulture
populations in India and neighboring countries. However,
six years after the ban of licensed veterinary diclofenac, and
of the sale and use in India, Saini et al. (2012) identified
a persistent black market for the drug, which was very widely
available for unrestricted purchase. Ten years after the ban,

Cuthbert et al. (2016) and Nambirajan et al. (2017) also
reported that diclofenac has remained a significant cause of
mortality for India’s vultures.

Although the larger issue of PA establishment is one of
the most common strategies for wildlife conservation world-
wide (Ervin, 2003; Gaston et al., 2008), the effectiveness of
such policies is rarely evaluated (Morales-Reyes et al., 2016).
Several studies have emphasized the importance of vulture
conservation outside PAs as they can represent a significant
part of vulture home ranges, while vulture populations
frequently occur inside PAs (Galvez et al., 2013; Phipps et
al.,2013; Mdhlano et al.,2018). Since PAs are the cornerstone
of conservation (Gaston et al., 2008; Coetzee et al., 2014),
they play a critical role in safeguarding biodiversity and
maintaining the crucial services provided by the natural
system (Kolahi et al., 2013). PA management is defined
as a leading approach for protection of keystone species
within their borders. Such PAs in Central India shelter both
resident and migratory vulture species, both of which may
be regarded as keystone species (Markandaya et al., 2008;
Buechley et al., 2018; Mdhlano et al., 2018). Such keystone
species may indicate the health of the environment of PAs
which, generally, have a higher abundance, richness and
assemblage than surrounding landuse-landscape (Coetzee et
al.,2014; Sweke et al., 2016). This article considers these issues
in the PAs of Central India, with the following objectives,
assessing: (i) the occupancy and density of vultures in PAs
vis a vis forest and agriculture landscapes; (ii) the breeding
populations, preferential nesting structures, and surrounding
factors; (iii) and the impact of preventive measures against
the diclofenac threat on vulture populations.

2. Study area

The selected major PAs (National Parks (Bandhavgarh:
BDNP, Kanha: KHNP, Madhav: MDNP, Panna: PANP, Pench:
PENP, Sanjay: SJNP, Satpura: STNP) and Wildlife Sanctuaries
(Gandhisagar: GSWS, Nauradehi: NDWS, Kuno-Palpur:
KPWS) of Central India = Madhya Pradesh (21° 6’- 26° 30’
N and 74° 00’- 82° 51’ E) for the present study are shown in
Figure 1 (Red and maroon polygons).

There are three types of forests in the state — dense
tropical moist deciduous forest in the south of the province,
tropical dry deciduous forest in the middle, and more open
tropical thorn forests in the north, with undulating and hilly
topography — amongst which these PAs are interspersed. The
climate of the province is subtropical, with a hot dry summer
(March-June), monsoon rains (July-September) and a cool,
relatively dry winter (October- February). Rainfall averages
about 1370 mm, decreasing from east (2150 mm) to west
(1000 mm) (Jha et al., 2020).
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Figure 1. Top: Location of PAs in Central India-MP. Maroon polygons are the National Parks (BDNP: Bandhavgarh,
KHNP: Kanha, MDNP: Madhav, PANP: Panna, PENP: Pench, SJNP: Sanjay, STNP: Satpura) and red polygons
are the wildlife Sanctuaries (GSWS: Gandhisagar, NDWS: Nauradehi, KPWS: Kuno-Palpur). Yellow (low), green
(moderate) and pink (high) polygons around the PAs are districts with different livestock availability or potential

food for vultures outside the PAs. Bottom: Bar chart indicates ungulate density (number km™?) within the PAs. Inset

gives location of study area, Central India

3. Materials and Methods

Methods adopted for the estimation of the population of
vultures, characterization of nesting habitat and diclofenac
use survey are described in following paragraphs under
different sub-sections.

3.1. Population Distribution in PAs
The total vulture count was done in winter (January) and

summer (May) season of 2016 in all the PAs, besides reserve
forest, and agriculture areas following protocols detailed in

Jha (2018). Species-wise individuals (adult and juvenile)
and their nests (active, inactive and abandoned) were also
counted in these areas.

