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Introduction

Anticoagulant rodenticides (ARs) are commonly used to control rodents worldwide for the
purposes of reducing disease transmission, agricultural losses, and damage to homes and
property (Bradbury, 2008). In the 1970s and 1980s “second generation” anticoagulant
rodenticides (SGARs) were developed to overcome resistance which had developed in some
rodent species. SGARs are more acutely toxic and have half-lives which are substantially
longer than first generation anticoagulant rodenticides (FGARs) (Thomas et al., 2011). As a
consequence, SGARs are much more likely to bioaccumulate and biomagnify, leading to a
substantially higher risk of secondary toxicity in non-target wildlife. Cases of apparently
poisoned wildlife being brought to wildlife rehabilitation centres have already been
documented (Grillo et al., 2016). Sub-lethal AR exposure may also increase the likelihood of
wildlife entering care by increasing the probability of collisions with vehicles and
anthropogenic structures (Albert et al., 2010; Mendenhall and Pank, 1980; Newton et al.,
1990; Stone et al., 2003) and susceptibility to parasitism (Lemus et al., 2011; Riley et al.,
2007; Serieys et al., 2018). Emerging evidence indicates that secondary AR toxicity is an
important threatening process impacting wildlife across Australia (Lohr and Davis, 2018).
The tendency of SGARs to biomagnify increases the likelihood of impacts on scavengers and
carnivores in higher trophic levels. Species with long lifespans and low reproductive rates are
more likely to suffer population-level impacts from AR toxicity (Rattner et al., 2014).
Effective rehabilitation may be especially important in these instances.

Challenges in Treating Poisoned Wildlife

A number of challenges exist in treating wildlife exposed to ARs. Susceptibility to ARS
varies dramatically both between and within species (Thomas et al., 2011). Treatment of AR
poisoning in wildlife with an unknown history of exposure can be substantially more
complicated than treatment of companion animals and humans where the type and quantity of
the poison are often known. Unlike companion animals and humans, wildlife exposed
through secondary poisoning are frequently exposed to multiple rodenticides (Christensen et
al., 2012; Hughes et al., 2013; Murray, 2017; Walker et al., 2011). Little is known about
effects of exposure to multiple ARs but some research suggests that the interactions between
ARs may be synergistic rather than simply additive (Mosterd and Thijssen, 1991). Treatment
is further complicated by a lack of species-specific guidelines for treating AR toxicity. The
necessity of managing rodents within wildlife rehabilitation facilities can present additional
challenges for wildlife rehabilitators. Understanding general principles relating to how ARs
function may aid in successful diagnosis and treatment of poisoned individuals and help
reduce the likelihood of unintentional poisoning during necessary rodent control activities.

ARs function by blocking the recycling of vitamin K in the liver. Vitamin K is required in the
synthesis of several important blood clotting factors. Onset of symptoms is usually delayed
for several days after ingestion of ARs because it takes several days to exhaust the body’s
reserves of vitamin K once recycling has been blocked. Symptoms of AR toxicity in wildlife
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can include: anaemia, intramuscular or subcutaneous haemorrhage in the absence of physical
trauma, pale mucous membranes, difficulty breathing (due to blood in the lungs), reduced
activity, anorexia, bleeding from the mouth or nares, and blood in stool or droppings
(Murray, 2017). Unfortunately, confirmation of the specific ARs involved in suspected
poisonings can be difficult because ARs are only detectable in blood for a short period of
time relative to other tissues (Erickson and Urban, 2004). As a consequence, negative test
results can be misleading and should not be taken as an indication that poisoning has not
occurred. Concentrations of ARs in plasma also do not correlate with the duration of
treatment required in poisoned animals (Gunja et al., 2011). Accurate confirmation of the
type and concentration of ARs involved in the poisoning requires analysis of liver tissue and
IS not appropriate for diagnosis of living animals.

