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Indian Vultures (Gyps indicus) are critically endangered, yet are poorly monitored. We
analyze counts of breeding pairs of Indian Vultures in Central India, specifically the
eastern portions of the Indian states of Rajasthan and Madhya Pradesh over a period
of 10 years and reveal the populations were on differing trajectories from 2007 to 2016.
The difference between population levels of the study areas nearly doubled during our
study, with the population in Rajasthan declining relative to Madhya Pradesh. Future
research should examine potential drivers of population declines and establish a long-
term monitoring program that informs current conservation strategies for Indian and
other vultures across their range.

Keywords: diclofenac, Gyps indicus, Indian Vulture, Long-billed Vulture, non-steroidal anti-inflammatory drug

INTRODUCTION

Evidence of large-scale declines in raptor populations highlights the need for extensive and rigorous
monitoring programs to document species occurrence and to detect population changes (McClure
etal., 2018; Buechley et al., 2019). A vulture crisis occurred first in south Asia and then subsequently
across Africa (Pain et al., 2008; Buechley and Sekercioglu, 2016; Ogada et al., 2016). Old World
vultures are more threatened and their populations declining faster than other groups of birds
(Buechley and $ekercioglu, 2016; McClure et al., 2018), mostly because of various forms of
poisoning (e.g., Oaks et al., 2004; Ogada et al., 2012; McClure et al., 2018).

During the late 1990s and early 2000s, populations of three species of Gyps vulture across
southern Asia fell by >95% (Prakash, 1999; Gilbert et al., 2002; Prakash et al., 2003, 2012; Oaks et al.,
2004). These populations were decimated by veterinary use of non-steroidal anti-inflammatory
drugs (NSAIDs), particularly diclofenac (Oaks et al., 2004; Pain et al., 2008; Ogada et al., 2012;
Margalida and Ogada, 2018). These drugs are nephrotoxic to birds and cause renal failure in
vultures (Oaks et al., 2004).

In 2006, the governments of India, Pakistan, and Nepal responded to these population declines
by banning the importation, production, and sale of veterinary diclofenac (Pain et al., 2008;
Margalida and Ogada, 2018). Following these regulations, as well as the promotion of non-
toxic meloxicam as an alternative to diclofenac (Swan et al., 2006; Swarup et al., 2007), some
populations of Gyps vultures in southern Asia seem to have stabilized (Chaudhry et al., 2012;
Prakash et al., 2012). Less than one percent of livestock carcasses need to be contaminated with
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diclofenac to cause catastrophic population declines in
Gyps vultures (Green et al., 2004). Therefore, despite some
conservation successes, populations of Gyps vultures across
much of southern Asia remain threatened by illegal use of
diclofenac (Cuthbert et al., 2011a,b) and use of other legal, yet
toxic, NSAIDS (Cuthbert et al., 2007, 2016; Naidoo et al., 2010).
Indeed, the White-rumped (Gyps bengalensis), Slender-billed
(Gyps tenuirostris), and Indian (Gyps indicus) Vultures remain
Critically Endangered (BirdLife International, 2021). In India’s
north-eastern state of Assam, the use of poisoned-laced carcasses
in retaliation by farmers to livestock depredation by feral dogs has
resulted in a spate of vulture mortalities further compounding
the problem (Pandey et al, in prep). Unpublished reports
exist of vulture mortalities as a result of collisions with energy
infrastructure in the state of Gujarat, India (Shastri, pers comm).

The International Union for the Conservation of Nature
(IUCN) recommends population monitoring for Indian Vultures
(BirdLife International, 2021). Here we analyze counts of
breeding pairs of Indian Vultures within study areas in the
eastern portions of the Indian states of Madhya Pradesh and
Rajasthan over a period of 10 years - from 2007 to 2016.
Comparisons of trends in abundance between two areas can
reveal population dynamics and potential threats (Green, 1995,
1999, 2002). An increasing difference between populations
within these two study areas in neighboring states might reveal
potentially important management actions, or lack thereof,
implemented by one state, but not the other.

