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Our organization 
Wildlife Victoria is a not-for-profit charity that has for 30 years provided a community service to 
respond to reports of sick, injured, and orphaned Australian wildlife in the state of Victoria.  We 
receive over 80,000 requests for assistance each year from the community, resulting in about 50,000 
birds, mammals and reptiles being helped annually.  Among these are individuals from 118 listed 
species, including 41 listed as Endangered or Critically Endangered. In some cases, rescued animals 
that cannot not be rehabilitated and released become part of important captive breeding programs 
to ensure the future of the species.  

We have a network of over 1,000 volunteers who rescue and transport sick, injured or orphaned 
wildlife, a large network of veterinarians who assess and treat, and registered wildlife carers who 
rehabilitate animals and release them back into the wild. 

We advocate for wildlife whenever their welfare is under threat or compromised.  We seek to 
positively influence decision-makers on regulatory frameworks, policies and operations affecting 
wildlife.  We support efforts by government, community groups and individuals to ameliorate 
threats to wildlife, particularly those that are caused by humans.  

 

The problem 
The widespread use of anticoagulant rodenticides (ARs) in Australia for rodent control results in 
primary poisoning of small mammals (possums and bandicoots) and secondary poisoning of the 
owls, raptors and reptiles that eat rodents. Researchers have pointed to the lack of attention in 
Australia, relative to other countries, to an issue that is “a potentially serious threatening process for 
native carnivores” (Lohr & Davis, 2018, p.1376)1. They also note that evidence from other countries 
has established the risks to human health and wildlife populations (p.1377) and that the “extent and 
severity of AR poisoning in wildlife may be greater in Australian than elsewhere in the world” 
(p.1372).  

In the absence of a centralised database it is difficult to estimate the size of the problem.  Our 
wildlife rescue service in Victoria receives over 400 reports each year about sick or injured owls and 
raptors. In 2018 the number of reports was over 800, with an unusually high number between May 
and September, sparking an investigation by Wildlife Health Australia.2  The birds were mainly Barn 
owls, but Nankeen kestrels, Boobook owls and several other species were also affected.  Forty-eight 
dead birds were submitted for examination. Although most had died from starvation and trauma, 
“38% of the Barn owns and Nankeen Kestrels tested had 2nd generation ARs detected in their livers 
at levels which are considered possible or likely to cause toxicity.” (p.5).    

Although all raptors are susceptible to secondary poisoning, the impact on species listed as 
endangered or vulnerable to extinction are of greatest concern.  The following birds are listed in 
either Victorian state legislation (The Flora and Fauna Guarantee Act 1988) or federal legislation 
(Environment Protection and Biodiversity Conservation Act 1999) or both: 
 
 

 
1 Lohr, M.T. & Davis, R.A. (2018). Anticoagulant rodenticide use, non-target impacts and regulation: A case 
study from Australia. Science of the Total Environment, 634:1372-1384. 

2 Hawes, M. (2018). Birds of prey mortality and morbidity event 2018 – Victoria. Agriculture Victoria Research 
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• Barking Owl (Ninox connivens connivens) 
• Grey Goshawk (Accipiter novaehollandiae novaehollandiae) 
• Grey Falcon (Falco hypoleucos) 
• Masked Owl (Tyto novaehollandiae novaehollandiae) 
• Powerful Own (Ninox strenua) 
• Sooty Owl (Tyto tenebricosa tenebricosa) 
• Square tailed Kite (Lophoictinia isura) 
• White bellied sea-eagle (Haliaeetus leucogaster) 

The great irony is that ARs kill many animals that provide rodent-control services. 

 

 

The solution: tighter controls on sale and use 
To balance the need for rodent control against the risks to wildlife, greater control is needed at both 
point of sale, and the conditions for use. 

These dangerous products should not be available for sale to the public, as they currently are. Sale 
should only be permitted to licenced pest controllers, via commercial supply chains, and only in 
formulations that can be secured in anchored, tamper-resistant bait stations. 

Use of ARs should not be permitted outdoors, unless there are clearly outlined exemptions in 
exceptional circumstances. 

The use of ARs by licenced pest controllers should comply with the industry code of best practice.3 

Additional efforts should be made to provide the public with a range of rodent reduction and control 
measures that do not include the use of AR, which is considered the “last resort” intervention for 
rodent control (AEPMA, 2019).  Homeowners and commercial operations can freely use the first four 
interventions in the hierarchy of controls, and are denied only the fifth, which would continue to be 
available via a commercial, licensed pest controller. 

 
AEPMA Hierarchy of Controls 

1. Exclusion 
2. Removal of food and water sources 
3. Reduction of hiding/concealment opportunities   
4. Trapping*  
5. Anticoagulant Rodenticide 

* It should be noted that the sale and use of glue traps is now prohibited in Victoria under the 
Prevention of Cruelty to Animals Regulations 2019. 

 

 
3 Australian Environmental Pest Managers’ Association (AEPMA) (2019). AEPMA’s Industry Code of 
Best Practice for Rodent Management 
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Chemical Review                                                                                                                
Office of the Chief Regulatory Scientist                                                   Birdlife Australia Raptor Group 
Australian Pesticides and Veterinary Medicines Authority                                            
GPO Box 3262, Sydney NSW 2001, Australia 

 

Dear Australian Pesticides and Veterinary and Medicines Authority (AVPMA), 

My name is  and I writing to you on behalf of the BirdLife Australia Raptor 
Group (formerly Australasian Raptor Association), a special interest group that promotes the 
management and conservation of Australian birds of prey. I am writing in regards to the 
proposed amendments to the Agricultural and Veterinary Chemicals Code Act 
1994 regarding chemical products or labels. 

There is strong scientific evidence that the easy availability of first and second generation 
anticoagulated rodenticide (AR) poisons has led to non-target poisoning of several species 
of native wildlife in Australia. These poisons have been shown to persist in the organs of 
poisoned rodents and present a risk to non-target animals that feed on poisoned animals or 
carcasses, including many species of Australian raptor. Use of these poisons is the 
suspected cause of several wildlife mass-mortalities, such as the spate of Barn Owl deaths 
that occurred in Victoria in 2018.  

This issue has been recognised in many developed nations in Europe and North America, 
which has seen a move towards stricter legislation regarding the sale of AR poisons. It is 
about time that Australia follows suit and restrict sales of these poisons. AR poisons should 
not be sold directly to the public and without a government permits for purchase or use.  

I understand that some businesses require the use of these poisons under certain 
exceptional circumstances and a blanket ban is not feasible. BirdLife Australia Raptor Group 
simply requests stronger labelling on first and second generation ARs and a restriction to 
their availability.  

If no changes are made we risk further declines in a number of threatened and endangered 
wildlife species and widespread poisoning across an entire trophic level of organisms. We 
owe it to Australian wildlife to change labelling and restrict the sale of anticoagulant 
rodenticide poisons. 

Regards, 

 

President, BirdLife Australia Raptor Group 
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From:  
Sent: Friday, 17 July 2020 11:42 AM
To: chemicalreview <chemicalreview@apvma.gov.au>
Subject: Submission later today?

Hello,

I’d like to make a short submission to the review of anticoagulant rodenticides on behalf
of the Nature Conservation Society of SA. I understand the deadline is COB today but I
am not currently in front of my computer. Would you accept an email submission made
later this evening?

With thanks in advance and kind regards,

--

Nature Advocate

Nature Conservation Society of South Australia

5 Milner Street

Hindmarsh SA 5007

Phone: 
Email: 

I work 2 days p/w: usually Tuesdays & Thursdays

Conserving the State's wildlife and natural habitats through effective scientific research, advocacy
& education.





the easy distribution and over-use of antibiotics has led to the point of serious resistance to 
antibiotics. Early rodenticides are another chemical subject to unregulated over-use. 

 
Given these experiences, the APVMA must treat FGARs and SGARs as rare and precious 
compounds and reserve their use for only the most critical of situations; both to prevent 
extensive off-target damage, but also to extend the length of time for which these new 
chemicals are efficacious.   

 
4. SGARs must be removed from commercial sale and only made available to licenced 

professional operators with an approved management plan.   
 

5. SGARs use should be restricted to indoor (non-domestic) use only by these licenced 
operators to prevent significant off-target damage and to minimise chemical accumulation 
in the environment. The APVMA will be aware of the examples of chemical accumulation in 
places and species far from the place of application of chemicals. These include DDT found in 
Antarctic penguins and DDT still present in, and being released from, melting glaciers. 

 
As the APVMA will know, European countries have already moved along these lines, and therefore 
the precautionary principle is imperative. 
 
In summary, the NCSSA implores the APVMA to ban or severely restrict the availability and use of 
these anticoagulant rodenticides, before the accumulated “evidence” comes at the cost of the loss 
of our birds of prey and owls. 
 
Yours sincerely, 
 

 
 

President 
Nature Conservation Society of South Australia 
 

 

 

Selected references: 

 https://digitalcommons.unl.edu/cgi/viewcontent.cgi?article=3082&context=icwdm usdanw
rc  

 https://www.sciencedirect.com/topics/neuroscience/rodenticides  
 https://pubmed.ncbi.nlm.nih.gov/18589951/  
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17 July 2020 
 
Dear Dr Hardy, 
 

Submission on use patterns for anticoagulant rodenticide products 
 

Landcare Tasmania appreciates the opportunity to contribute to the APVMA consultation on use 
patterns for anticoagulant rodenticide products.  Landcare Tasmania operates as a peak body to 
represent, support, strengthen and grow community Landcare in Tasmania.  We support a network 
of over 260 community-based member groups, plus additional additional and other members, 
engaging in Landcare activities on public and private land throughout Tasmania to improve the 
health of our natural and working landscapes.  In 2019 the network numbered almost 5,000 regular 
members and volunteers, who performed approximately 165,000 hours or voluntary community 
work. 
 
Our members are contributing our vision for all the land and coasts of Tasmania to be cared for by 
the community.  They work on a wide range of activities, including habitat restoration, invasive 
species eradication, farm sustainability, erosion control, wildlife management and aquatic 
ecosystems. 
 
Maintaining and improving the habitat value of Tasmanian landscapes for birds of prey and other 
apex predators , several species of which are threatened with extinction, with a view to improving 
their conservation status, is a small but significant part of the Landcare Tasmania network’s ambition.  
Landcare Tasmania is thus very concerned at the potential for the continued widespread use of 
second generation anticoagulant rodenticides (SGARs) to significantly undermine the work of both 
the community Landcare network and also of all those making contributions to the conservation of 
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Landcare Tasmania Inc. 
PO Box 4791 Bathurst St, Hobart, TAS, 7000 

E: support@landcaretas.org.au  Ph: (03) 6234 7117 
www.landcaretas.org.au 

apex predators in Tasmania.  Much of this work is directed at species listed as threatened with 
extinction under either State or Federal environment protection legislation. 
 
For the past four years Landcare Tasmania has been delivering a Rodenticides Community Awareness 
Program, guided by input from experts, to inform the public and our membership of the impacts 
rodenticides are having on key species and food webs across Tasmania.  
 
We have received confirming expert advice about the significant secondary impacts of SGAR’s on key 
Tasmania apex predator species and have passed this on to our Landcare network.  Dr Michael Lohr 
(Edith Cowan University), Nick Mooney (Birdlife Australia Raptor Group), Adam Cisterne (The Difficult 
Bird Research Group) and James Paye (University of Tasmania) have all provided information from 
their SGAR research showing considerably impacts on key species across Tasmania.   
 
Of particular concern are the Commonwealth EPBC Act listed threatened species, the Tasmanian 
masked owl (Tyto novaehollandiae castanops), Tasmanian wedge-tailed eagle (Aquila audax fleayi) , 
Spotted-tailed quoll (Dasyurus maculatus), Tasmania devil (Sarcophilus harrisii) , Eastern quoll 
(Dasyurus viverrinus) , and also the Grey goshawk – white morph (Accipiter novaehollandiae) which is 
State listed. 
 
With such concerns in mind, Landcare Tasmania has sought public donations and also successfully 
applied for two grants to develop and distribute information materials to members.  This information 
is to assist people to make choices to avoid types of rodenticides (especially SGARs) and to use 
material and strategies to effect rodent control that do not  pose undue risk of fatal poisoning to 
birds of prey and other apex predators.  This work includes: 
 

 information sessions in priority areas where SGAR’s are likely to have the highest impacts, 
including areas where breeding of Masked Owl has been confirmed; 

 working with primary production enterprises, community groups, councils and other public 
utilities to decrease unnecessary use of rodenticides in public spaces; 

 on-ground activities to enhance the extent of safe habitat for species being impacted by 
SGAR use, e.g. artificial nest hollows for owls, and also for prey species that are either listed 
as threatened or otherwise of conservation concern, e.g. astern barred bandicoot (Perameles 
gunnii) and southern brown bandicoot (Isoodon obesulus) and Tasmanian bettong (Bettongia 
gaimardi). 

 
 
Expert advice, published articles and accumulating evidence has led Landcare Tasmania to the 
conclusion that SGARs pose a serious, immediate and existential risk to birds of prey and other apex 
predators in Tasmania, especially those with large foraging ranges.  In essence, the problem we face 
is that susceptible animals ingesting SGARs become morbid almost immediately, before they have 
time to complete foraging activities.  This renders them easy prey for birds of prey, scavengers and 
other predators before they have had time to metabolise or excrete the poison.  This is particularly 
problematic for those species that habitually consume prey whole.  
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This is a new problem specifically associated with the more potent SGARs.  The high concentrations 
of SGARs found in reptiles is also concerning not only for the native reptile species being impacted 
directly but also for the secondary impacts associated with ingestion by the threatened species listed 
previously. 
 
We would thus like to make the following comments and suggestions to APVMA to improve the 

environmental safety of any use of SGARs. 
 
SGARs should not be approved for domestic use.  Alternatives are available, including the trusty rat 
and mouse trap, physical barriers and also more modern devices such as electric and other non-
chemical lethal traps.  Current patterns of heavy promotion and ready availability means that SGARs 
are widely distributed across the feeding range of most individuals of most apex predator species, 
including those with the largest of foraging ranges.  It is this pervasive exposure that poses a serious 
threat to individuals and populations of apex predators. 
 
SGARs should only be approved for use in particular commercial premises that can demonstrate 
significant commercial loss attributable to failure to control rodents using other materials and 
strategies.  Protocols to establish such failure need to be clearly established and understood both by 
companies providing pest control services and companies managing such commercial premises.  Use 
of SGARs needs to be seen as a last resort, only available to those with demonstrably serious and 
intractable problems.  The mere presence of rodent pest problems should not be regarded as 
sufficient to justify resorting to use of SGARs.  
 
Alternatives to SGARs are available.  A decision by APVMA to reduce SGAR use needs to be 
complemented with work that facilitates a transition to alternatives.  New regulations need to be 
designed to severely limit use of SGARs and to ensure animals taking bait cannot leave the bait 
station.  Even within commercial use, SGARs will continue to pose a serious threat to species if 
allowed to continue under the current suite of control methods developed for first-generation 
products. 
 
A key condition of any approval to use SGARs should be that users can demonstrate effectiveness 

in collecting, humanely killing and safely disposing of morbid and dead animals before they become 
exposed to both scavengers and birds of prey, to eliminate the risk of secondary poisoning.  Use of 
SGARs creates a materially different risk of secondary poisoning compared to earlier materials and 
strategies, such that very different parameters controlling their use need to be established.  Mere 
admonitions on the label risk being more honoured in the breach if old use habits are allowed to 
persist with these new poisons. 
 
Given the practical difficulties in the environmentally safe deployment of SGARs, Landcare Tasmania 

urges APVMA to take an appropriately precautionary approach to defining the circumstances in 
which they can be used.  Two suggestions we would like to make are that SGAR use should be:  
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  Submission sent by email ONLY: chemicalreview@apvma.gov.au 

 

Dear Sir/Madam, 

BirdLife Australia submission to the Australian Pesticide and Vet 
Medicine Authority (APVMA) Consultation on use patterns for 
anticoagulant rodenticide (AR) products  
Thank you for the opportunity to provide comment on APVMA’s consultation 
on use patterns of AR products.   
 
The use and sale of ARs, specifically second generation, have been 
significantly regulated in North America and Europe due to potential impacts 
to children and fatalities of non-target wildlife.  
 
Recent evidence suggests that ARs are resulting in similar non-target animal 
fatalities in Australia. We hold serious concerns that ARs could result in 
significant impacts to native birds, especially raptors which have 
demonstrated declines across most regions of Australia.  
 
To reduce the potential significant impacts to non-target native wildlife, 
especially raptors, our attached submission puts forward the following 
recommended reforms on the use of first and second generation ARs in 
Australia, noting these reforms align with current regulations in the USA, 
Canada and the European Union: 
 
1. Second Generation Anticoagulant Rodenticides (SGARS)  

a. ban the use by, and over the counter sales to, the general public; 
b. only permit the sale and use to licenced professionals who are 

trained on the proper use, deployment and disposal of SGAR 
compounds and carcasses; 

c. require licenced professionals to report on the amount and 
locations of SGARs deployed; 

d. ban use of SGARs in residential or domestic areas and restrict to 
within 100m of non-residential buildings; 

e. only permit application of SGARs in solid, non-pellet form in 
tamper-resistant bait stations targeted to rodents only; 

13th July 2020 

Chemical Review 

Office of the Chief Regulatory Scientists 

Australian Pesticide and Veterinary Medicines 
Authority 

GPO Box 3262 

Sydney, NSW 2001 

 



 

 

f. restrict permanent baiting and replace with pulsed baiting in areas 
where exposure to non-target wildlife is high 

g. restrict the use of new SGAR formulations until potential impacts 
are understood. 
 

2. First Generation Anticoagulant Rodenticide (FGAR) 
a. increase labelling on the risks of domestic use of FGARs on 

packaging for over the counter sales; 
b. only permit application of FGARs in solid, non-pellet form in a 

tamper-resistant bait station; 
c. require licenced professionals to report on the amount and 

locations of FGARs deployed and compliance with carcass 
disposal;   

d. restrict the use of new FGAR formulations until potential impacts 
are understood. 

 
Should you require more information or have any questions please contact 
BirdLife Australia Urban Bird Program Manager  at  

 or . 
 
Sincerely, 

 

 

Head of Research 

  



 

 

About BirdLife Australia 

BirdLife Australia is a non-partisan, science-based, grass roots, bird 
conservation organisation with over 185,000 supporters. We are the peak 
body for native bird conservation and science in Australia, with over 100 
years of experience, and are the national partner for BirdLife International, 
the world’s largest conservation partnership. 

We have a long history of collaborating with governments, researchers, 
community groups, landowners and the corporate sector to implement on-
ground conservation programs to recover threatened native bird populations 
and protect their habitat, including: 

• For the last 40 years, the BirdLife Australia Raptor Group (BARG) has 
promoted the study, conservation and management of Australian diurnal 
and nocturnal birds of prey. BARG funds and conducts research on 
Australian raptors including the Southern Boobook, a species known to 
be impacted by AR products. 

• Since 2011, BirdLife Australia’s Powerful Owl project in Greater Sydney 
has been training citizen scientists to locate and monitor breeding pairs 
of this threatened species and to work with land managers on local 
conservation issues. In 2018, the project was extended to Southern 
Queensland.    

 

General decline of Australian birds 

Australia is renowned worldwide for its unique and diverse flora and fauna. 
Yet Australia is facing an extinction crisis and is one of the worst performers 
for addressing threatened species’ declines to prevent extinction.  

There is also compelling evidence that many so-called common bird species 
are experiencing significant declines in abundance and distribution, including 
declines in carnivorous birds across most regionsi. Of Australia’s 31 
carnivorous birds (species and subspecies) that are known or likely to prey 
on rodents, 13 (all raptors) are currently listed as threatened with extinction 
under state or federal legislation. We anticipate the rate of new listings and 
up-listings (e.g. from Vulnerable to Endangered) will only increase (in 
volume and pace) over the next 10-50 years. 

In long-lived raptor populations with relatively slow reproduction, increases 
in adult mortality can disproportionally increase extinction riskii. Australia’s 
threatened and declining carnivorous bird populations, specifically raptors, 
cannot afford the added risk of mortality from ARs.  

 

 

 
 
 



 

 

AR impacts on non-target bird species 
 
AR residues are increasingly being detected in non-target animals and have 
been found in 60% of raptors throughout the worldiii. In the USA, in San 
Diego County, 92% of raptors were found with detectable levels of ARsiv. In 
New York (state) ARs were found in 49% of 12 species of necropsied raptors, 
including 81% in Great Horned Owlsv. Similar necropsy results have been 
found in Europe with 91% of Barn Owlsvi and 89% of Sparrowhawksvii in 
Great Britain and 73% of all raptors in Denmarkviii having AR residues. 
Mortality in these raptors, especially those that eat small mammals, has also 
been widely documentediii.  Lethal levels of SGAR have been found in 11% 
of Great Horned Owl in Canadaix and in 30% of Golden Eagle and Eagle Owl 
in Norwayx. Of the AR compounds used commonly, SGARs, and particularly 
brodifacoum appears to pose the greatest risk to predatory and scavenging 
birds.xi,xii,xiii  
 
 
There have been very few studies of AR compounds in Australian raptors. 
However, a recent Western Australian study found AR compounds in over 
70% of Southern Boobook owls with lethal concentrations in 18% of the birds 
testedxiv. BirdLife’s early research on Powerful Owls in NSW identified recent 
dietary shifts include rodents and ground-mammals, with rodents forming 
up to 15% of owl diet in some areas, and rodents being eaten by Powerful 
Owls throughout the Sydney Basin urban area. One wildlife rescue group in 
NSW has identified 28 rodenticide poisoning cases in three owl species since 
2010, including three individual Powerful Owls. All bar four of these cases 
were fatal. 
 
 
SGARs threaten raptor populations due to risk of secondary poisoning from 
eating multiple poisoned rodents. The effects of SGARs on rodents are not 
instant, with death occurring up to two weeks after a lethal dose is 
consumed. The delay allows poisoned rodents to continue to consume more 
poison, increasing the total amount of SGAR in the body to many times more 
than the lethal dose. Further, the delay increases the likelihood that 
predators, including raptors, will prey on these “super-lethal” dosed rodents.  
 
The impact of sublethal concentrations of ARs in raptors should also not be 
underestimated, although it is difficult to quantify. AR’s increase lethargy and 
slow response times, with sublethal haemorrhaging potentially impeding on 
a bird’s ability to fly. This is thought to lead to an increase in proximal causes 
of mortality such as car and window strike, predation and blood loss through 
apparently minor injuries.xv,xvi,xiv Further impacts on fecundity of breeding 
female and egg viability have been documented in Barn Owls and other 
raptors in suggesting that ARs could have population wide impacts beyond 
only adult mortality.xvii,xviii 
 
With urbanisation increasing, we are particularly concerned about the impact 
of ARs on Southern Boobooks and other raptors such as the Powerful Owl 



 

 

(which is Threatened at state levels) that have been shown to feed on 
rodents. The uncontrolled use of AR’s is likely to be having a significant 
impact on populations of these and other raptor species in urban and rural 
landscapes. 
 
Rodenticides have been demonstrated to work at ½ typically deployed 
concentrations in Europexix, yet there is very little understanding of optimal 
concentrations or formulations let alone impacts of the various options of 
ARs.  However available literature clearly demonstrates unacceptable 
impacts from ARs on non-target animals, especially raptors. Regulations on 
availability, deployment and data collection regarding use patterns are 
therefore urgently needed in Australia. 
 
Regulation of ARs in other developed countries 
 
There is precedent for regulating the availability and deployment of ARs in 
North America and Europe.  
 
