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Summary

This paper reports results from the eighth of a series of road transect surveys of Gyps vultures
conducted across northern, central, western, and north-eastern India since the early 1990s.
Populations of the White-rumped Vulture Gyps bengalensis, Indian Vulture G. indicus, and
Slender-billed Vulture G. tenuirostris declined rapidly, beginning in the mid-1990s. The
principal cause of the declines was poisoning due to widespread veterinary use of the non-
steroidal anti-inflammatory drug (NSAID) diclofenac on cattle. The results of the current
survey suggest that, while populations of all three species of vulture remain at a low level with
no signs of recovery, they appear to have been approximately stable since veterinary use of
diclofenac was banned in the mid-2000s. Population trends in India, where the illegal use of
diclofenac and legal use of other toxic NSAIDs continues, are compared with more positive
trends in Nepal, where the veterinary use of toxic NSAIDs appears to have been reduced to a
low level.

Introduction

Rapid population declines since themid-1990s of three species of vultures endemic to SouthAsia,
White-rumped Vulture (Gyps bengalensis), Indian Vulture (G. indicus), and Slender-billed
Vulture (G. tenuirostris), led to them all being listed as “Critically Endangered” on the IUCN
Red List (BirdLife International 2021). Veterinary use of the non-steroidal anti-inflammatory
drug (NSAID) diclofenac on cattle has been identified as the main and probably the only cause of
these population declines. Evidence comparing the importance of diclofenac in causing the
declines with that of other potential causes is of several types and has been presented in detail
elsewhere (Oaks et al. 2004; Green et al. 2004; Shultz et al. 2004). Diclofenac-induced kidney
failure causes the death of Gyps vultures if they ingest tissue from the carcass of an ungulate that
has died soon after being dosed with the drug (Oaks et al. 2004; Swan et al. 2006; Green et al.
2006).

A ban on the veterinary use of diclofenac in India was announced in 2006. The official
completion of the banning process was a gazette notification in 2008. Before the ban, in 2004–
2005, the proportion of carcasses of domesticated ungulates sampled in India that were con-
taminated with diclofenac and the concentration of the drug in their tissues were sufficient to
have caused vultures to decline at the rapid rates observed (Green et al. 2007). After the ban, both
the prevalence and the concentration of diclofenac in cattle carcasses sampled in India declined
(Cuthbert et al. 2014), and the rate of population decline of White-rumped Vultures slowed
approximately to the extent expected from the predicted consequent reduction in annual death
rate from diclofenac poisoning (Prakash et al. 2012). Prakash et al. (2019) reported results from
counts of the three Gyps vulture species on road transects in northern India in seven comparable
surveys between 1992 and 2015. The study indicated that the rapid population declines of all three
species up to 2002 had slowed since 2003. In this paper, we report results from another in this
series of counts, which was conducted in 2022.

Methods

Survey methods

Vultures were counted in 2022 on road transects widely distributed across northern, western, and
central India in the following 13 states: Rajasthan, Gujarat, Maharashtra, Haryana, Punjab,
Uttar Pradesh, Uttarakhand, Bihar, Madhya Pradesh, West Bengal, Assam, Meghalaya, and
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Arunachal Pradesh. Transect locations andmethods followed those
of similar surveys conducted in 1991–1993, 2000, 2002, 2003, 2007,
2011, and 2015, as described previously (Prakash et al. 2007, 2012,
2019). The initial surveys in this series were conducted in one of the
three years 1991–1993. For the purpose of the present analysis, we
treated them all as having been conducted in 1992, themid-point of
that period. Over time, some of the initial survey routes ceased to be
surveyed and some new routes were introduced, but once a route
was initiated the same route was followed in subsequent survey
years. Nesting colonies and cattle carcass dumps were not included
on transect routes. The numbers of transects surveyed in 1992,
2000, 2002, 2003, 2007, 2011, 2015, and 2022 were 92, 98, 159, 149,
165, 154, 154, and 152, respectively. The total length of transect
routes driven in 2022 was 16,427 km, which was similar to the
length of transects covered during 2015 (15,517 km). Lengths of
individual routes in 2022 ranged from 4 km to 1,542 km. A map
showing transect locations is given in Green et al. (2007).