METHODS

We began preliminary surveys in December 2002 in the eastern
portions of the states of Rajasthan and Madhya Pradesh with the
aim of identifying all Indian Vulture colonies in those areas that
could be regularly monitored on an annual basis. From 2002 to
2006, additional sites were added as we became more familiar
with the study areas and obtained local knowledge of vulture
colonies. By 2007, we were confident that we had identified all
potential nesting cliffs in our study areas. We therefore analyzed
data from 2007 to 2016.

Study Areas

In Rajasthan (Figure 1), we conducted surveys at the following
places: Chambal River Gorge near Kota, various cliff faces in
Ranthambore National Park, the villages of Bodal, Hindwar, and
Nimli in the outskirts of Ranthambore. Ranthambore (25°97.2
N, 76°44.9’ E) covers an area of 1,334 km? (core area = 392 km?)
and lies in south-east Rajasthan where the Vindhyas and Aravalli
Hills converge. The terrain consisted of hills with cliffs faces,
valleys, and riverine forests. Dhok (Anogeissus pendula) was the
dominant tree species while Khair (Acacia catechu) was prevalent
in the valleys. The Vindhya hills that meandered through the
village harbored scattered colonies of Indian Vultures. The
barrage at Kota and 20 km downstream the Chambal River
comprised cliffs on either side that also harbored scattered
colonies of Indian Vultures.

In Madhya Pradesh (Figure 1), we conducted surveys at
the major cliff faces in Bandhavgarh National Park, and the
villages of Jukehi, Kymore, and Gidhaila Pahad - all part of
the Khemur Range. Bandhavgarh (23°68.1' N, 81°04.4") covered
an area of 448 km? (core area = 105 km?) and consisted of
Sal forest with bamboo (Bambusa vulgaris), open grasslands,
and a number of rocky outcrops and plateaus that provide
suitable nesting ledges for Indian Vultures and other cliff-nesting
raptors. Both Ranthambhore and Bandhavgarh National Parks
are part of India’s Project Tiger initiated in 1973 to help safeguard
populations of tigers (Panthera tigris; Moulton and Hulsey, 2002).
All parks consisted of a central core area, where agricultural
activities were excluded. These were surrounded by a buffer area
where subsistence agricultural activities and livestock grazing
occur, but where the natural vegetation was still relatively intact.

Surveys

We used the number of occupied nests per season as an index
of breeding population. We followed the criteria of Postupalsky
(1974) requiring a minimum of two visits per season. We further
adapted our methodology to that of Benson and McClure (2020)
to estimate and compare trends in abundance between the two
states. Nests were considered occupied (sensu Franke et al., 2017)
when an egg or nestling was present, or when adults exhibited
nesting behaviors such as an observation of a vulture crouching
low on the nest as if incubating, copulation, or bringing in nest
material. We recorded all vulture nesting sites and determined
their locations using a hand-held GPS unit. Each nest site was
photographed and nests were given an alpha-numeric code to
help facilitate data collection. We conducted two surveys during
the breeding season - the first occurred during the first 2 weeks
of December when eggs of Indian Vultures had been laid or nests
were still being built. The second survey took place during the last
2 weeks of March, sometimes including the first week of April.
During this time, large nestlings were conspicuous in the nests.
All surveys were conducted using spotting scopes either from an
open vehicle or by foot.

Gilbert et al. (2007) and Khatri (2013) have documented the
home ranges of Gyps vultures in India and suggested substantially
smaller home ranges during the nesting season compared to the
late breeding and post-fledgling periods. Based on this and the
distance between the central points of two study sites in Rajasthan
and Madhya Pradesh (c. 750 km), our analysis assumed that from
a breeding and foraging perspective, these were two different
populations and justified comparisons between each.