Over the past two decades, the United States Environment Protection Agency 
(EPA) has heavily regulated use and distribution of rodenticides, specifically 
SGARs. In 2008, to reduce the potential impacts to children and non-target 
wildlife the EPA’s Risk Mitigation Decision for Ten Rodenticidesxx required all 
rodenticide bait products marketed to general and residential consumers to 
be sold only with bait stations and limited the commercial sale and 
distribution of SGARs. In 2013xxi, the EPA officially banned the sale and use 
of SGARs to residential consumers stating that “there are no benefits 
association with the residential consumer use of SGARs that justify the 
significant risks those products pose to non-target wildlife from secondary-
poisoning.” The EPA concluded that bait stations, while effective for 
mitigating risks to primary exposure, will not protect non-target wildlife from 
secondary poisoning, by preying upon or scavenging poisoned rodents. 
Finally, to reduce the potential distribution of poisons the EPA banned all 
rodenticides containing pellets in 2017xxii.  
 
The Canadian Pest Management Regulatory Agency (PMRA) increased the 
protective measures for use and deployment of a number of ARs in 2010 to 
prevent exposure to children, pets and non-target animals.xxiii New 
requirements include: 

• All rodenticides for domestic use must be within a bait station, in block 
or solid form that is reasonably expected to remain within the bait 
station. Dust, pellet and liquid baits are now prohibited.  

• SGARs are prohibited for domestic use. 
• Rodenticides for commercial outdoor use must be placed in tamper-

resistant bait stations. 
 
Similar conditions are in force in the European Union (EU)xxiv for the use and 
deployment of ARs containing: Warfarin, Chlorophacinone, Coumatetralyl, 
Difenacoum, Bromadiolone, Brodifacoum, Difethialone and Flocumafen. 
While SGARs are still approved for commercial use, users must consider and 



 

 

apply all appropriate and available risk-mitigation measures including the 
proper disposal of carcasses and uneaten bait. Other conditions for use by 
the general public include: 

• All rodenticides must be in tamper-resistant bait stations; 
• All rodenticides must include information about the risks associated 

with ARs and appropriate precautionary steps to be taken; 
• Pellet and other loose bait forms can only be supplied in sachets. 

 
 
Conclusion 
 
Unacceptable impacts on wildlife have been documented for SGAR 
compounds, and their deployment and use must be significantly regulated.  
 
Australia’s current approach to ARs, allowing over the counter sales and 
public use of ARs (especially SGARs), is inconsistent with international best 
practice. Australia must urgently introduce strong regulations that strictly 
limit the use of ARs.  
 
To address knowledge gaps and to inform safe SGAR use, further research 
is needed to determine the prevalence of SGARs in the environment and 
SGAR exposure in non-target wildlife.   
 
Use of FGAR should also be regulated with a precautionary approach taken 
to deployment and availability.  While the impacts of FGAR are clearly lower 
than SGAR, FGAR could still be replaced with proven alternatives.  This will 
require active promotion of alternatives and restricted access to FGAR, 
especially for domestic use.   
 
Permitted, licensed use of ARs may be deployed for clear conservation 
purposes such as eradication of rats from island seabird colonies, but any 
broad application of these products should require individual permits with 
applications assessed by experts in toxicology. 
 
Any new (or existing), alternative rodenticides must only be made available 
when information is available to demonstrate they are safe for people, pets 
and wildlife.  
 
 
 
Recommendations 
 
To reduce the potential for ARs to have significant, negative impacts on non-
target native wildlife, especially raptors, we put forward the following 
recommendations: 
 
1. Second Generation Anticoagulant Rodenticides (SGARS)  

a. ban the use by, and over the counter sales to, the general public; 



 

 

b. only permit the sale and use to licenced professionals who are 
trained on the proper use, deployment and disposal of SGAR 
compounds and carcasses; 

c. require licenced professionals to report on the amount and 
locations of SGARs deployed; 

d. ban use of SGARs in residential or domestic areas and restrict to 
within 100m of non-residential buildings; 

e. only permit application of SGARs in solid, non-pellet form in 
tamper-resistant bait stations targeted to rodents only; 

f. restrict permanent baiting and replace with pulsed baiting in areas 
where exposure to non-target wildlife is high 

g. restrict the use of new SGAR formulations until potential impacts 
are understood. 
 

2. First Generation Anticoagulant Rodenticide (FGAR) 
a. increase labelling on the risks of domestic use of FGARs on 

packaging for over the counter sales; 
b. only permit application of FGARs in solid, non-pellet form in a 

tamper-resistant bait station; 
c. require licenced professionals to report on the amount and 

locations of FGARs deployed and compliance with carcass 
disposal;   

d. restrict the use of new FGAR formulations until potential impacts 
are understood. 
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Use patterns for anticoagulant rodenticide products 

RSPCA Australia Submission 
 

1. General comments 

Although this public consultation focuses on mechanisms to minimise non-target poisoning risks of using 
anticoagulant rodenticides, it is timely to also consider the welfare risks of these products, which 
impact equally on target and non-target species. Based on these rodenticides causing significant 
suffering, increasing community concerns regarding the treatment of animals, including those targeted 
in pest control programs, and that more humane alternatives are available, it is imperative to consider 
the justification for their continued unrestricted use.  
 
RSPCA Australia recognises that under certain circumstances there is a need to control vertebrate 
pest species. The RSPCA has a number of policies referring to vertebrate pest control, with the 
most relevant being RSPCA Policy E01 Wildlife - General principles and RSPCA Policy E02 
Management of wild animals. Key policy aspects relevant to this review which relate to animal 
welfare and non-target risks include: 

• A balance is found between maintaining the viability of an ecosystem and protecting the 
welfare of individual animals. 

• The humaneness of current control methods is improved or they are replaced with more 
humane and effective alternatives. 

• There is adoption and implementation of compulsory codes of practice and standard 
operating procedures for all wild animal management activities. 

• All activities to control vertebrate pests are: 

o justified - impact must be legitimate, quantified and appropriately measured to 
assess progress; benefits must outweigh the harms 

o effective - only proven control methods to be used based on scientific evidence and 
that ongoing control is achieved, and 

o humane – that it is recognised that pest species are sentient, and that the most 
humane methods are used. 

RSPCA Australia also supports the seven principles for ethical wildlife control (Dubois et al 2017). 

1. Modifying human practices 

2. Justification for control 

3. Clear and achievable outcome-based objectives 

4. Animal welfare 

5. Social acceptability 

6. Systematic planning 

7. Decision making by specifics rather than labels 
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2. Humaneness 

There is increasing community concern and expectations regarding the treatment of all animals, 
including vertebrate pest species. In the past, little scrutiny has been given to the animal welfare 
impacts of vertebrate pest control methods (Littin et al 2004). Fortunately, over the past decade, 
there has been a greater focus on the animal welfare impacts of pest animal control methods. 
However, unless this focus translates into improved practices on the ground, progress will not be 
achieved. More needs to be done especially in relation to humaneness of control methods 
(particularly for toxic baits), competency of operators and research into more humane 
management options. There is also an important role for regulators who register and regulate the 
use of these products, particularly where significant welfare risks exist (Littin 2012). 

Currently, it is not a mandatory requirement to use the most humane methods available. Furthermore, 
most users are unlikely to be aware of the relative humaneness of different control methods. However, 
with our increasing knowledge and understanding of the welfare impacts of some toxins, the 
availability of more humane alternative methods and heightened community concerns and 
expectations, there is a need for more scrutiny of welfare impacts of chemicals as part of the product 
registration process. 

Vertebrate pest animals are sentient, in that they are capable of experiencing pain, distress and 
suffering and therefore, it is paramount that in all instances, the most humane control methods are 
used. However, if less humane methods are used this must be adequately justified. Animal welfare 
outcomes could be significantly improved if a humaneness assessment of new and existing control 
methods and programs became a mandatory requirement (Humane Vertebrate Pest Control Working 
Group 2004; Littin et al 2004; Littin & Mellor 2005). 

Poisoning with anticoagulants do not result in a humane death (Paparella 2006). Mason & Littin (2003), 
who have reviewed the humaneness of several rodent control methods, reported that animals poisoned 
with anticoagulants experience distress, disability and/or pain, and take several days to die. Bleeding 
per se is not considered to be painful but the accumulation of blood in confined areas in the body, 
particularly the joints and muscles, can cause pain and dysfunction.  

When compared with other control methods using the Humaneness Assessment Model (Sharp and 
Saunders 2011), anticoagulants were shown to be the least humane, with suffering considered to be 
moderate to severe (see Appendix 1). The Model assesses and ranks pest control methods based on the 
welfare impact prior to death and the effectiveness to achieve a humane death, i.e., instant loss of 
consciousness and rapid death without consciousness being regained.  

Direct adverse impacts affecting individual poisoned animals is not the only welfare issue. When 
evaluating the overall welfare impact, the total number of animals affected by a specific control 
method must also be considered (Warburton et al 2012). Due to the wide availability and use of 
anticoagulants, millions of animals will suffer, including both rodents and non-target species. A study 
by Sainsbury et al (1995) reported that the impact of second generation rodenticides in Europe caused 
distress and severe pain for hours and days, in 10-100 million animals annually. 

Alternative more humane control options exist including effective snap traps (for domestic use) and 
mechanical kill traps for large and/or commercial premises. However, it is recognised that baiting is a 
more cost-effective option for broad scale use during rodent plagues in agricultural areas but it is 
relatively inhumane. More research is required to develop more humane products or methods for use in 
these situations. The potential of gene drive technology is currently being pursued as a humane non-
lethal control method but this will not be available in the immediate or short term future due to 
further research being required as well as further discussions of the ethical aspects regarding its use 
(Webber et al 2016). 
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3. Non-target risks 

There are many factors which influence the risk of non-target species being exposed to and succumbing 
to toxic baits, despite restrictions and instructions to minimize this risk. The following information 
relates to risks and impacts to wildlife and domestic pets of using anticoagulant rodenticides but not 
humans.  

3.1 Wildlife 

Although one of the important aims of controlling rodent populations is to protect and conserve 
vulnerable native species, bait poisoning can also pose significant risks to wildlife as has been reported 
in many countries (Sanchez-Barbudo et al 2012; Eason et al 1999; Murray 2017; Hughes et al 2013). 
Secondary poisoning of owls due to consumption of rodents fed with anticoagulant rodenticides was 
demonstrated several decades ago (Mendenhall 1980). Secondary and tertiary poisoning due to second-
generation rodenticides are of concern, especially due to the relative persistence of these toxicants in 
vertebrate species (Eason et al 1999). Brodifacoum was implicated in the death of a number of Stewart 
Island robin nestlings following a baiting program on an island off the coast of New Zealand (Masuda et 
al 2014). A study conducted on dead and moribund boobook owls in Western Australia showed a very 
high percentage of birds were exposed to anticoagulant rodenticides with about 50% having potentially 
dangerous levels (Lohr 2018). Further work has identified native reptiles also being at risk of secondary 
poisoning with the authors calling for greater regulatory oversight of the use of these chemicals (Lohr 
& Davis 2018). 

 

3.2 Domestic pets 

A number of international studies have reported cases of pesticide poisoning of domestic animals 
involving anti-coagulant rodenticides (Caloni et al 2016; Merola 2002; Sheafor & Couto 1999). 
Robertson et al (1992) reported that rodenticide toxicity cases were more commonly seen in cats and 
dogs in rural compared to urban veterinary practices. Although vitamin K administration can help 
mitigate the anticoagulant effects of these rodenticides, implementing an effective treatment regime 
is not simple and the prognosis varies depending on the type and severity of bleeding (Merola 2002). 
There have been several reports of anticoagulant rodenticides being used to maliciously poison 
domestic pets, with the RSPCA publicly stating that these baits are commonly used for this purpose 
(Merrilees 2017).  

 

4. Specific considerations 

Comments are provided on the following specific considerations as outlined in the call for submissions 
document. 
 
a. The need for anticoagulant rodenticide products to be used in home garden or domestic settings 
 

Based on welfare grounds, the risk of non-target poisoning and the availability of more humane 
control methods, the RSPCA questions the need for these products to be widely available without 
restriction, for home garden and domestic setting use.  

 
b. The need for anticoagulant rodenticide products to be used in residential or suburban settings, for 

example, for public health or public sanitation programs 
 

Based on welfare grounds, the risk of non-target poisoning and the availability of more humane 
control methods, the RSPCA questions the need for these products to be widely available without 
restriction, for residential or suburban setting use. 
 

c. The need for anticoagulant rodenticide products to be used in or around buildings, including those 
used to house livestock, or in or around on-farm buildings (including homesteads) 

 

More research is needed to identify more humane control options for large scale situations to 
replace the use of anticoagulant rodenticides.  
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d. The need for anticoagulant rodenticide products to be formulated as powders, gels, liquids, 
pellets, grains or pastes 

 

Unfortunately, different formulations are unlikely to reduce the welfare risks associated with the 
use of these products to a significant degree, as the nature of the toxic effect inevitably results in 
pain and suffering. If however, a specific formulation caused more rapid death, that is, hours 
rather than days from time of consumption, this may cause less pain and suffering. 
 

e. The likelihood of compliance with post-application sanitisation instruction (e.g., the timely 
collection of poisoned rodent carcasses, and the appropriate disposal of carcasses) 

 

This is an important issue especially when anticoagulants are used for broad scale control in 
agricultural and bushland areas. It is unlikely that all poisoned rodent carcasses can be retrieved to 
mitigate the risk posed to non-target species. Furthermore, due to a general aversion of handling 
dead and decomposing carcases, the general public are unlikely to undertake collection and 
appropriate disposal of carcases, when these products are used in domestic settings. 
 

f. The label instructions, particularly the adequacy of instructions to prevent inadvertent exposure 
to the product 

 

Current label instructions do not appear to be effective in preventing accidental exposure to the 
product. Therefore, more stringent instructions are unlikely to be more effective, particularly 
when products are used by the general public. The risk of malicious poisoning also remains. 
 

g. Critical uses for anticoagulant rodenticide products, particularly in primary production 
 

This is an important issue especially when anticoagulants are commonly used for rapid effective 
control. However, based on the humaneness matrix, zinc phosphide is considered to be relatively 
more humane than anticoagulants, so if anticoagulants were prohibited or significantly restricted, 
an alternative slightly more humane toxin would be available. 
 

h. Other relevant matters related to the use of anticoagulant rodenticide products 
 

RSPCA Australia has strongly advocated that all pesticide products submitted for registration be 
assessed for humaneness, in a similar fashion as to other aspects which are currently assessed, 
including environmental risks, and human health and safety risks. With increasing community 
concern regarding animal welfare and the availability of a rigorous approach to evaluate 
humaneness (i.e. the relative humaneness assessment model), all chemicals can and should be 
assessed for humaneness. The APVMA is well placed to incorporate a requirement for humaneness 
assessment as part of the registration process. 

 

5. Conclusion 

RSPCA Australia believes these products are not humane for both target and non-target animals and as 
they are currently widely available, we support limiting future access by the general public and 
restricting use to licensed operators in domestic settings. It is important to acknowledge that licensed 
operators provide additional advice for preventing infestations and managing pests more effectively 
which will help to minimise the number of animals being subjected to control measures, as well as 
reducing non-target exposure risks to wildlife and domestic pets. More humane alternative control 
methods are available for use in various settings which should be promoted more widely. RSPCA 
Australia also advocates that the APVMA require applicants to include relative humaneness assessment 
information of pesticide products submitted for registration. RSPCA Australia strongly advocates that 
more research is done to replace the use of anticoagulant rodenticides as soon as possible due to the 
significant pain and suffering caused. 
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Appendix 1: Relative humaneness matrix for rodent control methods 
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Office of the Chief Regulatory Scientist 

Australian Pesticides and Veterinary Medicines Authority 

GPO Box 3262, Sydney, NSW 2001 

 

Submission For Consultation On Use Patterns for Anticoagulant Rodenticide Products 

 

Dear Sir/Ms 

I am a Tasmanian wildlife biologist and State representative of BirdLife Australia Raptor Group who 
has studied and conservation of raptors in Australia for 45 years with a focus on my home State. I 
also have had substantial roles in the study and management of Tasmanian devils, eastern quolls 
and spotted-tailed quolls both while I was a government employee and now as a private consultant, 
tourism guide and naturalist. I have considerable experience in management of pest species (mainly 
invasives) and nuisance animals – I am familiar with many of the problems and concerns leading to 
anticoagulant rodenticides (ACR) use and alternatives to such.  

General Use of ACRs 

In general, I would offer that  

1. the modern attraction to the uber convenience of off the shelf commercially availability of  
‘one use only’ poisons, typically second generation anticoagulant rodenticides (SGACR) 

2. the increasingly isolation of people and some realities of nature mean less people are willing 
to deal with dead animals such that a bait that kills things ‘somewhere else’ is increasingly 
attractive 

3. modern widespread commercialization of pest control meaning someone else will deal with 
the day to day issues  

4. an increasing fear people have of ‘germs’ (not helped by the C19 of course) means they are 
increasingly fearful/intolerant of rodents 

has led to a situation where punitive poisoning is standard in many places. The ubiquitous black 
poison boxes can now be seen not only at schools, cafes and food stores but around warehouses and 
industrial/commercial hubs some of which have no food stores (ie little or no risk from rodents). It 
would seem people have become paranoid about rodents regardless of any risk. Commercialization 
of course encourages this because it is good for business. I invite the reader to go for a walk and look 
for them – you will be surprised where they are. 

I often ring contact numbers on these bait station boxes and few of the servicing commercial 
operators know the mode of action of their product, its possible non target impacts, its 
biodegradability (or not) and alternatives. The clients (where the boxes are) know even less few 
having any idea what poison is used or in some cases why; “we always do it at this time of year” 
seems to be usual. It seems advice on use, always much harder to find than poisons are easy to get 
and use, is little appreciated. 

Only this morning I visited my local supermarket to check. No staff have any idea of the poisons and 
container labelling regarding safety to non-target animals is to be generous minimal and truly tiny. 
One can only think the manufacturer does not want people to know the risks.  
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It would seem that the convenience of availability and use of ACRs (particularly SGACRs) has meant 
people increasingly pay little attention to physically protecting their food, and physically reducing 
refugia, it being easier to throw some poison around (or get someone else to). 

 

Rural Use of ACRs 

Rural use is of course domestic and field. 

By my inquiries most use around homes that use rodenticides is of SGACRs while (because of lower 
costs) first generation ACRs (FGACR) are usually used in out buildings and in the field. Rodents of 
course know few boundaries on traditional farms so after poisonings dead and dying rodents (so 
attractive to predators) can be found anywhere within 50-100m of farm houses. This is well within 
the activities of raptors (diurnal and nocturnal), corvids, butcherbirds and currawongs, kookaburras, 
frogmouths, quolls, devils, antechinus, water rats etc. Many farmhouses in Tasmania have most 
(sometimes all) of these species circulating through their areas of ACR influence so are essentially 
bait stations for periods. It is not uncommon for farmers to comment to me about such and such a 
species catching sick mice near their house. 

Most local farmers feeling the need for rodenticides use in the field (ie over large areas) fortunately 
use FGACRs, (in general less dangerous to animals eating them) because they are cheaper. This 
choice is made on a cost basis since they are usually dealing with large areas. However, in specialist 
and boutique farming (an increasing trend) smaller areas can be higher value and therefore the 
efficiency of protection changes, as does the tolerance of contamination or damage by rodents. 
Some lettuce (salad) farming for supermarket and restaurant sale is almost completely intolerant of 
rodent evidence, a standard driven by customers. Those businesses will almost ‘do anything’ to 
eradicate local rodents. Such oasis of high productivity are attractive to all sorts of animals, rodents 
and their predators included. I saw this in extremis in Israel Kibutzs where wildlife were drawn in 
from huge areas of desert and often poisoned. Such ‘plagues’ of rodents can of course be native 
species (especially in Australian semi-arid areas) protected by law, as are their natural predators.  

It would seem plain to me that SGARs are simply too available, their use too casual and they too 
poorly labelled. 

 I submit this convenience and minimalization of information is both unnecessary and dangerous. 

 

Palatability and Availability of Baits 

Species specificity of ACR baits as palatability and physical availability is very poor. Availability 
pertains to where baits are in the landscape and how they are presented.  

Many species will and do eat baits. Some farmers tell me they have discovered they can kill ravens 
and cockatoos by spreading ACRs by (broadcast) methods other than intended by the manufacturer 
(arguably not a legal miss-use). This miss-use introduces another range of non-target species and 
occurs because the farmer can buy and hold large amounts of legal poison, rather than risk being 
caught using other farm chemicals illegally (such as happened recently in Gippsland with hundreds 
of eagles being killed by miss-use of organophosphates). 
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Introduced rodents, particularly Rattus spp, are of similar size to many non-target species which can 
easily get to bait in black boxes meant for introduced species. Tasmania is lucky to have widespread 
native wildlife and such native species can usually be found in and amongst all rural areas and some 
urban areas. Newly independent eastern quolls are for a time less than 200g and every bit as curious 
and supple as rats. They a both predate and scavenge, are omnivorous, have high metabolisms and 
are highly competitive.  I believe this species is very vulnerable to ACRs and many have been found 
dead after poisoning, some sick ones coming to wildlife carers (eg Bonorong WildLife Park at 
Brighton).  

Even café’s in Tasmanian wilderness areas usually have bait stations (eg on the West Coast 
Wilderness Railway route). These baits are very high risk to native species such as swamp rat and 
long-tailed mouse. When questioned staff at such places usually say they are obliged by the health 
authorities to poison but that is not the case. Health authorities oblige them to manage animals and 
food. Rodent control at some (rare) other places is physical, using better protection of food and 
hardware and mechanical or electrical control of rodents. A few even use live trapping so non-target 
impacts are minimized.  

Reptiles such as blue-tongued skinks also have access to many baits, worrying because they have 
high tolerance (eg Letoof et al 2020)  and can then themselves become long-term baits. Indeed they 
are common food for many raptors including wedge-tailed eagles, white-bellied sea-eagles, swamp 
harriers and brown falcons. 

There is an ever increasing number of mechanical and electrical control options that at least negate 
secondary and primary poisoning risks from poisoned rodents. There should be more compunction 
to use them. I submit health authorities could be key in this regard. 

Again, I submit the easy availability and convenience of SGARs drives this usual, careless 
management. 

 

Non-target Impacts 

Evidence published (eg Lohr 2018) shows clearly that obvious rodent predators (eg the Boobook 
Owl) are at great risk from SGACRs. This evidence actually suggests ACR pollution (the drift of poison 
from exactly where it was intended) is actually worse in Australia than most comparable areas. 
Unpublished work by J Dr James Pay (UTAS) on Tasmania’s endangered wedge-tailed eagles suggests 
similar high contamination levels and consequences here. Combined with the many observations of 
dead and sick raptors with ACR poisoning symptoms in Tasmania (eg Mooney 2017, Fig 1.) suggest 
ACR poisoning is both widespread and significant and ACR poisoning will likely be upgraded as a 
threatening process in the revised Recovery Plan for Tasmanian Threatened Eagles. 

In one recent case 4 dead and dying wedge-tailed eagles were found by members of the public 
within 3 km of a property advertising a “Pindone Laid” warning sign (pindone being an ACR rebadged 
to target rabbits)  within the month after the sign appeared. Normally over that area 1 such eagle 
might be found every 10 years suggesting the rate is 40 times background levels. 
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Fig 1. Wild Tasmanian masked owl with apparent anticoagulant rodenticide poisoning. P McKay. 

Sadly, the levels of ACR pollution we see may well be unnecessary and mainly from punitive use. 