Rapid population assessment was also done in 2018,
following a road transect survey that is a common method
of measuring vulture density and estimating vulture
populations (Prakash et al., 2007, 2017; Acharya et al.,
2009, 2010; Virani et al., 2011; Subedi et al., 2018). For the
present study three transects were selected to give sufficient
representation to agricultural landscapes, forest areas outside
PAs and Protected Areas (Fig. 2). The survey was done
during the months of June, August and September 2018.
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Approximately 2% transect area covered ca. 70% state area
and traversed through the above-mentioned PAs and major
corridors. For logistic convenience, these three transects (i.
Bhopal-Nauradehi-Mukki-Karmajhiri-Delakhari-Bhopal;
ii. Bhopal-Shivpuri-Gwalior-Sheopur-Gandhisagar-Bhopal;
iii. Bhopal-Orchha-Panna-Tala-Sidhi-Singrauli-Damoh-
Sagar-Bhopal) were kept circular without overlap. The
origins and destinations of these surveys were our research
headquarters in Bhopal. The distances covered on these
routes were 1535 km, 1688 km and 2089 km, respectively
(total 5312 km).

Vulture density (individual km™) was calculated using
transect areas of 1 km width (500 m on either side of
the road) and number of the vultures sighted along the
survey routes. Vulture sighting was done by two observers
concentrating on two different sides of the road from
a moving vehicle at 50-60 km h™ speed outside the forest
and 20 km"! speed inside the forest or PAs. Vulture species
sitting on the ground or tree or flying/soaring in the sky
within half a kilometer distance on either side of the road
were identified and counted. The observers practiced the
methodology before starting the survey to estimate the

500 m distance by marking an object with known distance.
Garmin GPS, Olympus Binocular (10x50 DPS I, field 6.5°)
and Lumix Camera (FZ100, 24x Opt Zoom, 14 mega pixels)
were used to record the coordinates of the sight, and to
identify and capture the vulture species.

Occupancy estimation: The study area was divided
into sub-cells and cells of equal size, 10 km? and 250 km?,
respectively, using the fishnet tool of ArcGIS 10.5. The
sub-cells were treated as vulture sites or water use area
embodying one to many sightings of roosts or nests with
vultures within the area while cells as foraging area (Jha et
al., 2020). Presence of vultures during census was recorded
in the sub grids and occupancy analysis was done using
PRESENCE software.

3.2. Breeding population and Nesting suitability

Roosting and nesting sites with different physical features
were categorized as Forest and Agriculture (land use) habitat.
Forest habitat was further sub-grouped as Vegetated and
Hilly tracts as the trees and cliffs were used by different
species for nesting and roosting. Breeding populations and
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Figure 2. Routes of transect survey covering major Protected Areas — National Parks (BDNP: Bandhavgarh, KHNP:
Kanha, MDNP: Madhav, PANP: Panna, PENP: Pench, SJNP: Sanjay, STNP: Satpura) and Wildlife Sanctuaries (GSWS:
Gandhisagar, NDWS: Nauradehi, KPWS: Kuno-Palpur) and corridors through different landcovers in Central India-

Madhya Pradesh. The coloured circles denote vulture sighting in different land cover. The same routes were followed

for diclofenac survey covering major towns not far from the PAs. Inset depicts number of locations (red spots) of

vultures in different provinces, indicating central India as a stronghold (Adopted from Jha, 2018)
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potential breeders were calculated indirectly by using the
hypothesis of number of active nests used by a pair and
possibility of number of inactive nests to be used by another
pair, respectively.

During the 2018 survey, the randomly selected nests of
the 2016 census in the PAs were revisited and characterized
by recording certain features such as: i) elevation of nesting
point; ii) distances of nearest village, metaled road, railway
lines, waterbody; iii) overhead crown coverage; iv) cliff
aspect; and v) nest condition etc. in order to know the
nesting (habitat) suitability.

These vultures have a single food source which is
ephemeral and partially predictive in time and space
(Ruxton & Houston, 2004; Cortes-Avizanda et al., 2014;
Alarcon & Lambertucci, 2018). They survive primarily on
the carcasses of herbivores and ungulates found within
forested landcover and human dominated landscapes.
Corresponding secondary data were procured from the
Wildlife wing of the Forest Department (SFRI, 2016) and
the Veterinary Department, respectively (Fig. 1).