A driver and observer followed transect routes in a vehicle
between 06h30 and11h00 and again between 15h00 and 19h00
local time at 10–20 km/hour in and near protected areas and
~50 km/hour between protected areas. Vultures observed on the
ground, in trees, on cliffs, or flying and judged to bewithin 500mon
either side of the transect were recorded, but the distance between
the transect route and the bird was not recorded. Vultures are large
(c.5 kg bodyweight) and easy to detect within 500mwithout optical
equipment, but the identification of species required the use of
binoculars. Vultures were identified using plumage characters as
White-rumpedVulture, IndianVulture, and Slender-billed Vulture
from 2002 onwards. Indian Vulture and Slender-billed Vulture
were not considered to be different species until 2001
(Rasmussen and Parry 2001), so the surveys in 1992 and 2000
recorded both taxa together as Long-billed Vultures. Surveys were
conducted between March and July, which avoids the part of the
monsoon season with most rain. Extreme conditions of rain and
wind were avoided. This period is at the end of breeding season,
when juveniles had fledged and adults were not confined to their
nesting sites. Hence, at this time, numbers of free-ranging birds
were close to their highest level during the year.

Calculation of annual population indices

Weonly analysed data from transects that were surveyedmore than
once during the study period and on which vultures of the focal
species or species group had been recorded at least once. We called
these informative transects. Not all of the informative transects
were covered in every survey because some were added to the set
after 1991–1993, whilst others were temporarily or permanently
omitted from the survey. However, themean number of surveys per
informative transect across the eight surveys conducted from 1992
to 2022 was 6.9 for White-rumped Vulture and 7.0 for Indian and
Slender-billedVultures combined. For the six surveys between 2002
and 2022 in which Indian and Slender-billed Vultures were
recorded separately, the mean number of surveys per informative
transect was 5.6 for Indian Vulture and 5.8 for Slender-billed
Vulture. Hence, the percentage completeness of survey coverage
of informative transects was in the range 87–96%. To allow for these
missing values, we fitted regressionmodels to allow for the effects of
the changing composition of the sample of transects in which count
was the dependent variable, and transect and survey year were both
fixed-effect factors with numbers of levels set to the number of
informative transects and the number of surveys included,

respectively. Models were fitted in GLIM 4 (Aitken et al. 2005),
with a Poisson error term and a logarithmic link function. The form
of the model was

Cij = exp kiþpj

� �
,

whereCij is the count for the j
th transect in the ith year. Site effects are

represented by the fitted regression coefficients pj. The coefficients ki
represent the year effects and are the logarithms of the abundance of
vultures in ith year, allowing for site effects, expressed as a proportion
of the abundance of vultures in the first year of the series in the study
period. Hence, exp(ki) provides an index of population density in the
ith year, relative to that in the first survey. We obtained 95% confi-
dence intervals for the population index values using a non-
parametric bootstrap method. In a period in which there were m
informative transects eligible for analysis for a species or species
group, we took random bootstrap samples of m transects, with
replacement, from the m transects available. We then fitted the
log-linear Poisson regression model for this bootstrap sample and
recorded the value of exp(ki) for each of the survey years. This
procedure was repeated 1,000 times, the bootstrap estimates ranked,
and the bounds of the central set of 950 estimates taken to define the
95% confidence interval of each of the population indices.

Calculation of mean annual population multiplication rate and
changes in population trend over time

We estimated the mean annual rate of population change for
White-rumped and Indian Vultures from the regression model
results described above.We calculated the mean annual population
multiplication rate λ during the interval between each pair of
consecutive surveys conducted at times t1 and t2 as

λ = exp k2�k1ð Þ= t2� t1ð Þð Þ:
We obtained bootstrap estimates of λ for the intervals between

each pair of consecutive surveys from each of the 1,000 bootstrap
replicates described above and took the bounds of the central
950 bootstrap values as the 95% confidence limits for λ. The
number of informative transects was much lower for Slender-billed
Vulture than for the other two species (Table 1) and therefore we
consider the use of this bootstrapmethod for calculating confidence
limits to be unreliable to use for this species (Manly 1997).