I submit their use (especially of SGACRs) must be rationalized and curtailed. 
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To  
Chemical Review 
Office of the Chief Regulatory Scientist 
Australian Pesticides and Veterinary Medicines Authority 
GPO Box 3262 Sydney NSW 2001 Australia 
 Date 14/5/2020 
Per Email : chemicalreview@apvma.gov.au 
 
Dear Sir /Madam, 
In response to the consultation on use patterns for anticoagulant rodenticide products, invitation for 
submissions. 
History/Background: 
The use of first and second generations anticoagulants are widespread and have been available on 
the Australian market since 1940. 
There are currently two available classes of anticoagulant rodenticides available in Australia 
nominated as first and second-generation products. 
Both classes act by interfering with Vitamin K synthesis causing prolongation of the clotting cascade. 
The Australian domestic/home market has annual sales in excess of $30 million dollars led by the 
supermarket sector (Coles and Woolworths), Bunnings Hardware and Mitre 10. The retail sector is 
primarily driven by home and garden use. 
First generation anticoagulants require multiple feeds to obtain a lethal dose and have a much 
shorter half-life. 
Since 1970 second generation anticoagulant rodenticides have been available in Australia. These 
products were developed to overcome resistance to the first-generation class of anticoagulants 
which had developed in some rodent species, (Norway and Brown rat) 
Second generation rodenticides have a much longer half life than the first generation and require 
usually a one feed application. They are much more lethal and are much more likely to 
bioaccumulate and bio magnify. First generation anticoagulant rodenticides, (FGAR) residual levels 
remain in animal livers for up to 35 days, whilst second generation anticoagulant rodenticides, 
(SGAR) residuals remain in animal livers for up to 248 days. 
The subsequent popularity of SGAR products on the Australian market has led to a proliferation of  
various presentations for consumers to use for household and domestic use, these include gels, 
blocks, pellets, and pastes. The impacts of anticoagulant rodenticides in particular the second-
generation products are now well documented, and these will be discussed further in this 
submission. 
Consideration: 
The need for anticoagulant rodenticide products to be used in suburban settings such as domestic 
residences, home gardens and domestic settings. 
There is considerable use of anticoagulant rodenticides in the domestic/residential setting.  
Second generation rodenticides hold 100% of this market. Per capita Australian households are the 
biggest consumers of SGAR’s, and this is directly attributed to the availability in supermarkets. 
Significant issues stem from the use of SGAR’s in the residential setting. The availability of these 
products and their presentation in both packaging, and product form makes them easily accessible 
to children, resulting in over representation in accidental ingestion of poisons in Australia. 
The important concern in relation to anticoagulants and small children is their exposure to the 
product. This can occur from dust exposure, or more commonly from the brief contact exposure  
through licking the brightly coloured block baits which are readily available for use in the home. 



Pelletized anticoagulant rodenticides are equally easy to lick or swallow and are highly attractive to 
small children. 
The very nature of the exposure as opposed to poisoning raises the issue of clinical management of 
the child as the nature of the anticoagulant action/exposure  cannot be determined without blood 
testing, which usually results in a child being monitored for several weeks and receiving two blood 
tests to confirm if systemic exposure has occurred. 
Manufacturers have added ‘’bittering agents into the products however these offer no protection 
against clinical exposure. Once a child has contact with the poisoning, (usually by mouth) they are 
already exposed to the anticoagulant and need to be monitored for systemic effects. 
The easy availability, small size, and various colorings available in-home baits make anticoagulant 
rodenticide exposure a common occurrence in small children. 
The home use of anticoagulant rodenticides is particularly problematic for primary and secondary  
poisoning to both domestic and native animals. Second generation rodenticides pose the biggest 
concern due to their difficulty in secretion /elimination. 
SGAR’s are stored in the target animals’ liver for up to 280 days, making secondary kills much more 
likely in species such as raptors and native carnivores. 
The market sector sales are predominately from domestic and household consumption and hence 
accounts for a significant proportion of secondary poisonings. This can also be confirmed by the 
types of presentations currently available which includes product categories such as ‘’throw packs”, 
‘’extra strength’’, and ‘ready to use ‘’ products. 
The combination of free availability as a supermarket line and consumer convenience results in 
second generation rodenticides being easily discarded or used in a completely inappropriate manner 
and hence accessed by native species or domestic animals. 
The secondary poisoning of native species is a significant issue in urban environments and has 
disastrous effects on protected species such as raptors, reptiles and native carnivores. 
Overseas studies have shown that there have been significant declines in native species such as the 
native UK Barn Owl, (see attached documents from Barn Owl Trust UK). Moreover, studies carried 
out by researchers from the Edith Cowen University WA have shown extensive chronic poisoning of 
Boo Book Owls, and other significant species. Further to this they have shown that SGAR’s are 
capable of entering the food chain effecting indigenous peoples who consume traditional foods such 
as Goanna, and other reptiles. 
Current studies being carried out by the University of Tasmania is showing levels of SGAR’s in the 
endangered Tasmanian Devil. 
The danger to native species is significant, as the second-generation rodenticides are highly bio 
accumulative,73% of Boobook Owls in Western Australia tested positive in studies conducted by Dr. 
Michael Lohr’s group from Edith Cowen University. 
It has been shown that reptiles can store large quantities of anticoagulants in their livers without 
displaying overt symptoms of poisoning. 
The proliferation and ease of purchase has resulted in the domestic /household overuse of the SGAR 
Group, and as a consequence there have been a significant impact on protected native species in 
Australia. 
The three issues raised in relation to domestic use, are human exposure/poisoning, primary and 
secondary poisoning of domestic pets, and primary and secondary poisoning of native protected 
species. The USA and Europe identified significant problems with domestic use/overuse of 
anticoagulant rodenticides, which became problematic with a sharp decline in carnivores in the wild. 
Further to this there have been several papers published on rodent resistance to second generation 
products. 
 



Human exposure is far more common than clinical poisoning, however this is still problematic 
for predominately small children between the ages of 1- 5 years. 
The very nature of the clinical course of the exposure is directly related to assessing the child for 
signs of toxicity. This therefore relies on monitoring the child for signs and symptoms of acute or 
chronic toxicity, which relies on blood sampling. This involves initial testing to determine  
clotting values and monitoring for a period and administration of vitamin K to stabilize abnormal  
clotting values. 
Domestic pet poisonings hold significant numbers in Australia with over 10,000 Veterinary 
presentations per year, (source Australian Veterinary Association). 
This is a significant impost and source of great distress to domestic pets and their owners. 
Further to this the Australian Veterinary Association have guidelines for the treatment and 
management of rodenticide poisoning, as it is a frequent clinical presentation to members practices. 
Primary and secondary poisoning of native animal species has the largest impact of anticoagulant 
rodenticides in the domestic /household environment. Native species in the urban environment are 
being poisoning at an alarming rate and one study showed 72.6% of Boobook Owls found dead or ill 
in Western Australia had toxic levels of rodenticides in their livers. These results were predominately 
in the urban environments in the greater Perth area. 
There have been 37 native species identified with anticoagulant residues throughout Australia 
including mammals. The abundance and toxicity of second-generation rodenticides used by 
households in Australia is leading to a decline in populations of protected species at an alarming 
rate. Each year in Australia over 1,740,000 packets of Ratsak and Talon are sold in supermarkets.  
 This equates to 174,000 cubic tonnes of SGAR sold. Given the significant bio burden this creates the 
potential for serious harm to native species such as raptors, reptiles and other carnivorous mammals 
is ever present, and now documented in Australian populations. In 2017 the American EPA 
introduced a US ban on the sale of all anticoagulant baits at retail level to general consumers. 
 
Hardware represents higher volumes (1kg) and significant price reductions make the hardware 
consumer more likely to be commercial users, such as industry, farmers, and commercial building 
owners, who purchase higher volumes, and hence the product offerings includes, tubs of 50 bait 
blocks, bulk packs of 1 kilogram at significantly lower pricing (7.00 per 1Kg) for Ratsak. 
This equates to 1,200,000 packets of 1kg sold each year in Australia or 120,000 cubic tonnes. 
This is a combined market exposure of 294,000 cubic tonnes based on two products. 
The Big Cheese (Brunnings Australia) have diversified their product offering to focus on rat and 
mouse traps, no doubt anticipating change. This said they are a significant market player with sales 
to Bunnings and Mitre 10. 
As is clearly indicated above the retail supermarket and hardware category represents a significant 
exposure to anticoagulant rodenticides. 
 

 “Products marketed to residential consumers will no longer contain the 
most toxic and persistent pesticide active ingredients: second 
generation anticoagulants brodifacoum, bromadiolone, difenacoum, and 
difethialone. Products containing these active ingredients will only be 
available for commercial use and for residential use by professional 
pest control operators”. 

          (Source USA EPA) 



  In Germany, rodent control in the non-agricultural area relies heavily on the use 
of anticoagulant rodenticides, i.e. baits containing active substances that inhibit 
blood coagulation. Although these compounds have unacceptable effects on the 
environment, they were authorised under the European Biocidal Products 
Regulation. However, their authorisation is subject to strict risk mitigation 
measures (RMM) such as the restriction of use to (trained) professionals. 

     (source EU Biocidal Regulation Germany) 

 
The sale of all anticoagulant rodenticides in supermarkets, and hardware stores in Australia should 
be banned, in keeping with the USA and European Union countries. Australia is one of a hand full 
of countries which still allows this practice, (Malaysia, Indonesia, Vietnam, and Australia). This 
would reduce the exposure of these products to children, domestic pets, and native protected 
species. This has been successfully achieved in major first world economies including the USA, UK, 
Germany, France, Canada and the EU group, the Australian model is flawed, and we are 
systematically killing our protected species. This environmental problem needs to be addressed, 
and unless the APVMA instigates the restrictions that have already been implemented in 
developed nations, we will drive carnivorous native species such as the  Boobook Owl, Wedge Tail 
Eagle, Brown Goshawk, and many more identified species on to the endangered list. 
All of these species hunt rodents as a prime food source. 
 
 
Alternative view: 
The chemical industry in Australia will no doubt support the quest to maintain the status quo  
or put forward the view that better packaging and labelling of product will reduce the 
environmental harm caused by anticoagulant rodenticides. 
These arguments have been soundly disproven. The overuse and misuse of these baits  
will not change the patterns of use in either the domestic or commercial settings. 
The current labelling of anticoagulants needs some reviews, however adding further restrictions 
on packaging will not change the behaviour which has been established. 
In part it is impossible to control the correct disposal of carcasses, as the majority of rats and mice 
will retreat to the nest or similar location to die, hence carnivorous species are at high risk of 
secondary poisoning. 
The Industry will also argue that there is a place for anticoagulant rodenticides to prevent and 
control rats and mice and if not available, there is a major infestation implication and health 
concerns. Both statements are true, and we need alternative methods and products in place to 
contain vermin whilst protecting our environment. 
Many countries have adopted an approach which is effective and reduces the significant harm 
associated with these chemicals, whilst controlling rodent populations. I have outlined these 
below and address the issues which are universal throughout  
 
Let’s stop birds being killed by rat poisons 

“Owls, kites and other birds of prey regularly die after eating rats and mice that have ingested Second 
Generation anticoagulant rodent poisons (SGARs). These household products — including Talon, 
Fast Action RatSak and The Big Cheese Fast Action rat and mice baits — have been banned from 
general sale in the USA, Canada and the EU, but are available in supermarkets and hardware chains 
across Australia. 



Birds of prey are often poisoned by eating rats and mice that have taken poison baits. These birds 
may devour multiple poisoned rodents, which are often able to wander around after consuming the 
poison — like walking time bombs. SGARs don’t break down quickly—some can stay in tissues and 
organs for months, even years. Unfortunately, this just makes it easier for predators to get a lethal 
dose of toxins. 

We need much tighter controls on rat baits. The good news is that Australia is reviewing the use of 
these dangerous chemicals right now and you can make a submission to help get them off 
supermarket shelves, so that only licensed operators can use them. 

The Australian Pesticides and Veterinary Medicines Authority (APVMA) is currently asking Australians 
for their views on how rodent poisons are regulated. It’s an issue that can have a big impact on our 
owls and other birds of prey”. 
 (Source Birdlife Australia) 
 
Failed wildlife act to be reviewed 
 

 
Poisoned eagles highlight inadequacies of wildlife laws 

The Victorian Environment Minister, Lily D'Ambrosio, has ordered the first-ever review of the 

state’s native wildlife protection laws. The decision has been welcomed by Birdlife Australia. 

The review follows the killing of hundreds of Wedge-tailed Eagles on a single property in East 

Gippsland, which exposed the current laws as being inadequate. 

The manager of the property deliberately poisoned more than 400 of the protected birds of 

prey, and subsequently pleaded guilty to charges of killing protected wildlife. The owner of 

the property, who provided assistance and encouragement, including the poison used to bait 

the birds, faced lesser charges of the misuse of agricultural chemicals. 

If the scope of their crimes shocked Victorians, so did the sentences they received. The 

manager was fined $2500 and sent to prison for 2 weeks, while the property owner received 

a good behaviour bond and was ordered to pay $25,000 to the court fund. Under the Act, 

both faced potential fines more than $350,000- or six-months’ jail (or both). 

"Cases like these, where our native animals are killed in this way, rightly appal Victorians and 

they appal me," said Mrs D’Ambrosio. "The government has pursued all penalties for the 

parties available under existing legislation, and I have ordered a review of the Wildlife Act to 

look at how it can be strengthened." 

"A review of the Act will be to modernise [it], and that includes its penalties regime," she 

said. 

Birdlife Australia’s National Public Affairs Manager Sean Dooley said that Birdlife Australia 

supported the review of the Wildlife Act. 



"Birdlife Australia strongly supports the Victorian government’s announcement that they will 

review the Wildlife Act. Our nature laws must be stronger to ensure they actually protect 

our precious wildlife." 

"More than 400 wedge-tailed Eagles were killed — a vile act that could have serious 

implications for the eagle population across all of south-eastern Australia," he said. 

The inadequate and outdated Wildlife Act in Victoria is just one example — among many — 

of how Australia’s wildlife protection laws don’t actually protect our wildlife. Birdlife 

Australia has been campaigning vigorously to strengthen Australia’s failing wildlife laws. 

(source Birdlife Australia) 
 
 
 
The Solution: 
1 All anticoagulant rodenticides should be banned for sale at supermarket and hardware outlets. 
     
2 First- and second-generation anticoagulants should only be available to be used by qualified 
registered pest control companies, government departments, local councils, or agencies  
approved by the Australian Pesticides and Veterinary Medicines Authority. To contain the availability 
of these products to licenced groups baiting of rodent problems can be managed  
with minimal exposure and harm to humans, domestic animals, native species, and the 
environment. 
 
3 Commercial quantities can be available for purchase from hardware outlets to those agencies 
above and in quantities i.e. minimum purchase quantity (each) of 5 KG ,10 KG. or 20kg. 
A suitable licence would be required for the products to be purchased. 
 
4 Labelling could be changed to reflect the above and supply and baiting programmes must be 
recorded by the supplier and end user. 
This would allow both domestic households and commercial operations including farms to access  
anticoagulant rodenticides by licenced providers who would be responsible for the management of 
baiting programs including the responsibility of using anticoagulant rodenticides within enclosed bait 
stations. This would manage the use of anticoagulant rodenticides and prevent indiscriminate  
and inappropriate baiting, whilst controlling infestations of rodents. 
Alternatives to anticoagulant rodenticides. 
 Home and domestic consumers can access the range of rodent traps, cages, and nontoxic 
rodenticides which are currently available. 
There are currently 15 variations of traps and cages available through Bunnings and Mitre 10 which 
offer the domestic and home gardener an alternative and can be reused. 
 In 2017 the APVMA approved a non-toxic rodenticide which is now available through Bunnings. 
Mitre 10, and Metcash IGA supermarkets. 
The product is currently sold by Yates Australia and kills rats and mice by causing them to dehydrate.  
Yates Australia have seen the need and responded by releasing a nontoxic rodenticide which has 
been commercially available since 2018 in all hardware suppliers. 
Domestic, home gardeners, and residential consumers can access alternatives as above for which 
the majority of applications will suffice. Market research shows that domestic/household consumers  
purchase smaller pack sizes, and this can be confirmed by the package sizes presented at the retail 
market being 100-250-gram pack variations. 



 
 
Conclusion: 
My submission has identified and addressed all the significant points which have fallen on regulators 
in countries faced with the same issues regarding anticoagulant rodenticides, (second generation 
being of particular concern to wildlife, but all problematic). 
 
Anticoagulant rodenticide baits in any form powder, pellets, gels, or blocks should be restricted to 
be used by licenced pest control companies  who are required to monitor and use this class of 
product to prevent and minimize the exposure to humans, domestic pets and native species. 
This will resolve the issue of rodent infestation. Eradication programs will be controlled and 
supervised under the guidance of a suitably qualified person responsible who can identify rodent 
activity, bait correctly and supervise carcass disposal, This will greatly minimize the exposure 
potential of the baits to wildlife, domestic animals and humans. 
It is also important to remember that pest control organizations will readily use traps over baits 
particularly if rodents cannot be positively identified as the infestation issue. 
Alternatives for small rodent problems are currently available at retail level, nontoxic rodenticides, 
(Yates Ratsak Naturals), traps (Yates, Big Cheese), Cages (Yates, Big Cheese) 
are all on the market? The major advantage of all the above products is they do not expose  
wildlife to rodent carcasses that are toxic. 
This strategy has been adopted by the USA since 2015/16 and has been widely accepted by the 
consumer and the community as they see the need to protect the environment from the increasing 
toxicity of anticoagulant rat and mouse baits. Since that time rat and mouse infestations of 
significance have been dealt with by large scale trapping and the target use of anticoagulants to 
eradicate problem outbreaks of rodents. 
The issue of anticoagulant baits must be addressed in Australia to stop the significant destruction of 
species such as native raptors, reptiles, and other carnivores. It is the responsibility of the regulator 
to instigate change to prevent this loss of native species into the future. 
This strategy has been adopted in all major western countries throughout the world and Australia 
needs to reform how these products are available in Australia by adopting the same strategy. 
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A B S T R A C T

Anticoagulant rodenticides (ARs) are commonly used worldwide to control commensal rodents. Second gen-
eration anticoagulant rodenticides (SGARs) are highly persistent and have the potential to cause secondary
poisoning in wildlife. To date no comprehensive assessment has been conducted on AR residues in Australian
wildlife. My aim was to measure AR exposure in a common widespread owl species, the Southern Boobook
(Ninox boobook) using boobooks found dead or moribund in order to assess the spatial distribution of this po-
tential threat. A high percentage of boobooks were exposed (72.6%) and many showed potentially dangerous
levels of AR residue (>0.1 mg/kg) in liver tissue (50.7%). Multiple rodenticides were detected in the livers of
38.4% of boobooks tested. Total liver concentration of ARs correlated positively with the proportions of de-
veloped areas around points where dead boobooks were recovered and negatively with proportions of agricul-
tural and native land covers. Total AR concentration in livers correlated more closely with land use type at the
spatial scale of a boobook's home range than at smaller or larger spatial scales. Two rodenticides not used by
the public (difethialone and flocoumafen) were detected in boobooks indicating that professional use of ARs
contributed to secondary exposure. Multiple ARs were also detected in recent fledglings, indicating probable
exposure prior to fledging. Taken together, these results suggest that AR exposure poses a serious threat to
native predators in Australia, particularly in species using urban and peri-urban areas and species with large
home ranges.

© 2018.

1. Introduction

Anticoagulant rodenticides (ARs) are commonly used in residen-
tial, commercial, and agricultural settings for the control of rodent
pests (Rattner et al., 2014b). They block the recycling of vitamin K in
the liver, which subsequently disrupts normal blood clotting in verte-
brates (Park et al., 1984). ARs are often divided into first generation
anticoagulant rodenticides (FGARs) and second generation anticoagu-
lant rodenticides (SGARs) based on their chemical structure and when
they were first synthesized. Unlike FGARS, SGARs are often lethal
with a single feed and are substantially more persistent in liver tissue
(Erickson and Urban, 2004).

AR exposure and subsequent mortality have been detected in
non-target wildlife in all parts of the world where exposure has been
tested (Laakso et al., 2010). Predatory bird species are particularly
vulnerable to AR poisoning due to a greater susceptibility to most
ARs than other bird species (Herring et al., 2017) and a prey base
which frequently contains rodents targeted by the use of ARs. In
some raptor species, mortality from AR exposure may have pop-
ulation-level impacts (Thomas et al., 2011). Unlike in Europe and
North America, where the non-target impacts of ARs have been ex-
tensively studied, relatively little research has been conducted on AR
exposure in Australian wildlife (Lohr and Davis, 2018; Olsen et al.,
2013). This knowledge gap exists despite several lines of evidence

Email address m.lohr@ecu.edu.au (M.T. Lohr)

suggesting that patterns of regulation and usage in combination with
differences in faunal assemblages may increase the incidence and
severity of non-target AR poisoning in Australia relative to bet-
ter-studied areas of the world (Lohr and Davis, 2018).

Within Australia, patterns in the spatial distribution of AR ex-
posure have not been studied in any wildlife species. A number of
studies have addressed the spatial ecology of anticoagulant rodenti-
cide exposure in non-target wildlife but have been primarily limited
to North American mammals. Of these, some have focused on im-
pacts within specific habitat types (Cypher et al., 2014; Gabriel et
al., 2012). Studies examining patterns of AR exposure between ur-
ban and rural habitats have found correlations between the use of ur-
ban habitat and exposure rates in San Joaquin kit foxes (Mcmillin
et al., 2008) and bobcats (Riley et al., 2007). A model developed to
predict exposure patterns in San Joaquin kit foxes found that expo-
sure was most likely in areas of low density housing on the urban/
rural interface (Nogeire et al., 2015). Similar dynamics have been sug-
gested but not tested in predatory bird species. Studies in North Amer-
ica and Europe have noted that predatory bird species which use more
developed habitats tend to have greater rates of AR exposure than
those which predominantly use more natural landscapes (Albert et al.,
2010; Christensen et al., 2012). Additionally, a study in Spain noted
a positive correlation between human population density and AR ex-
posure in a sample of 11 species of predatory birds and mammals
(López-Perea et al., 2015). The greater use of rodenticides and higher
prevalence of targeted commensal rodents in human-dominated land

https://doi.org/10.1016/j.scitotenv.2018.06.207
0048-9697/ © 2018.
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scapes relative to natural areas is likely to drive these observed and
suggested differences in non-target exposure. However, because AR
usage patterns differ between urban and agricultural environments
(Lohr and Davis, 2018) a need exists to evaluate the possibility of dif-
ferences in non-target exposure patterns between different types of an-
thropogenic landscapes.

To address this knowledge gap, I sought to compare anticoagu-
lant rodenticide (AR) exposure across intact native bushland and two
different types of anthropogenic landscapes. Additionally, I undertook
the first large-scale targeted testing of wildlife for AR exposure in the
continent of Australia (Lohr and Davis, 2018). Testing was conducted
on Southern Boobooks (Ninox boobook), which provide an excellent
model to quantify the spatial distribution of threatening processes as-
sociated with fragmentation due to their presence across multiple habi-
tat types and high abundance relative to other predatory bird species.
To the best of my knowledge, no studies have directly addressed the
relative impacts of different types of human land use on AR exposure
in non-target wildlife. Understanding how different types of human
land use impact the likelihood of AR exposure in non-target wildlife
will be critical in evaluating risks to wildlife on a continental scale and
will enable more effective targeting of measures to mitigate secondary
toxicity.

2. Methods

Southern Boobooks are medium-sized hawk owls found across the
majority of mainland Australia and adjacent parts of Indonesia and
New Guinea (Olsen, 2011). They are assigned a conservation status
of “Least Concern” by the IUCN (“Ninox boobook”, 2018). Some
taxonomies consider Southern Boobooks to be synonymous with the
closely-related New Zealand Morepork (Ninox novaseelandiae) found
in Tasmania and New Zealand but recent genetic and bioacoustic ev-
idence suggests otherwise (Gwee et al., 2017). Boobooks are dietary
generalists, consuming a wide variety of vertebrate and invertebrate
prey (Higgins, 1999; Trost et al., 2008). These dietary habits make
them an ideal model species for broad assessment of contamination of
food webs by persistent pollutants like ARs. Their presence in most
habitat types across Australia, with the exception of treeless deserts
(Higgins, 1999), facilitates examination of differences in exposure
across multiple habitat types and allows for future replication of this
study at sites across the continent.