3.3. Diclofenac threat survey
in and around PAs

A qualitative research methodology was adopted during the
study period, June 14 to October 21, 2018. We interviewed
eleven veterinary experts (including two retired veterinary
officers), who were both freelance practitioners and
government hospital doctors. Medical shops and pharmacies
were covered along the routes chosen for transect survey
mentioned above. A total of 35 towns and 116 on way
shops dealing in human or veterinary medicines were
randomly selected. Diclofenac vials were purchased during
the interviews of the chemists (counter managers). To
encourage cooperation from the respondents, receipts were
not recorded. Anonymity was assured to get free, frank and
fair information from generally the hesitant shopkeepers due
to banned status of diclofenac. Within the PAs non-relocated
villagers and frontline staff (n=28) were interviewed for use
of diclofenac for cattle treatment.

Table 1. Occupancy analysis of Vultures in Central India-MP

4. Results
4.1. Population distribution

Vultures used space for shelter (roost/nest), water and
nutritional requirements, areas of which were small, large
and larger in scale, respectively. The vultures showed
movement around and away from the shelter and ranged in
all directions. Fishnet sub-cells (10 km?) and cells (250 km?)
corresponded with shelter and water-use, and foraging areas,
respectively (Jha et al., 2020). Seasonal vulture populations
(Table 1) showed that the naive estimate or psi () value
varied little in the different seasons. However, they varied
considerably in different landuse-landcover. Probability of
occupancy () was maximum in PAs followed by forest
and agriculture. Probably, 44-51% of PAs was occupied by
vultures as compared to 17.6-17.8% of forest and 0.03% of
agriculture areas.

During the road transect survey, 352 vultures of four
species were sighted on three transects totaling a distance
of 5312 km, which were covered in 19 days of field work
during clear days of the post summer season. Only resident
vultures were sighted outside and inside the forest and PAs.
Migratory vultures were absent as expected, as the survey was
conducted outside the winter migration period. Interestingly,
on a shorter transect line in PAs (354 km) we encountered
181 vultures. Consequently, the average density (km™)
of all vultures together was low (0.065 +0.004) statewide,
compared with that in the PAs (0.529 +0.22). The relative
proportions of vulture species on the full transect was 61.6%
(Long-billed Vulture), 22.4% (Egyptian Vulture), 15.3%
(White-rumped Vulture) and 0.7% (Red-headed Vulture).

The population distribution of vultures in selected PAs
of Central India is presented in Table 2. The total population
in PAs (2932) was 45% vultures confined to 5% of the forest
area out of 87% vultures in 95% of forests in Central India.
Thirteen percent of the recorded vultures were located
in agriculture landscapes, which covered approximately
double the forest area (Jha et al., 2020). Vulture populations
estimated by transect and total count methods varied in

. Winter Summer
Analytlcal parameter N N
PAs Forest Agriculture PAs Forest Agriculture

Naive estimate 0.4454 0.1105 0.0114 0.3866 0.1252 0.0114
Psi (y) value

0.5155 (0.0539) 0.1769 (0.0178) | 0.0378 (0.0194) 0.4405 (0.0520) 0.1784 (0.0160) | 0.0378 (0.0194)
(standard error)
95% confidence
interval 0.4107-0.6189 0.1447-0.2144 0.0136-0.1007 0.3423-0.5436 0.1492-0.2118 0.0136-0.1007
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different PAs but the total population was similar in both
cases. PA category-wise population density and nest density
differed, in that the former was lower in the National Park
(0.47) while the latter was lower in the Wildlife Sanctuary
(0.08). Vulture density estimated from the road transect
survey (Table 3) varied on different tracks or regions and
the landuse-landcover. It was highest in PAs (0.529 +0.228)
followed by whole state (0.065 £0.004) and the mixed forest
and agricultural landcover outside the PAs (0.033 +0.019).
However, vulture density just outside PAs in surrounding
forest divisions was very low (0.014+0.012 km™).

4.2. Nesting (habitat) suitability

Observations were made on randomly chosen nests (n=56)
in the selected PAs. Four vulture species were observed
nesting on cliffs (Long-billed and Egyptian vultures) or
trees (White-rumped and Red-headed vultures). Nesting site
variables concerning safety from predators and positioning
of disturbance-causing factors are recorded in Table 4. Nests
were mostly located at lower altitudes but 55% of them
were situated above 100 m. Large trees of different species
(Arjun Terminalia arjuna, Peepal Ficus religiosa, Saj Terminalia

