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ABSTRACT: Red Kites (Milvus milvus) are avian scavengers limited to Europe, and they currently
are listed as an endangered species worldwide. Accidental poisoning is often listed as one of the
threats to Red Kites throughout their range of distribution. The purpose of this article is to
investigate the suspected poisoning cases reported to the French Wildlife Disease Surveillance
System. Dead animals are submitted to a local veterinary laboratory for necropsy and when
poisoning is suspected, samples are submitted to the Toxicology Laboratory of the College of
Veterinary Medicine, Lyon, France. Over the period 1992–2002, 62 Red Kites suspected of
poisoning were submitted, and poisoning was the confirmed cause of death for greater than 80% of
these cases. The major toxicants found were cholinesterase inhibitors (carbamates and
organophosphate insecticides) and anticoagulant compounds. The circumstances of exposure
include secondary poisoning after the use of anticoagulants over vast areas to control water vole
(Arvicola terrestric) populations, but they also include malicious poisoning with carbamates
(aldicarb and cabofuran) in meat baits. Cases of poisoning vary throughout France, with observed
mortality rates ranging between 0.1/100 hundred breeding pairs/10 yr and four cases/100 hundred
breeding pairs/10 yr. Additional cases of poisoning likely go undetected, and our results suggest
that acute poisoning is not uncommon in Red Kites and that it should be considered in the current
restoration plans.
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INTRODUCTION

The Red Kite (Milvus milvus) popula-
tion in France has been considered stable
to slightly declining (Sériot, 2005). The
geographic distribution of Red Kites is
limited to Europe, and the species is listed
under the Red List of the International
Union for the Conservation of Nature as
an endangered species, Annex II of the
Bern convention, and listed as a Species of
European Conservation Concern (http://
milan-royal.lpo.fr; Sériot, 2005). Red Kites
are scavengers; thus, they are highly
susceptible to the risk of poisoning, either
by secondary exposure (e.g., ingestion of
contaminated prey) or by pesticides ap-
plied on meat baits (Berny et al., 1998).
Among the causes of decline, habitat
modification is considered as the most
important factor. Elevated mortality rates
due to human impacts are also considered
as threatening for this species, and the

conservation program for this species is
specifically focused on identifying poison-
ing cases and toxicants involved (Sériot et
al., 2004; Sériot, 2005).

The Toxicology Laboratory of the Col-
lege of Veterinary Medicine (Lyon, France)
is a member of the Wildlife Disease
Surveillance System (SAGIR network) in
France. Tissue samples are received daily
for toxicologic analyses as part of the
routine diagnostic investigations of suspect-
ed poisoning events. In the literature, many
papers deal with poisoning in birds of prey,
especially with insecticides (Elliot et al.,
1996; Fleischli et al., 2004; Wobeser et al.,
2004). The main objectives of this paper
were to present data collected over 10 yr at
the Toxicology Laboratory on all toxicants
in Red Kites and to discuss the active
ingredients involved, the circumstances of
exposure, and the importance of acute
poisoning in mortality rates in this unique
European species.
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MATERIALS AND METHODS

The animals included in this study were
collected by technicians from Office National
de la Chasse et de la Faune Sauvage (ONCFS-
National Hunting and Wildlife Office) and the
local hunting federations. The SAGIR net-
work is supervised by the Office National de la
Chasse et de la Faune Sauvage. Hunters,
technicians of the ONCFS, and the local
hunting federations are responsible for the
collection of wild animals found dead and
their submission to the local veterinary
diagnostic laboratory. As described previously
(Berny et al., 1998), the network is active in all
parts of France; therefore, it has a nation-wide
scope.

All wild animals collected within the SAGIR
network are necropsied by trained veterinar-
ians at the local veterinary laboratory, with
bacteriologic, histologic, or parasitologic ex-
aminations performed as deemed necessary.
Whenever acute poisoning is suspected (e.g.,
sudden death of several birds, good body
condition, recent use of pesticides in the area,
presence of baits), biologic samples (e.g.,
gizzard content and liver) of the dead animals
and their corresponding necropsy findings are
submitted to the Toxicology Laboratory at the
Veterinary College (Lyon, France). Each
animal is assigned a unique identification
number and accompanied by a specific case-
record describing the circumstances of discov-
ery, and any available demographic and
clinical data.