Results

Annual population indices

The total numbers of White-rumped Vultures, Indian Vultures,
and Slender-billed Vultures counted on informative transects in
2022 were 106, 299, and 11, respectively, compared with 102, 139,
and 12 in 2015. Considering the 30-year period covered by all eight
surveys, the annual population indices declined rapidly between
1992 and 2007 for White-rumped Vulture and for Indian and
Slender-billed Vultures combined, but there was no evidence of a
consistent trend in either case between 2007 and 2022 (Table 1,
Figure 1). Population index values for both of these species groups
during 2007–2022 remained far lower than the 1992 level, being
about one 500th of the 1992 level for White-rumped Vulture and
about one 50th of the 1992 level for Indian Vulture and Slender-
billed Vulture combined. Too few Slender-billed Vultures have
been counted per survey to quantify a reliable trend for this rare
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species separately, but the index values obtained since they were
first counted separately in 2002 suggest an initial decline between
2002 and 2003 and possible increase since 2003 (Table 1).

Changes over time in annual population multiplication rate

Considering only the period 2002–2022 during which White-
rumped Vulture, Indian Vulture, and Slender-billed Vulture have
been counted separately, the annual populationmultiplication rate
λ was significantly below one (i.e. significant decline) for White-
rumped Vulture and Indian Vulture in the one-year interval
between the 2002 and 2003 surveys (Figure 2). In the next interval
(2003–2007), λ was significantly less than one (0.771; 95% confi-
dence limits 0.697–0.965) for White-rumped Vulture, but λ was
close to one (1.073, 1.002, and 1.009, respectively) for this species
in the three subsequent intervals between pairs of surveys after
2007. The 95% confidence limits for λ for this species overlapped
one in all three of these intervals. Hence, the population index for
White-rumped Vulture has been approximately stable since 2007
(Figure 2). For Indian Vulture, λwas close to one in the first two of
the intervals between pairs of surveys after 2003 (2003–2007, λ =
0.988; 2007–2011, λ = 0.961), and the 95% confidence limits of λ
overlapped one for both of these intervals. In the interval 2011–
2015, λ appeared to be low (0.834), suggesting that a decline might
have occurred, but the 95% confidence limits of this estimate
overlapped one (0.752–1.125), so this possible change was not
statistically significant. In the interval 2015–2022, λ for Indian
Vulture was significantly greater than one (1.103) and the 95%
confidence limits of this estimate did not overlap zero (1.038–
1.350), indicating a significant increase in the population index of
Indian Vulture between 2015 and 2022 (Figure 2).

Discussion

The recent population trend estimates we obtained for all three
vulture species are moderately encouraging in that the substantial
declines recorded for all species up to 2003 appear to have ceased.
The survey results for 2015 suggested that the Indian Vulture
population might have begun to decline again having been
approximately stable since 2003. However, the apparent decline
was not statistically significant and the data for 2022 suggested that
approximate stability or a slow increase has resumed. Too few
Slender-billed Vultures were recorded on the transects to give a
robust estimate of trend, but there is no evidence of decline of this
rare species since 2003.

Our results provided no clear indication of a consistent popu-
lation recovery for any species since 2003. The ratios of the means
of the five population index values for 2003–2022, relative to the
2002 value, are 0.3278, 0.5162, and 0.1087 for White-rumped,
Indian, and Slender-billed Vultures, respectively, indicating aver-
age declines of 67%, 48%, and 89%, respectively, relative to 2002.
None of the five annual index values for 2003–2022 exceeded the
2002 index value for any of the three species. These population
deficits relative to 2002 come on top of the population declines
between 1992 and 2002, which were 98% for White-rumped
Vulture and 93% for Indian and Slender-billed Vulture combined.
The means of estimates of absolute population size in India for
2003, 2007, 2011, and 2015 given by Prakash et al. (2019) were
6,200, 23,900, and 1,400 individuals for White-rumped Vulture,
Indian Vulture, and Slender-billed Vulture, respectively. ItTa
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appears that these precariously small populations have not
increased substantially since then.

