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ABSTRACT: Because of the rapid decline of the endangered European mink (Mustela lutreola)
populations in France, a national conservation program has been put into action, including re-
search to understand the causes of decline. As part of this research, concentrations of eight
anticoagulant rodenticides were examined in livers from 122 carcasses of four species of free-
ranging mustelids collected between 1990 and 2002 in southwestern France. Bromadiolone res-
idue was found in all species and 9% of the sample (one of 31 European mink, three of 47
American mink [Mustela vison], five of 33 polecats [Mustela putorius], and two of 11 European
otters [Lutra lutra]). Liver concentrations ranged from 0.6 mg/g to 9.0 mg/g. Chlorophacinone
residue was found in two species and 4% of the sample (in four of the American mink and in
one of the otters), with liver concentrations ranging from 3.4 mg/g to 8.5 mg/g. Two polecats and
one American mink had lesions and liver residues indicating bromadiolone was directly respon-
sible for their death. However, most of our study animals survived secondary poisoning until they
were caught; this study certainly underestimates the extent of fatal exposure of mustelids to
rodenticides. Moreover, anticoagulant poisoning could increase their vulnerability to other causes
of death. The current status of the endangered European mink population is such that any
additional risk factor for mortality is important, and it is thus urgent to monitor and reduce the
extensive use of bromadiolone and chlorophacinone against field rodents in France.

Key words: Bromadiolone, chlorophacinone, Lutra lutra, Mustela lutreola, Mustela putorius,
Mustela vison, secondary poisoning.

INTRODUCTION

The European mink (Mustela lutreola)
is one of 15 species of carnivores listed by
the International Union for the Conser-
vation of Nature as threatened with ex-
tinction (www.redlist.org). This species has
retracted from most of its range in the last
century (Youngman, 1982; Saint-Girons,
1991; Rozhnov, 1993; Maran and Hentton-
nen, 1995), and its distribution is still
shrinking dramatically. In France, the spe-
cies lost nearly half of its range during the
last 20 yr and is now only present in seven

départements of southwestern France
(Maizeret et al., 2002). Because of this
rapid decline, the French Environmental
Ministry initiated a conservation program.
The objectives were to stop the decline of
this species in France and to initiate re-
covery of mink in at least a part of the area
where it recently retracted. One of the
main activities of this program is to imple-
ment research to understand causes of re-
gression of the mink populations in
France.

Anticoagulant rodenticides are used in
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major field treatments in France during
fall and winter. Bromadiolone is used ex-
tensively against coypu (Myocastor coy-
pus), muskrat (Ondathra zibethicus), and
water vole (Arvicola terrestris) and should
only be applied by official pest control op-
erators under strict regulatory control
(www.legifrance.gouv.fr). These com-
pounds are applied one time in places
where these rodents live, that is, wetland
areas, marshes, and water ponds in west-
ern France. Chlorophacinone is used
against muskrat, rats (Rattus norvegicus),
mice (Mus musculus), voles (Arvicola sp.),
and other rodents and is less strictly reg-
ulated than bromadiolone. Both com-
pounds may be used against rodents found
indoors. All second-generation anticoagu-
lant rodenticides (brodifacoum, flocouma-
fen, difethialone) are licensed for indoor
use only (Association de Coordination
Technique Agricole, 2003).

In France (1995/1996 campaign), 99%
of all rodenticides sold were anticoagu-
lants: 17% bromadiolone, 75% chloropha-
cinone and 7% of six other compounds
(Liphatech Europe, Pont du Casse,
France) distributed in 17,014 metric tons
of bait. Secondary poisoning of predators
by anticoagulant rodenticides via contam-
inated prey was recently observed in sev-
eral species (Gray et al., 1994; Shore et al.,
1996; Berny et al., 1997; McDonald et al.,
1998; Murphy et al., 1998; Stone et al.,
1999). Because of their heavy predation on
rodents, mustelids may be at high risk for
secondary poisoning by anticoagulant ro-
denticides, like several birds of prey such
as barn owls (Tyto alba) and red kites (Mil-
vus milvus) (Shore et al., 2003). Shore et
al. (1996) found rodenticides in 31% of
road-killed polecats (Mustela putorius) in
western England. McDonald et al. (1998)
detected rodenticides in 23% of stoats
(Mustela erminea) and 30% of weasels
(Mustela nivalis) in central and eastern
England. Residues of brodifacoum were
detected in a large number of stoats
(78%), weasels (71%), and polecats (56%)
after a rat- and opossum-poisoning oper-