Toward a Treatment Protocol

In humans and companion animals, prothrombin time and other measurements of clotting
times are typically used in the diagnosis of AR toxicity (Rattner et al., 2014). Clotting times
which are more than 25% longer than baseline values for the relevant species suggest
potential AR poisoning and are likely to be useful in evaluating wildlife with suspected AR
exposure (Rattner et al., 2014). While no formal treatment protocols appear to be available
specifically for wildlife exposed to ARs, a treatment regime used successfully in dogs
diagnosed with AR poisoning involved an initial oral administration of 5 mg/kg of vitamin K1
split into two or three doses throughout the day (Robben et al., 1998). Vitamin K
administration was repeated daily at this dosage until the condition of the animal stabilised
and prothrombin time returned to normal (Robben et al., 1998). Daily dosage of vitamin Ky
was then reduced by between 30% and 50% on each subsequent day unless prothrombin time
increased (Robben et al., 1998). Treatment was ceased when prothrombin times did not
increase after two to four days without vitamin K1 supplementation. Duration of treatment in
this study lasted for up to 30 days (Robben et al., 1998) but treatment of some human cases of
SGAR poisoning has required up to six months of treatment (Gunja et al., 2011). Necessary
treatment durations for exposed wildlife are likely to vary substantially dependant on
exposure levels, type of ARs involved, individual genetic factors, and susceptibility of the
species involved. It is also important to keep in mind that due to long persistence time in liver
tissue, SGARs will still be present and partially blocking vitamin K recycling even after
prothrombin times and associated blood clotting return to normal levels. Animals with
residual SGARs in their livers will be vulnerable to future exposure at lower doses relative to
animals with no ARs accumulated in liver tissue. At present, no practical solution to this
problem exists.

Managing Rodents at Wildlife Care Centres

Facilities engaged in the rehabilitation of wildlife face additional practical difficulties in
managing rodents, due, in part, to the availability of spilled or uneaten food provided to
animals in care. In most wildlife rehabilitation facilities, commensal rodents present an
unacceptable risk of disease transmission, infrastructure damage, and predation of smaller
species in care. However, in several instances, raptors in rehabilitation facilities have been
lethally poisoned with ARs as a consequence of poisoned rodents entering their enclosures
(Mooney, 2017). Careful consideration needs to be given to the management of rodent pests
within wildlife rehabilitation facilities to ensure the safety of animals in care.



In some instances, rodent abundance and associated negative outcomes can be sufficiently
reduced through non-lethal means. When practical, reduction of rodent food sources by
prompt removal of uneaten food provided to injured wildlife, use of feeders which prevent
spillage, and picking up fallen fruits in landscaped areas can aid in reducing rodent numbers.
Sealing holes and other potential entry points in buildings and enclosures can also reduce
rodent access to food resources while simultaneously excluding them from areas where they
are likely to cause damage. Reducing available rodent habitat by cleaning up brush piles and
rubbish can aid in reducing activity and abundance of commensal rodents. Replacing dense
introduced vegetation — especially palms — with native plants reduces rodent nesting habitat
and provides better habitat for native avian predators which help control rodents.

Lethal control methods can also be helpful in reducing rodent numbers once the factors
driving rodent abundance have been addressed to the degree practicable. A wide variety of
lethal traps are readily available for control of commensal rodents. Careful positioning of the
traps is necessary to ensure efficacy at capturing rodents and reduce harm to non-target
species. These considerations will vary dramatically with trap design. If rodenticides are
used, baits containing the FGARSs warfarin and coumatetralyl are substantially less likely to
cause secondary toxicity than SGARs, due to their relatively short half-life and lower toxicity
(Erickson and Urban, 2004). However, resistance to FGARSs may reduce their utility in rodent
control in some areas. The distribution and prevalence of resistance to FGARs among
commensal rodent species in Australia is poorly known but has been documented in Sydney
as early as 1978 (Saunders, 1978). If resistance is suspected, baits containing the active
ingredient cholocalciferol may be helpful. Cholecalciferol is not an anticoagulant and is
effective at controlling rodents which have developed resistance to ARs. It is also
substantially less likely than SGARSs to cause secondary poisoning in native wildlife but does
carry a limited risk of secondary toxicity which likely varies by species (Eason et al., 2000).