Long-term trends in populations of White-rumped and Indian
Vultures in India have also been evaluated using a population index
based upon the frequency of occurrence of records on checklists
contributed by citizen scientists from the whole of India in the State
of India’s Birds project (SoIB 2020). These results show declines of
97% in the index forWhite-rumped Vultures and a 90% decline for
Indian Vultures between the pre-2000 period and 2018. The fre-
quency of occurrence trend results differ from our road transect
results in finding continuing declines between 2003 and 2018
during a period when our road transect surveys in northern India
indicated approximate population stability. A possible explanation
for this apparent difference in trend is that the road transects
surveys are concentrated in and near protected areas, whereas the
citizen science checklists are more widely distributed. Previous
analyses of the road transect data showed that vulture densities
are higher close to national parks (Prakash et al. 2019), and also
showed smaller declines near to parks (Prakash et al. 2012). Hence,
the more widely dispersed checklist-based index might reflect
changes further from protected areas, which may be more negative
than those occurring close to them. Considering both types of
information together, we conclude that only small proportions of
the populations of all three species that existed in the early 1990s
remain and that none of the species show any consistent signs of
population recovery in India.

The absence of recovery so far of vulture populations in India
contrasts with the situation in Nepal. Road transect surveys of
White-rumped and Slender-billed Vultures in Nepal showed
rapid declines for both species up to about 2013, followed by rapid
increases for both species between 2013 and 2018 (Galligan et al.
2020). We compared the patterns of change in estimates of the
population multiplication rate λ directly between Nepal and India
for White-rumped Vulture in Figure 2. In the period 2002–2013,
the White-rumped Vulture population index was declining sig-
nificantly in Nepal at a mean rate similar to that for the species in
India at approximately the same time. However, piecewise regres-
sion analysis of the Nepal data indicated a marked change in
trend, beginning in about 2013. From 2013 to 2018, the White-
rumped Vulture population index for Nepal showed a rapid mean
rate of increase of 22% per year while the population in India
showed no sign of recovery. The population index for Slender-
billed Vultures in Nepal showed a similar pattern of change over
time to that of White-rumped Vultures (Galligan et al. 2020), but
results from India for this species are based upon too few data for a
direct comparison of results for the two countries to be meaning-
ful. For both White-rumped and Slender-billed Vultures, the
mean annual rate of population increase in Nepal, estimated since
the early 2010s, was significantly greater than the maximum rate
of increase for a closed population, calculated according to the
method of Niel and Lebreton (2005). Observed rates of increases
forWhite-rumped and Slender-billed Vultures were 22% and 41%
per year, respectively, compared with about 12% for the expected

Figure 1. Indices and trends of populations ofWhite-rumped Vulture (circles) and of Indian and Slender-billed Vultures combined (squares) in northern India. Points show indices of
population relative to that in 1992, estimated by log-linear Poisson regression performed on data from eight road transect surveys in northern India. Vertical lines show 95%
bootstrap confidence intervals. The vertical axis is logarithmic but the population index values given on it are untransformed.
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maximum rate. This suggests that vulture populations in Nepal
might recently have been supplemented by net immigration from
adjacent parts of India (Galligan et al. 2020). Net immigration on a
sufficient scale seems feasible for Gyps species, given their large
home range sizes (Gilbert et al. 2007) and social attraction to
conspecifics, including social facilitation of food finding (Jackson
et al. 2008).

A possible cause of the difference in recent vulture population
trends between India and Nepal is the difference between the two
countries in the degree to which nephrotoxic NSAIDs have con-
tinued to be in veterinary use. The prevalence and concentration of
the toxic NSAID diclofenac in cattle carcasses available to vultures
in India decreased substantially after veterinary use of the drug was
banned in 2006, but its prevalence still remained at a substantial
level (Cuthbert et al. 2014). Undercover surveys of the availability of
veterinary NSAIDs in pharmacies in India showed that the avail-
ability of diclofenac has declined in some Indian states, but has
remained high in others (Galligan et al. 2021). In addition, whilst
the NSAID meloxicam, which is not toxic to vultures, had largely
replaced diclofenac in some Indian states, the replacement drugs in
other states were other nephrotoxic drugs including ketoprofen,

nimesulide, and aceclofenac, which had not yet been banned
(Galligan et al. 2021). This situation with veterinary NSAIDs in
India contrasts markedly with that in Nepal, where a public-
awareness programme to create a Vulture Safe Zone has been
effective. Since about 2012, the availability of veterinary diclofenac
in pharmacies in a large part of Nepal has declined to very low levels
and the drug has largely been replaced bymeloxicam (Galligan et al.
2020, 2021)