At the Toxicology Laboratory, samples are
analyzed according to internal procedures,
published or official techniques for the
analysis of residues in animal tissues, or a
combination (Table 1). The Toxicology Labo-
ratory has developed a comprehensive ap-
proach to investigate these cases (e.g., selec-
tion of animal tissues, screening techniques,
clinical and circumstantial evidence of expo-
sure; Brown et al., 2005). However, analyses
are paid for by the local hunting federations;
thus, funding is usually limited to investiga-
tions of wildlife poisoning incidents. Screen-
ing for poisons can include insecticides (e.g.,
organophosphates and carbamates, organo-
chlorines, pyrethroids, imidacloprid, and fi-
pronil), rodenticides, and other vertebrate
poisons (e.g., anticoagulants or antivitamins K
[AVKs], chloralose, crimidine, and strych-
nine), molluscicides (e.g., metaldehyde and
methiocarb), herbicides (e.g., paraquat and
diquat), avicides (e.g., chloralose), and specif-
ic drugs (e.g., euthanasia agents) as described
by Brown et al. (2005). Heavy metals also may
be analyzed in samples but only when clinical

evidence, exposure evidence, or both suggest
the need. The laboratory has set up a quality
assurance/quality control policy, and analyti-
cal investigations include the analysis of
blanks, spiked samples, or both and calibra-
tion curves. Poisoning is confirmed when the
exposure information (e.g., pesticide applica-
tion and baiting), clinical and necropsy
findings, and the presence and amount of a
given poison are consistent for a poisoning
event.

The information for each case submitted to
the laboratory is entered into a database for
future reference. The laboratory database was
searched for Red Kites and Black Kites
(Milvus migrans) suspected poisoning cases
over the period 1992–2002 to retrieve infor-
mation on the time of discovery, poison
suspected, analytical investigations, clinical
signs, lesions observed, or a combination.
Results obtained in Red Kites were compared
with results obtained in all wildlife species
(e.g., nature of toxicant involved, circumstanc-
es of poisoning, period of exposure).

Population estimates of Red Kites were
provided by the Ligue de Protection des
Oiseaux (LPO-French representative of Bird
Life International). Briefly, Red Kites are
surveyed by visual observation and identifica-
tion of nests along road transects. A specific
protocol for bird watching has been set up,
and it is available at http://milan-royal.lpo.fr/.
Red Kites have been recently included in a
European conservation project, and annual
population estimates are available. Wintering
populations are described in France, although
to a limited extent (http://milan-royal.lpo.fr/),
in most of the nesting areas, especially in the
south of France or the Massif Central (center
of France). In our analysis of cases, it is not
possible to distinguish between wintering and
nesting populations.

Anticoagulant use against water voles in the
field was computed based on the data
published by the regional crop protection
services in the two major regions of use in
France (srpv; www.srpv-auvergne.com).
Whenever possible, statistical tests were con-
ducted. For case distributions (e.g., monthly
repartition and proportion of various toxi-
cants), chi-square tests were used, with a level
of significance P,0.05.

RESULTS

Over the study period, 4,323 suspected
poisoning cases of wildlife were investi-
gated at the toxicology laboratory. Among
them, Eurasian Buzzards (Buteo buteo)
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were the most common birds of prey
received (314 cases). Red Kites (62 cases)
were the second major bird of prey,
followed by Black Kites (40 cases).

There is no statistical difference be-
tween monthly distribution of Red Kite
cases and other wildlife cases (chi-square
test, P50.21, df523). Most cases were
submitted during autumn and spring, with
a limited number of cases submitted
during summer (Fig. 1). The proportion
of confirmed poisoning cases was signifi-
cantly higher in Red Kites (82%) com-
pared with other wildlife species (54%)
(binomial test, P,0.01). The number of
confirmed Red Kite poisoning cases for
groups of pesticides is given in Figure 2;
most cases were associated with AVK and
insecticide poisoning. Among AVKs (27
confirmed cases), bromadiolone (0.2–
5.6 mg/g wet weight) was detected in 24
cases and chlorophacinone (0.9–5.2 mg/g
wet weight) in three cases. Among cholin-
esterase inhibitors (21 confirmed cases),

carbofuran was detected in 14 cases,
mevinphos in five cases, and aldicarb in
two cases. The other products detected
were a-chloralose (four cases), imidaclo-
prid (one case), lindane (one case), and
lead (one case). There was no evidence of
poisoning with herbicides, drugs for eutha-
nasia, or any other pesticide.

