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Confirmed in 2004 (India) for wild birds - supported
by experiments in South Africa and Spain
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Diclofenac now known to be highly toxic to Gyps

G. fulvus and G. africanus treated with 0.8 mg kg
diclofenac — all birds died within 48 hours.

Estimated LD, for G. bengalensis: 0.1-0.23 mg kg

LD, in rats: strychnine = 16 mg kg, K arsenite = 14
mg kgl; passerines: catbofuran = 0.4 mg kg
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Swan et al., 2006, Biol Letts, 2, 279-282; Oaks et al., 2004, Nature, 427, 630-633. en
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Diclofenac exposure pathway in the wild

The 72 life of diclofenac in cattle is fairly long following
administration (12.2h in plasma) - hence, if an animal
is given the drug in the days preceding death, it can be
readily detected in carcass liver tissue samples.

' - '.“-

“-—

"“Mu?rir’Wén? *”" s o -*"’f' 2P~ e ': . -~ C

Since 2004, extens1ve, India wide carcass surveys have been undertaken to
assess potentlal diclofenac exposure (n = 6207 samples tested to date).

Taggart et al., 2007, Env. Poll., 147, 60-65; Taggart et al., 2007, Env. Int., 33, 759-765; Taggart et al., 2009, ES&T, 43, 4561-4566.
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Carcass surveys undertaken across India
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Liver tissue samples are collected, extracted for NSAIDs and analysed using
liquid chromatography - triple quadrupole mass spectrometry, and, by ELISA.

Taggart et al., 2007, Env. Poll., 147, 60-65; Taggart et al., 2007, Env. Int., 33, 759-765; Taggart et al., 2009, ES&T, 43, 4561-4566.




Carcass surveys undertaken across India

Sample 8 Sample 16

Standard - Sample 1 Sample 9

Liver tissue samples are collected, extracted for NSAIDs and analysed using
liquid chromatography - triple quadrupole mass spectrometry, and, by ELISA.

Saini et al., 2012, Env. Poll., 160, 11-16.



Survey work indicated that in 2004-2006, ~1:10
carcasses available to vultures contained diclofenac
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Survey 1 - May 04 to July 05
n = 1848 - 10.1%
Mean in all +ve’s — 352ppb

Survey 2 — Apr 06 to Dec 06
n = 1488 - 11.1%

Only 0.13-0.77% need contain a
lethal dose of DICLOFENAC
to drive the observed decline
rate.

Taggart et al., 2007, Env. Int., 33, 759; Taggart et al., 2009, ES&T, 43, 4561; Green et al., 2004, J. App. Ecol. 41, 793. er.



Survey work indicated that in 2004-2006, ~1:10
carcasses available to vultures contained diclofenac

Detailed models suggest that “diclofenac is
the main, if not the only cause of the
widespread declines in vulture
populations” seen on the Indian sub-
continent.
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Green et al., 2004, J. App. Ecol. 41, 793; Green et al., 2000, J. Appl. Ecol. 43, 949. er'
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Finding an alternative to diclofenac that was “vulture
safe” became an urgent priority

[able 2. Evidence for NSAID toxicity on vulmures, raprors and other scavenging birds mdicanng the number of birds thar
died with gour and’or renal faduwre snd rotal number of birds reared, the rato of COX-1/C0OXR-2 inhdbition in human
equine znd canine BMood, and the presence of either an ~NH, -COOH or both -NH and COOH groups in the molecular
structure. (Dats on COX-19C0X-2 ratios come from Brideau er af, (2001) and Lees e ol {2004
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Collated zoo, veterinary, rehabilitation centre data on 870 scavenging birds from 79 species
- MELOXICAM had been used in a large number of birds/species (including Gyps).

Proven experimentally in S.Africa and India using 3 Gyps species and 4 other scavenging
avian species.

Cuthbert et al., 2007, Biol. Letts., 3, 90; Swan et al., 2006, PLoS Biol. 4, 395; Swarup et al., 2007, Anim. Conserv. 10, 192. er'



With an alternative “vulture safe” drug
available, to protect vultures, India,
Pakistan and Nepal essentially banned
veterinary diclofenac in 2006 (and
Bangladesh also followed in 2010).



http://www.google.co.uk/url?sa=i&rct=j&q=&esrc=s&frm=1&source=images&cd=&cad=rja&uact=8&docid=ZXwJoHlgkTmFhM&tbnid=8XnSfLPgUg3D6M:&ved=0CAUQjRw&url=http://www.raptorresearchfoundation.org/grants-and-awards/grants/dean-amadon-grant&ei=H1cYU8epE5GBhAf6n4G4BA&psig=AFQjCNEgWlSpfJj4Qq_PypbisqmGFcpAWw&ust=1394190303665171

Is the ban working?

Tame 1| Number of brands of bolus and injectable formalations
of NSAIDs and the combined tital nomber from a survev of 11

Inclian states -.l.LI.I'tI:IF Wy== a1, Mumbers in pa rentheses indicate
the number of brands n which paracetamol was a secomdary
active ingredient.