Conclusion

While many obstacles to effective treatment of AR toxicity in Australian wildlife exist at
present, several factors may help to reduce the incidence and severity of such events and
improve treatment outcomes in the future. The Australian Pesticides and Veterinary
Medicines Authority is currently reviewing the scheduling of SGARs (Australian Pesticides
and Veterinary Medicines Authority, 2015) and recommendations suggesting more stringent
regulation of SGARSs have been published (Lohr and Davis, 2018). Ongoing research into the
ecology of AR exposure may also improve future treatment protocols. Future work assessing
exposure rates and sensitivity to ARs across a wide variety of Australian wildlife species will
be contribute substantially to our knowledge of the probability of AR exposure and allow
more rapid assessment of animals admitted to rehabilitation centres. Research into patterns in
spatial distribution of AR exposure will also allow faster identification of individuals at high
risk of poisoning and potentially improve treatment outcomes.

References

Albert, C.A., Wilson, L.K., Mineau, P., Trudeau, S., Elliott, J.E., 2010. Anticoagulant
rodenticides in three owl species from Western Canada, 1988-2003. Arch. Environ.
Contam. Toxicol. 58, 451-459. https://doi.org/10.1007/s00244-009-9402-z

Australian Pesticides and Veterinary Medicines Authority, 2015. Second generation anti-
coagulant rodenticides—priority 2 [WWW Document]. URL
https://apvma.gov.au/node/19286 (accessed 7.14.17).



Bradbury, S., 2008. Risk Mitigation Decision for Ten Rodenticides. Washington D. C., USA.

Christensen, T.K., Lassen, P., EImeros, M., 2012. High Exposure Rates of Anticoagulant
Rodenticides in Predatory Bird Species in Intensively Managed Landscapes in Denmark.
Arch. Environ. Contam. Toxicol. 63, 437—444. https://doi.org/10.1007/s00244-012-9771-6

Eason, C.T., Wickstrom, M., Henderson, R., Milne, L., Arthur, D., 2000. Non-target and
Secondary Poisoning Risks Associated with Cholecalciferol, in: Proceedings of the New
Zealand Plant Protection Conference. New Zealand Plant Protection Society, pp. 299-304.

Erickson, W., Urban, D., 2004. Potential Risk of Nine Rodenticides to Birds and Mammals:
A Comparative Approach. Washington DC.

Grillo, T., Cox-Witton, K., Gilchrist, S., Ban, S., 2016. Suspected rodenticide poisoning in
possums. Anim. Heal. Surveill. Q. 21, 8.

Gunja, N., Coggins, A., Bidny, S., 2011. Management of intentional superwarfarin poisoning
with long-term vitamin K and brodifacoum levels. Clin. Toxicol. 49, 385-390.
https://doi.org/10.3109/15563650.2011.587126

Hughes, J., Sharp, E., Taylor, M.J., Melton, L., Hartley, G., 2013. Monitoring agricultural
rodenticide use and secondary exposure of raptors in Scotland. Ecotoxicology 22, 974—
984. https://doi.org/10.1007/s10646-013-1074-9

Lemus, J.A., Bravo, C., Garcia-Montijano, M., Palacin, C., Ponce, C., Magafia, M., Alonso,
J.C., 2011. Side effects of rodent control on non-target species: Rodenticides increase
parasite and pathogen burden in great bustards. Sci. Total Environ. 409, 4729-4734.
https://doi.org/10.1016/j.scitotenv.2011.07.007

Lohr, M.T., Davis, R.A., 2018. Anticoagulant rodenticide use , non-target impacts and
regulation: A case study from Australia. Sci. Total Environ. 634, 1372-1384.
https://doi.org/10.1016/j.scitotenv.2018.04.069

Mendenhall, V.M., Pank, L.F., 1980. Secondary Poisoning of Owls by Anticoagulant
Rodenticides. Wildl. Soc. Bull. 8, 311-315.