Geographic distribution of poisoning
cases and of Red Kites is depicted in
Figure 3. There were a few individual
cases reported from neighboring areas
outside of the known distribution of Red
Kite populations (Fig. 3b). Mortality rates
based on population data (Fig. 3b) and
identified poisoning cases vary between
0.1/100 hundred breeding pairs/10 yr to
four cases/100 hundred breeding pairs/
10 yr. No statistical comparison between
areas could be conducted due to the
limited number of cases. There is evi-
dence, from both maps, that AVKs are
widely used in some areas (Fig. 3a), with
some differences: scattered use in central

TABLE 1. Analytical techniques used for toxicology screening at the College of Veterinary Medicine
Toxicology Laboratory (and published references).

Group Compound Detectiona Confirmation Referenceb LOD (mg/g or mg/l)c

Anticoagulant 8 HPTLC-UV HPLC-UV/
Fluo

Berny et al.
(1995, 2006)

0.05 (L)
0.01 (Pl)

Carbamate/ 5 compounds HPTLC-UV HPLC-UV Berny et al. (1999) 1 (GC, L)
Organophosphate 15 compounds HPTLC-UV GC-MS AFSSA 0.001 (GC, L)
Organochlorine 12 compounds GC-ECD GC-MS AFSSA 0.0001 (GC, L)
Pyrethroid 5 GC-ECD GC-MS AFSSA 0.001 (GC, L)
Fipronil HPLC-UV GC-MS Jennings et al. (2002) 0.01
Convulsant Strychnine

Crimidine
HPTLC-UV GC-MS Braselton and

Johnson (2003)
0.1 (GC)

Molluscicide Metaldehyde Colorimetric GC-MS 1 (GC)
Herbicide Paraquat UV HPLC-UV Blake et al. (2002) 0.1 (GC, K)
Euthanasia Pentobarbital

T61H
GC-MS Hooijerink et al. (1998) 0.1 (Pl)

Avicide a-Chloralose Colorimetric GC-ECD Brown (1996, 2005) 1 (GC)
Heavy metal Pb, Cd, Cu AAS AFSSA 0.001 (L, K)

Hg Cold vapor 0.005 (Pl)
As AAS AFSSA (L, K)

(GC, L, K)

a AAS 5 atomic absorption spectrometry; ECD 5 electron capture detection; Fluo 5 fluorescence detection; GC 5 gas
chromatography; HPLC 5 high-performance liquid chromatography; HPTLC 5 high-performance-thin layer
chromatography; MS 5 mass spectrometry; UV 5 ultraviolet.

b AFSSA 5 official method developed by the French Agency for Food Safety.
c LOD 5 limit of detection; L 5 liver; Pl 5 plasma; Bl 5 blood; GC 5 gizzard content; K 5 kidney.
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France and continuous use in eastern
France. Most AVK poisoning cases occur
in the eastern France (Fig. 3b), although
the local population of Red Kites is lower.

DISCUSSION

The number of wildlife cases submitted
to the Toxicology Laboratory is substantial

FIGURE 1. Monthly distribution of suspected poisoning cases in Red Kites (Milvus milvus) and in wildlife
(less red kites) in general between 1992 and 2002 in France.

FIGURE 2. Toxic compounds detected in Red Kites (Milvus milvus, n562) and in wildlife (less Red Kites,
n54,326) in general (number of cases) between 1992 and 2002 in France (n 5 number of cases submitted).
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FIGURE 3. Geographical distribution of (a) major areas (green areas) treated with bromadiolone against
field voles (Arvicola terrestris) and (b) Red Kite (Milvus milvus) population and poisoning cases between 1992
and 2002 in France. Population data were obtained from Ligue de Protection des Oiseaux (French section of
Birdlife International) (www.milan-royal.lpo.fr).
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(400–450/yr), and it provides a reasonable
database on poisoning cases in wild
mammals and birds. As stated previously
(Berny et al., 1998), the French network
relies primarily on hunters for case
submission, and analyses are paid for by
hunting associations; thus, most species
submitted for investigation are game
species. As a comparison, in the Wildlife
Incident Investigation Scheme (WIIS)
reports in the United Kingdom, birds of
prey are very commonly sent to the lab for
investigation (WIIS, 2003; www.defra.gov.
uk), with an average of 20–22 Red Kites/yr
(versus six in France); there are approxi-
mately 370–380 breeding pairs in Great
Britain, which is approximately 10 times
less than reported in France in 2000
(Sériot, 2005; http://milan-royal.lpo.fr/).
In the UK, the system does not rely on
private funding; thus, there is an obvious
bias in case collection in France. Never-
theless, the case-series described in this
article provides some valuable data on an
endangered species for which there are
only a few published toxicologic investiga-
tions. The majority of cases occur during
early spring and autumn; therefore, win-
tering kites may be exposed as well. It is
possible that in early spring, snow cover
limits food in the areas where Red Kites
are found. Considering the importance of
AVK poisoning, the monthly distribution
of poisoning cases is also driven by the use
of bromadiolone against Arvicola terrestris
at that time of the year, especially in
autumn and early spring (Berny et al.,
1997).