Table 2. Vulture population and density in different PA categories in Central India-MP

i Population Nests (Total Density (km?)
Protected Areas Area (km®) Transect . .
Total count count) Population Nesting
method*
Bandhavgarh NP 448.85 237 171 36 0.38 0.08
Kanha NP 940.00 497 132 32 0.14 0.03
Madhav NP 375.22 198 356 55 0.94 0.14
Panna NP 542.67 287 811 226 1.49 0.41
Pench NP 292.85 155 40 0 0.001 0.00
Sanjay NP 466.88 247 54 23 0.11 0.04
Satpura NP 585.17 309 180 139 0.30 0.23
Total/Average NP 3651.64 1930 1744 511 0.47 0.14
Gandhisagar WS 368.62 195 628 111 1.70 0.30
Kuno WS 344.68 182 361 37 1.04 0.10
Nauradehi WS 1194.67 632 199 21 0.16 0.01
Total/Average WS 1907.97 1009 1188 169 0.62 0.08
Total/Average PA 5559.61 2939 2932 680 0.527 0.12
*Area x Density (0.529 km™2); NP = National Park, WS = Wildlife Sanctuary
Table 3. Density estimation of Vultures in Central India-MP through road transect method
Transect I Transect I1 Transect III Average StDev

Survey dates 14-21/06/ 2018 05-09/08/ 2018 21-26/09/ 2018

Total Track Distance km 1535 1688 2089

Vultures along track 93 117 142

Track distance in PAs (km) 172 86 96

Vultures along PAs track 73 32 76

Vulture %age in PAs 78.4 27.3 53.5 53.1 +25.574
Density in State (km?) 0.060 0.069 0.067 0.065 +0.004
Density in PAs (km?) 0.424 0.372 0.791 0.529 +0.228
Density outside PAs (km™) 0.014 0.053 0.033 0.033 +0.019

tomentosa, Kaim Mytragyna parviflora, Mahua Madhuca
latifolia, Baheda Terminalia belerica, Sal Shorea robusta, Sagaun
Tectona grandis etc.) hosted vulture nests in relatively open
forests (canopy cover 40-60%). Such trees were generally
either isolated or dominant in the area. Ledges or caves on
generally vertical cliffs were used for nesting, usually facing

south or south west direction. Waterbodies, paved roads, and
villages ranged from close to distant from nesting trees or
cliffs. No railways were near the PAs.

The total number of nests varied from 21 to 226 in
different PAs (Table 2). Although Pench NP had a vulture
population, nests were not detected in the 2018 survey or
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Table 4. Habitat variables characterizing nest sites in PAs of 2016 counts. The highest number of nests were seen in
central India Panna NP followed by Satpura NP, Gandhisagar WS etc.

Variables Average | SD (+) | Range | The classification of nests into active (parents with chick/
Cliff height of nests from the ground 51 67 | 12-250 | juvenile), inactive (adults without chick/juvenile) and
(m) abandoned (deserted nest) nests in two different seasons are
Tree height from the ground (m) 18 6 | 10-25 given in Table 5. Eight out of 10 PAs had all the three types
Elevation, Altitude (m) 109 36 | 56-169

of nests (Fig. 3) but Kanha NP had only inactive nests and

Distance of nearest waterbody (km) 1.17 1.86 0.1-6 no nests were recorded in Pench NP.
Distance of nearest village 4 4 | 0.2-20

(km)

Distance of nearest metaled road (km) 6 5 | 0.1-20

Distance of nearest Railway station (km) 63 46 | 6-150

Table 5. Distribution of Vulture nests in Protected Areas of Central India-MP

PAs Winter Summer Average
Active Inactive Aband Active Inactive Aband Active Inactive Aband
Bandhavgarh NP 6 1 4 16 24 19 11 13 12
Gandhisagar WS 14 76 26 49 27 27 32 52 27
Kanha NP 0 28 0 0 0 36 0 14 18
Kuno WS 7 13 0 22 21 9 15 17 5
Madhav NP 15 22 6 8 36 23 12 28 15
Nauradehi WS 14 4 0 15 8 0 15 6 0
Panna NP 43 41 46 170 91 60 107 66 53
Pench NP 0 0 0 0 0 0 0 0 0
Sanjay NP 0 2 21 5 3 13 3 3 17
Satpura NP 22 82 25 64 64 20 43 73 23
Total 121 269 128 349 274 207 238 272 170

Aband = Abandoned, NP = National Park, WS = Wildlife Sanctuary

Figure 3. Vulture landscape and nesting. Top: An ideal landscape for vultures in Gandhisagar Wildlife Sanctuary, the vertical cliff and
nesting trees on the table land and Chambal river in close proximity. Bottom left: Active nest of cliff nesting Long-billed vulture (an adult
with a chick on the nest). Bottom centre: Inactive nest of White-rumped vulture (two adults without chick/juvenile on the nest). Bottom
right: Abandoned nest without vulture occupancy in breeding season
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4.3. Diclofenac survey