ation in New Zealand (Murphy et al.,
1998). The toxicity of rodenticides for
mustelids has been demonstrated in labo-
ratory trials (Grolleau, 1989; McDonald,
2000) and confirmed in the field (Berny et
al., 1997). A 50% lethal dose of 9.2 mg/kg
is reported for brodifacoum in American
mink (Mustela vison), which is high when
compared with dog (,1.0 mg/kg) and ro-
dents (ca. 0.5 mg/kg). In order to estimate
the exposure of riparian mustelids to an-
ticoagulant rodenticides, we studied 122
dead free-ranging mustelids including Eu-
ropean mink, American mink, polecat, and
European otter (Lutra lutra) in south-
western France.

MATERIALS AND METHODS

Carcasses of 31 European mink, 47 Ameri-
can mink, 33 polecats, and 11 European otter
were collected by the European Mink Network
between 1990 and 2002 in eight départements
of southwestern France (428479N to 468229N
and 08549W to 4879W) (Fig. 1). This large net-
work of trained trappers has been organized for
the standardized study of the European mink’s
distribution (Maizeret et al., 2002). Members
of the network were also asked to collect all
dead mustelids found fortuitously in the wild.

Each animal was necropsied by trained vet-
erinarians within 48 hr when possible or car-
casses were stored frozen until necropsy. Sex
was determined, the animals were weighed us-
ing an electronic letter scale (Maultronics 151
20, Mault, Bad König, Germany), and mea-
sured (total length, head and body, foot). Age
was defined as juvenile (milk teeth), subadult
(adult teeth without wear and tartar), adult
(teeth partly worn and with tartar), and old
adult (teeth largely worn with much tartar).
Physical condition was defined as very good
(particularly corpulent animals with well-devel-
oped muscles and glossy coat), good (animals
apparently clinically healthy), and poor (thin
animals with reduced muscle tone, dull coat,
and sometimes dehydrated). The quantity of fat
was determined in various locations (subcuta-
neous, genital, mesenteric, kidney) using a
scale from zero to three. A mean value was cal-
culated and the amount of fat was defined as
null (mean5[0–1.0]), poor (mean5[1.0–1.50]),
moderate (mean5[1.50–2.0]), good (mean5
[2.0–2.5]), and very good (mean5[2.5–3.00]).
The direct cause of death was identified from
gross lesions. A 1-g liver sample was extracted
and frozen (220 C) until analysis by the Toxi-
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FIGURE 1. Geographic distribution of animals
without anticoagulant residues (in white), with bro-
madiolone residues (in black), and with chlorophaci-
none residues (in gray) in southwestern France.

cology Laboratory at the School of Veterinary
Medicine, Lyon, France.

The anticoagulant concentration in liver was
determined by high-performance thin layer
chromatography (Berny et al., 1995). A 1.0-g
liver sample was extracted with 10 ml acetone.
After centrifugation, the supernatant was sep-
arated and 1.0 ml was evaporated under a ni-
trogen flux. The dry residue was resuspended
in 0.1 ml methanol and used for analysis. High-
performance thin layer chromatography RP18
plates were used and 10-ml samples were
sprayed with an Automatic thin layer chroma-
tography sampler 3 (Camagt, Basel, Switzer-
land). After elution in an automatic develop-
ment chamber (AMD 2, Camagt) with meth-
anol:orthophosphoric acid (4.72 M) 9:1, a read-
ing was made using a UV scanner II (Camagt)
at 286 nm. Samples were compared to eight
standard substances: brodifacoum, bromadiolo-
ne, chlorophacinone, coumachlor, coumatetra-
lyl, difenacoum, difethialone, and warfarin. For
each sample and standard, a reading was made
and integrated with specific software (Win-
catst, Camag). All peaks detected were inte-
grated and further characterized by their solid-

phase ultraviolet spectrum (220–390 nm). The
limit of detection was 0.07 mg/g, and the limit
of quantification was 0.2 mg/g. Recovery deter-
mined on spiked liver samples was 87.5%
(chlorophacinone) and .90% (bromadiolone).
The method was validated and appeared linear
and specific under these conditions. For both
compounds, the variation coefficients were
,10% for recovery and linearity.