In conclusion, following the catastrophic population declines of
White-rumped, Indian, and Slender-billed Vultures in India and
elsewhere in South Asia since the mid-1990s, our results indicate
that rapid declines have ceased in India. However, unlike in Nepal
where NSAID use has largely switched to the safe alternative
meloxicam, there are no indications yet of population recovery.
The Government of India’s action plan (MoEFCC 2020), the Con-
vention on Migratory Species Raptors MoU Multi-species Action
Plan (Botha et al. 2017), and the SAVEBlueprint (SAVE 2021) have
all emphasised the importance of further measures to make the ban
on veterinary use of diclofenac ban more effective and to regulate
the veterinary use of the other drugs in veterinary use that are
known to be nephrotoxic to vultures. These other drugs are ace-
clofenac, ketoprofen, and nimesulide (Naidoo et al. 2010; Cuthbert
et al. 2016; Galligan et al. 2016; Nambirajan et al. 2021; Chandra-
mohan et al. 2022). In July 2023, the Health Ministry and Central
Drugs Standards Control Organisation (CDSCO) of the Govern-
ment of India recommended a ban on veterinary use of aceclofenac
and ketoprofen in response to a vulture conservation petition
submitted to the New Delhi High Court by the advocate Gaurav
Kumar Bansal. The government rapidly adopted this recommen-
dation and gazetted the bans in August 2023. If the bans are
effective, this is a positive step, although the vulture-toxic drug
nimesulide has not yet been banned.

There are no regulatory processes in place in India or any other
South Asian vulture range state that require evidence to be pro-
duced of the safety to vultures of new-to-market veterinary drugs
before theirmanufacture and use are approved and licensed.Hence,
the global populations of White-rumped, Indian, and Slender-
billed Vultures remain at risk from illegal use of diclofenac, ace-
clofenac, and ketoprofen and the legally approved nephrotoxic
NSAID nimesulide, and potentially from new toxic drugs which
might be introduced in future without any safety testing. The
maintenance of self-sustaining captive populations of these three
vulture species will continue to be an essential precaution until
these threats are controlled more effectively (Bowden et al. 2012).

Acknowledgements. This research was funded by the Royal Society for the
Protection of Birds, UK.

References

Aitken M., Francis B. and Hinde J. (2005). Statistical Modelling in GLIM 4.
Oxford Statistical Science Series 32. Oxford: Oxford University Press.

BirdLife International (2021). Gyps bengalensis. The IUCN Red List of Threat-
ened Species. T22695194A204618615. https://doi.org/10.2305/IUCN.
UK.2021-3.RLTS.T22695194A204618615.en.

Botha A.J., Andevski J., Bowden C.G.R., Gudka M., Safford R.J., Tavares J. et al.
(2017). Multi-species Action Plan to Conserve African-Eurasian Vultures.
CMS Raptors MOU Technical Publication No. 5. CMS Technical Series
No. 35. Abu Dhabi, United Arab Emirates: Coordinating Unit of the CMS
Raptors MOU.

Bowden C.G.R., Prakash V., Ranade S., Routh A., Jakati R.D., Cuthbert R.J.
et al. (2012). Conservation breeding for the future release of the Critically
Endangered AsianGyps vultures – Progress of the programme in South Asia

Figure 2. Annual population multiplication rates λ for populations of White-rumped
Vulture in northern India (circles) and Nepal (triangles), and Indian Vulture in northern
India. For India, rates were averaged for intervals between each consecutive pair of
surveys (1–7 years apart) and are plotted at the midpoint of each interval. Vertical lines
show 95% bootstrap confidence intervals. For Nepal, the estimates of λ and its 95%
confidence limits are for two periods (2002–2013 and 2013–2018) and are from a
piecewise quasi-Poisson regression model of annual road transect counts (see
Figure 3 of Galligan et al. 2020). The horizontal dashed line indicates stable population
size (λ = 1).