Investigation of suspected poisoning
cases in wildlife may be complex and
time-consuming. The strategy developed
by the WIIS in the UK, for example, is
based on necropsy, with a wide multi-
residue chemical analysis (Brown et al.,
1996, 2005). Although this approach may
yield many interesting results, it is expen-
sive and time-consuming. In the French
system, necropsy is performed locally to
be conducted as soon as possible after
collection, and appropriate samples may

be kept frozen and submitted to the
toxicology laboratory for chemical investi-
gations. Clinical (when possible) and
necropsy findings may suggest a specific
pesticide poisoning. As stated by Fair-
brother (1996), acute exposure to carba-
mate/organophosphate pesticides is usual-
ly suggested by the discovery of dead
animals in good condition (e.g., adequate
body mass and fat), with signs of convul-
sions (e.g., tightened claws), pulmonary
edema, and diarrhea. Because of the delay
between body collection, necropsy and
submission to the toxicology laboratory,
investigation of acetylcholinesterase inhi-
bition is no longer considered, although it
is commonly used in other case series
(Eliott et al., 1996; Wobeser et al., 2004).
Spontaneous reversal, as commonly de-
scribed with carbamates, and lack of
inhibition in the brain in case of sudden
death (Wobeser et al., 2004) are also
pitfalls of the cholinesterase inhibition
method, resulting in a high proportion of
false negative cases: these authors found
four negative cases out of seven with
confirmed exposure (carbouran identified
in the gizzard). For example, Guitart et al.
(1999) describe a case of death with
aldicarb, in which the bait was found in
the esophagus only, confirming the high
toxicity and rapid onset of signs. There-
fore, identification of suspected poisoning
cases relies on chromatographic determi-
nation of carbamates and organophos-
phates as described above, with cholines-
terase inhibition on a thin layer
chromatography plate to confirm the
activity of the compound identified (Berny
et al., 1999).

Poisoning by AVKs is also easily sug-
gested by severe hemorrhagic lesions and
lack of clotting. Because the network is
only dealing with spontaneous submission
of dead animals, the number of poisoning
cases should not be compared with
prevalence or incidence of poisoning.
The high proportion of confirmed poison-
ing among the suspected cases indicates
that the selection process is relevant and
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effective; toxicants not detected in the
cases submitted to the Toxicology Labo-
ratory represent less than 20% of the
submitted cases. To have a reasonable
idea of the importance of poisoning among
the various causes of death, systematic
investigations should be conducted in bird
populations, as reported by Wendell et al.
(2002) for raptors admitted at the Color-
ado State Veterinary Teaching Hospital.
Wendell et al. (2002) identified toxicosis as
the primary cause of death in about 2% of
the birds, which is fairly consistent with
data published by the SAGIR network
regarding game species (Lamarque et al.,
1999). In White-tailed Sea Eagles (Ha-
liaeetus alvicilla) in Greenland, one case of
lead poisoning was identified among 12
reported deaths (Krone et al., 2004).
Considering the limited number of birds
included in this series, the proportion of
poisoning cases (8%) may not be signifi-
cant.