Active ingredient Bl us Inpectable Total

Medooigicam 19 {12] i (13 8 (25]

i Diclofenac 168} 26 42(8) !

1 Aceclnfenag il Ih

Analgint T T T T T T T gy &0 5 (3

Flomixim | |

Ibupeofen 8 (2] 8 (2)

Ketoprofen f &

Mefenambk acid £ L) 2 R4

MNimssulide 27 (22) 2 29 (12)

Paracetamol | 1 2

Phenyl butazone 2 5 (1) 7 (1) * Poor regulation

Firoxicam I 2 (1) 3 {1} * Illegal sales

Total with parncetamol as 46 15 b4 5 Miuiue of Tban
secondary compound .

formulations
"Twn bolus and three injectable beands of analgin were ormuolated with e Cost

phenyl Butazone
N kg brdmud of bipectalsle |l"||_-||'.'| hotaine wak formalaed with sl
stlicylane (aspinin

In 2007-10, diclofenac was still very prevalent in the Indian market place — 16
bolus brands, 26 injectable.

Cuthbert et al., 2011, ORYX, 45, 420-426.



What are the wider consequences of vulture loss?

By rapidly disposing of livestock carcasses, vultures provide(d) an
invaluable ECOSYSTEM SERVICE...

Now almost completely lost - populations of these keystone species are
unlikely to rebound to previous levels.

Vultures potentially helped control disease by disposing of infected
animals rapidly:

Anthrax, brucellosis, tuberculosis
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What are the wider consequences of vulture loss?
- |

Dog populatlons. are increasmg «m/ near carcass dumps, significantly increasing the
risk of rabies infections in humans (increased by >7 million between 1992 and 2003).

India is No.1 in the world for rabies mfectlons aheady, dog bltes bemg the main source.
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What are the wider consequences of Vulture loss?
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Historically, carcasses were a valuable resource, providing hide for tanning,
and CLEAN stripped bone for fertiliser. If India has to switch to
burial/incineration, both resources are potentially lost, and dispesal costs will
be huge (10’s of millions of carcasses/year).
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What are the wider consequences of vulture loss?

Historically, the Parsi community allowed vultures and other scavenging
birds to dispose of the flesh of their dead at “Towers of Silence” — while
Buddhists use similar “Sky Burials” on mountain tops.
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Vultures are very large, very impressive, enigmatic raptors - their

s : loss in itself holds high value (biodiversity, tourism, etc.). - $
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The FUTURE
N3
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e CONSERVATION BREEDING AND RELEASE - 3 breeding centres in India, 1 in
Nepal, 1in Pakistan — more to follow

* VULTURE SAFE ZONES - creation of zones that are “safe” for vultures (diclofenac-
meloxicam swapping, education, safe food provision, etc.)

* CONTINUED ADVOCACY - remove diclofenac from the market (large vial human
formulations especially) — promote meloxicam

* CONTINUED RESEARCH - NSAID safety work, population monitoring, carcass
surveys, tracking




Some lessons learned (perhaps)?

* CONSERVATION BREEDING critical for long term plans

* Effective ADVOCACY has been critical throughout — in particular, getting the attention
of “big players’ (large conservation bodies like RSPB are very good at this!)

* RESEARCH has been critical — peer reviewed, International, quality, high profile
(Nature!) publications are important (at least in Asia)

* Having a PLAN - the SAVE consortium Recovery Blueprint is very important going
forward — signed up to by many stakeholders (conservation, science, government!)

e JUCN Red List status

* ECOSYSTEM SERVICES aspect has, to date, been somewhat overlooked — potentially
extremely important leverage

 BASELINE data was/is critical in Asia — often lacking

« SECURING/TRANSPORTING SAMPLES for research is/has been significant
barrier to progress (extent of problem, analysis required)

* SAFETY TESTING has simply been too slow (for other NSAIDs)

eri



SN TO SUM UP

Cl
Diclofenac

* Declines this fast, on this scale are virtually unprecedented
* Driven by one rather unremarkable compound

e (ritical that diclofenac is removed from the vet market -
significant progress made with the ban — far more to do

* That it is not replaced by another equally problematic
NSAID

* A combination of social, economic and ecological factors
have come together to cause this “Perfect Storm’



THE Perfect Storm (Prof. Pat Redig)

In 2004, 52% of vet-
INSAID use was with
diclofenac - 2007-10,
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Valuable — old age
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SN TO SUM UP

Cl
Diclofenac

* Declines this fast, on this scale are virtually unprecedented
* Driven by one rather unremarkable compound

e (ritical that diclofenac is removed from the vet market -
significant progress made with the ban — far more to do

* That it is not replaced by another equally problematic
NSAID

* A combination of social, economic and ecological factors
have come together to cause this “Perfect Storm’

* Case has highlighted how little we know about the potential
effects of pharmaceuticals in the terrestrial environment

* On a possible POSITIVE note — vulture populations “may”
now be turning a corner

Balmford et al., 2013, Science, 339, 653; Prakash et al., 2012, PLoS ONE, 7, e49118

Turning & con
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