Bird Conservation International 5

https://doi.org/10.1017/S0959270923000394 Published online by Cambridge University Press

https://doi.org/10.2305/IUCN.UK.2021-3.RLTS.T22695194A204618615.en
https://doi.org/10.2305/IUCN.UK.2021-3.RLTS.T22695194A204618615.en
https://doi.org/10.1017/S0959270923000394


and why it is so important. Journal of the Bombay Natural History Society
109, 43–45.

Chandramohan S., Mathesh K., Mallord J.K., Naidoo V., Mahendran K., Kesavan
M. et al. (2022). Metabolism of aceclofenac to diclofenac in the domestic water
buffalo Bubalus bubalis confirms it as a threat to Critically Endangered Gyps
vultures in SouthAsia.Environmental Toxicology and Pharmacology 96, 103984.

Cuthbert R.J., Taggart M.A., Mohini S., Sharma A., Das A., Kulkarni M.D. et al.
(2016). Continuing mortality of vultures in India associated with illegal
veterinary use of diclofenac and a potential threat from nimesulide. Oryx –

The International Journal of Conservation 50, 104–112. doi:10.1017/
S003060531500037X.

Cuthbert R.J., Taggart M.A., Prakash V., Chakraborty S.S., Deori P., Galligan T.
et al. (2014). Avian scavengers and the threat from veterinary pharmaceut-
icals. Philosophical Transactions of the Royal Society B 369, 20130574.

Galligan T.H., Bhusal K.P., Paudel K., Chapagain D., Joshi A.B., Chaudhary I.P.
et al. (2020). Partial recovery of Critically Endangered Gyps vulture popula-
tions in Nepal. Bird Conservation International 30, 87–102. doi:10.1017/
S0959270919000169.

Galligan T.H., Mallord J.W., Prakash V.M., Bhusal K.P., Sarowar Alam A.B.M.,
Anthony F.M. et al. (2021). Trends in the availability of the vulture-toxic
drug, diclofenac, and other NSAIDs in South Asia, as revealed by covert
pharmacy surveys. Bird Conservation International 31, 337–353. doi:
10.1017/S0959270920000477.

Galligan T.H., Taggart M.A., Cuthbert R.J., Svobodova D., Chipangura J.,
Alderson D. et al. (2016). Metabolism of aceclofenac in cattle to vulture-
killing diclofenac. Conservation Biology 30, 1122–1127.

Gilbert M., Watson R.T., Ahmed S., Asim M. and Johnson J.A. (2007). Vulture
restaurants and their role in reducing diclofenac exposure in Asian vultures.
Bird Conservation International 17, 63–77.

Green R.E., Newton I., Shultz S., Cunningham A.A., Gilbert G., Pain D.J. et al.
(2004). Diclofenac poisoning as a cause of vulture population declines across
the Indian subcontinent. Journal of Applied Ecology 41, 793–800.

Green R.E., Taggart M.A., Das D., Pain D.J., Sashi Kumar C., Cunningham A.A
et al. (2006). Collapse of Asian vulture populations: risk of mortality from
residues of the veterinary drug diclofenac in carcasses of treated cattle.
Journal of Applied Ecology 43, 949–956.

Green R.E., Taggart M.A., Senacha K.R., Raghavan B., Pain D.J., Jhala Y. et al.
(2007). Rate of decline of the Oriental white-backed vulture population in
India estimated from a survey of diclofenac residues in carcasses of ungulates.
PLOS ONE 2, e686.

Jackson A.L., Ruxton G.D. and Houston D.C. (2008). The effect of social
facilitation on foraging success in vultures: Amodelling study. Biology Letters
4, 311–313

Manly B.F.J. (1997). Randomisation, Bootstrap and Monte Carlo Methods in
Biology, 2nd Edn. London: Chapman & Hall.