All the doctors interviewed knew that veterinary use of
Diclofenac was banned by the government, as vultures
were vulnerable to poisoning effects. They were also
aware that Meloxicam was available as a safe substitute.
This alternative drug was easily available in the surveyed
hospitals and several shops. However, diclofenac sodium
in small vials (1 ml to 3 ml) was available in almost all
the shops, labelled with fourteen different trade names,
including Voveran 1 ml. Sodium diclofenac pills for human
use was also available in the market. There were also larger
vials (30 ml) of diclofenac sodium (Fig. 4) with different
names (D-25, Difenac, Diclofenac Sodium and Diclohim).
Some of the vials had statutory cautions “Not for veterinary
use and Not to be used in neonates” and some with only
“Not to be used for neonates”. Such vials currently available
in the market have valid periods of two to four years from
2015-17 to 2018-20.

Figure 4. Diclofenac NSAID: 30 ml vials available in the market for
sale by different brand names (left). Manufacturing date (06/2015
and 03/2018) and Expiry date (05/2019 and 02/2020) may be noted
on the vials on the right

Survey interviews revealed the ease of accessing these
sources in the veterinary network. Human formulations were
found to be frequently used and equally effective in animals.
The multi-dose human diclofenac may have gradually
replaced the veterinary formulation before declining in
availability. Respondents noted that in some cases several
smaller vials are combined to administer larger doses to cattle,
when larger vials are unavailable. A retired official of the
veterinary department argued that such human formulations,
including multi-dose diclofenac is freely available in the
market within easy reach of the veterinary network. This
official disputed the opinions of others, some of whom
stated that the diclofenac was banned and unavailable. One
of the veterinary practitioners also revealed that Meloxicam
was relatively unpopular, being found to be more painful to
animals due to its oil-base nature and its greater cost.

5. Discussion

Given the ongoing vulture decline (save Prakash et al.,2017),
it is essential to assess the relative importance of the factors
that affect vulture population persistence and growth (Virani
et al., 2011; Ogada et al., 2016). Many published sources
suggest vultures are affected by threats such as poisoning,
electrocution, collision with urban structures, direct
persecution, changes in agricultural practices, landscape
composition, and sanitary regulations that can reduce food
availability (Oppel et al., 2016; Santangeli et al., 2019 etc.).
However, vulture distribution and density, nesting habitat
suitability and poisoning threats could be used as population
persistence and growth indicators. The findings of the current
research are evaluated in relation to the existing literature in
the following sections.

5.1. Distribution and density

Vulture occupancy was largest in PAs, followed by forest
and agricultural areas. However, it is interesting to note that
vulture populations (all species together) estimated in PAs
by two different methods (total count and road transect)
have changed little over two years. This change might have
been expected as a normal phenomenon during this time.
Individual PAs have variable populations, with no evidence
of a correlation between vulture population and increased
area, so the lack of evidence of population change could be
coincidental. The similar population densities of the PAs may
also be coincidental. Normally, this should vary as the two
methods have different detection probabilities which may be
reflected in extrapolation.

The higher population density or proportion of popula-
tion distribution in PAs as compared to forest indicated the
greater habitat suitability of the PAs. One possible reason,
prima facie, is the high level of protection or low level of
anthropogenic disturbance in the PAs. Larger populations
of ungulates in the PAs (22-101 animals km™) serve as
additional food sources or at least as a safety-net. These
localized findings are like those found at the broader, na-
tional scale (Prakash et al., 2017). A factor for this could be
the species-specific management of PAs as the protection
of umbrella species is expected to benefit a wide range of
co-occurring species and their ecosystems (Roberge &
Angelstam, 2004; Seddon & Leech, 2008; Caro, 2010; Maslo
et al., 2016; Kalinkat et al., 2017). Most of the PAs (Band-
havgarh NP, Kanha NP, Panna NP, Pench NP, Sanjay NP,
Satpura NP) under study are managed for the conservation
of flagship umbrella species such as the Tiger and a few other
PAs for secondary species. Our findings agreed with those
of Prakash et al. (2017), who speculated that Gyps vultures
may be more numerous in National Parks because of the
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greater availability of nesting and roosting sites, such as trees
or cliffs, in the relatively undisturbed forests, woodlands and
mountains within the parks. Another finding of our research,
that PAs have a higher vulture density or abundance than
surrounding unprotected area, concurred with Coetzee et al.
(2014) and Sweke et al. (2016) but did not agree with high
species richness in PAs. This disagreement may be because
in the current study we worked only on the few, comparative
rare keystone species of PAs.