Mooney, N., 2017. Risks of Anticoagulant Rodenticides to Tasmanian Raptors. Tasmanian
Bird Rep. 38, 17-25.

Mosterd, J.J., Thijssen, H.H.W., 1991. The long-term effects of the rodenticide, brodifacoum,
on blood coagulation and vitamin K metabolism in rats. Br. J. Pharmacol. 104, 531-535.

Murray, M., 2017. Anticoagulant rodenticide exposure and toxicosis in four species of birds
of prey in Massachusetts, USA, 2012 — 2016, in relation to use of rodenticides by pest
management professionals. Ecotoxicology 26, 1041-1050. https://doi.org/10.1007/s10646-
017-1832-1

Newton, 1., Wyllie, 1., Freestone, P., 1990. Rodenticides in British barn owls. Environ. Pollut.
68, 101-117. https://doi.org/10.1016/0269-7491(90)90015-5

Rattner, B.A., Lazarus, R.S., Elliott, J.E., Shore, R.F., van den Brink, N., 2014. Adverse
Outcome Pathway and Risks of Anticoagulant Rodenticides to Predatory Wildlife.
Environ. Sci. Technol. 48, 8433-8445. https://doi.org/10.1021/es501740n

Riley, S.P.D., Bromley, C., Poppenga, R.H., Uzal, F.A., Whited, L., Sauvajot, R.M., 2007.
Anticoagulant Exposure and Notoedric Mange in Bobcats and Mountain Lions in Urban
Southern California. J. Wildl. Manage. 71, 1874-1884. https://doi.org/10.2193/2005-615

Robben, J.H., Kuijpers, E.A.P., Mout, H.C.A., 1998. Plasma superwarfarin levels and vitamin
K1 treatment in dogs with anticoagulant rodenticide poisoning. Vet. Q. 20, 24-27.
https://doi.org/10.1080/01652176.1998.9694831

Saunders, G.R., 1978. Resistance to Warfarin in the Roof Rat in Sydney, NSW. Search 9, 39—
40.

Serieys, L.E.K., Lea, A.J., Epeldegui, M., Armenta, T.C., Moriarty, J., VandeWoude, S.,
Carver, S., Foley, J., Wayne, R.K., Riley, S.P.D., Uittenbogaart, C.H., 2018. Urbanization
and anticoagulant poisons promote immune dysfunction in bobcats. Proc. R. Soc. B —



Biol. Sci. 285, 20172533.

Stone, W.B., Okoniewski, J.C., Stedelin, J.R., 2003. Anticoagulant rodenticides and raptors:
Recent findings from New York, 1998-2001. Bull. Environ. Contam. Toxicol. 70, 34-40.
https://doi.org/10.1007/s00128-002-0152-0

Thomas, P.J., Mineau, P., Shore, R.F., Champoux, L., Martin, P. a., Wilson, L.K., Fitzgerald,
G., Elliott, J.E., 2011. Second generation anticoagulant rodenticides in predatory birds:
Probabilistic characterisation of toxic liver concentrations and implications for predatory
bird populations in Canada. Environ. Int. 37, 914-920.
https://doi.org/10.1016/j.envint.2011.03.010

Walker, L.A., Chaplow, J.S., Llewellyn, N.R., Pereira, M.G., Potter, E.D., Sainsbury, A.W.,
Shore, R.F., 2011. Anticoagulant rodenticides in predatory birds 2011: a Predatory Bird
Monitoring Scheme (PBMS) report. Lancaster, UK.