MoEFCC (2020). Action Plan for Vulture Conservation in India, 2020–2025.
New Delhi: Ministry of Environment, Forest and Climate Change, Govern-
ment of India.

Naidoo V., Wolter K., Cromarty D., Diekmann M., Duncan N., Meharg A.A.
et al. (2010). Toxicity of non-steroidal anti-inflammatory drugs to Gyps
vultures: A new threat from ketoprofen. Biology Letters 6, 339–341. doi:
10.1098/rsbl.2009.

Nambirajan K., Muralidharan S., Ashimkumar A.R. and Jadhav S. (2021).
Nimesulide poisoning in white-rumped vulture Gyps bengalensis in Guja-
rat, India. Environmental Science and Pollution Research 28,
57818–57824.

Niel C. and Lebreton J-D. (2005). Using demographic invariants to detect
overharvested bird populations from incomplete data. Conservation Biology
19, 826–835.

Oaks J.L., GilbertM., ViraniM.Z.,Watson R.T.,Meteyer C.U., Rideout B.A. et al.
(2004). Diclofenac residues as the cause of population decline of vultures in
Pakistan. Nature 427, 630–633.

Prakash V., Bishwakarma M.C., Chaudhary A., Cuthbert R, Dave R., Kulkarni
M. et al. (2012). The population decline of Gyps vultures in India and Nepal
has slowed since veterinary use of diclofenac was banned. PLOS ONE 7,
e49118.

PrakashV., Galligan T.H., Chakraborty S.S., Dave R., KulkarniM.D., PrakashN.
et al. (2019). Recent changes in populations of Critically Endangered Gyps
vultures in India. Bird Conservation International 29, 55–70.

Prakash V., Green R.E., Pain D.J., Ranade S.P., Saravanan S., Prakash N. et al.
(2007). Recent changes in populations of resident Gyps vultures in India.
Journal of the Bombay Natural History Society 104, 129–135.

Rasmussen P.C. and Parry S.J. (2001). The taxonomic status of the “Long-billed”
Vulture Gyps indicus. Vulture News 44, 18–21.

SAVE (2021). A Blueprint for the Recovery of Asia’s Globally Threatened
Vultures. https://save-vultures.org/wp-content/uploads/2021/04/SAVE-
Blueprint-2021.pdf.

Shultz S., Baral H.S., Charman,S., CunninghamA.A., Das D., Ghalsasi G.R. et al.
(2004). Diclofenac poisoning is widespread in declining vulture populations
across the Indian subcontinent. Proceedings of the Royal Society B 271,
S458–S460. doi 10.1098/rsbl.2004.0223.

SoIB (2020). State of India’s Birds, 2020: Range, Trends and Conservation
Status. The SoIB Partnership. https://www.stateofindiasbirds.in/.

Swan G.E., Cuthbert R., Quevedo M., Green R.E., Pain D.J., Bartels P. et al.
(2006). Toxicity of diclofenac to Gyps vultures. Biology Letters 2, 279–282.
doi:10.1098/rsbl.2005.0425.

6 V. Prakash et al.

https://doi.org/10.1017/S0959270923000394 Published online by Cambridge University Press

https://doi.org/10.1017/S003060531500037X
https://doi.org/10.1017/S003060531500037X
https://doi.org/10.1017/S0959270919000169
https://doi.org/10.1017/S0959270919000169
https://doi.org/10.1017/S0959270920000477
https://doi.org/10.1098/rsbl.2009
https://save-vultures.org/wp-content/uploads/2021/04/SAVE-Blueprint-2021.pdf
https://save-vultures.org/wp-content/uploads/2021/04/SAVE-Blueprint-2021.pdf
https://doi.org/10.1098/rsbl.2004.0223
https://www.stateofindiasbirds.in/
https://doi.org/10.1098/rsbl.2005.0425
https://doi.org/10.1017/S0959270923000394

	Recent trends in populations of Critically Endangered Gyps vultures in India
	Introduction
	Methods
	Survey methods
	Calculation of annual population indices
	Calculation of mean annual population multiplication rate and changes in population trend over time

	Results
	Annual population indices
	Changes over time in annual population multiplication rate

	Discussion
	Acknowledgements
	References