5.2. Nesting habitat suitability

Raptor populations are limited by the availability of breeding
habitat at the microscale level (Bevers & Flater, 1999).
However, macrohabitat characteristics like, vegetation
cover types, topography, human pressure, availability and
accessibility of prey, etc. are important components in
nesting habitat selection (Janes, 1985; Bosakowski & Speiser,
1994; McGrady et al., 2002; Sergio et al., 2004; Kudo et al.,
2005; Rodriguez-Lado & Tapia, 2012).

Tree availability is a potential limiting factor (Newton,
2010), but some findings dispute this position for vultures
and eagles (Kendall et al., 2017). However, mature (Poirazidis
et al., 2004) and tall trees of >10m (Chomba & Simuko,
2013; Chomba et al., 2013) are critical for nest placement by
vultures. In various studies (Mundy, 1982; Monadjem, 2003;
Monadjem & Garcelon, 2005; Herholdt & Anderson, 2006;
Thakur & Narang, 2012; Jha, 2015; Monadjem et al., 2016)
average nesting height varied between 11 m and 18 m which
corresponds to the present study (average 18 m + 6). Most
nests were observed on mature trees in the upper quarter
of the tree, usually in tri-forked positions in lower canopy.
Exceptions were some Red-headed and White-rumped
vulture nests found on top of the tree crown. This finding is
marginally different from those of Monadjem et al. (2016)
for the Hooded vulture, where the mean nesting location
is 72% of the tree height within the foliage but never in the
canopy.

The presence of all three types of nests (active, inactive
and abandoned) in PAs indicated favorable habitat, due to the
presence of breeder (active nests), potential breeder (inactive
nests) and floater category of vultures. Vultures without any
nests in a PA (eg. PENP) belonged to the floater category,
like raptors located far from the breeding grounds (Prommer
et al., 2012; Tanferna et al., 2013; Zuberogoitia et al., 2013;
Tapia & Zuberogoitia, 2018). However, the nesting density
range in our PAs (1-41 nests 100 km™®) was much lower
than in the Masai Mara Game Reserve in Kenya (53.5 100
km; Virani et al., 2010) and conservation area (18.8-58.2
100 km?) of Swaziland but was higher than in protected
cattle ranches (3-8.9 100 km) reported by Monadjem
& Garcelon (2005). However, higher nesting densities in

conservation areas than in protected cattle ranches and
unprotected government ranches (Monadjem & Garcelon,
2005) supports our findings where forest (lesser protected
area) and agriculture area (unprotected) showed much lower
nesting density as compared to PAs (unpublished data).

The high numbers of active and inactive nests (75%)
in the PAs indicate their healthy breeding rates and high
habitat suitability. Concurrently, abandoned nests may reveal
unsuitability, at least temporarily. Though the abandoned
nests, prima facie appear useless, they should be observed
and protected as vultures may reoccupy the nest sites even
after a decade of absence (Del Hoyo et al., 1994; Hardey et
al., 2009; Bamford et al., 2009; Tapia & Zuberogoitia, 2018).

Higher nesting density could be attributed to the
prevailing geo-biotic resources as most of our PAs have
undulating terrain, which provide cliff nesting for vultures.
These PAs also contain forests of different density classes,
such as Moist Peninsular Sal Forests, Moist and Dry Mixed
Deciduous Forest, Boswellia serrata forest, Anogeissus pendula
Forest, Tropical Moist and Dry Deciduous Teak etc. (Source:
Working plans of different PAs; FSI, 2011). Just 2.15% of
the total forest (28% of state area) is dense forest which, in
principle, is not suitable for vultures (Sara & Di Vittorio,
2003; Campbell, 2017). Most of the state forests are either
moderately dense (11.35%) or open (11.70%) supporting
dominant and isolated trees of Shorea robusta, Tectona
grandis, Boswellia serrata, Anogeissus pendula etc. which host
safe vulture nests (ISFR,2011). PAs also contain waterbodies
such as rivers, streams and ponds, which ensure favorable
roosting and nesting conditions to vultures.