Among the toxicants found in Red Kites
in this study, cholinesterase inhibitors (21
cases) and anticoagulant rodenticides (27
cases) were predominant, findings that
corresponded to a previous survey in birds
of prey (Berny et al., 1998). Both toxicant
groups are reported as major toxicants in
birds of prey, although seldom in the same
study. For example, Fleischli et al. (2004)
reported investigations of 355 anticholin-
esterase poisoning cases from more than
35,000 wildlife deaths in the United
States, with fanfur and carbofuran as
primary toxicants. In New York, Stone et
al. (2003) reported only on anticoagulant
poisoning in raptors. In the UK, WIIS
(2003) reports indicate that insecticides
are commonly detected in raptors, with
carbofuran, mevinphos, and aldicarb as
the most common compounds. In France,
we found a similar pattern for toxicants,
which may reflect the European homolo-
gations of pesticides. These insecticides
are highly toxic to birds of prey (toxic
doses ,10 mg/kg), and they are available
as concentrated formulations. Indeed,
they are available as micropellets for soil

treatment at 5% or 10% active ingredient,
or as a liquid concentrate (mevinphos)
(ACTA, 2005). Despite strict regulations
on the sale and use of such pesticides, they
can be easily purchased. There is evidence
that most cases reported in this article are
illicit poisoning cases (Berny et al., 1998),
as often reported elsewhere in the world
(Elliott et al., 1996; Wobeser et al., 2004),
and even in Red Kites in Spain (Sergio et
al., 2005). Reports from European surveys
on pesticide incidents in wildlife also
describe deliberate abuse as the major
cause of pesticide poisoning in most
species (de Snoo et al., 1999; Van Oers
et al., 2005). Birds of prey, especially
scavengers, suffer from a bad reputation,
and they are often incorrectly associated
with negative events in game species
populations. As described by Villafuerte
et al. (1998), major population decreases
due to infectious diseases (in hares in their
study) may be falsely attributed to preda-
tion by Red Kites; this may result in illicit
hunting and poisoning of birds of prey.
Because these raptors are scavengers, they
are easily poisoned by meat baits contain-
ing insecticides, and because carbamates
and organophosphates may be highly
persistent in the environment, poisoning
with baits may be possible over several
days (Wilson et al., 2002). As suggested by
Sergio et al. (2005), predators and scav-
engers are often poisoned by hunters
because they are considered to be com-
petitors. Population management strate-
gies should also include, as they suggest,
information and implication of inhabitants
and hunters to understand the benefits of
scavengers.

Anticoagulant poisoning is also com-
monly described in birds of prey, as a
result of secondary poisoning, but mostly
in nocturnal birds such as owls (Newton et
al., 1990, 1999). This is especially true for
second-generation products, such as bro-
difacoum or bromadiolone (Eason et al.,
2002; Erickson and Urban, 2002). Usually,
animals poisoned by AVKs die several days
after exposure; thus, studies relying on
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animal carcasses may be biased and
underestimate the true proportion of
death due to AVKs poisoning (Newton et
al., 1990, 1999; Erickson and Urban, 2002;
Shore et al., 2003). In France, bromadio-
lone is widely used against field voles
(Arvicola terrestris), coypu (Myocastor
coypu) and musk rat (Ondathra zibethi-
cus). There is evidence that the use of
bromadiolone is associated with exposure
or poisoning of predators and scavengers
in the same environment (Berny et al.,
1997; Fournier-Chambrillon et al., 2004).
Shore et al. (2003) also showed that many
mustelids found dead had detectable
residues of anticoagulants, although death
could be attributed to another cause.

In this study, we observed an associa-
tion between AVK poisoning and its use.
For example, bromadiolone is applied on
many scattered areas in the center of
France, but over a vast, contiguous area in
eastern France. As a result, bromadiolone
poisoning of Red Kites in eastern France
is much more pronounced. It has also
been shown recently (Giraudoux et al.,
2006) that field voles store wheat bait and
that they may consume it several days or
weeks after use; hence the proportion of
voles caught with high residues of broma-
diolone is almost 100% for over 10 days
after field application, thereby exposing
Red Kites for prolonged periods. These
data indicate that there is some concern
about the widespread use of AVKs and
their potential side effects on nontarget
species. For an endangered species, this is
even more of a concern. Our data suggest
that if AVKs have to be used, they should
be applied on small dispersed areas to
avoid contamination of an entire popula-
tion of voles and consequently, repeated
poisoning of scavengers feeding on poi-
soned rodents.