When anticoagulant was detected the ani-
mals were considered to have been exposed to
anticoagulants. Anticoagulant poisoning was
confirmed when liver anticoagulant concentra-
tions were 0.2 mg/g and gross lesions (hemor-
rhages, unclotted blood, anemia) were ob-
served in an animal (Berny et al., 1997). These
parameters are accepted by the US Environ-
mental Protection Agency for anticoagulant ex-
posure and poisoning (Erickson and Urban,
2002).

RESULTS

Most animals were found dead in the
wild, primarily killed by cars, except for
American mink that were mostly trapped
and killed for pest control (Table 1).

Bromadiolone residue was found in 11
animals (9%) of four species. Liver con-
centrations ranged from 0.6 mg/g to 9.0 mg/
g. Chlorophacinone residue was found in
four American mink and one otter (4%),
and liver concentration ranged from 3.4
mg/g to 8.5 mg/g (Table 2). No other anti-
coagulant residue was found. Most animals
exposed to anticoagulants were collected
during fall and winter (Fig. 2) in five dé-
partements in the study area (Fig. 1).

All exposed animals were in good phys-
ical condition except one female polecat
that was thin and dehydrated (with a fat
condition defined as null).

In three animals, bromadiolone poison-
ing was considered the direct cause of
death: one male polecat had generalized
hemorrhages; the female polecat in very
bad condition was found dead in a live trap
and had severe anemia and dehydration;
and one male American mink, trapped
alive, died from massive hemorrhage. Liv-
er concentrations of anticoagulants in
these animals were 0.6 mg/g, 2.6 mg/g, and
2.0 mg/g, respectively.

For the other 13 animals with antico-
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TABLE 1. Causes of death of 122 free-ranging mustelids from southwestern France.

Species Roadkill

Trapped and
killed for pest

controla
Found dead in

live traps
Killed by a
carnivore Other

European mink
(Mustela lutreola)

American mink
(Mustela vison)

13

3

3

42

3

1

8

—

4

1

Polecat
(Mustela putorius)

European otter
(Lutra lutra)

17

10

7

—

2

—

3

—

4

1

a European mink were killed by trappers following confusion with polecat.

agulant exposure, clinical signs and lesions
were not compatible with anticoagulant
poisoning. The direct causes of death were
varied: the European mink was killed by a
trapper following misidentification, two
polecats and two otters were killed by cars,
six American mink were killed for pest
control, one polecat was killed by a car-
nivore, and one otter was drowned in a
fishing net.

DISCUSSION

Our study confirms exposure of riparian
mustelids to secondary poisoning by anti-
coagulant rodenticides in France, includ-
ing rare species like European otter and
endangered European mink. Exposure of
European otters has not been reported
previously. European mink are extremely
rare today; the estimated population in
France is a few hundred individuals (Maiz-
eret, pers. comm.). Mustelids ingest anti-
coagulant rodenticides in contaminated
prey (Murphy et al., 1998) that are not
necessarily target species (McDonald et
al., 1998). Because there is a delay (2–10
days) between exposure and development
of clinical signs, the high proportion of ex-
posed animals without signs is consistent
with the mode of action of these products.
The extensive use of bromadiolone and
chlorophacinone in France provides a con-
sistent source of contaminated prey, in-
cluding target and nontarget species. A
clear relationship between the amount of
anticoagulant rodenticides used (i.e., area

treated) and the risk of secondary poison-
ing was observed in France (Berny et al.,
2002). Bromadiolone is primarily used in
fall and late winter to reduce field rodent
and coypu populations (Service Régional
de Protection des Végétaux, Besançon,
France). Riparian mustelids feed in aquat-
ic habitats, the same areas where broma-
diolone bait is used against coypus and
muskrats, thus increasing the risk of find-
ing contaminated prey. Moreover, poi-
soned rodents may leave trails of blood,
stray from cover, and have slower reactions
than healthy rodents, making them more
vulnerable to predation (Murphy et al.,
1998). Recently, it was reported that dying
rodents do not remain in their burrows.
Up to 73% of dead muskrats were detect-
ed above ground, therefore increasing the
risk of secondary poisoning (Tuyttens and
Stuyck, 2002).