2.1. Specimen collection

Dead boobooks found in Western Australia were solicited from a
network of volunteers, wildlife care centres, and government depart-
ments and were opportunistically collected when encountered. Boo-
books euthanized by veterinarians and wildlife rehabilitators due to se-
vere disease or injury were included. Dates and locations where each
boobook was initially collected were recorded from the collector when
possible. If liver tissue was identifiable and had a mass >3 g, it was re-
moved and stored frozen at 20°C until analysed for AR residues. A to-
tal of 73 usable boobook livers were stored for testing. While an effort
was made to obtain boobooks from a diversity of geographical areas
and habitat types throughout Western Australia, most samples orig-
inated in the more densely settled urban and peri-urban areas in the
south-west of Western Australia in and around the city of Perth.

2.2. Rodenticide analysis

Liver samples were analysed by the National Measurement Insti-
tute (Melbourne, Australia) for residues of three FGARs (warfarin,
coumatetralyl, and pindone) and five SGARs (difenacoum, bromadi-
olone, brodifacoum, difethialone, and flocoumafen) registered for use
in Australia by the Australian Pesticides and Veterinary Medicines
Authority. For each sample, 10ml of reverse osmosis water and one
gram of liver tissue were added to a 50ml analytical tube and shaken
for 15min on a horizontal shaker. A 10ml volume of 5% formic acid
in acetonitrile solution was then added and the tube was shaken for
an additional 30min. QuEChERS extraction salt was added and the
tube was shaken for an additional two minutes. The tube was then cen-
trifuged for 10min at 5100 rpm. After pipetting 3ml of the supernatant
into a 15ml analytical tube, 5ml of hexane was added and the tube was
shaken for two minutes then centrifuged for 10min at 5100 rpm. The
hexane layer was removed using a vacuum pipette and discarded. A
1ml aliquot of the supernatant was transferred to a 2ml QuEChERS
dispersive tube, shaken for one minute, and centrifuged at 13,000 rpm
for three minutes. The QuEChERS supernatant was then filtered us-
ing a 0.45μm filter. After filtration, 3μl of coumachlor was added as
an internal standard to 497μl of the filtered extract and vortexed prior
to LC-MS/MS analysis. A Waters TQS Tandem Quadrupole Detec-
tor Liquid Chromatograph-Mass Spectrometer (LC-MS/MS) and an
Acquity UPLC CSH C18 100× 2.1mm column were used to quantify
concentrations of each rodenticide. Recovery rates for each AR, were
calculated using chicken liver samples spiked with analytical stan-
dards (Table 1).

2.3. Statistical analysis

Total AR liver concentration is commonly used to compare tox-
icity risk when individuals are exposed to multiple rodenticides
(Christensen et al., 2012) due to similarities in their modes of action
and likely cumulative effects (Hughes et al., 2013). For this reason,
the sum of all liver rodenticide concentrations above the limit of de-
tection was calculated for each individual for the purposes of com-
paring differences in exposure by age, season, and land use. In or-
der to compare seasonal trends in total AR concentration, boobooks
were assigned to four groups based on their collection date: sum-
mer (December–February), autumn (March–May), winter (June–Au-
gust), and spring (September–November). All boobooks with known
collection months (n= 71) were included in the seasonal analysis. The
Kruskal-Wallis test was used to assess whether significant differences
existed in liver AR concentration by season.

Boobooks were assigned to age classes of less than one year
(“hatch year”) or greater than one year (“after hatch year”) based on
the presence of juvenile down and by examination of fluorescence
patterns under ultraviolet light (Weidensaul et al., 2011). In one in

Table 1
Limit of detection (LOD), limit of quantification (LOQ), average recovery, and relative
standard deviation (RSD) for eight ARs in a spiked chicken liver matrix

Compound LOD (mg/kg) LOQ (mg/kg) Average recovery % (RSD)

Warfarin 0 001 0 002 94 (8 1)
Coumatetralyl 0 001 0 002 93 (7 6)
Bromadiolone 0 005 0 010 96 (9 5)
Difenacoum 0 005 0 010 96 (11 2)
Flocoumafen 0 005 0 010 103 (11 4)
Brodifacoum 0 005 0 010 92 (8 8)
Difethialone 0 005 0 010 91 (14 6)
Pindone 0 005 0 010 36 (13 5)
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stance, it was not possible to determine age class due to degradation of
porphyrins caused by prolonged exposure of ventral remiges to sun-
light. A total of 72 boobooks of determined age class were available
for analysis of the relationship between age and AR exposure. I used
a Mann-Whitney-Wilcoxon test to determine whether total liver con-
centration of ARs varied between the two age classes. Results were
considered significant if p< 0.05.

2.4. Exposure thresholds

The utility of rodenticide concentration in liver tissue as a means
to diagnose lethal exposure has been questioned (Erickson and Urban,
2004; Thomas et al., 2011) as susceptibility to acute toxicity can vary
among individuals and across species (Thomas et al., 2011). Exposure
to multiple ARs adds additional complexity to the assessment of likely
impacts from residual liver concentrations (Murray, 2017). However,
a need exists to estimate likely impacts across exposed individuals and
to compare the magnitude of exposure to previous studies. Accord-
ingly, I identified relevant literature which established commonly used
guidelines for outcomes of various exposure rates in related taxa to al-
low estimation of likely impacts on boobooks.

The Rodenticide Registrants Task Force suggested that a 0.7mg/kg
liver concentration of brodifacoum was likely to be toxic based largely
on captive studies of Barn Owls (Kaukeinen et al., 2000), however this
threshold estimate may be too high, as environmental conditions af-
fecting wild birds may increase their susceptibility to ARs relative to
captive birds (Mendenhall and Pank, 1980). Dowding et al. (1999) es-
timated a lethal liver concentration for brodifacoum of 0.5mg/kg us-
ing 29 individuals from 10 species of birds. Numerous studies have
reported thresholds of 0.2mg/kg (Albert et al., 2010; Christensen et
al., 2012; Hughes et al., 2013; Langford et al., 2013; López-Perea et
al., 2015; Stansley et al., 2014; Walker et al., 2008) and 0.1mg/kg
(Albert et al., 2010; Christensen et al., 2012; Langford et al., 2013;
Ruiz-Suárez et al., 2014; Shore et al., 2016; Stansley et al., 2014;
Walker et al., 2008, 2011) as indices of lower limits at which lethal
AR toxicity was likely to occur in predatory birds. These estimates
were based on two studies examining wild barn owls: Newton et al.
(1999, 1998) respectively. I also included a threshold of 0.01mg/kg as
this is the lowest published record of lethal SGAR toxicity in a preda-
tory bird species (Stone et al., 1999). Boobook liver concentrations
were compared against these thresholds (0.7 mg/kg, 0.5mg/kg, 0.2mg/
kg, 0.1mg/kg, and 0.01mg/kg) to facilitate a comprehensive under-
standing of overall potential impacts of ARs across all sampled indi-
viduals.

2.5. Spatial analysis

Only boobooks with accurate location data were included in the
spatial analysis. In one instance, two road-killed boobooks were re-
covered at the same location. One of these was randomly removed
from the spatial analysis, leaving a total of 66 boobooks available for

analysis. Land cover for the state of WA was classified into devel-
oped, agriculture, native vegetation or open water. The developed
category included all areas with anthropogenic impervious surfaces
(roads, buildings car parks, etc.) as well as intensive land uses that
did not qualify as agriculture (mines, landfills, spots grounds, golf
courses etc.). The agriculture category included a diversity of irrigated
and dryland crops, orchards, and grazed areas. Intensive indoor animal
agriculture was included in the developed category rather than agricul-
ture because it consisted primarily of buildings and other impervious
surfaces. Areas subjected to silvicultural practices were classified as
part of the native vegetation category due to structural similarity. Ad-
ditionally like native bushland, the only anticoagulant permitted for
use in forestry is pindone which is used to control rabbits in areas too
close to human habitation to allow the safe use of 1080. Percentages
of each classification were calculated within circular buffer zones (ar-
eas of influence) of three different sizes around each location where a
boobook was found. The two smaller buffer sizes were calculated to
match the mean area of a boobook's core home range (7.3 ha) and to-
tal home range (145.1 ha) (Olsen et al., 2011). The largest buffer size
was an arbitrarily large area with a 3km radius. This larger buffer was
included to account for the possibility of movement of contaminated
prey into boobooks' home ranges from adjacent areas influencing the
probability of boobook exposure to ARs. Because open water was not
considered to be usable space, the percentages of the other three habi-
tat types were calculated excluding any open water within the buffers.

I used general linear models with a negative binomial distribution,
following methodology used by Christensen et al. (2012), to analyse
differences in rodenticide exposure by habitat composition at the three
different spatial scales. The Akaike Information Criterion AIC was
used to rank models for habitat proportions at each spatial scale. Only
single variable models were considered in the ranking due to nest-
ing and correlation of habitat proportions and spatial scales. I calcu-
lated McFadden's pseudo-R2 values for each habitat type and spatial
scale combination. Statistical analysis was performed using RStudio
1.1.383 (RStudio, Inc., Boston, MA, USA).

3. Results

While I did not directly quantify physiological signs of rodenticide
poisoning due to most carcasses being damaged as a result of vehi-
cle collisions, during dissection I observed symptoms associated with
acute lethal AR toxicity in at least nine boobooks exhibiting no sign
of trauma. These symptoms included excessive bleeding from minor
lacerations, pale or mottled livers, subdermal and muscular haemor-
rhage in the absence of trauma, blood in the thoracic cavity, and blood
around the mouth and nares. Similar symptoms have been described
in association with lethal AR toxicity in other raptor species (Murray,
2017).

ARs were detected in 72.6% of all boobook liver samples (Table 2)
with a mean summed AR exposure of 0.310mg/kg (SE 0.069246735)
(Table 3). Approximately 17.8% of boobook livers

Table 2
Percentage exposure, mean exposure and total detection of eight different anticoagulant rodenticides in livers of 73 Southern Boobooks in Western Australia

Coumatetralyl Warfarin Pindone Difenacoum Brodifacoum Bromadiolone Difethialone Flocoumafen Total

Percent exposed 0 000 2 740 0 000 15 068 72 603 31 507 8 219 2 740 72 603
Mean exposure (mg/kg) 0 000 0 000 0 000 0 004 0 260 0 019 0 015 0 011 0 310
Standard error 0 000 0 000 0 000 0 002 0 064 0 005 0 011 0 011 0 069
Maximum concentration (mg/kg) 0 000 0 002 0 000 0 097 4 002 0 214 0 775 0 818 4 002
Minimum concentration (mg/kg) 0 000 0 000 0 000 0 000 0 000 0 000 0 000 0 000 0 000
Total detected (mg/kg) 0 000 0 003 0 000 0 287 18 994 1 421 1 063 0 834 22 606
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Table 3
Published rates of multiple second generation anticoagulant rodenticide exposure and percentages of individuals with exposure above two thresholds in predatory birds

Species Location
n
individuals

%
exposed

% multiple
exposure % >0 1 mg/kg

% >0 2 mg/
kg

Mean
exposure
(mg/kg) (SE) Source

Southern Boobook (Ninox boobook) Western
Australia

73 72 6 38 4 50 7 35 6 0 310 (0 069) This study

Tawny Owl (Strix aluco) United
Kingdom

172 19 2 2 9 12 2 5 8 0 125 Walker et
al , 2008

Barn Owl (Tyto alba) United
Kingdom

100 94 72 16 Shore et al ,
2016

Red Kite (Milvus milvus) Scotland 114 69 3 36 17 5 0 155 (0 017) Hughes et
al , 2013

Buzzard (Buteo buteo) Scotland 479 44 3 14 2 2 1 0 047 (0 004) Hughes et
al , 2013

Kestrel (Falco tinnunculus) Scotland 22 40 9 17 4 9 1 0 173 (0 082) Hughes et
al , 2013

Barn Owl (Tyto alba) Scotland 63 34 9 17 5 17 5 0 076 (0 018) Hughes et
al , 2013

Tawny Owl (Strix aluco) Scotland 34 38 2 5 9 2 9 0 047 (0 021) Hughes et
al , 2013

Sparrowhawk (Accipiter nisus) Scotland 37 54 1 29 7 2 7 0 060 (0 016) Hughes et
al , 2013

Peregrine Falcon (Falco peregrinus) Scotland 24 29 2 0 0 0 017 (0 007) Hughes et
al , 2013

Barn Owl (Tyto alba) United
Kingdom

58 84 52 17 2 Walker et
al , 2011

Red Kite (Milvus milvus) United
Kingdom

18 94 89 Walker et
al , 2011

Kestrel (Falco tinnunculus) United
Kingdom

20 100 95 Walker et
al , 2011

Barn Owl (Tyto alba), Barred Owl (Strix varia), and Great
Horned Owl (Bubo virginianus)

Canada 164 92 32 15 0 107 Albert et al ,
2010

Great Horned Owl Canada 123 0 016 Thomas et
al , 2011

Red-tailed Hawk (Buteo jamaicensis) Canada 58 0 005 Thomas et
al , 2011

Golden eagle (Aquila chrysaetos) Norway 16 73 3 31 3 25 6 3 0 051 Langford et
al , 2013

Eagle owl (Bubo bubo) Norway 8 62 5 25 37 5 12 5 0 087 Langford et
al , 2013

Osprey (Pandion haliaetus) Norway 3 0 0 0 0 0 Langford et
al , 2013

Peregrine falcon (Falco peregrinus) Norway 2 0 0 0 0 0 Langford et
al , 2013

Gryfalcon (Falco rusticolus) Norway 1 0 0 0 0 0 Langford et
al , 2013

Red-tailed Hawk (Buteo jamaicensis) USA 37 97 78 Murray,
2017

Barred Owl (Strix varia) USA 24 88 42 Murray,
2017

Great Horned Owl (Bubo virginianus) USA 17 100 71 Murray,
2017

Eastern Screech-Owl (Megascops asio) USA 16 100 69 Murray,
2017

Red-tailed Hawk (Buteo jamaicensis) USA 105 81 15 47 25 0 117 Stansley et
al , 2014

Great Horned Owl (Bubo virginianus) USA 22 82 18 36 9 0 07 Stansley et
al , 2014

Eurasian Sparrowhawk (Accipiter nisus) Spain (Canary
Islands)

14 85 7 0 0577 Ruiz-Suárez
et al , 2014

Long-eared Owl (Asio otus) Spain (Canary
Islands)

23 73 9 0 1322 Ruiz-Suárez
et al , 2014

Common Buzzard (Buteo buteo) Spain (Canary
Islands)

9 26 3 0 0368 Ruiz-Suárez
et al , 2014

Barbary Falcon (Falco pelegrinoides) Spain (Canary
Islands)

16 31 2 0 0915 Ruiz-Suárez
et al , 2014

Kestrel (Falco tinnunculus) Spain (Canary
Islands)

21 66 6 0 219 Ruiz-Suárez
et al , 2014

Barn Owl (Tyto alba) Spain (Canary
Islands)

21 76 2 0 1344 Ruiz-Suárez
et al , 2014

All Species Spain (Canary
Islands)

104 63 5 34 8 Ruiz-Suárez
et al , 2014
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Table 3 (Continued)

Species Location
n
individuals

%
exposed

% multiple
exposure % >0 1 mg/kg

% >0 2 mg/
kg

Mean
exposure
(mg/kg) (SE) Source

Scops Owl (Otus scops) Spain
(Majorca
Island)

26 57 7 0 0 0134 López-Perea
et al , 2015

Barn Owl (Tyto alba) Spain
(Majorca
Island)

19 84 2 57 9 0 2337 López-Perea
et al , 2015

Scops Owl (Otus scops) Spain
(Catalonia)

7 14 3 0 0 1584 López-Perea
et al , 2015

Barn Owl (Tyto alba) Spain
(Catalonia)

22 54 5 13 6 0 1178 López-Perea
et al , 2015

Tawny Owl (Strix aluco) Spain
(Catalonia)

27 77 8 29 6 0 0952 López-Perea
et al , 2015

Eagle Owl (Bubo bubo) Spain
(Catalonia)

14 100 64 3 0 2896 López-Perea
et al , 2015

Long-eared Owl (Asio otus) Spain
(Catalonia)

12 58 3 0 0 0111 López-Perea
et al , 2015

Little Owl (Athene noctua) Spain
(Catalonia)

7 71 4 28 6 0 1972 López-Perea
et al , 2015

Common buzzard (Buteo buteo) Spain
(Catalonia)

56 64 3 26 8 0 1253 López-Perea
et al , 2015

Barn owl (Tyto alba) Denmark 80 94 37 4 13 7 0 1141 Christensen
et al , 2012

Buzzard (Buteo buteo) Denmark 141 94 20 6 5 7 0 0745 Christensen
et al , 2012

Eagle owl (Bubo bubo) Denmark 10 100 70 70 0 1931 Christensen
et al , 2012

Kestrel (Falco tinnunculus) Denmark 66 89 27 2 13 6 0 099 Christensen
et al , 2012

Little owl (Athene noctua) Denmark 9 100 33 3 22 2 0 1186 Christensen
et al , 2012

Long-eared owl (Asio otus) Denmark 38 95 0 0 0 0194 Christensen
et al , 2012

Marsh harrier (Circus aeruginosus) Denmark 3 100 0 0 0 0123 Christensen
et al , 2012

Red kite (Milvus milvus) Denmark 3 100 0 66 7 0 413 Christensen
et al , 2012

Rough-legged Buzzard (Buteo lagopus) Denmark 31 84 12 9 0 0 0408 Christensen
et al , 2012

Short-eared owl (Asio flammeus) Denmark 5 100 0 0 0 015 Christensen
et al , 2012

Tawny owl (Strix aluco) Denmark 44 93 20 5 9 1 0 0784 Christensen
et al , 2012

All Species Denmark 430 73 Christensen
et al , 2012

contained greater than the suspected lethal threshold of 0.5mg/kg total
ARs (Fig. 1) with 13.7% above the more conservative limit of 0.7mg/
kg. Seven of the ten boobooks with AR liver concentrations above
0.7mg/kg appear to have died directly of AR poisoning and the other
three showed signs of poisoning described by Murray (2017) despite
other apparent proximate causes of death. More than half of the boo-
books tested had liver concentrations above 0.1mg/kg (Fig. 1) and
would likely have experienced at least some degree of coagulopathy
(Rattner et al., 2014a). The majority of boobooks (65.8%) were ex-
posed at a level above 0.01mg/kg – the lowest observed lethal thresh-
old in an owl (Fig. 1).

The three FGARs tested – coumatetralyl, warfarin, and pindone
– were infrequently detected and accounted for only 0.01% of all
ARs detected (Table 2). Coumatetralyl and pindone were not detected
in any of the samples and warfarin was detected in two individuals
at low levels (0.0024 mg/kg and 0.0014mg/kg). The lower of these
was below the limit of quantification. Detectable exposure to SGARs
was substantially higher (Table 2). Brodifacoum – the most com-
monly detected SGAR – was found in 72.6% of samples and made
up 84.0% of all rodenticides detected by mg/kg. It was detected in all
liver samples containing AR residues (Table 2). Difethialone and flo

coumafen, which were not known to be in use by the public were also
detected in boobooks. Two or more ARs were detected in 38.4% of
boobooks tested (Fig. 2). A maximum of five different ARs was de-
tected in two individual boobooks.

Mean total liver concentration of ARs was not significantly dif-
ferent between age classes (p= 0.34). AR exposure was greatest in
boobooks collected in winter and winter concentrations were signifi-
cantly different from summer concentrations (p = 0.026) (Fig. 3). The
livers of two recent fledglings still under parental care contained low
but quantifiable amounts of brodifacoum (0.022 and 0.051mg/kg) and
difethialone (0.020 and 0.022mg/kg).

Total AR exposure was positively correlated with the amount of
developed area within buffers at all spatial scales (Table 4). Propor-
tions of agriculture and bushland habitat within buffers were nega-
tively correlated with total AR exposure at all spatial scales (Table
4). The three AIC top-ranked models quantified habitat composition
at the scale of a full boobook home range and were all statistically
significant (Table 4). The top-ranked model used developed habitat at
the scale of a boobook's total home range and was highly significant
(p = 0.00182). Correlations between the top three ranked models and
total AR concentration were not particularly strong but are stronger
than would be suggested by interpretation of traditional R2 indices, as
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Fig. 1. Percentages of Southern Boobooks (n = 73) in Western Australia exposed to rodenticides stratified by total rodenticide liver concentration (mg/kg) thresholds indicating po-
tential outcomes

Fig. 2. Percentages of Southern Boobooks (n = 73) exposed to multiple anticoagulant ro-
denticides in Western Australia

McFadden's pseudo-R2 values falling in the range of 0.2 to 0.4 “repre-
sent an excellent fit” (McFadden, 1978).

4. Discussion

The overall proportion of boobooks with detectable AR exposure
(72.6%) and the proportion of boobooks exposed to two or more ro-
denticides (38.4%) was high but within the range of estimates gener-
ated by studies in Europe and North America (Table 3). Mean total
AR concentration in boobooks (0.310 mg/kg) was substantially higher
than any other available published estimate with the exception of Red
Kites (Milvus milvus) (0.413 mg/kg) in Denmark (Christensen et al.,
2012). The extremely high mean exposure in boobooks may result
from multiple causes. A large proportion of samples were obtained
from urban and peri-urban areas where exposure is likely to be more
prevalent. This was also the case in several other studies document-
ing high exposure rates and liver concentrations (López-Perea et al.,
2015; Murray, 2017; Stansley et al., 2014). As a consequence, the
sample of boobooks used in this study is probably not representative
of Australia as a whole but may provide a useful estimate for other
large human population centres elsewhere. Circadian activity patterns

Fig. 3. Mean total anticoagulant rodenticide concentration (mg/kg) in liver tissue of
Southern Boobooks (n= 71) in Western Australia by season

may also increase boobooks' risk of AR exposure relative to some
other raptor species. Nocturnal species have been noted to have higher
liver AR concentrations than diurnal species (Ruiz-Suárez et al., 2014;
Sánchez-Barbudo et al., 2012). If owls using highly populated land-
scapes are at greater risk than other bird species, future evaluation of
Powerful Owls which use urban and peri-urban areas and are listed
as vulnerable in Victoria may be warranted. Southwest populations
of Masked Owls (Tyto novaehollandiae) and Barking Owls (Ninox
connivens), both of which are listed as P3 priority fauna (poorly
known but thought to be possibly threatened) in Western
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Table 4
Akaike information criterion (AIC) ranking of models of the association between per-
centage of single land use types within buffers around collection points and total an-
ticoagulant rodenticide liver concentration in Southern Boobooks (n= 66) in Western
Australia at three different spatial scales (Big = 2827 4ha buffer, Mid = 145 1ha buffer,
Small = 7 3ha buffer

Model Estimate
Std
error z value Pr(>|z|) AIC

McFadden's
pseudo-R2

Mid developed 2 1439 0 6876 3 118 0 00182 751 43 0 08675021
Mid agriculture −2 4505 0 9844 −2 489 0 0128 754 28 0 05158204
Mid native
vegetation

−2 5139 0 9584 −2 623 0 00871 754 35 0 05081192

Big agriculture −3 0121 1 1147 −2 702 0 00689 754 51 0 04870524
Small developed 1 5092 0 6822 2 212 0 027 754 53 0 04854103
Big developed 1 7553 0 7547 2 326 0 02 754 83 0 04473145
Small agriculture −1 6016 1 0237 −1 565 0 118 756 27 0 02641717
Small native
vegetation

−1 364 0 9249 −1 475 0 14 756 59 0 02232542

Big native
vegetation

−1 9017 1 066 −1 784 0 0744 756 8 0 01968855

Australia, may also be susceptible to AR poisoning in areas where de-
veloped habitats are encroaching on their remaining ranges.