The other toxicants we measured ac-
count for only a few percent of the
poisoning cases. Only a-chloralose result-
ed in several poisoning cases, but much
less than reported in the UK (WIIS, 2003).
a-Chloralose is commonly used in France

as a bird control product (ACTA, 2005).
Its toxicity is important in many bird
species, but it is not labeled for use against
birds of prey. Because it is only sold as a
cereal-based bait, exposure of birds of
prey should not occur often (ACTA, 2005).
There is no evidence that this compound
accumulates in the food chain (Brown et
al., 1996). Secondary poisoning may occur
when scavengers eat rodents or birds
killed by chloralose poisoning, by direct
ingestion of the gizzard content. It is our
hypothesis that illicit meat baits were also
prepared with this product and ingested
by Red Kites. There was also one case of
acute exposure to imidacloprid. This is, to
our knowledge, the first report of exposure
of a bird of prey to this insecticide. We do
not have any information on the toxicity of
imidacloprid in birds of prey, and, in other
bird species, it may vary greatly with acute
oral lethal dose 50 from 14.5 mg/kg to
152 mg/kg (www.inra.fr/agritox).

In the cases investigated, there was no
heavy metal poisoning case reported,
although heavy metals are commonly
suggested as potentially toxic to Red Kites,
especially due to the consumption of
bullet fragments in prey (Mateo et al.,
2003). As stated herein, the policy is to
investigate the cause of death and not to
determine whether the birds were ex-
posed to a given toxicant. Based on
necropsy findings, lead poisoning, for
example, is not often suspected, and heavy
metal residues are not determined sys-
tematically because of limited funding.

In conclusion, it seems that poisoning is
a common feature in Red Kites, with two
major groups of compounds involved:
cholinesterase inhibitors and anticoagu-
lant rodenticides. It is difficult to deter-
mine the impact of poisoning on the
population. Based on our data, mortality
due to acute poisoning may reach a few
individuals per thousand, but we suspect
this number is underestimated. Acute
poisoning remains a potential threat on a
weakened population, especially when
AVKs are used on large areas or as a
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result of illicit poisoning. It would certain-
ly be extremely valuable to develop a
specific monitoring system for this endan-
gered species, because it is already under-
going a restoration program in France.

ACKNOWLEDGMENTS

We thank J. Sinardet and D. Vey for excellent
technical assistance in the laboratory; ONCFS
and Hunting federations, who provided fund-
ing for the analyses reported here; and Ligue de
Protection des Oiseaux (French representative
of Birdlife International) (Mionnet), who pro-
vided the data on Red Kite population status
over the study period.

LITERATURE CITED

ASSOCIATION DE COORDINATION TECHNIQUE AGRICOLE

(ACTA). 2005. Index Phytosanitaire. ACTA-
Publications, Paris, France, 768 pp.

BERNY, P., T. BURONFOSSE, AND G. LORGUE. 1995.
Anticoagulant poisoning in animals: A simple
new high performance thin-layer chromatogra-
phy (HPTLC) method for the simultaneous
determination of eight anticoagulant rodenti-
cides in liver samples. Journal of Analytical
Toxicology 19: 576–580.

———, F. LAMARQUE, AND G. LORGUE. 1997. Field
evidence of secondary poisoning of foxes (Vulpes
vulpes) and buzzards (Buteo buteo) by broma-
diolone: A 4-year survey. Chemosphere 35:
1817–1829.

———, ———, F. BURONFOSSE, AND G. LORGUE.
1998. Pesticide poisoning in raptors in France:
Results from the SAGIR network. Game and
Wildlife 85: 343–350.

———, J. SINARDET, AND D. VEY. 1999. HPTLC in
veterinary toxicology. Camag Bibliography Ser-
vice 83: 25–28.

———, L. ALVES DE OLIVEIRA., B. VIDEMANN, AND S.
ROSSI. 2006. Assessment of ruminal degradation,
oral bioavailability, and toxic effects of anticoag-
ulant rodenticides in sheep. American Journal of
Veterinary Research 67: 363–371.

BLAKE, D. K., R. T. GALLAGHER, AND B. H. WOOLLEN.
2002. Improved method for the analysis of
paraquat in biological fluids. Chromatographia
55: s183–s186.

BRASELTON, W. E., AND M. JOHNSON. 2003. Thin layer
chromatography convulsant screen extended by
gas chromatography-mass spectrometry. Journal
of Veterinary Diagnostic Investigations 15: 42–
45.

BROWN, P., A. CHARLTON, M. CUTHBERT, L. BARNETT,
L. ROSS, M. GREEN, L. GILLIES, K. SHAW, AND M.
FLETCHER. 1996. Identification of pesticide poi-
soning in wildlife. Journal of Chromatography A
754: 463–478.