Human disturbance has been recognized as a prominent
factor for vulture territory abandonment (Carrete et al,,
2007; Zuberogoitia et al., 2014; Kruger et al., 2015). It can
impact them directly (e.g., by persecution and harvesting) or
indirectly, via effects on the quantity, quality, or configuration
of the landscape and consequently on the habitats that it
contains (Hollander et al., 2011; Kamp et al., 2016; Morant
et al., 2018). While some authors suggest that vultures
(Egyptian Vulture) are tolerant to human activities (Ceballos
& Donazar, 1989), human disturbance would lead raptors
(including old world vulture) to abandoning their nests and
thereby reducing breeding success (Chomba & Simuko,
2013). The nesting of the Egyptian Vulture is particularly
impacted by human presence as they clearly prefer to breed
away from nearby villages, towns or roads (Sen et al., 2017).
Therefore, management strategies aimed at preventing
human disturbance to endangered species (Egyptian Vulture)
is of paramount importance for effective conservation
results (Zuberogoitia et al., 2014). The PAs in the current
study have this factor covered as human settlements are
generally reduced after being relocated outside the PAs. The
operation is ongoing, the objective being the exclusion of
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human settlements from PAs in the future (RP Singh, Park
Authority, MP, personal communication).

Disturbance creating factors (i.e., average distance of
railway, metaled road and villages) were quite distant in the
studied PAs (63,6 and 4 km, respectively). Internal traffic was
also highly regulated. Consequently, their impact on vultures
was minimal. However, nesting vultures are so sensitive to
disturbance that even increased activity along roads may
contribute to nest site desertion (Bridgeford & Bridgeford,
2003; Monadjem & Garcelon, 2005). By contrast, White-
rumped and Egyptian vultures have been recorded foraging
around human settlements (Thakur & Narang, 2012). Such
associations have also been found for other species such as
White-backed, Hooded and Egyptian vultures in different
parts of the world (Henriques et al., 2018).

Sunshine and slope orientation appeared to be of low
importance in the case of Aegypus monachus (Mihoub et al.,
2013), but aspects of the cliff location play a role in nest site
selection. For example, Eurasian Griffon Vultures generally
prefer western and southern exposure due to larger
amount of sunshine (Marinkovic et al., 2012). Although
the present study revealed use of almost all the aspects
for nest building, East and North were the least preferred
aspects. As expected, more than half of the nests (51%)
were seen on South and South western cliffs dominated by
Long-billed vultures. In other studies (Vlachos et al., 1998;
Liberatori & Penteriani, 2001; Sen et al., 2017), the southern
aspect was preferred, possibly due to sunlight availability
(Carlon, 1992). Published findings suggest that nest sites
were influenced by cliff height for greater protection from
predators (Pfeiffer et al., 2016). Aegypus monachus preferred
elevations of 750 to 800 m (Mihoub et al.,2013) and at least
180 m in the case of Gyps coprotheres (Pfeiffer et al., 2016).
However, in the current research Long-billed and Egyptian
vultures showed preferences of 56-169 m. This indicated
that elevation is linked to local topography rather than
a species-specific requirement (Mihoub et al., 2013) and
plays secondary role in nest site selection (Moran-Lopez
et al., 2005).

In the current study, nesting distances of resident
vultures from water bodies varied from a few meters to a few
kilometers indicating the primary importance of vegetation
suitability in preference to water proximity. This finding is
supported elsewhere. African White-backed vultures are
known to favor riparian vegetation for nesting (Monadjem,
2001; Monadjem & Garcelon, 2005) but this may vary when
this vegetation type is scarce or absent (Tarboton & Allen,
1984; Monadjem & Garcelon, 2005). The strategy behind
this appears to be the optimization of nest location guiding
factors. The current study found many larger congregations
near waterbodies and smaller populations distant from
waterbodies.