We found that 13% of mustelids we
studied were exposed to secondary poison-
ing by anticoagulant rodenticides. Three
(18%) of 11 exposed animals died from
bromadiolone poisoning. The animals we
studied survived secondary poisoning until
they were caught, before a lethal accu-
mulation or, more likely, before significant
lesions could develop because it may take
up to 10 days before clinical signs and le-
sions are actually observed (Kolf-Clauw et
al., 1995).

This study underestimated the extent of
fatal poisoning of mustelids due to roden-
ticides. If animals do not die from second-
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FIGURE 2. Numbers of mustelids with or without
bromadiolone and chlorophacinone residues by
month of examination.

ary anticoagulant poisoning following ex-
posure, they could have increased vulner-
ability to other causes of death, such as
vehicular collision, predation, or as ob-
served in the affected female polecat that
died in a trap. Surveys conducted on ani-
mal carcasses are biased and underesti-
mate the true proportion of death attrib-
utable to anticoagulant poisoning (Newton
et al., 1990, 1999; Shore et al., 1999; Er-
ickson and Urban, 2002). All carcasses in
our study were collected from open areas.
Conversely, animals exposed to anticoag-
ulants may be overestimated because they
may be weakened and more susceptible to
accidents, predation, etc. For a more ac-
curate estimation of exposure, studies such
as active monitoring on selected and well-
defined populations should be conducted.

In our study, mean liver concentrations
observed in several mustelids were at least
10 times higher than concentrations re-
ported by Shore et al. (1999), who detect-
ed bromadiolone residues between 0.016
mg/g and 0.217 mg/g in road-killed pole-
cats. However, in France bromadiolone is
used against coypu over wide areas, while
it is only used around buildings in other
countries like Great Britain or the United
States (Erickson and Urban, 2002; Shore,
pers. comm.). Therefore, otters and mink
in France may be exposed more often to
contaminated prey than polecats in Britain
and mustelids in the United States. Resi-
due levels in liver are difficult to interpret
because residues may not be closely cor-
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related with mortality (Murphy et al.,
1998). Grolleau et al. (1989) found liver
concentrations as low as 0.23 mg/g bro-
madiolone in bromadiolone-poisoned er-
mine (M. erminea). In a thorough review,
the US Environmental Protection Agency
suggested 0.7 mg/g as a threshold for tox-
icity, but lower concentrations have been
reported (Erickson and Urban, 2002). In
our study, animals that died from antico-
agulant poisoning had liver concentrations
of bromadiolone higher than 0.7 mg/g.
Also, liver concentrations of bromadiolone
or chlorophacinone were as high as 9.0
and 8.5 mg/g, respectively, in animals with-
out apparent lesions. This may be related
to delayed onset of clinical signs and le-
sions. Modern rodenticides have a long bi-
ologic half-life and are bioaccumulated in
secondary predators (McDonald, 2000). If
exposure continues, death may occur. For
instance, bromadiolone has a half-life be-
tween 170 days and 318 days. Even after
a single exposure at 0.2 mg/kg in feed, liv-
er concentrations of 0.3 mg/g were detect-
ed 200 days later (Erickson and Urban,
2002)

In our study, most cases of anticoagulant
poisoning were recorded during the peri-
od of field treatments (fall and late winter),
but considering the long biologic half-life
of anticoagulants, exposure could be pro-
longed, especially for second-generation
anticoagulants such as bromadiolone. As
an example, Murphy et al. (1998) dem-
onstrated persistence of brodifacoum in
rats for at least 3 mo after removal of poi-
son bait, indicating that they could provide
a continuing source of exposure for mus-
telids long after the end of poisoning pro-
grams. In rats, chlorophacinone persists up
to 30 days in the body (Kolf-Clauw et al.,
1995) and bromadiolone persistence is in-
termediate.

Unfortunately, chlorophacinone may be
used all year round because liquid concen-
trates can be bought and applied at any
time (Berny et al., 1997). Therefore, pred-
ators could be exposed throughout the
year.