———, G. TURNBULL, S. CHARMAN, A. J. CHARLTON,
AND A. JONES. 2005. Analytical methods used in
the United Kingdom Wildlife Incident Investi-
gation Scheme for the detection of animal
poisoning by pesticides. Journal of the Associa-
tion of Analytical Chemistry International 88:
204–220.

DE SNOO, G. R., N. M. I. SCHEIDEGGER, AND F. M. W.
DE JONG. 1999. Vertebrate wildlife incidents
with pesticides: A European survey. Pesticide
Science 55: 47–54.

EASON, C. T., E. C. MURPHY, G. R. WRIGHT, AND E. B.
SPURR. 2002. Assessment of risks of brodifacoum
to non-target birds and mammals in New-
Zealand. Ecotoxicology 11: 35–48.

ELLIOT, J. E., K. M. LANGELIER, P. MINEAU, AND L. K.
WILSON. 1996. Poisoning of bald eagles and red-
tailed hawks by carbofuran and fensulfothion in
the Fraser delta of British Columbia, Canada.
Journal of Wildlife Diseases 32: 486–491.

ERICKSON, W., AND D. URBAN. 2002. Potential risk of
nine rodenticides to birds and mammals: A
comparative approach. United States Environ-
mental Protection Agency, Washington, DC, 192
pp.

FAIRBROTHER, A. 1996. Cholinesterase-inhibiting in-
secticides. In Noninfectious diseases of wildlife,
2nd Edition, A. Fairbrother, L. N. Locke, and
G. L. Hoff (eds.). Iowa State University Press,
Ames, Iowa, pp. 52–61.

FLEISCHLI, M. A., J. C. FRANSON, N. J. THOMAS, D. L.
FINLEY, AND W. RILEY. 2004. Avian mortality
events in the United States caused by anticho-
linesterase pesticides: A retrospective summary
of national wildlife health center records from
1980 to 2000. Archives of Environmental Con-
tamination and Toxicology 46: 542–550.

FOURNIER-CHAMBRILLON, C., P. BERNY, O. COIFFIER,
P. BARBEDIENNE, B. DASSE, G. DELAS, H.
GALINEAU, A. MAZET, P. POUZENC, R. ROSOUX,
AND P. FOURNIER. 2004. Field evidence of
secondary poisoning of free-ranging riparian
mustelids by anticoagulant rodenticides in
France: Implications for the conservation of
the European mink (Mustela lutreola). Journal of
Wildlife Diseases 40: 688–695.

GIRAUDOUX, P., C. TREMOLIERES, B. BARBIER, R.
DEFAUT, D. RIEFFEL, N. BERNARD, E. LUCOT,
AND P. BERNY. 2006. Persistence of bromadio-
lone anticoagulant rodenticide in Arvicola ter-
restris populations after field control. Environ-
mental Research 102: 291–298.

GUITART, R., S. MANOSA, X. GUERRERO, AND R. MATEO.
1999. Animal poisonings: The 10-year experi-
ence of a veterinary analytical laboratory.
Veterinary and Human Toxicology 41: 331–335.

HOOIJERINK, D., R. SCHILT, B. BROUWER, AND E. VAN

BENNEKOM. 1998. Determination of embutra-
mide and pentobarbital in meat and bone meal

BERNY AND GAILLET—POISONING IN RED KITES IN FRANCE 425

D
ow

nloaded from
 http://m

eridian.allenpress.com
/jw

d/article-pdf/44/2/417/2238413/0090-3558-44_2_417.pdf by guest on 13 D
ecem

ber 2022



by gas chromatography-mass spectrometry. An-
alyst 123: 2513–2516.

JENNINGS, K. A., T. D. CANERDY, R. J. KELLER, B. H.
ATIEH, R. B. DOSS, AND R. C. GUPTA. 2002.
Human exposure to fipronil from dogs treated
with Frontline. Veterinary and Human Toxicol-
ogy 44: 301–303.

KRONE, O., F. WILLE, N. KENNTNER, D. BOERTMANN,
AND F. TATARUCH. 2004. Mortality factors,
environmental contaminants, and parasites of
white-tailed sea eagles from Greenland. Avian
Diseases 48: 417–424.

LAMARQUE, F., M. ARTOIS, P. BERNY, AND C. HATIER.
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