As a consequence of the methodology used in sample collection,
this study probably underestimates the proportion of lethal poison-
ings which actually occur. Anticoagulant rodenticides induce lethargy
prior to mortality and lethally poisoned owls are more likely to die in
nest hollows or roost sites in dense vegetation where their likelihood
of detection by humans would be low (Newton et al., 1990). Simi-
lar underestimation of lethal toxicity has been suggested in studies
of mammals exposed to ARs, as well (Mcdonald et al., 1998). Con-
versely, if haemorrhaging induced by sub-lethal exposure reduced a
boobook's reaction time or ability to fly, it could increase the risk of
other proximate sources of mortality (Newton et al., 1990) such as col-
lisions with vehicles or windows. This could potentially increase its
likelihood of being killed in a conspicuous location and subsequently
collected for this study with the end result of inflating the number of
sub-lethally exposed birds entering this study.

4.1. Individual rodenticides

A lack of detectable pindone residues in the livers of the boo-
books sampled was unexpected because pindone is used within the
Perth metropolitan area to control rabbits in urban bushlands and pre-
vious literature implicates similar control programs elsewhere in Aus-
tralia in secondary poisonings of native raptors (Olsen et al., 2013)
though this has recently been disputed (Olsen and Rae, 2017). Fail-
ure to detect pindone could be the result of a short retention time rela-
tive to more persistent SGARs (Fisher et al., 2003), its use in targeted
and short-term control efforts, low overall usage relative to commer-
cial and residential use of other anticoagulant rodenticides, or dietary
patterns of boobooks precluding consumption of European rabbits
(Oryctolagus cuniculus) – the species targeted by pindone applica-
tions. While it is possible that occasional localised exposure may oc-
cur, it appears that pindone, as currently applied in urban and peri-ur-
ban areas does not constitute a substantial threat to boobook popula-
tions relative to other rodenticides originating from commercial and
residential sources. Future studies on impacts of pindone on native
raptors should consider testing species which are more likely to prey
on rabbits (Wedge-tailed Eagles (Aquila audax) and Little Eagles (Hi-
eraaetus morphnoides)) (Olsen et al., 2006) or scavenge rabbit car-
casses (Whistling Kites (Haliastur sphenurus)) (Fuentes et al., 2005)
and are at greater risk of secondary exposure.

Failure to detect coumatetralyl in any samples and the detection of
warfarin at extremely low concentration in only two samples despite

commercial availability to the public suggests that their relatively
short half-life in liver tissue (Fisher et al., 2003) probably reduces the
incidence and severity of secondary exposure and precludes bioaccu-
mulation and biomagnification. This result is consistent with absence
or low concentration and prevalence of FGARs relative to SGARs in
other wildlife species since SGARs came into widespread use (Albert
et al., 2010; Fourel et al., 2018; Murray, 2017; Ruiz-Suárez et al.,
2014).

The detection of brodifacoum at rates an order of magnitude higher
than all other ARs combined is probably attributable to a combina-
tion of its greater duration of persistence in liver tissue (Horak et al.,
2018), more prevalent use, and incorporation into a greater number of
commercially available rodenticide bait products. This is particularly
concerning because captive studies suggest that brodifacoum is more
likely to cause secondary toxicity in birds than any other tested ARs
due to its high toxicity and long liver retention time (Erickson and
Urban, 2004). Bromadiolone and difenacoum respectively, were the
next most commonly detected in samples (Table 2). This is probably
because, together with brodifacoum, they comprise the three SGARs
commonly available in WA at retail stores. At present, brodifacoum,
bromadiolone, and difenacoum probably pose the greatest threat of
secondary poisoning to non-target wildlife of all ARs in use.

The detection of flocoumafen and difethialone – which are not
readily available to the public due to sale in bulk quantities but are
used by pest control professionals – indicates that at least some pro-
portion of wildlife exposure is directly related to commercial pest con-
trol activities. Flocoumafen was the most prevalent rodenticide de-
tected in liver tissue of one boobook, which died shortly after ad-
mission to a wildlife care centre and showed physiological signs of
AR poisoning (pale mottled liver, subcutaneous haemorrhage, and
large quantities of blood in the abdominal cavity). These findings have
potentially serious implications for legislation attempting to curtail
non-target exposure by limiting public access to SGARs. In the United
States, legislation restricting the use of SGARs to licensed profes-
sionals went into effect in 2011 (Bradbury, 2008). However, a sub-
sequent study found an increase in AR exposure in four predatory
bird species in Massachusetts, USA following the ban (86% of 161
birds from 2006 to 2010 compared to 96% of 94 birds exposed from
2012 to 2106) perhaps due to an increased use of professional ro-
dent control services (Murray, 2017). My findings provide additional
evidence that use of ARs by professional pesticide applicators does
contribute, at least to some degree, to poisoning of non-target rap-
tors. However, the impacts of this source relative to private use are dif-
ficult to assess because other SGARs which are available to the public
– particularly brodifacoum and bromadiolone – are in common use by
professional pesticide applicators in WA. Taken together, these results
cast doubt on whether regulations restricting sale of SGARs from pri-
vate use will be sufficient to reduce widespread exposure and toxicity
in predatory birds.

After the completion of this study, it was brought to my atten-
tion that diphacinone was also being used in Western Australia by
commercial pesticide applicators. This FGAR has a relatively short
half-life of three days in rat liver tissue and as a consequence is un-
likely to bioaccumulate and cause secondary poisoning in predatory
non-target wildlife (Fisher et al., 2003). The registration of diphaci-
none in Australia has expired. However, if diphacinone is re-regis-
tered, future monitoring projects should include diphacinone testing as
it could potentially contribute to overall rodenticide exposure.

Exposure to multiple rodenticides (38.4%) was relatively common
in sampled boobooks but not as frequent as in some other predatory
bird species (Christensen et al., 2012; Murray, 2017; Walker et al.,
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2011). The relatively high rate of multiple exposures and the presence
of detectable levels of up to five different ARs in liver tissue suggests
cumulative exposure from multiple prey items over an extended pe-
riod of time. This hypothesis is supported by the finding that livers
of adult raptors in Denmark contained multiple rodenticides more fre-
quently than those of juveniles (Christensen et al., 2012). The preva-
lence of multiple exposures in boobooks is particularly concerning be-
cause laboratory studies on rats determined that warfarin sensitivity
is increased after sub-lethal exposure to brodifacoum (Mosterd and
Thijssen, 1991). If ARs have a synergistic effect rather than a purely
additive effect, raptors may be negatively impacted at a lower thresh-
old when exposed to more than one AR, leading to underestimates of
negative impacts on non-target wildlife.

4.2. Rodenticide thresholds

The utility of detectable rodenticide concentration in liver tissue
as a means to diagnose lethal exposure has been questioned (Erickson
and Urban, 2004; Thomas et al., 2011) as susceptibility to acute tox-
icity can vary among individuals and across species (Erickson and
Urban, 2004). However, it can be informative in comparing environ-
mental exposure and as an index for potential impacts at the popula-
tion level. Depending on the threshold used (0.7 mg/kg or 0.5mg/kg),
either 13.7% or 17.8% of boobooks tested had rates of exposure con-
sistent with likely lethal outcomes. Confirmation of physical signs of
rodenticide poisoning in all boobooks with AR liver concentrations
above 0.7mg/kg and the absence of other obvious causes of death
in 70% of these individuals indicates that this threshold is a reason-
able guideline for estimating likely lethal toxicity in boobooks. Re-
gardless of the threshold used, the relatively high frequency of expo-
sure at levels likely to be directly lethal is cause for concern. In com-
bination with visible signs of AR poisoning, it indicates that exposure
to ARs contributed substantially to mortality in boobooks found dead
or brought to wildlife carers in the urban and peri-urban areas where
most samples were collected.

Exposure at potentially dangerous but not necessarily lethal levels
was also high relative to most published studies examining rodenti-
cide exposure in wild raptors found dead or moribund. The proportion
of boobooks exposed at levels above 0.2mg/kg (35.6%) was higher
than all other reported estimates except for in Barn Owls (Tyto alba)
(57.9%) and Eagle Owls (Bubo bubo) (64.3%) in Spain (López-Perea
et al., 2015) and Red Kites (Milvus milvus) (66.7%) in Denmark
(Christensen et al., 2012). In all three species, the sample size was
small (n < 20). The percentage of boobooks with total AR liver con-
centrations above 0.1mg/kg (50.7%) was substantially greater than
all previously reported species except for Red-tailed Hawks in New
Jersey, USA (47%) (Stansley et al., 2014). At minimum, a threshold
of 0.1mg/kg should be considered potentially dangerous. In a labora-
tory study using Eastern Screech Owls (Megascops asio), diphacinone
concentrations of ≥0.1mg/kg in liver tissue were associated with co-
agulopathy (Rattner et al., 2014a). Coagulopathy is likely more dan-
gerous to wild birds due to greater amounts of movement and injuries
associated with capturing prey and may have synergistic interactions
with environmental stressors which increase the chance of mortality
(Erickson and Urban, 2004). SGARs are also more toxic than diphaci-
none and can logically be expected to have at least as great of an im-
pact at the same threshold.

Sub-lethal exposure was common in boobooks regardless of the
chosen threshold. The sub-lethal impacts of chronic AR exposure are
poorly studied in wildlife. A number of lines of evidence suggest that
even exposure below the threshold needed to cause lethal haemor-
rhage is not benign. While Thomas et al. (2011) take issue with the

uncritical use of liver concentrations to assess likely toxicity, their
probabilistic methodology examining AR toxicity in four raptor
species predicted that 20% of individuals would experience quantifi-
able toxicity at levels as low as 0.08mg/kg. Increased rates of para-
sitism and infectious disease have also been documented in associa-
tion with AR exposure in bobcats (Lynx rufus) (Riley et al., 2007),
Great Bustards (Otis tarda) (Lemus et al., 2011), and common voles
(Microtus arvalis) (Vidal et al., 2009). In bobcats, immunosuppres-
sion and inflammatory response associated with chronic sub-lethal
AR exposure and use of urban habitats may have led to an outbreak
of notoedric mange (Serieys et al., 2018). Similar disruption of im-
mune system function may occur in other chronically-exposed wildlife
(Serieys et al., 2018). Several studies have also suggested the pos-
sibility of increased mortality rates via accidents, predation, vehicle
collisions, nutritional stress, and blood loss following minor injury
in wildlife exposed to sub-lethal doses of anticoagulant rodenticides
(Albert et al., 2010; Mendenhall and Pank, 1980; Newton et al., 1990;
Stone et al., 1999, 2003). If this dynamic is indeed consistent across
wildlife species, the high rates of presumably sub-lethal exposure de-
tected in boobooks are cause for concern. If sub-lethal exposure to
ARs substantially increases the risk of parasitism and other sources of
mortality, it is not appropriate to assess the overall impacts of antico-
agulants on predatory bird populations based solely on documentation
of direct lethal toxicity.

4.3. Spatial correlations

We observed weak but statistically significant correlations be-
tween AR exposure and habitat proportions in proximity to recov-
ered boobook carcasses. The difference in the direction of correlations
between AR exposure and proportions of agricultural and developed
habitats, the consistency of the trends at different spatial scales, and
the increasing strength of the trends at the most biologically meaning-
ful spatial scale all suggest an actual difference in exposure risk be-
tween the two anthropogenic landscapes. Future studies on this topic
should attempt to improve sample collection across different types of
anthropogenic landscapes or focus on species for which samples are
more readily available across study areas. A low sample size of boo-
book carcasses from landscapes predominantly comprised of native
bushland or agriculture likely contributed to the low predictive value
of top models.

The three top-ranked models for boobook AR exposure used habi-
tat data at the scale of an average home range. Foraging behaviour
likely explains the closer correlation of AR exposure and habitat type
at the spatial scale of an average boobook home range relative to
other spatial scales. The vast majority of foraging occurs within an
animal's home range and its exposure to ARs can be expected to
relate most closely to the proportions of habitat types likely to be
sources of contamination of its prey base at this spatial scale. Boo-
books have relatively small home ranges in comparison to other Aus-
tralian owl species (Kavanagh and Murray, 1996; Soderquist and
Gibbons, 2007). If risk of rodenticide exposure is related to developed
area at the scale of an animal's home range, species with larger home
ranges may be exposed over a broader portion of the landscape. This
hypothesis is supported by the finding that in bobcats – a species
with a much larger home range than boobooks – the concentration
but not the presence of ARs in liver tissue correlated with the pro-
portion of developed habitat within their home range (Riley et al.,
2007). Taken in combination, these results suggest that species with
large home ranges are likely to be at risk of some degree of AR expo-
sure if their home range encompasses even small areas of developed
habitat. As a consequence, encroachment of human structures into
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large areas of natural habitat may have an impact on predatory species
with large home ranges that is disproportionate to the area of habitat
lost through development.

The positive correlation between total AR exposure and the pro-
portion of developed area within buffers was expected due to the
widespread use of rodenticides in commercial and residential set-
tings. This pattern of exposure has been suggested following detection
of high exposure rates in densely populated areas (López-Perea et al.,
2015; Stansley et al., 2014) but, this appears to be the first instance
where differences in exposure across habitat types has been directly
quantified in a bird species. A number of other studies have examined
the spatial patterns of AR exposure in wildlife. The trend in boobooks
was similar to the correlation between developed areas and total AR
exposure observed in a study of bobcats and mountain lions in Califor-
nia (Riley et al., 2007). Similarly, AR exposure was common (87%) in
an urban population of San Joaquin kit foxes but no rodenticides were
detected in individuals from a non-urban population (Mcmillin et al.,
2008). Frequent AR exposure in wildlife inhabiting developed habi-
tats is typically attributed to the “prevalent and wide-spread” use of
ARs in urban areas (Cypher et al., 2014). Higher prevalence of com-
mensal rodents which serve as vectors of ARs in urban areas may
exacerbate this problem. A study in Canada demonstrated a higher
proportion of rats in the diet of Barn Owls with territories contain-
ing more urban land use (Hindmarch and Elliott, 2014). Assuming
that commensal rodents are an important vector of ARs, their higher
relative proportion in the diets of urban owls may increase the inci-
dence and severity of AR exposure. Boobooks are likely to be affected
by this dynamic. In Canberra, Australia, boobook diets contained a
higher percentage of mammal biomass in suburban areas (65.8%) than
in woodland areas (26.0%) (Trost et al., 2008). Both the high preva-
lence of rodenticide use and the greater availability of potentially ex-
posed commensal rodents likely contribute to the positive correlation
between rodenticide exposure and developed habitat observed in boo-
books.

A negative correlation between AR exposure and the proportion
of bushland area within simulated home ranges was expected because
rodenticides are seldom used in native habitats, aside from the use
of pindone to control rabbits. Only one other study has tested spatial
patterns of AR exposure in wildlife primarily using bushland habi-
tats. Unlike patterns observed in boobooks, high exposure rates were
unexpectedly detected in fishers (Martes pennanti) throughout areas
of forested habitat, probably as a result of rodenticide use associated
with illegal marijuana production (Gabriel et al., 2012). Similarly a
threatened Spotted Owl (Strix occidentalis) with illegal marijuana cul-
tivation within its home range was documented to have been exposed
to brodifacoum despite being in a remote natural area (Franklin et
al., 2018). Conservation and law enforcement professionals should be
aware of this potential source of environmental contamination when
attempting to mitigate damage caused by illegal marijuana cultivation
in remote areas in Australia. Future work examining the distance ro-
denticides travel into bushland ecosystems from adjacent sources will
be useful in gaining a better understanding of the relationship between
fragmentation and rodenticide use. This could potentially lead to es-
tablishing appropriate sizes for SGAR exclusion zones around bush-
land areas containing sensitive fauna and reduce edge effects relating
to SGARs.

The negative correlation between total AR exposure and the pro-
portion of agricultural area within simulated home ranges was some-
what surprising, as rodenticides are known to be used in agricultural
settings. AR exposure in wildlife has been attributed to agricultural
application of ARs in the UK (Birks 1998; Hughes et al., 2013),
Spain (Lemus et al., 2011), France (Fourel et al., 2018), and Australia

(Young and De Lai, 1997). Anecdotal accounts from farmers indicate
that a variety of first and second generation products are used for as-
set protection around buildings and in grain storage areas in Western
Australia (Don Thompson personal communication). However, they
are not licensed for use directly in crops or along crop perimeters. As
a consequence, the total amount of bait deployed per unit area is likely
to be substantially lower than in developed areas. However, in agri-
cultural systems, total compliance with best practice application meth-
ods for SGARs may be rare and lack of compliance probably facili-
tates greater risk of secondary toxicity to native wildlife (Tosh et al.,
2011). An anecdotal report of farmers in Western Australia request-
ing the FGAR pindone to control kangaroos (Twigg et al., 1999) – a
use not allowed by the labelling – suggests that illegal use of ARs in
agricultural contexts may be an issue in some areas. The widespread
availability of SGARs to the public in Australia increases the risk that
misuse could lead to localised impacts on non-target wildlife.

The negative correlation between proximity to agricultural land
and AR exposure may not be consistent throughout all Australian agri-
cultural systems. In Queensland, declines in breeding owl abundance
were attributed to broad-scale application of a brodifacoum-based ro-
denticide in canefields (Young and De Lai, 1997) but this product
was subsequently removed from the market (Twigg et al., 1999). At
present, brodifacoum is only registered for use in and around build-
ings in Australia (McLeod & Saunders 2013) but can be freely pur-
chased and applied without a license. While less toxic and persis-
tent than brodifacoum, a coumatetralyl-based product is currently li-
censed for use in sugar cane, pineapple, and macadamia crops across
Australia (Australian Pesticides and Veterinary Medicines Authority,
2017). More concerningly, during rodent plagues the SGAR bromadi-
olone has been used to bait field perimeters in New South Wales (New
South Wales Department of Primary Industries, 2011; New South
Wales Government: Department of Primary Industries, 2017).

4.4. Seasonal differences

The difference in AR exposure observed between boobook car-
casses recovered in winter and those recovered in summer potentially
reflects increased risk of exposure during winter when rodents make
up a larger proportion of the diet. Boobooks are dietary generalists and
one study indicates that boobook diet varies seasonally and includes
higher proportions of vertebrates in winter than in autumn (Trost et
al., 2008). This seasonal variation in diet may reduce the risk of ac-
cumulating lethal levels of ARs in boobooks relative to some other
raptor species. Species preying predominantly on small mammals are
likely to be at greater risk of exposure than species that prey predom-
inantly on birds (Ruiz-Suárez et al., 2014). This hypothesis is sup-
ported by a lack of seasonal variation in AR exposure in Tawny Owls
(Strix aluco) which feed consistently on bank voles (Myodes glareo-
lus) and field mice (Apodemus spp.) (Walker et al., 2008). Similarly,
in the United States, rodenticide exposure rates and concentrations did
not vary significantly by season in Red-tailed Hawks (Buteo jamaicen-
sis) (Stansley et al., 2014) which feed predominantly on mammals
year-round. The only other study detecting seasonal variation in liver
AR concentration found a significant difference in only one of five
ARs tested (Christensen et al., 2012). This difference was attributed
to an influx in autumn of migratory raptors from more sparsely pop-
ulated regions with presumably less AR exposure risk (Christensen et
al., 2012).

It is possible that consuming few rodents during a portion of the
year allows boobooks to excrete sufficient levels of highly-persistent
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SGARs that total liver concentrations are less likely to accumulate
to a lethal level. In this scenario, other raptor species which consis-
tently consume rodents throughout the year – such as Masked Owls
and Barking Owls – may be at elevated risk of lethal poisoning rela-
tive to boobooks. Alternately, seasonal variation in rodenticide expo-
sure in boobooks could be correlated with seasonal differences in ro-
denticide use patterns. Information on rodenticide sales is not publicly
available, but anecdotal accounts from some Perth residents indicate
greater use of rodenticides in winter in response to greater perceived
abundance of commensal rodents. Improved knowledge of rodenticide
application patterns and seasonal patterns of rodenticide exposure in
species with a more consistent mammal-based diet would be useful in
addressing these questions.

The high AR exposure rates observed in boobooks despite seasonal
variation in the proportion of rodents in their diet highlights the need
for additional study of exposure rates of other taxa which may po-
tentially vector rodenticides. Documented exposure in raptors which
prey primarily on birds indicates that non-rodent vectors may sub-
stantially contribute to AR exposure at higher trophic levels (Thomas
et al., 2011). Invertebrates have been implicated in vectoring lethal
levels of rodenticides to bird species including New Zealand Dot-
terels (Charadrius obscurus aquilonius) (Dowding et al., 2006) and
nestling Stewart Island robins (Petroica australis rakiura) (Masuda et
al., 2014) as well as an insectivorous mammal, the European hedge-
hog (Erinaceus europaeus) (Dowding et al., 2010). Reptiles could po-
tentially also be effective vectors to higher trophic levels (Lohr and
Davis, 2018). Further investigation of AR residues across more taxa is
necessary to fully understand ecosystem-wide AR contamination and
the vectors by which carnivorous species are exposed.

4.5. Rodenticide in fledglings

The detection of SGAR exposure in recent fledglings provides a
possible indication as to why there was no significant difference in to-
tal AR exposure between hatch year boobooks and older adults. AR
exposure prior to leaving the nest is particularly concerning from a
conservation perspective. Suspected brodifacoum poisoning was pre-
viously reported as the likely cause of death of Norfolk Island Boo-
book chicks which were still in the nest (Debus, 2012) but there
was no indication of physical examination or direct testing for AR
exposure. Birds with growing feathers may be at additional risk of
exsanguination (Newton et al., 1990). This may put chicks and re-
cent fledglings at greater risk than adult birds which do not typi-
cally moult large proportions of their feathers simultaneously. Addi-
tional sub-lethal threats to chicks have also been reported. Stunted
growth across several biometric measurements of nestling Barn Owls
was observed in plots treated with anticoagulant rodenticides rela-
tive to control plots in Indonesia (Naim et al., 2010). While reduced
prey availability due to rodent control likely had a negative influ-
ence on growth rates, nestlings in areas treated with the SGAR brod-
ifacoum showed reduced growth when compared to areas where ro-
dents were controlled with the FGAR warfarin or a biological rodent
control agent (Naim et al., 2010), suggesting that AR exposure con-
tributed to reduced nestling growth. Similarly, a dramatic reduction
in breeding success occurred in a population of closely-related more-
porks on Mokoia Island in New Zealand in the breeding season im-
mediately following a broad-scale distribution of brodifacoum as part
of an attempted mouse eradication (Stephenson et al., 1999). While
Stephenson et al. (1999) concede that the reduction in breeding suc-
cess may have been related to a drop in prey availability rather than
a direct effect of rodenticide toxicity, depression of breeding success

by anticoagulant rodenticides is plausible. Laboratory testing also de-
tected modest reductions in weight gain and wing growth in juve-
nile Japanese Quail (Coturnix coturnix japonica) exposed to sub-lethal
doses of brodifacoum or difenacoum (Butler, 2010). Perhaps the most
conclusive evidence of negative impacts of sub-lethal AR exposure
on growing birds is the correlation observed between concentrations
of bromadiolone in blood and reduced body condition observed in
nestling Common Kestrels (Falco tinnunculus) (Martínez-Padilla et
al., 2016).