Analysis

We used a Markovian state-space model within a Bayesian
framework that estimates an index of yearly abundances of
Indian Vultures in each state. State-space models are useful
for estimating imperfectly observed abundances because they
separate observation error from process variance in count data
(Kéry and Schaub, 2012). We modified [Kéry and Schaub’s
(2012): p. 127] R (R Core Team, 2019) code that models counts
(y¢ ) during each year (f) with a mean () that accounts
for observation error (ocops) as yr ~ normal(j, cops). We
specified temporal dynamics after the first year as log Ny =
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FIGURE 1 | Map of our study sites (points) in the Indian states of Madhya Pradesh (blue, East) and Rajasthan (orange, West).
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log Ni + r¢ where N; was an index of abundance for a given
year and Ni;; was an index of abundance during the following
year, and 7 was the population growth rate from year ¢
to t+ 1. In this model, the population growth rate for each
year was a random variable with a normally distributed mean,
re ~ normal(y, or) (Kéry and Schaub, 2012). Model-estimated
parameters represented the mean population growth rate (y)
and process error (or) over the entire study. We used identical
models (described above) for each state and derived differences
between the states and calculated the difference between
abundances as Nj t Madhya Pradesh — Ni,t Rajasthan Where the index i
represented each retained posterior iteration, thereby providing a
posterior distribution for the difference between abundances. We
implemented Bayesian models using JAGS (Plummer, 2003) and
the package jagsUI (Kellner, 2016) in R and implemented three
MCMC chains each having 40,000 posterior iterations with burn-
in of 10,000 and the posterior was thinned by retaining one of six
iterations. We specified vague or weakly informative priors, y ~
normal(0, T = 0.001); ¢ ~ uniform(0, 1) for all error terms; and
priors for initial abundance had means near observed counts for
each site on the log scale, log Ny ~ Normal(—0.8, Tt = 0.01). We

calculated the Gelman-Rubin statistic (Gelman and Rubin, 1992)
and considered convergence of chains when parameters had an
R < 1.1.We visually assessed trace plots of parameter chains to
confirm convergence and used vague priors for all parameters
(Kéry and Schaub, 2012). We used the Im() function in R to
conduct regressions of posterior draws (Benson and McClure,
2020) of the differences between state abundances against year
to estimate a linear trend.

RESULTS

We monitored a total of 2,397 potential nesting ledges of which
1,183 (49.4%) were in Rajasthan and 1,214 (50.6%) in Madhya
Pradesh. Of these, 686 (58%) and 723 (60%) were occupied at
least once in Rajasthan and Madhya Pradesh, respectively. Per
year, the average number of occupied nesting sites was 173.67
(SD = 23.24) in Rajasthan and 224.33 (SD = 21.16) in Madhya
Pradesh (Figure 2 and Supplementary Table 1).

The average population growth rate in Madhya Pradesh
was 0.007 (SD = 0.011), whereas in Rajasthan it was —0.017
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FIGURE 2 | (A) Observed (points) and estimated (lines, shaded areas = 95% CRIs) counts of occupied Indian Vulture nests within the Indian states of Madhya
Pradesh (circles, blue) and Rajasthan (triangles, orange). (B) Observed (points) and estimated (line, shaded area = 95% CRiIs) differences between yearly counts of
occupied Indian Vulture nests within study sites in the eastern portions of the Indian states of Madhya Pradesh and Rajasthan. The dashed line at zero represents no

difference between the two states.
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(SD =0.016). The difference between these growth rates was 0.024
(SD = 0.029) and the probability that the two rates were different
was 92.3%. The slope in the differences between states per year
was 6.421 (SD = 3.055) with an R? of 0.465 (SD = 0.225). There
was a 97.6% probability that the slope was positive, indicating
an increase in the differences between abundances between the
two states during 2007-2016. Indeed, at the beginning of the
study Madhya Pradesh had 42.206 (SD = 23.970) more pairs than
Rajasthan, yet by the end of the study the difference had nearly
doubled (82.040; SD = 21.149; Figure 2).

DISCUSSION

The difference in population levels of Indian Vultures within our
study sites in the neighboring states of Madhya Pradesh
and Rajasthan increased over the course of our study.
These populations appeared to have different population
trajectories from 2007 to 2016. Our results support those
of Prakash et al. (2019) who suggested slowly declining
populations of Indian Vultures from 2000 to 2013. A study
of the State of Indias Birds (SoIB, 2020) indicates a highly

concerning and strongly declining trend of Indian Vultures
across India which matches our declining population
trend in Rajasthan.