We agree with McDonald (2000) that
rare species are vulnerable to poisoning
from anticoagulants. In the declining pop-
ulation of European mink, every mortality
factor could push the population under
the minimum viability level. It is particu-
larly urgent to remove every direct or in-
direct factor of death in this species. This
must be a priority for the national conser-
vation program for this species. Therefore,
field use of anticoagulant rodenticides
should be reduced in France and replaced
with alternative methods of pest control
like trapping and use of short-acting ro-
denticides whenever possible. Daily col-
lection of dead rodents in treated areas
should be emphasized, as is already done
in several places, and removal of uncon-
sumed baits should also be encouraged.
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de Dordogne, du Gers, de Gironde, et des
Landes; Conseil d’Architecture, d’Urbanisme et
d’Environnement de Dordogne; Conseil Supér-
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et-Garonne, du Morbihan, des Pyrénées-Atlan-
tiques, des Hautes-Pyrénées et de Vendée; Féd-
érations Départementales de Lutte contre les Or-
ganismes Nuisibles de Charente, de Dordogne et
de Gironde; Groupes Mammalogiques Breton et
Normand; Groupe de Recherche et d’Etude
pour la Gestion de l’Environnement; Institut
d’Ecologie et de Gestion de la Biodiversité; In-
stitut National de Recherche Agronomique; In-
stitut de Recherche sur les Grands Mammifères;
Ligue pour la Protection des Oiseaux; Lycée agri-
cole et forestier de Bazas; Maison d’Initiation à
la Faune et aux Espaces Naturels; Mairie de Bis-
carosse; Marais aux oiseaux; Muséum d’Histoire
Naturelle de la Rochelle; Nature Environnement
17; Observatoire du Patrimoine Naturel des Pyr-
énées Atlantiques; Office National de la Chasse
et de la Faune Sauvage—Services Départemen-
taux et Direction de la Recherche; Orgambideska
Col Libre; Piégeurs agréés des Landes; Parc Na-
tional des Pyrénées; Parcs Naturels Régionaux
d’Armorique, de la Brenne, du Cotentin et du
Bessin, des Landes de Gascogne, du Marais Po-
itevin, des Pyrénées Occidentales, et du Périgord-
Limousin; Réserves Naturelles de la Baie de
l’Aiguillon, du Courant d’Huchet, de l’Etang du
Cousseau-Lacanau, de l’Etang de la Mazière, de
l’Etang Noir, des Marais de Bruges, des Marais
d’Orx, et de Saucats-La Brède; Société Française
pour l’Etude et la Protection des Mammifères;
Société des Sciences Naturelles de la Charente-
Maritime; Société pour l’Etude, la Protection et
l’Aménagement de la Nature dans le Sud-Ouest;
Société pour l’Etude, la Protection et
l’Aménagement de la Nature dans le Lot-et-Ga-
ronne; Syndicat d’Aménagement Hydraulique
des Bassins Versants du Centre Médoc; Syndicat
Intercommunal d’Aménagement du Bassin Ver-
sant de l’Avance; Syndicat Intercommunal
d’Aménagement du Bassin Versant de la Livenne;
Syndicat Intercommunal d’Aménagement Hy-
draulique de la Tude; Syndicat Intercommunal
du Bassin Versant de la Jalle de Castelnau; Syn-
dicat Intercommunal d’Aménagement pour
l’Opération ‘‘Jalle Rivière Propre’’; Syndicat Mixte
d’Etude et d’Aménagement du Pays des cantons
de Ribérac-Verteillac-Montagrier; Syndicat Mixte
d’Etude et de Travaux pour l’Aménagement et
l’Entretien du Bassin de l’Isle; Syndicat Mixte
d’Etude et de Travaux pour l’Aménagement et la
Protection de la rivière Dordogne. We are grate-
ful to F. Moutou and S. Aulagnier for their critical
review of the manuscript.

We would like to thank C. Farmer for her
review of English spelling and writing.

LITERATURE CITED

ASSOCIATION DE COORDINATION TECHNIQUE AGRI-
COLE. 2003. Index phytosanitaire. ACTA, Paris,
778 pp.

BERNY, P. J., T. BURONFOSSE, AND G. LORGUE. 1995.
A new simple high performance thin layer chro-
matographic technique (HPTLC) for the simul-
taneous determination of eight anticoagulant
compounds in the liver of animals. Journal of An-
alytical Toxicology 19: 576–580.

, , F. BURONFOSSE, F. LAMARQUE, AND

G. LORGUE. 1997. Field evidence of secondary
poisoning of foxes (Vulpes vulpes) and buzzards
(Buteo buteo) by bromadiolone, a 4-year survey.
Chemosphere 8: 1817–1829.

, N. BERNARD, C. TREMOLIERES, R. DEFAUT,
D. RIEFFEL, AND P. GIRAUDOUX. 2002. Evalu-
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