Nest success may also be impacted in the early stages of nest-
ing. Embryo toxicity has been observed in domestic chicken eggs
injected with the anticoagulant rodenticide flocoumafen (Khalifa et
al., 1992). It is also possible that exposure to anticoagulant roden-
ticides could impact egg viability via reductions in the integrity of
eggshells. Exposure to therapeutic anticoagulants has resulted in bone
density loss in humans by disruption of the vitamin K cycle and re-
sultant suppression of calcification (Fiore et al., 1990; Resch et al.,
1991; Monreal et al., 1991) though similar effects on bone density
have not been observed in birds (Knopper et al., 2007). Residues of
bromadiolone and chlorophacinone were detected in yolk and albu-
min of addled Barn Owl eggs in areas of palm plantations treated
with rodenticides but no changes to eggshell thickness or morphol-
ogy were detected (Salim et al., 2015). However, changes to barn
owl egg morphology, reduced eggshell mass and decreased eggshell
thickness have been observed when eggs contained higher concentra-
tions of brodifacoum (Naim et al., 2012). While teratogenic effects
of anticoagulant rodenticides are not widely reported in birds, one
study suggested this possibility when the authors detected a single
barn owl nestling in a plot treated with brodifacoum which failed to
grow primary feathers and would have been unable to fly (Naim et al.,
2010). Haemorrhage of oviducts in association with rodenticide poi-
soning has been observed in female raptors carrying eggs (Murray,
2017), suggesting that ARs may pose a particular risk to nesting fe-
males. Future assessments of population-level impacts of anticoagu-
lant rodenticide exposure need to consider not only adult mortality, but
also impacts on fecundity and recruitment.

5. Conclusion

My hypothesis that total AR exposure would vary between areas
predominated by different types of anthropogenic landscape is to some
degree supported by the finding of significant, though weak, relation-
ships trending in opposite directions between total liver AR concen-
tration and proportions of agriculture and developed land at the spa-
tial scale of a boobook's home range. Understanding this dynamic is
key to assessing landscape-level risk of AR poisoning across carni-
vores and scavengers in Australia. It will also facilitate future attempts
to model exposure risk in endangered and priority taxa which may be
susceptible and will enable more specific risk assessment prior to pro-
posed future developments. The high rates and magnitude of AR ex-
posure raise serious concerns about AR exposure in other Australian
species. Future work should evaluate the impact of ARs on other Aus-
tralian wildlife, particularly species utilizing urban and peri-urban ar-
eas, species with large home ranges, and species regularly consuming
commensal rodents. The detection in boobooks of ARs presumed to be
used only by professionals is concerning. Ongoing review of the reg-
istration of SGARs by the APVMA should take this into consideration
when evaluating the efficacy of restricting SGARs to licensed pesti-
cide applicators in reducing poisoning in non-target wildlife.
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A B S T R A C T

The impacts of anticoagulant rodenticides (ARs) on non-target wildlife have been well documented in Europe
and North America. While these studies are informative, patterns of non-target poisoning of wildlife else-
where in the world may differ substantially from patterns occurring in Australia and other countries outside of
cool temperate regions due to differences in the types of ARs used, patterns of use, legislation governing sales,
and potential pathways of secondary exposure. Most of these differences suggest that the extent and severity
of AR poisoning in wildlife may be greater in Australia than elsewhere in the world. While many anecdotal
accounts of rodenticide toxicity were found – especially in conjunction with government control efforts and
island eradications – no published studies have directly tested rodenticide exposure in non-target Australian
wildlife in a comprehensive manner. The effects of private and agricultural use of rodenticides on wildlife
have not been adequately assessed. Synthesis of reviewed literature suggests that anticoagulant rodenticides
may pose previously unrecognised threats to wildlife and indigenous people in Australia and other nations
with diverse and abundant reptile faunas relative to countries with cooler climates where most rodenticide
ecotoxicology studies have been conducted. To address the identified knowledge gaps we suggest additional
research into the role of reptiles as potential AR vectors, potential novel routes of human exposure, and com-
prehensive monitoring of rodenticide exposure in Australian wildlife, especially threatened and endangered
omnivores and carnivores. Additionally, we recommend regulatory action to harmonise Australian manage-
ment of ARs with existing and developing global norms.

© 2017.

1. Introduction

Anticoagulant rodenticides (ARs) are used worldwide in the man-
agement of introduced commensal rodents and their associated threats
to crops, infrastructure, and human health (Bradbury, 2008). Bait-
ing with ARs is also the most frequently-used method of eradicat-
ing rodents from islands and fenced areas for the purpose of pre-
serving or reintroducing native biodiversity (Hoare and Hare, 2006).
These rodenticides function by indirectly blocking recycling of vita-
min K, which is a critical component in normal blood clotting in ver-
tebrates (Park et al., 1984). ARs are often divided into first and sec-
ond generation anticoagulant rodenticides based on when they were
first synthesized and differences in chemical structure. Second gener-
ation anticoagulant rodenticides (SGARs) generally have higher acute
toxicities than first generation anticoagulant rodenticides (FGARs)
(Thomas et al., 2011). SGARS are also lethal after a single feed,
unlike FGARs which require rodents to feed on them for multiple
consecutive days in order to achieve a lethal effect (Erickson and

⁎ Corresponding author
Email addresses m.lohr@ecu.edu.au (M.T. Lohr); robert.davis@ecu.edu.au (R.A.
Davis)

Urban, 2004). During this time, rodents can continue to feed and ac-
cumulate higher concentrations of ARs (Bradbury, 2008).

Retention time can vary dramatically between rodenticides but is
generally highest in second generation anticoagulant rodenticides. For
example, in birds, the United States EPA estimates liver retention
times of 35days for the FGAR warfarin and liver retention times
of 248days and 217days for the SGARs bromodiolone and brodifa-
coum, respectively (Erickson and Urban, 2004). This long duration of
SGAR persistence in liver tissues allows bioaccumulation and bio-
magnification in predatory species (Martínez-Padilla et al., 2016). The
threat of secondary toxicity is exacerbated by behavioural changes
induced in species which directly consume poisoned bait. Pre-lethal
effects of ARs include reduced escape response and atypical move-
ment in wood mice (Apodemus sylvaticus) and bank voles (Clethri-
onomys glareolus) (Brakes and Smith, 2005) as well as altered activ-
ity cycles and a startle response that shifted from bolting to freezing
when threatened in brown rats (Rattus norvegicus) (Cox and Smith,
1992). Secondary toxicity has been demonstrated in the laboratory in
a wide variety of species (reviewed in Joermann, 1998) and toxicity in
strict carnivores which are unlikely to eat poisoned bait is well-docu-
mented in wild animals (reviewed in Laakso et al., 2010). One study
even found anticoagulant rodenticide contamination in four of four
mountain lions (Puma concolor) sampled, with the deaths of two
of the individuals directly attributable to acute antico

https://doi.org/10.1016/j.scitotenv.2018.04.069
0048-9697/ © 2017.
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agulant intoxication (Riley et al., 2007). Lethal intoxication of an apex
predator suggests substantial movement of anticoagulant rodenticides
through several trophic levels and is clearly a cause for concern. Con-
sequently, secondary poisoning of wildlife has been identified as a
meaningful threat at the population level in several species (Nogeire
et al., 2015; Thomas et al., 2011).

The vast majority of both laboratory and field studies of non-tar-
get AR poisoning have been conducted in North America, Europe
and New Zealand, but few studies have investigated secondary poi-
soning of wildlife in Australia, where at present, this problem is
not widely recognised. The need for additional research into non-tar-
get impacts of anticoagulant rodenticides in Australia was identi-
fied as early as 1991 and such research was characterised as “re-
quired urgently” (Twigg et al., 1991). With some common predatory
bird species experiencing unexplained range-wide declines (BirdLife
Australia, 2015) and a suite of carnivorous dasyurid marsupials that
are already threatened by disease and introduced carnivores (Burbidge
and McKenzie, 1989; Woinarski et al., 2015), there is an urgent imper-
ative to understand the role of rodenticide in the decline of susceptible
wildlife species in Australia.

2. Aims

The aims of this study are to review the existing evidence for the
impacts of anti-coagulant rodenticides on native Australian wildlife
and to highlight knowledge gaps and contextualise non-target mortal-
ity in Australia relative to other parts of the world where more com-
prehensive literature exists. We also sought to document the ARs cur-
rently used in Australia and to clarify the differences in legislation
governing rodenticide use between Australia and a selection of other
developed nations. Additionally, we highlight global literature which
suggests serious knowledge gaps regarding potentially dangerous im-
pacts of anticoagulant rodenticides on non-target wildlife and indige-
nous people in Australia and other nations with diverse reptile faunas.

3. Methods

Literature included in this review was obtained by searching Web
of Science and Scopus databases for all articles containing the key-
word “Australia” in combination with the following keywords: roden-
ticide, anticoagulant, brodifacoum, bromadiolone, coumatetralyl, dife-
nacoum, diphacinone, difethialone, flocoumafen, pindone, and war-
farin. Only articles containing information about the use, wildlife im-
pacts, human exposure and regulation of anticoagulant rodenticides in
Australia were retained. References within these papers were searched
to locate additional sources of information including PhD theses and
government reports. We excluded agricultural bait development trials
using baits which did not contain active ingredients, modelling of bait-
ing regimes, therapeutic use of anticoagulants, lab toxicity trials unre-
lated to native Australian wildlife, government fact sheets, and other
studies that did not directly involve the application of anticoagulant
rodenticides or their impacts in Australia. Sources were assigned to
seven categories based on their primary topic (Table 1).

In the course of the review, major knowledge gaps relating to in-
teractions between anticoagulant rodenticides and reptiles became ap-
parent. To address these gaps and explore potential impacts in Aus-
tralia, it was necessary to search world literature relating to reptiles
and AR. We followed the same search protocol using the keywords
reptile, snake, and lizard in combination with the following keywords:
rodenticide, anticoagulant, brodifacoum, bromadiolone, coumatetra-
lyl, difenacoum, diphacinone, difethialone, flocoumafen, pin

Table 1
Numbers and categories of publications relating to anticoagulant rodenticides in Aus-
tralia

Study type Number of publications

Island eradications 14
Non-target wildlife impacts 11
Agricultural/feral control trials 8
Captive study 5
Human exposure 4
Pindone reviews 2
Pet exposure 1
Total 45

done, and warfarin. Only literature relating to exposure and impacts
of ARs on reptiles was examined. All searches were conducted in De-
cember 2017 and January 2018.

4. Results and discussion

4.1. Literature survey

We located a total of 45 publications relating to the use, impacts,
and regulation of anticoagulant rodenticides in Australia (Table 1).
The most common category of literature included 14 resources com-
prising 30% of all available publications and related to the documenta-
tion of island eradications of rabbits or rodents undertaken for conser-
vation management. While eleven resources related primarily to AR
impacts on non-target wildlife, none directly tested rodenticide expo-
sure in a large number of individuals and many were reports of oppor-
tunistic observations. One publication, categorised as relating to ro-
denticide impacts on native wildlife, included only speculative men-
tions of potential poisoning (Olsen, 1996). Eight resources focused on
developing AR-based methods for control of rodents, rabbits and pigs,
primarily in agricultural settings. Only five studies related to labora-
tory testing of toxicity of ARs to non-target Australian wildlife. One
tested the toxicity of the FGAR pindone to five Australian bird species
(Martin et al., 1994). The other four studies tested toxicity of pindone
(Jolly et al., 1994) and the SGAR brodifacoum in brushtail possums
(Trichosurus vulpecula) (Eason et al., 2017; Littin et al., 2002) and
brodifacoum in red-necked wallaby (Macropus rufogriseus) (Godfrey,
1984) for the purpose of developing control protocols for these species
in New Zealand where they are introduced pests. While toxicity litera-
ture from elsewhere in the world is likely to be useful in evaluating the
risk of ARs to many Australian taxa, a lack of information on the tox-
icity of ARs to reptiles and marsupial carnivores prevents meaningful
assessment of the potential risks posed to these groups.

4.2. Anticoagulant exposure of non-target wildlife in Australia

We found fifteen sources which described suspected or confirmed
cases of anticoagulant rodenticide poisoning in 37 Australian wildlife
species (Table 2). Additional cases of poisoning in carnivorous birds
held in rehabilitation facilities as a consequence of encountering poi-
soned rodents while in care have also been reported in a Tasmanian
Wedge-tailed Eagle (Aquila audax fleayi), a Grey Goshawk (Accipiter
novaehollandiae), and a Tasmanian Masked Owl (Tyto novaehollan-
diae castanops) (Mooney, 2017) but these records were not included
in Table 2 because the poisonings occurred in captivity. Records of
wild animal poisonings occurred across the Australian Canberra Ter-
ritory, the territory of Norfolk Island and all Australian states ex-
cept for South Australia. One FGAR (pindone) and two SGARs (brod-
ifacoum and bromadiolone) were implicated in the poi
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Table 2
Accounts of non-target AR toxicity in Australian wildlife *Authors do not specify how poisoning was verified

Species Number Rodenticide Certainty
State/
Territory Source

Likely
Exposure
Type Deitary Category Reference

Reptiles
King's skink (Egernia kingii) 8 Brodifacoum Physical symptoms Western

Australia
Island rat
eradication

Primary Omnivore Bettink,
2015

Birds
Norfolk Island Boobook (Ninox
novaeseelandiae undulata)

N/A Brodifacoum Suspected Norfolk
Island

Unspecified
rat control
program

Secondary Carnivore Debus,
2012

Straw-necked Ibis (Threskiornis spinicollis) 1 Bromadiolone Physical symptoms New South
Wales

Agricultural
mouse
control trial

Secondary Invertivore/
carnivore

Saunders,
1983

Barking Owl (Ninox connivens) 1 Unknown Physical symptoms Queensland Unknown Secondary Carnivore Thomas
and Kutt,
1997

Barn Owl (Tyto alba) 1 Brodifacoum Liver analysis
(unknown
concentration)

Queensland Agricultural
rat control

Secondary Carnivore Thomas
and Kutt,
1997

Lesser Sooty Owl (Tyto multipunctata) 2 Brodifacoum Liver analysis
(0 007
and < 0 005mg/
kg)

Queensland Agricultural
rat control

Secondary Carnivore Thomas
and Kutt,
1997

Masked Owl (Tyto novaehollandiae) 1 Brodifacoum Liver analysis
(0 17mg/kg)

Queensland Agricultural
rat control

Secondary Carnivore Thomas
and Kutt,
1997

Southern Boobook (Ninox novaeseelandiae) 1 Unknown Museum record Queensland Unknown Secondary Carnivore Thomas
and Kutt,
1997

Brahminy Kite (Haliastur indus) 2 Pindone Suspected Western
Australia

Island rat
eradication

Secondary Carnivore Martin et
al , 1994

Brown Falcon (Falco berigora) 1 Unknown Physical symptoms Tasmania Private
rodent
control

Secondary Carnivore Mooney,
2017

Brown Goshawk (Accipiter fasciatus) 2 Unknown Physical symptoms Tasmania Private
rodent
control

Secondary Carnivore Mooney,
2017

Collared Sparrowhawk (Accipiter
cirrocephalus)

1 Unknown Physical symptoms Tasmania Private
rodent
control

Secondary Carnivore Mooney,
2017

Grey Goshawk (Accipiter novaehollandiae) 5 Unknown Physical symptoms Tasmania Private
rodent
control

Secondary Carnivore Mooney,
2017

Tasmanian Masked Owl (Tyto novaehollandiae
castanops)

12 Unknown Physical symptoms Tasmania Private
rodent
control

Secondary Carnivore Mooney,
2017

Tasmanian Boobook (Ninox novaeseelandiae
leucopsis)

6 Unknown Physical symptoms Tasmania Private
rodent
control

Secondary Carnivore Mooney,
2017

Little Eagle (Hieraaetus morphnoides) N/A Pindone Suspected ACT Rabbit
control

Secondary Carnivore Olsen et
al , 2013

Wedge-tailed Eagle (Aquila audax) N/A Pindone Suspected ACT Rabbit
control

Secondary Carnivore Olsen et
al , 2013

Whistling Kite (Haliastur sphenurus) N/A Pindone Suspected ACT Rabbit
control

Secondary Carnivore Olsen et
al , 2013

Buff-banded Rail (Gallirallus philippensis) 5 Brodifacoum Physical symptoms Western
Australia

Island rat
eradication

Primary Invertivore Palmer,
2014

Silver Gull (Larus novaehollandiae) 7 Brodifacoum Physical symptoms Western
Australia

Island rat
eradication

Both Invertivore/
carnivore

Palmer,
2014

Pacific Golden Plover (Pluvialis fulva) 1 Brodifacoum Suspected Western
Australia

Island rabbit
eradication

Both Invertivore Palmer,
2014

Ruddy Turnstone (Arenaria interpres) 28 Brodifacoum Physical symptoms Western
Australia

Island rat
eradication

Secondary Invertivore Palmer,
2014

Buff-banded Rail (Gallirallus philippensis) 2 Brodifacoum Suspected New South
Wales

Island rabbit
eradication

Not
specified

Omnivore Priddel et
al , 2000

Pied Currawong (Strepera graculina) 1 Brodifacoum Suspected New South
Wales

Island rabbit
eradication

Not
specified

Omnivore Priddel et
al , 2000

Little Raven (Corvus mellori) 1 Bromadiolone Physical symptoms Victoria Residential
rodent
control

Not
specified

Omnivore Reece et
al , 1985

Purple Swamphen (Porphyrio porphyrio
melanotus)

1 Bromadiolone Physical symptoms Victoria Residential
rodent
control

Not
specified

Omnivore Reece et
al , 1985
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Table 2 (Continued)

Species Number Rodenticide Certainty State/Territory Source

Likely
Exposure
Type Deitary Category Reference

Brown Skua (Stercorarius antarcticus
lonnbergi)

512 Brodifacoum Physical symptoms Tasmania Island rabbit
eradication

Secondary Carnivore Tasmania
Parks and
Wildlife
Service,
2014

Kelp Gull (Larus dominicus) 988 Brodifacoum Physical symptoms Tasmania Island rabbit
eradication

Primary Invertivore/
carnivore

Tasmania
Parks and
Wildlife
Service,
2014

Northern Giant Petrel (Macronectes giganteus) 693 Brodifacoum Physical symptoms Tasmania Island rabbit
eradication

Secondary Carnivore Tasmania
Parks and
Wildlife
Service,
2014

Pacific Black Duck (Anas superciliosa
superciliosa) and Mallard (A platyrhynchos
platyrhynchos)

157 Brodifacoum Physical symptoms Tasmania Island rabbit
eradication

Primary Omnivore Tasmania
Parks and
Wildlife
Service,
2014

Southern Giant Petrel (Macronectes halli) 38 Brodifacoum Physical symptoms Tasmania Island rabbit
eradication

Secondary Carnivore Tasmania
Parks and
Wildlife
Service,
2014

Unknown Bird 5 Brodifacoum Physical symptoms Tasmania Island rabbit
eradication

Not
specified

Tasmania
Parks and
Wildlife
Service,
2014

Unknown giant petrel (Macronectes sp ) 31 Brodifacoum Physical symptoms Tasmania Island rabbit
eradication

Secondary Carnivore Tasmania
Parks and
Wildlife
Service,
2014

Australian Ringneck (Barnardius zonarius) N/A Pindone Suspected Western
Australia

Rabbit
control

Primary Herbivore Twigg et
al , 1999

Brahminy Kite (Haliastur indus) N/A Pindone Suspected Western
Australia

Rabbit
control

Secondary Carnivore Twigg et
al , 1999

Crested Pigeon (Ocyphaps lophotes) N/A Pindone Known* Western
Australia

Rabbit
control

primary Herbivore Twigg et
al , 1999

Grass Owl (Tyto longimembris) 1 Brodifacoum Liver analysis Queensland Agricultural
rat control

Secondary Carnivore Young
and Lai,
1997

Masked Owl (Tyto novaehollandiae) 1 Brodifacoum Physical symptoms Queensland Agricultural
rat control

Secondary Carnivore Young
and Lai,
1997

Rufous Owl (Ninox rufa) 2 Brodifacoum Physical symptoms Queensland Agricultural
rat control

Secondary Carnivore Young
and Lai,
1997

Mammals
Southern brown bandicoots (Isoodon obesulus) N/A Pindone Liver analysis Western

Australia
Rabbit
control

Primary Omnivore Twigg et
al , 1999

Swamp wallaby (Wallabia bicolor) N/A Pindone Known* New South
Wales

Rabbit
control

Primary Herbivore Twigg et
al , 1999

Western grey kangaroo (Macropus fuliginosus) N/A Pindone Known* Western
Australia

Rabbit
control

Primary Herbivore Twigg et
al , 1999

Brushtail possum (Trichosurus vulpecula) 7 Unknown Physical symptoms Queensland Unknown Not
specified

Omnivore Grillo et
al , 2016

Boodie (Bettongia lesueur) 20–50 Pindone Population
eradicated

Western
Australia

Island rat
eradication

Primary Herbivore Morris,
2002

sonings. Five mammal species, 31 bird species and one reptile species
were represented in the records (Table 2). Three species recorded as
being poisoned are listed as vulnerable (Boodie (Bettongia lesueur),
Tasmanian Masked Owl (Tyto novaehollandiae castanops), and
Northern Giant Petrel (Macronectes halli)) and two species are listed
as endangered (Norfolk Island Boobooks (Ninox novaeseelandiae un-
dulata) and Southern Giant Petrel (Macronectes giganteus)). Addi-
tionally, another paper raised concern over the role

that ARs might play in the decline of the Eastern Quoll (Dasyu-
rus viverrinus), a dasyurid marsupial which is listed as endangered
(Fancourt, 2016). Further research has been suggested to determine
risk levels in this species but no empirical data are available on inci-
dence of secondary toxicity or exposure rates (Fancourt, 2016). Out of
the fifteen reports of wildlife poisoning, twelve were definitively re-
lated to large deployments of bait by government agencies or broad-
acre farmers for the purposes of island eradications, agricultural
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rodent control, or rabbit control (Table 2). Only two of the sources
specifically implicated small-scale private use of rodenticides in the
poisoning of wildlife (Mooney, 2017; Reece et al., 1985). Such use is
largely unregulated and unmonitored and occurs in a large proportion
of inhabited locations (Mooney, 2017).

In addition to accounts of wildlife poisoning, we also located pub-
lished accounts suggesting population-level effects of rodenticide tox-
icity on carnivorous birds in Australia. Olsen (1996) listed the use
of rodenticides in areas of palm cultivation as a potential contribut-
ing factor in the decline of Norfolk Island Boobooks (Ninox novae-
seelandiae undulata × novaeseelandiae). Young and Lai (1997) ob-
served a correlation between declines in owl abundance and the use
of “Klerat®”a brodifacoum-based rodenticide in sugar cane fields in
north Queensland and documented one confirmed and several sus-
pected cases of brodifacoum poisoning in owls (James, 1997). A sub-
sequent report noted three additional cases of owls in Queensland
testing positive for brodifacoum residues (0.007mg/kg, <0.005 mg/kg,
and 0.17mg/kg) in the 1990s and two museum specimens of South-
ern Boobooks (Ninox novaeseelandiae) with rodenticide poisoning
listed as their cause of death in the collection notes (Thomas and
Kutt, 1997). One of the two specimens, while alive showed symp-
toms of AR poisoning including “bleeding from the nasal passages;
loss of muscle co-ordination; lethargy including drooping head and
eyes; and generally poor and dirty condition” (Thomas and Kutt,
1997). The report reviewed several other factors which could poten-
tially have impacted owl populations in the area and came to the con-
clusion that there was “significant potential for secondary poisoning
of owls to occur in Queensland sugarcane as a result of the use of
Klerat®” (Thomas and Kutt, 1997). Crop Care Australia later dereg-
istered Klerat® for use in sugar cane fields over concerns relating to
secondary poisoning (Twigg et al., 1999).