Green (2002) presented several steps toward diagnosing causes
of population declines. Our study directly addresses the first step:
Assess the evidence for a decline in population or range. That the
population in our study site in eastern Rajasthan is progressively
declining relative to the statistically stable population in eastern
Madhya Pradesh is cause for concern. Yet, our study is correlative
and occurs over a short time period relative to the generation
time of the species (18.3 years; BirdLife International, 2021). Our
results are therefore justification for further study rather than for
immediate alarm.

The second and third steps prescribed by Green (2002) are
to study the natural history of the species and to list plausible
causes of the decline. The Indian Vulture is a long-lived species
with a “slow” life-history (Green et al., 2004). Therefore changes
in adult survival have the greatest effect on population trends
(Newton, 1979; Seether and Bakke, 2000; Clark and Martin, 2007).
Veterinary NSAIDS such as diclofenac are known to affect this
species via increases in mortality (Green et al., 2004; Shultz
et al., 2004). Therefore differences in population trends between
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Madhya Pradesh and Rajasthan might result from differing rates
of exposure to NSAIDS or other compounding factors.

We do not have data regarding availability of NSAIDS to
vultures across Madhya Pradesh and Rajasthan and cannot test
for direct correlations. Nor do we have demographic data to
determine whether the populations differ in productivity. In
2012, the State of Rajasthan initiated a program that provided
free commonly used veterinary and drugs for human use
across the state. Veterinary diclofenac was banned at this
time, however, the effect of many veterinary drugs for example
Nimesulide, on vultures remains insufficiently tested. Cuthbert
et al. (2016) showed Nimesulide at elevated tissue concentrations
was associated with visceral gout, similar to what diclofenac
causes, suggesting that Nimesulide may have similar toxic
effects to those of diclofenac. Khatri and Jo (2015) have shown
that, Nimesulide, Paracetamol, Chlorzoxazone, Ketoprofen, and
Analgin are widely used to treat cattle in Bikaner, Rajasthan.
Jorbeer, one of the largest carcass dump sites in India, is located
on the outskirts of Bikaner and attracts thousands of vultures.
Conversely, Galligan et al. (2020) found that the percentage
of pharmacies in Madhya Pradesh selling diclofenac for use
in cattle declined from 2014 to 2017. Therefore, it is unclear
how veterinary drugs might be contributing to the population
trends we report.

Other potential threats to vultures across India include kite
festivals, nest disturbance, habitat destruction, and drought
(Chhangani, 2004; Kushwaha and Kanaujia, 2010; Hall et al,
2012; Roy and Shastri, 2013). Inclement weather has been shown
to affect population trends of cliff nesting vultures (Zuberogoitia
et al.,, 2019). India is also the fourth largest producer of wind
energy globally with a number of wind farms in the state of
Gujarat (bordering Rajasthan) and at least two in Rajasthan.
Wind turbines are a known threat to vultures elsewhere (e.g.,
Carrete et al., 2012; de Lucas et al.,, 2012; Sanz-Aguilar et al,
2015; Vasilakis et al,, 2016) and are thus of conservation
concern in Rajasthan. All these threats could contribute to
potential heterogeneity in trends of local populations within
India. Disparate trends in neighboring populations can also be
caused by movements of individuals (Green, 1995, 1999, 2002).
Although we have no hypothesized mechanism, it is possible that
the trends in abundance we observed were due to movements of
individuals from one state to another. We recommend telemetry
studies on Indian Vultures to understand their movements
patterns between these two stronghold states that may also help
identify hotspots and causes of mortalities.

Our field data collection ended in 2016 and we do not
know whether the difference between the populations of Indian
Vultures has increased since data collection ceased. The SolB
(2020) shows a strong nationally declining trend, which must
be addressed to prevent a second “vulture crisis.” Consistent
monitoring of occupied nests and their productivity is imperative
for proper understanding of population dynamics of Gyps
vultures (Benson and McClure, 2020). A long-term adaptive
monitoring (Lindenmayer and Likens, 2009) scheme should
therefore be devised and implemented for vultures across India.
This scheme should not only monitor population levels of
vultures, but also hypothesized drivers of population dynamics.

The Indian Vulture almost went extinct at the turn of the 20th
century—a robust monitoring program is needed to ensure this
critically endangered species endures through the 21st century.
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