5.3. Diclofenac threat

Many studies have reported diclofenac poisoning in
vultures and the subsequent ban of the drug in the Indian
subcontinent (Chaudhry et al., 2012; Paudel et al., 2016;
Prakash et al., 2017 etc.). Our findings indicate the 2006
and 2015 diclofenac bans were being violated through the
sale of forms of diclofenac manufactured for human use for
veterinary purposes; this point also cited by Cuthbert et al.
(2016). Published sources document the development of the
diclofenac issue in India. The veterinary use of diclofenac was
banned by the government of India on May 11,2006 due to its
impact on vulture populations (Taggart et al.,2007; DeVault
etal., 2016).In 2008 it was made an offense to manufacture,
retail or use of diclofenac for veterinary purpose (Richards
etal.,2017). Later in July 2015, the Union Ministry of Health
and Family Welfare banned multi-dose vials of this drug for
human use (GSR 558(E) dated 17 July 2015) which was finally
confirmed by the court in November 2017. This resulted in
single dose vial packing for humans (The Wire, 2/04/2018).
Recently the Drug Controller General of India (DCGI) has
banned production and sale of a pain killer “Voveran 1ml’,
the diclofenac injection due to its negative impact on humans.
The DGCI further ordered withdrawal of the drug’s stock
from the market (The Wire, 12/07/2018; Medical Dialogue,
13/07/2018). These actions impacted the pharmaceutical
companies, with cascading effects on the economic links
of the stakeholders in this industry. For example, there
was a legal challenge by Laborate Pharmaceutical India
Ltd. and Alpa Laboratories Ltd (Mandhani A. November 7,
2017, LiveLaw.in). Implementation of statutory provisions
was also weak, leading to uncertainty as to its short-term
effectiveness. This is supported by our findings, as the drug
is still available in the market even as the writ petition
(Laborate Pharmaceutical India vs Union of India) was
dismissed by the court on 24/10/2017.

Even though licensed veterinary diclofenac manufacture,
sale and use was banned in India, injectable human
formulations have remained very widely available for
unrestricted purchase (Saini et al., 2012). The threat to
vultures still exists, as long as these other formulations
could be used on the animals. Our findings, also supported
by those of Cuthbert et al. (2017) and Galligan et al. (2020),
suggested that despite the ban in 2006 and then in 2015,
diclofenac drugs were still being used directly or indirectly
on cattle even in October 2018, with consequent impacts
on vultures. Any declaration that classifies the areas around
PAs as vulture safe zones is therefore risky, unless the use of
the drug is eliminated. As hinted by Taggart et al. (2007) the
removal of both the veterinary diclofenac and the multi-dose
human formulation from the market, quickly and effectively,
is essential. This study also suggests the claim of vulture
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population recovery on account of ban on manufacture and
sale of veterinary diclofenac (Galligan et al., 2014; Prakash
etal.,2017) may be premature, and should be deferred until
more definitive evidence of a total ban is derived. The authors
could not trace the use of diclofenac among the remnant
cattle population in PAs. However, the small towns where
diclofenac was available are located less than 50 km from
the PAs. The surrounding non-forest and settled areas, with
dense cattle herds where stealthy use of the drug may create
risks for the vultures of PAs.

It is evident from the study that statutory bans on drug
use have been found to be insufficient on their own (Safford
et al,, 2019). Consumers as well as producers of the drug
need to be counselled against the unethical practice, with
explanations of the ecological externalities.

6. Conclusion

Vulture presence was higher in PAs than forest and
agriculture areas. These findings may illustrate the healthy
impact of conservation programs on this keystone species.
Nesting and reproductive success was an indicator of the
habitat suitability at the sites (Majgaonkar et al., 2018).
Factors for success included the availability of tall trees,
caves and ledges in the cliffs, minimized human made
disturbance and nearby water sources. The PAs should be
made inviolate at the earliest, potential nesting trees should
be preserved and road traffic must be regulated to optimum
level, as these habitat characteristics play important role in
nesting choice in addition to protection (Bamford et al.,
2009).

The PAs appear to have had a positive impact on vulture
conservation. However, the indirect poisoning of vultures
may hamper these impacts. The government aims to
protect the vultures from poisoning, but manufacturing
companies have continued producing diclofenac under
the garb of court cases. Stealthy use of the drug continues,
as pre-court decisions allow market availability until the
expiry period of 02/2020. In simple words, diclofenac
risk has not been eliminated even after12 years of efforts.
Government strategy must be revamped to ensure absolute
implementation of the ban to achieve complete and early
success. Simultaneously, environmental education should
be promoted in conservation programs, especially in the
vultures’ ranges (Nambirajan et al., 2017).

These findings contribute to knowledge of the
relationship between PAs and vultures. However, further
studies must examine vulture mortality rates and nesting
successes at temporal scales, and the use and impact of other
anti-inflammatory drugs etc. (Cuthbert et al., 2016). Such
investigations may increase understanding of the hypothesis

that PAs do play strong roles in vulture, keystone species,
conservation (Thiollay, 2006; Murn et al., 2013, 2016).
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