An unpublished PhD dissertation examined dynamics of secondary
poisoning of avian predators associated with sugar cane fields in
Queensland and concluded that the coumatetralyl-based product used
to control rats did not pose a threat to predatory birds (Ward, 2008).
This conclusion was based largely on the low relative use of cane-
fields for foraging by predatory birds, the low concentration of cou-
matetralyl in rats captured outside of canefields, and the low toxicity
and persistence of coumatetralyl relative to second generation antico-
agulant rodenticides (Ward, 2008). Unfortunately, no predatory birds
in the treated areas were directly tested for rodenticide exposure. A
lack of detection of coumatetralyl in Southern Boobooks in Western
Australia as part of an ongoing study supports the low probability of
secondary toxicity in raptors.

Pindone has been implicated as a factor driving the decline of Lit-
tle Eagle (Hieraaetus morphnoides) numbers in and around Canberra
(Olsen et al., 2013). Breeding pairs of Little Eagles disappeared from

areas baited with pindone while pairs in areas baited with 1080 or
not baited at all persisted (Olsen et al., 2013). The high susceptibil-
ity of Wedge-tailed Eagles to pindone in laboratory tests (Martin et
al., 1994) lends credibility to the hypothesis that pindone could be re-
sponsible. Unfortunately, no direct testing of Little Eagles suspected
of poisoning was conducted to confirm pindone exposure and rule out
other ARs from residential and commercial sources.

Recently, a study in Tasmania examined probable rodenticide poi-
soning in predatory birds. Six species (Table 2) showed signs of anti-
coagulant rodenticide poisoning when dissected (Mooney, 2017) but
the rodenticides responsible were not determined or quantified. As
part of this study, thirteen predatory bird species were ranked by
risk of rodenticide exposure according to four natural history parame-
ters: relative metabolic speed, dietary habits influencing consumption
of contaminated tissues, relative preference for rodents, and willing-
ness to forage near anthropogenic structures (Mooney, 2017). Devel-
opment of a more statistically robust predictive model using similar
natural history parameters to examine risk of rodenticide exposure in
a wider range of predatory species would be an extremely useful step
toward assessing likely population level impacts on wildlife in Aus-
tralia. Incorporating variables relating to seasonal dietary shifts and
home range size could potentially improve future models.

The overall lack of attention within Australia to what is perceived
as a potentially serious threatening process for native carnivores in
many other parts of the world suggests the need for Australian stud-
ies which examine potential impacts on native fauna in a quantitative
and comprehensive manner. Susceptibility of marsupial carnivores is
particularly poorly understood and should be a focus of future re-
search. Furthermore, a surveillance program should be in place in ar-
eas of high AR use, to monitor any dead wildlife for a cause of death.
Most of the studies we used did not sample animals and thus were not
able to confirm suspicions of death due to rodenticide poisoning.

4.3. Governance and legislation of rodenticide use

At present, no information is available on the volume of sales or
application of ARs in Australia. Reporting for all poisons intended to
control vertebrates indicates that 222 different products are currently
registered with a total sales reaching $18,601,875.00 in the 2015–2016
fiscal year (Australian Pesticides and Veterinary Medicines Authority,
2017a). Nine anticoagulants are currently approved for vertebrate pest
control in Australia (McLeod and Saunders 2013). At present, all
nine are listed as Schedule 6 substances (see Appendix A for sched-
ule meanings) in Australia (Australian Government Department of
Health: Therapeutic Goods Administration, 2017) (Table 3) and are
legally allowed to be sold directly to the public and do not require
government permits for purchase or use. In some

Table 3
Anticoagulants currently approved for vertebrate pest control in Australia Some anticoagulants are assigned different schedules dependant on formulation *Some disagreement ex-
ists as to whether these should be treated as first or second generation anticoagulants †Warfarin is used therapeutically in humans as a blood thinner

Anticoagulant Chemical class Generation Schedule (See Appendix A)
Acute Oral LD50 (Rattus
norvegicus) mg/kg LD50 Reference

Approved Target
Species

Brodifacoum Hydroxycoumarins Second 6 (0 25% or less) or 7 0 27 Godfrey, 1985 Mice and rats
Bromadiolone Hydroxycoumarins Second 6 (0 25% or less)or 7 0 57–0 75 Meehan, 1978 Mice and rats
Coumatetralyl Hydroxycoumarins First 5 (0 05% or less), 6 (1% or

less), or 7
16 5 Dubock and

Kaukeinen, 1978
Mice and rats

Difenacoum Hydroxycoumarins Second 6 (0 25% or less) or 7 1 8–3 5 Bull, 1976 Mice and rats
Difethialone Hydroxyl-4-benzothiopyranones Second 6 (0 0025% or less) or 7 0 27–0 69 Lechevin and Poche,

1988
Mice and rats

Diphacinone Indandiones First* 6 1 93–2 7 Fisher et al , 2003 Approval expired
Flocoumafen Hydroxycoumarins Second 6 (0 005% or less) or 7 0 25–0 56 Lund, 1988 Mice and rats
Pindone Indandiones First* 6 75–100 Fisher et al , 2003 Rabbits
Warfarin Hydroxycoumarins First 4†, 5 (0 1% or less), or 6 3 3 Fisher et al , 2003 Mice and rats
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cases, more concentrated formulations of SGARs are listed as Sched-
ule 7 substances and are restricted to licensed pesticide applicators
(Australian Government Department of Health: Therapeutic Goods
Administration, 2017) while products containing low concentrations
of some FGARs are registered as schedule 5 substances which re-
quire only simple warnings and safety directions for public sale (Table
3). The FGAR diphacinone is currently approved as an active in-
gredient but has no products registered with the APVMA after July
2016 (Australian Pesticides and Veterinary Medicines Authority,
2017b). However, remaining stock can still be used for 12months fol-
lowing a stopped registration (Commonwealth of Australia, 1994) and
MSDS sheets obtained from a pest management contractor seem to
indicate that at least one diphacinone product is still in use at pre-
sent. The APVMA has prioritised a review of the status of all SGARs
currently approved in Australia (brodifacoum, bromadiolone, dife-
nacoum, difethialone, and flocoumafen) citing concerns over public
health, worker safety, and environmental safety (Australian Pesticides
and Veterinary Medicines Authority, 2015).

Increasing concerns over risks to the health and safety of humans
and pets and impacts on non-target wildlife have prompted stricter
regulation of anticoagulant rodenticides – particularly SGARs – in
several developed nations. While rodenticide legislation is often com-
plex and varies substantially between countries, the trend is toward
stricter legislation than currently exists in Australia. In the United
States, SGARs are restricted to licensed pesticide applicators, only al-
lowed to be used indoors, and are required to be placed in containers
which exclude children and pets (Bradbury, 2008). Similar require-
ments were subsequently implemented in Canada (Health Canada:
Pest Management Regulatory Agency, 2010). A somewhat different
approach is taken in the UK, where SGARS are licensed for outdoor
use but an industry taskforce has been established to monitor both ro-
denticide applicator usage patterns and breeding success and SGAR
residues in the livers of one sentinel species – Barn Owls (Tyto alba)
– to determine the impacts of this legislative change on exposure rates
(Shore et al., 2016). These alternative models of AR regulation and
the direction they represent in evolving global norms should be con-
sidered when evaluating current Australian regulations.

Given the changes in legislation governing the use of ARs in
other developed nations and demonstrated impacts on human health
and wildlife populations overseas, we support the ongoing review of
the use and scheduling of SGARs in Australia by the APVMA. In
Australia, AR poisoning has been documented in pets (Robertson
et al., 1992) and humans (Osborne et al., 2017), particularly chil-
dren (Ozanne-Smith et al., 2001; Parsons et al., 1996; Reith et al.,
2001). Roughly 1400 human exposures to ARs per year are recorded
by Poison Information Centres in Australia (Australian Pesticides and
Veterinary Medicines Authority, 2015). Removal of SGARs from re-
tail sale to the public by listing all SGARs as schedule 7 poisons and
implementing stricter requirements that baits be used only indoors and
placed in a manner that makes them inaccessible to children and pets
will help to bring Australian practices closer to emerging global norms
and best practices. These actions are likely to help to mitigate hu-
man health and safety risks and exposure in non-target wildlife. Crit-
ical evaluation of whether these practices are effective will require
long-term monitoring of AR residues in appropriate sentinel species
– as practiced in the UK – before and after any regulatory changes
are implemented. Ongoing research into exposure patterns in Southern
Boobooks will provide valuable baseline data for a widely-distributed
sentinel species if the suggested regulatory changes are implemented.

4.4. Current uses in Australia

4.4.1. Agricultural
In Australian agriculture, ARs are primarily used in asset pro-

tection around infrastructure and grain storage areas and many first
and second generation products are licensed for these purposes. In the
past, several trials have been conducted on broadscale application of
rodenticides in Australian cropping systems.

Brown and Singleton (1998) found aerial distribution of brodi-
facoum-based baits effective at controlling mice in wheat fields in
South Australia in a field trial and the authors suggested that applica-
tion according to guidelines was unlikely to cause substantial non-tar-
get mortality. However, mice were observed to be active during the
day following the baiting, which the authors acknowledged could in-
crease the risk of secondary poisoning in predatory species (Brown
and Singleton, 1998). To our knowledge, aerial distribution of brodi-
facoum baits in wheat crops has never been implemented on an oper-
ational basis in Australian agriculture.

Several trials of bromadiolone efficacy in controlling mouse
plagues have been conducted in agricultural crops in Australia. In the
earliest of these studies, aerial application was used to distribute bro-
madiolone bait directly into sunflower crops in New South Wales
(Saunders, 1983). Bromadiolone was identified as the most promising
of the three toxicants tested but the authors noted concern over broma-
diolone's slow method of action potentially facilitating secondary poi-
soning of predators selecting for poisoned mice (Saunders, 1983). One
Straw-necked Ibis (Threskiornis spinicollis) was found dead of ap-
parent rodenticide poisoning after having consumed 6–10 mice in
an area where bromadiolone had been aerially applied as part of a
trial to control mice in sunflower crops (Saunders, 1983). In a sub-
sequent study, wheat laced with bromodialone was applied a single
time in bait stations in soybean crops in New South Wales (Twigg
et al., 1991). The study did not search for or detect any mortalities in
non-target wildlife but cautioned that “The risks to non-target species
and of contaminating primary produce posed by broad-scale use of
rodenticides would need to be assessed fully before these chemicals
could become an integral part of farm management. In Australia, such
data are sparse and research is required urgently” (Twigg et al., 1991).
The only subsequent available study on broad-scale use of bromadi-
olone in agriculture used a fertiliser spreader to apply four treatments
of wheat laced with bromadiolone to “refuge habitat, channel banks,
fence lines, non-arable land and road verges” within 200m of soybean
crops in New South Wales but failed to demonstrate significant reduc-
tions in crop damage (Kay et al., 1994). It does not appear that non-tar-
get exposure was evaluated as part of this study.

Contrary to the warning issued by Twigg et al. (1991), which
cautioned a more complete assessment of non-target impact prior
to the broad-scale use of ARs in agriculture, under some circum-
stances, ARs are or have been used in or adjacent to crops to con-
trol mice and rats. During mouse plagues, temporary registrations for
the use of bromadiolone have been issued for use in wheat crops in
Victoria in 1984, perimeter baiting of oilseed crops in New South
Wales in 1984–1985, and in soybean crops in New South Wales in
1989 (Twigg et al., 1991). Expired permits issued to allow the bait-
ing of crop perimeters with bromadiolone show valid periods be-
tween 16 September 1999 and 31 December 1999 (PER3031); 06 De-
cember 2006 and 30 March 2009 (PER9543); and 31 March 2009
and 30 June 2016 (PER11331) (Australian Pesticides and Veterinary
Medicines Authority, 2017b). There are no current permits for the use
of bromadiolone in perimeter baiting around crops but a current New
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South Wales government factsheet and web page state that broma-
diolone bait can be prepared by the Livestock Health and Pest Au-
thority (LHPA) for availability to farmers in perimeter baiting around
crops (New South Wales Department of Primary Industries, 2011;
New South Wales Government: Department of Primary Industries,
2017).

The SGAR brodifacoum was also previously applied broadscale in
sugar cane fields in Queensland (Young and Lai, 1997) but the regis-
tration for that use has since been revoked over concerns about mor-
tality in non-target wildlife (Twigg et al., 1999). The use of brodi-
facoum in this context has largely been replaced by the use of the
FGAR coumatetralyl. Research on non-target impacts of coumatetra-
lyl in sugar cane fields demonstrated low risk of secondary toxicity
(Ward, 2008). Coumatetralyl is currently registered for use in pineap-
ple, macadamia, and sugar cane crops in all states and territories
(Australian Pesticides and Veterinary Medicines Authority, 2017b).

Published literature and official accounts may seriously underesti-
mate the usage of ARs in cropping systems in Australia. A study of
second generation anticoagulant use in agricultural systems in North-
ern Ireland found that total compliance with best practice application
methods was rare and lack of compliance probably facilitated greater
risk of secondary toxicity to native wildlife (Tosh et al., 2011). Within
Australia, landowners have requested pindone with the intention of
using it to reduce kangaroo abundance in contravention of its label
(Twigg et al., 1999). Many ARs are readily available in hardware and
agricultural supply stores in Australia without a permit and the poten-
tial for use contrary to labelling restrictions is high. A better under-
standing of current legal and illegal usage of ARs in agriculture is nec-
essary to determine the likelihood of secondary poisoning of non-tar-
get species in agricultural systems.

4.4.2. Conservation
ARs have a long history of use on islands and in fenced reserves

worldwide for eradication of rodents for conservation purposes. At
present, application of ARs is the only effective way of removing in-
troduced rodents from islands larger than 5ha for conservation pur-
poses (Campbell et al., 2015). Many successful and well-documented
eradications of introduced rodents and rabbits have been conducted
in Australia using ARs (Bettink, 2015; Burbidge, 2004; Cory et al.,
2011; Dunlop et al., 2015; Meek et al., 2011; Morris, 2002; Priddel
et al., 2000; Tasmania Parks and Wildlife Service, 2014). Pindone
was used in some early eradications but its use has largely been sup-
planted by brodifacoum (Burbidge and Morris, 2002) and bromadi-
olone (Meek et al., 2011). Reviews of island eradications have been
conducted for New South Wales (Priddel et al., 2011) and Western
Australia (Burbidge and Morris, 2002).

During the course of some eradications, high levels of non-tar-
get mortality and poisoning of species listed under the Australian En-
vironment Protection and Biodiversity Conservation Act 1999 have
been documented. In one instance, boodies (Bettongia lesueur) (listed
as vulnerable) were accidentally eradicated on Boodie Island along
with the intended target, black rats (Rattus rattus) (Morris, 2002). An
eradication of black rats was proposed for Woody Island in West-
ern Australia but was halted when the rats on the island were sub-
sequently identified as a native species (Rattus fuscipes) (Burbidge
et al., 2012). During the successful eradication of rabbits, black rats,
and mice (Mus musculus) on Macquarie Island, concerns were ex-
pressed by the public and government authorities over the observed
mortality of 2424 individuals from several seabird and waterfowl
species, presumably related to the use of the SGAR brodifacoum
(Tasmania Parks and Wildlife Sevice, 2014). While some species,
especially Northern Giant Petrels (listed as vulnerable) experienced

substantial population-level declines as a result of the baiting, the re-
ductions were expected to be temporary and removal of introduced
mammals has already facilitated improved population parameters in
a number of seabird species (Tasmania Parks and Wildlife Service,
2014). Endangered Southern Giant Petrels were also lethally poisoned
during the course of this eradication (Tasmania Parks and Wildlife
Service, 2014). Collateral damage to non-target species may be ac-
ceptable and necessary in some situations but more careful considera-
tion and planning are required to avoid poor outcomes which have oc-
curred or been narrowly averted during rodent eradications in the past.
In some instances, bait boxes modified to exclude native fauna may
decrease the incidence of primary of non-target wildlife AR exposure
during eradication attempts (Moro, 2001). Use of biological control
agents prior to baiting can also increase the probability of success and
reduce the volume of poison needed to remove target animals (Priddel
et al., 2000). Close monitoring of non-target mortality during and after
island eradications is necessary to properly assess the relative benefit
to native biodiversity.

In Australia, ARs have also been tested as a method to control
feral pigs for conservation purposes and reduction of agricultural
threats. Trials using the FGAR warfarin were conducted in New South
Wales (Choquenot et al., 1990; Saunders et al., 1990) and the Aus-
tralian Capital Territory (McIlroy et al., 1989). While two of the three
trials found the use of warfarin to be highly effective, this method does
not appear to have been put into practice due to concerns over animal
ethics, non-target exposure, and a shift toward the use of 1080 baits
for pig control (Cowled et al., 2008). However, the use of warfarin to
control feral pigs in Australia has been recommended in the published
literature as recently as 2014 (McIlroy, 2014). While warfarin is un-
likely to cause secondary poisoning in exposed wildlife, the risk of pri-
mary poisoning to wildlife consuming bait intended for pigs is likely
too high to warrant the use of this method of control.

4.4.3. Residential and commercial
Patterns of residential and commercial use of ARs in Australia

are poorly known. At present, the Australian Pesticide and Veterinary
Medicine Association (APVMA) lists seven ARs (two FGARs and
five SGARs) as registered for use in Australia in commercial and res-
idential settings (Table 3). We have observed two FGARs (warfarin
and coumatetralyl) and three SGARs (brodifacoum, bromadiolone,
and difenacoum) available for purchase by the public at retail out-
lets in Western Australia. The SGARs flocoumafen and difethialone
are also used by commercial pest control companies in residential and
commercial settings. Residues of both have been detected in native
wildlife in Western Australia. Patterns of availability to unlicensed in-
dividuals are similar to those in the UK where three FGARs and five
SGARs are registered for use and are not restricted to licensed appli-
cators (Shore et al., 2016). However, regulations governing AR use
are substantially more restrictive in some other industrialized coun-
tries. In the US, three FGARs are permitted for use by the public but
all four registered SGARs are restricted to use by licensed pesticide
applicators (Bradbury, 2008). Similarly, in Canada the public has ac-
cess to three FGARs and licensed contractors may use an additional
three SGARs (Health Canada: Pest Management Regulatory Agency,
2010).

The lack of available data on the quantities of ARs used in do-
mestic and commercial settings and the locations where they are used
makes it nearly impossible to gauge the potential non-target impacts
of these products. Only two publications directly implicate private
use of rodenticides in non-target mortality in Australia. In the most
definitive example, brodifacoum was implicated in the deaths of a
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Purple Swamphen (Porphyrio porphyrio melanotus) and Little Raven
(Corvus mellori) which showed signs of AR poisoning after baiting
in a residential area (Reece et al., 1985). In Tasmania, residential and
small-scale agricultural baiting is thought to have been the source of
ARs responsible for the suspected lethal poisonings of 27 individu-
als from six raptor species (Mooney, 2017). Given that use of rodenti-
cides in conservation and agricultural contexts is relatively limited and
only occurs periodically, the total amount deployed in residential and
commercial settings is likely to be far greater. Accordingly, overseas
studies on rodenticide exposure in bobcats (Lynx rufus) in America
(Riley et al., 2007) and a variety of bird and mammal species in Spain
(López-perea et al., 2015) indicate a spatial correlation between popu-
lation density and AR exposure in wildlife. Collection of basic infor-
mation on the quantities of ARs sold to private residents and pest con-
trol contractors by locality coupled with systematic testing of wildlife
populations across different land-use types will be essential in assess-
ing the risks posed to non-target wildlife by residential and commer-
cial use of ARs.

4.5. Unique considerations in Australia

4.5.1. Pindone
Unlike other ARs used in Australia, the SGAR pindone has re-

ceived more scrutiny and has been the focus of a greater body of
research because of its longer history of use and large scale of use
in rabbit control. At present, it is only registered for use in Aus-
tralia and New Zealand (Fisher et al., 2015; Twigg et al., 1999) and,
as a consequence, has received little attention by researchers else-
where in the world. Efficacy trials for rabbit control were conducted in
Western Australia in 1971–1975 (Oliver et al., 1982) and 1981–1982
(Robinson and Wheeler, 1983). Pindone was registered in Western
Australia for rabbit control in 1984 and was subsequently registered
for the same use in all other Australian states (Twigg et al., 1999). Pin-
done was registered for use in New Zealand in 1992 (Twigg et al.,
1999). In Australia, pindone is used in rabbit control primarily in areas
where the use of sodium fluoroacetate (1080) is deemed to pose too
great a risk to humans and pets (Department of Agriculture and Food
Western Australia, 2015). Such areas include “market gardens, golf
courses, hobby farms, around farm buildings” (Twigg et al., 1999)
and bushlands adjacent to populated areas. In the past, it has also been
used in island eradications of rabbits and rodents prior to being largely
replaced by brodifacoum (Burbidge and Morris, 2002; Priddel et al.,
2011).

Pindone use in Australia has been the subject of extensive re-
view (National Registration Authority For Agricultural and Veterinary
Chemicals, 2002; Twigg et al., 1999) prompted by public concern over
reports of lethal poisoning of non-target species (Table 2). As a conse-
quence, additional restrictions were placed on the sale of pindone con-
centrates and labelling was required to include a “statement not to lay
baits in the vicinity of native animal habitat” (National Registration
Authority For Agricultural and Veterinary Chemicals, 2002).

At present, little is known about the effects of pindone on non-tar-
get species. Pindone has been shown in laboratory tests to have vary-
ing effects on different native Australian bird taxa (Martin et al.,
1994). Wedge-tailed Eagles were more susceptible than other species
tested but Common Bronzewings (Phaps chalcoptera) and other
granivores were also noted to be at high risk of poisoning due to di-
rect consumption of poisoned grain (Martin et al., 1994). Despite the
authors' recommendation for field studies of impacts on Wedge-tailed
Eagles and other raptors (Martin et al., 1994), to the best of our

knowledge, no further study on this topic has been conducted in Aus-
tralia.

The repeated use of an anticoagulant in natural areas to control
but not eradicate rabbits appears to be unique to Australia and New
Zealand. The repeated pattern of use in the same areas may pose a
serious long-term threat to susceptible wildlife populations. This may
be especially problematic for long-lived species with low reproductive
rates which are unable to sustain low levels of additive mortality. The
potential link between pindone baiting and the decline of Little Eagles
in Canberra (Olsen et al., 2013) exemplifies this concern. However, an
ongoing study of rodenticide exposure in Southern Boobooks has not
detected any pindone residue in samples tested to date despite testing
of samples obtained in areas where pindone baiting has occurred. Dif-
ferences in diet, territory size, and metabolism could account for this
lack of detection. In some instances, reduction of prey abundance via
ARs could potentially drive declines in predatory species rather than
direct ARs toxicity. However, in the instance of Little Eagles in Can-
berra, this does not appear to be the case, as the decline of Little
Eagle abundance was independent of rabbit abundance (Olsen et al.,
2013). Additional research into the sensitivity of Australian fauna to
pindone and the population impacts of different patterns of use are
necessary to determine the extent and severity of impacts on non-tar-
get fauna. At minimum, the continued use of pindone to control rab-
bits in bushland areas needs to be evaluated as to whether it provides
a net benefit or detriment to the conservation of native biodiversity.

Human consumption of rabbits is common in agricultural areas and
may facilitate some risk of human exposure to pindone. Risk of sub-
stantial human exposure is reduced by the fact that livers are not typ-
ically consumed. However, pindone has been demonstrated to accu-
mulate in fat tissue in rabbits at similar concentrations to liver tis-
sue (Fisher et al., 2015). Some discussions of risk of human expo-
sure to ARs via ingestion of contaminated game meats have sug-
gested that cooking prior to consumption might reduce AR exposure
through degradation of the relevant chemicals (Eisemann and Swift,
2006). Conversely, subsequent empirical research demonstrated that,
at least in pig tissues contaminated with diphacinone, cooking did not
substantially reduce AR concentration (Pitt et al., 2011). While we
consider the risk of pindone poisoning associated with human con-
sumption of wild rabbits to be low due to its relatively short half-life
and low acute toxicity, as a minimum precaution we recommend ad-
hering to established 5week withholding period for livestock exposed
to pindone (Twigg et al., 1999).

4.5.2. Reptiles
We found only one example of documented or suspected lethal AR

poisoning of reptiles in Australia (Bettink, 2015) in the course of our
literature search. A further investigation of international literature re-
vealed serious gaps in knowledge relating to impacts of ARs on rep-
tiles and their potential role as vectors to higher trophic levels. In com-
bination, the few existing published accounts suggest that some rep-
tiles may be more resistant to anticoagulant rodenticides than birds
or mammals. As a consequence, developing a better understanding of
how reptiles are impacted by AR exposure and their potential as vec-
tors to more vulnerable taxa will be critical to evaluating the ecotox-
icology of ARs in areas of the world where reptiles are a substantial
component of biodiversity.

The mechanisms by which carnivorous birds and mammals are
exposed to ARs have not been widely researched (Elliott et al.,
2014). The few studies investigating AR exposure in intermediate vec-
tors tend to focus on insects (Masuda et al., 2014), and small mam-
mals (Brakes and Smith, 2005) as potential vectors (Elliott et al.,
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2014) with the vast majority of work focusing on target and non-target
small mammals (Hoare and Hare, 2006). Because most of these stud-
ies have been conducted in temperate areas of Europe or North Amer-
ica, they may not be representative of dominant exposure pathways in
tropical and warm arid areas of the world. In areas where reptiles are
more diverse and abundant, reptiles may act as an important pathway
for transmission of ARs through terrestrial food webs because of their
increased relative importance as prey items for carnivores at higher
trophic levels (Hoare and Hare, 2006). Furthermore, in ecosystems
with a high predominance of carnivorous reptiles e.g. snakes, monitor
lizards and large skinks, there may be a direct bio-accumulation effect
when reptiles prey on rats or mice directly, or on other reptiles, lead-
ing to a negative impact on larger-bodied reptiles (Bishop et al., 2016;
Olsson et al., 2005).

Reptiles make up a substantial proportion of the prey base of some
carnivores in Australia (Doherty et al., 2015; Paltridge, 2002) and
comprise >80% of the biomass in the diets of some predatory bird
species (Aumann, 2001). Reptile diversity and abundance is substan-
tially higher in Australia than in Europe and North America (Roll
et al., 2017) where secondary anticoagulant rodenticide exposure has
been more comprehensively assessed in native fauna. As a conse-
quence, understanding patterns of exposure in reptiles and their ca-
pacity to transmit ARs to higher trophic levels is critical to under-
standing ecosystem level AR exposure in Australia and other countries
with high reptile abundance. Only a few studies have investigated the
mechanisms and ramifications of AR exposure in reptiles (Hoare and
Hare, 2006). In one instance, the SGAR brodifacoum was detected
in Pinzón lava lizards (Microlophus duncanensis) up to 850days af-
ter baiting of an uninhabited island with no other rodenticide sources
(Rueda et al., 2016). Long duration of AR persistence in lava lizards
could be a consequence of recursive exposure from consumption of in-
vertebrates feeding on reptile faeces containing AR residue, low elim-
ination rates by lizards, or slow decomposition leading to prolonged
availability of bait (Rueda et al., 2016). Subsequent deaths of 22 Gala-
pagos hawks (Buteo galapagoensis) showing signs of rodenticide tox-
icity were attributed to secondary poisoning resulting from consump-
tion of lava lizards, as was the death of a short-eared owl (Asio flam-
meus) found dead with lethal concentrations of brodifacoum present
in its liver 773days after baiting (Rueda et al., 2016). If other reptile
species are also capable of vectoring lethal levels of rodenticide to
higher trophic levels for greater than two years after initial exposure,
the threat of secondary poisoning to carnivorous birds and mammals
in regions of the world with diverse and abundant herpetofaunas may
be severely underestimated.

High tolerance to AR exposure may also increase the efficacy of
reptiles as vectors of ARs to higher trophic levels. At least some rep-
tiles appear to be substantially more resistant to AR toxicity than
birds or mammals (Weir et al., 2015). An acute oral LD50 of 550μg/
g was determined for the AR pindone in Western fence lizards (Scelo-
porus occidentalis) (Weir et al., 2015). No LD50 was determined for
the SGAR brodifacoum because all western fence lizards tested sur-
vived the highest does of 1750μg/g (Weir et al., 2015). Both LD50s
are three to five orders of magnitude higher than in most bird and
mammals species tested (Laakso et al., 2010). Similarly, when prairie
rattlesnakes (Crotalus viridis) were fed three laboratory mice poi-
soned with bromadiolone over the course of three weeks, none of the
snakes died or showed signs of rodenticide toxicity in the 30days
following the treatment despite consuming more mg/Kg brodifacoum
than the LD50s established for several mammal species in the same
study (Poché, 1988). Pitt et al. (2015) examined brodifacoum residues
in 112 geckoes (Lepidodactylus lugubris and Hemidactylus frena-
tus) collected on Palmyra Atoll after rat control opera

tions. They noted a peak concentration of 0.067μg/g and detectable
concentrations at about half of this rate were still noted 60days
post-baiting (Pitt et al., 2015). Pitt et al. (2015) concluded that geckos
were unlikely to experience mortality but on islands where secondary
predators existed, there could be some ecosystem-wide impacts. Sim-
ilarly, bungarras or Gould's goannas (Varanus gouldii) were observed
consuming rats poisoned with brodifacoum during an eradication in
the Montebello Islands of Western Australia, but did not appear to ex-
perience adverse effects (Burbidge, 2004). If a tolerance for rodenti-
cides exists across multiple reptile taxa, reptiles may be more effective
at concentrating and transmitting ARs to higher trophic levels than the
small mammals which have been more commonly examined as poten-
tial vectors of ARs to higher trophic levels.

Conversely, in some instances, apparent susceptibility of some rep-
tile species to ARs has been observed or hypothesized. In Australia,
the single documented account of lethal AR toxicity in reptiles in-
volved the direct ingestion of brodifacoum baits by King's skinks
(Egernia kingii) during a rat eradication on Penguin Island in West-
ern Australia (Bettink, 2015). Eight of the skinks were found dead and
exhibited haemorrhage associated with AR toxicity and several oth-
ers were treated with vitamin K and released (Bettink, 2015). Subse-
quent analysis revealed a concentration of 1.3mg/kg in the liver of
one of the dead skinks (Bettink, 2015). This liver concentration is well
above minimum lethal thresholds suggested for many bird and mam-
mal species so it is difficult to infer relative susceptibility of King's
skinks from this event. Sánchez-Barbudo et al. (2012) documented the
death of a horseshoe whip snake (Hemmorrhois hippocrepis) due to
flocoumafen used to protect a seabird colony. A number of anecdo-
tal accounts of lethal AR poisoning have also been reported in skinks
and geckos (Wedding et al., 2010). Susceptibility of goannas in Aus-
tralia to poisoning with brodifacoum has also been suggested (James,
1997), although it appears that this only considers the likelihood of
exposure due to carrion being a component of their diet rather than
an actual vulnerability to the effects of brodifacoum. The lack of ob-
served mortality in some reptile species may be due to a delayed on-
set of effects relative to birds and mammals. This possibility is sup-
ported by the observation of the deaths of six Galápagos land igua-
nas (Conolophus subcristatus) more than two months after their island
was baited with brodifacoum to control rats. Merton (1987) described
a similar incident in which Telfair's skinks (Leiolopisma telfairii) were
found dead three to six weeks after AR bait was used on Round Is-
land, Mauritius. The delay in mortality was presumed to be a result of
some physiological difference between reptiles and bird and mammals
(Merton, 1987). If some reptiles are susceptible to AR poisoning but
exhibit substantially delayed mortality, they may be extremely effec-
tive vectors to vulnerable species in higher trophic levels if they are
able to ingest higher levels of rodenticide over the pre-lethal period
and if mortality is preceded by behaviours which increase the likeli-
hood of predation. Laboratory toxicity tests are needed across a repre-
sentative suite of reptile taxa to resolve questions around the dangers
posed to reptiles by ARs and the capacity of reptiles to vector ARs to
higher trophic levels. Extensive testing of wild reptiles would be use-
ful in assessing exposure rates and ecological impacts of reptile expo-
sure to ARs.

Primary consumption of ARs by reptiles through direct consump-
tion of baits intended for rodents also requires additional evaluation
as a source of AR contamination in terrestrial ecosystems. In captive
trials, some but not all skinks (Oligosoma maccanni) consumed or
licked pindone bait, with increased consumption when the bait was
wet (Freeman et al., 1996). Direct consumption of brodifacoum baits
by Shore Skinks (Oligosoma smithi) in the wild has been observed
in New Zealand (Wedding et al., 2010). Wedding et al. (2010) cite
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records of five other skink species eating cereal baits, some of which
contained rodenticides. Bennison et al., 2016 used dye tracers to prove
that the large carnivorous King's Skink (Egernia kingii) had ingested
non-toxic baits laid out on islands off the West Australian coast.
King's Skinks were subsequently observed consuming baits contain-
ing brodifacoum during the course of a rat eradication on Penguin Is-
land in Western Australia, despite the use of specially designed bait
containers intended to exclude the skinks (Bettink, 2015). Others have
observed bobtails (Tiliqua rugosa) – another large omnivorous skink
– inside AR bait boxes in urban areas (Ashleigh Wolfe, Personal com-
munication).

These examples are cause for concern, as both bobtails and large
skinks in the genus Egernia have been documented as prey remains
at Wedge-tailed Eagle (Aquila audax) nests across a large geographic
area (Brooker and Ridpath, 1980). In one instance, remains of 13 bob-
tails were found below a Wedge-tailed Eagle nest on a single visit (Si-
mon Cherriman, unpublished data). Wedge-tailed Eagles are impor-
tant top carnivores in Australian food webs and are highly susceptible
to toxicity from the anticoagulant rodenticide pindone relative to other
bird species tested (Martin et al., 1994). Other carnivorous birds and
mammals with a higher proportion of reptiles in their diet could poten-
tially be at greater risk.

Reptiles could also potentially serve as an effective vector of ARs
between invertebrates which consume baits and more sensitive verte-
brates at higher trophic levels. Invertebrates have been implicated in
directly vectoring rodenticides to bird species including New Zealand
Dotterels (Charadrius obscurus aquilonius) (Dowding et al., 2006)
and nestling Stewart Island robins (Petroica australis rakiura)
(Masuda et al., 2014) as well as the insectivorous European hedgehog
(Erinaceus europaeus) (Dowding et al., 2010). If the relative tolerance
of ARs demonstrated by Weir et al. (2015) is consistent across numer-
ous reptile taxa, the potential for reptiles to bioaccumulate and bio-
magnify ARs from lower trophic levels and subsequently retain them
for long periods of time makes insectivorous reptiles a potentially im-
portant and widely unrecognised vector for anticoagulant rodenticides
to more susceptible fauna in higher trophic levels.

In Australia, some reptile species, particularly goannas (Varanus
spp.), are a culturally and economically important component of a tra-
ditional diet for some indigenous peoples (Scelza et al., 2017). Liver
tissue of varanids is consumed by some indigenous groups (Caroline
Long, Personal communication) and fatty tissues of monitor lizards
are eaten preferentially to other body parts (Gracey, 2000). Some ro-
denticides are known to accumulate to high levels in fat tissue in
mammals (Fisher et al., 2015) but accumulation patterns in reptiles
are unknown. During the course of a rodent eradication on islands in
Western Australia, bungaras (Varanus gouldii) were “observed eat-
ing dead and dying rats to the extent that some droppings contained
the green dye from the bait” which contained brodifacoum but no
mortalities were observed (Burbidge, 2004). These observations raise
concerns that if baiting has occurred in or near areas where tradi-
tional hunting of varanids takes place, the consumption of varanid
tissues likely to accumulate ARs may present a previously unrecog-
nised human health and safety risk. Consumption of feral cats by
indigenous people may pose another pathway for rodenticide expo-
sure, as feral cats have been killed by secondary AR poisoning dur-
ing baiting events in New Zealand (Alterio, 1996). Several studies
have cautioned against the consumption of wild game in areas where
ARs have been used (Eisemann and Swift, 2006; Pitt et al., 2011),
particularly SGARs (Eason et al., 2001). The risks posed by con-
sumption of varanids may be substantially greater than risks asso-
ciated with rabbit consumption for several reasons. Unlike rabbits
which are targeted in discrete baiting events with a FGAR for which

there is an established withholding period, varanids are not exposed in
a predictable manner and may be chronically exposed to stronger and
more persistent SGARs with no established withholding period. The
presumed greater physiological tolerance of varanids to ARs and the
regular consumption of varanid livers as part of traditional practices
considerably elevate the risks associated with varanid consumption
relative to rabbit consumption. Urgent investigation of potential ro-
denticide accumulation in varanids is needed but should take into con-
sideration the high value of this taxon as a traditional food source and
the cultural importance of traditional hunting practices. Use of wild
reptiles as a food resource is most common in tropical and subtropi-
cal areas of the world (Klemens and Thorbjarnarson, 1995) where the
prevalence of ARs in wildlife has not been well-studied.

The limited literature available suggests that some reptile species
are capable of direct bait consumption, long AR retention time, and
a capacity to tolerate and biomagnify high concentrations of potent
SGARs. These attributes potentially greatly increase the risk of sec-
ondary and tertiary vectoring of ARs to more susceptible bird and
mammal species in higher trophic levels relative to other regions of
the world where small mammals are believed to be the primary vec-
tors. Additional research into the prevalence of AR exposure across a
representative sample of reptile taxa will be critical to evaluating the
threat of secondary AR poisoning to wildlife in Australia and other
countries with high abundance and diversity of reptiles. Depending on
the severity and extent of exposure detected, additional work may be
warranted to investigate the pathways driving this exposure and the
role that reptiles play in vectoring rodenticides to animals in higher
trophic levels including humans.

5. Conclusions and recommendations

Most research on exposure of non-target wildlife to ARs has been
conducted in cool temperate regions, particularly in North America,
Europe, and New Zealand. Patterns of exposure detected in these stud-
ies may differ from those in Australia and other tropical and warm arid
countries due to differences in the specific ARs used, regulations gov-
erning use, and fundamental differences in the taxonomic composi-
tion and susceptibility of native fauna. A better understanding of exist-
ing knowledge gaps will facilitate more effective and scientifically-in-
formed mitigation measures in Australia and countries with similar
climates.

In Australia, individuals from 37 species across different feeding
guilds, trophic levels, and taxonomic groups have tested positive for
AR exposure or are suspected to have been lethally poisoned but most
documentation is anecdotal or opportunistic in nature. Instances of
poisoning were documented across a wide range of geographic areas
but spatial patterns of AR exposure are poorly understood. To date, no
thorough investigations directly testing for AR exposure in Australian
wildlife have been conducted. Island eradications, feral rabbit control,
agricultural application, and residential use have all been implicated
as sources of ARs which caused non-target wildlife mortality but the
relative contributions of these sources have not been quantified.

In aggregate, what little research exists on the interaction between
reptiles and ARs, suggests that at least some reptile species may be
relatively resistant to the effects but likely to be exposed at high lev-
els. Physiological tolerance, coupled with long retention times could
make reptiles effective vectors of ARs in areas of the world where
reptiles are abundant. Understanding these dynamics will be critical
to understanding the ecology of ARs in tropical and warm arid cli-
mates where impacts on wildlife are largely unknown. Effective vec
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toring of ARs by reptiles poses a potential unevaluated risk to human
health in areas where wild reptiles are harvested for human consump-
tion.

At present, Australia's regulatory framework governing the use
of ARs is not consistent with emerging practices in other industri-
alized nations. Restricting SGARs to licensed users and indoor use
will likely reduce the incidence and severity of non-target poison-
ing and the use of lockable bait boxes could reduce risks to children
and pets. Coupling these proposed changes with targeted monitoring
of rodenticide residues in selected sentinel species will be important
in evaluating the efficacy of regulatory changes at reducing non-tar-
get mortality. In areas where rodents have developed resistance to
FGARs, use of other classes of rodenticides with lower risk of bioac-
cumulation (such as cholecalciferol) may be a viable option for rodent
control with substantially reduced risk of secondary toxicity. At min-
imum, greater public availability of information on the types, quanti-
ties, and locations of ARs sold is necessary to evaluate the risks they
pose to non-target wildlife and humans.

To address identified knowledge gaps, we suggest the following
research priorities:

• Development of species-specific exposure risk models for carnivo-
rous and omnivorous fauna based on life history parameters

• Systematic nation-wide testing of multiple taxa of carnivorous and
omnivorous wildlife for AR exposure, especially:
○ species of conservation concern
○ species consuming small mammals and carrion
○ marsupial carnivores and scavengers
○ reptile carnivores and scavengers

• Systematic long-term testing of geographically widespread and
common sentinel species to detect temporal and spatial patterns in
AR prevalence

• Evaluation of the relative contributions of residential, commercial
and agricultural use of ARs to wildlife poisoning in Australia
○ Examine incidence of non-compliance with existing legislation

governing AR use
○ Collection and evaluation of data relating to AR sales and appli-

cation in Australia
• Evaluation of the net impact on biodiversity of the use of pindone in

and around bushland areas
• Captive testing of the sensitivity of a wider suite of wildlife species,

especially marsupial carnivores and reptiles to SGARs and pindone
• Examination of the role of reptiles as a vector for ARs in tropical

and subtropical nations
• Evaluation of the risk of rodenticide exposure in humans consuming

wild reptiles
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Appendix A. Definitions of Schedules applying to all
Anticoagulant Rodenticides Registered in Australia from
(Australian Government Department of Health: Therapeutic
Goods Administration, 2017)

Schedule 4. – Prescription Only Medicine, or Prescription Animal
Remedy – Substances, the use or supply of which should be by or on
the order of persons permitted by State or Territory legislation to pre-
scribe and should be available from a pharmacist on prescription.

Schedule 5. – Caution – Substances with a low potential for caus-
ing harm, the extent of which can be reduced through the use of ap-
propriate packaging with simple warnings and safety directions on the
label.

Schedule 6. – Poison – Substances with a moderate potential for
causing harm, the extent of which can be reduced through the use of
distinctive packaging with strong warnings and safety directions on
the label.

Schedule 7. – Dangerous Poison – Substances with a high poten-
tial for causing harm at low exposure and which require special pre-
cautions during manufacture, handling or use. These poisons should
be available only to specialised or authorised users who have the skills
necessary to handle them safely. Special regulations restricting their
availability, possession, storage or use may apply.
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1. Introduction

Anticoagulant rodenticides (ARs) are used worldwide in the man
agement of introduced commensal rodents and their associated threats
to crops, infrastructure, and human health (Bradbury, 2008). Baiting
with ARs is also the most frequently used method of eradicating ro
dents from islands and fenced areas for the purpose of preserving or
reintroducing native biodiversity (Hoare and Hare, 2006). These roden
ticides function by indirectly blocking recycling of vitamin K, which is a
critical component in normal blood clotting in vertebrates (Park et al.,
1984). ARs are often divided into first and second generation anticoag
ulant rodenticides based on when they were first synthesized and dif
ferences in chemical structure. Second generation anticoagulant
rodenticides (SGARs) generally have higher acute toxicities than first
generation anticoagulant rodenticides (FGARs) (Thomas et al., 2011).
SGARS are also lethal after a single feed, unlike FGARswhich require ro
dents to feed on them for multiple consecutive days in order to achieve
a lethal effect (Erickson and Urban, 2004). During this time, rodents can
continue to feed and accumulate higher concentrations of ARs
(Bradbury, 2008).

Retention time can vary dramatically between rodenticides but is
generally highest in second generation anticoagulant rodenticides. For
example, in birds, the United States EPA estimates liver retention
times of 35 days for the FGAR warfarin and liver retention times of
248 days and 217 days for the SGARs bromodiolone and brodifacoum,
respectively (Erickson and Urban, 2004). This long duration of
SGAR persistence in liver tissues allows bioaccumulation and
biomagnification in predatory species (Martínez Padilla et al., 2016).
The threat of secondary toxicity is exacerbated by behavioural changes
induced in species which directly consume poisoned bait. Pre lethal ef
fects of ARs include reduced escape response and atypical movement in
wood mice (Apodemus sylvaticus) and bank voles (Clethrionomys
glareolus) (Brakes and Smith, 2005) as well as altered activity cycles
and a startle response that shifted from bolting to freezingwhen threat
ened in brown rats (Rattus norvegicus) (Cox and Smith, 1992). Second
ary toxicity has been demonstrated in the laboratory in awide variety of
species (reviewed in Joermann, 1998) and toxicity in strict carnivores
which are unlikely to eat poisoned bait is well documented in wild an
imals (reviewed in Laakso et al., 2010). One study even found anticoag
ulant rodenticide contamination in four of four mountain lions (Puma
concolor) sampled, with the deaths of two of the individuals directly at
tributable to acute anticoagulant intoxication (Riley et al., 2007). Lethal
intoxication of an apex predator suggests substantialmovement of anti
coagulant rodenticides through several trophic levels and is clearly a

cause for concern. Consequently, secondary poisoning of wildlife has
been identified as a meaningful threat at the population level in several
species (Nogeire et al., 2015; Thomas et al., 2011).

The vast majority of both laboratory and field studies of non target
AR poisoning have been conducted in North America, Europe and New
Zealand, but few studies have investigated secondary poisoning ofwild
life in Australia, where at present, this problem is notwidely recognised.
The need for additional research into non target impacts of anticoagu
lant rodenticides in Australia was identified as early as 1991 and such
research was characterised as “required urgently” (Twigg et al., 1991).
With some common predatory bird species experiencing unexplained
range wide declines (BirdLife Australia, 2015) and a suite of carnivorous
dasyurid marsupials that are already threatened by disease and intro
duced carnivores (Burbidge and McKenzie, 1989; Woinarski et al.,
2015), there is an urgent imperative to understand the role of rodenti
cide in the decline of susceptible wildlife species in Australia.

2. Aims

The aims of this study are to review the existing evidence for the im
pacts of anti coagulant rodenticides on native Australianwildlife and to
highlight knowledge gaps and contextualise non target mortality in
Australia relative to other parts of the world where more comprehen
sive literature exists. We also sought to document the ARs currently
used in Australia and to clarify the differences in legislation governing
rodenticide use between Australia and a selection of other developed
nations. Additionally, we highlight global literaturewhich suggests seri
ous knowledge gaps regarding potentially dangerous impacts of antico
agulant rodenticides on non target wildlife and indigenous people in
Australia and other nations with diverse reptile faunas.

3. Methods

Literature included in this reviewwas obtained by searchingWeb of
Science and Scopus databases for all articles containing the keyword
“Australia” in combination with the following keywords: rodenticide,
anticoagulant, brodifacoum, bromadiolone, coumatetralyl, difenacoum,
diphacinone, difethialone, flocoumafen, pindone, andwarfarin. Only ar
ticles containing information about the use, wildlife impacts, human ex
posure and regulation of anticoagulant rodenticides in Australia were
retained. References within these papers were searched to locate addi
tional sources of information including PhD theses and government re
ports. We excluded agricultural bait development trials using baits
which did not contain active ingredients, modelling of baiting regimes,
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therapeutic use of anticoagulants, lab toxicity trials unrelated to native
Australian wildlife, government fact sheets, and other studies that did
not directly involve the application of anticoagulant rodenticides or
their impacts in Australia. Sources were assigned to seven categories
based on their primary topic (Table 1).

In the course of the review, major knowledge gaps relating to inter
actions between anticoagulant rodenticides and reptiles became appar
ent. To address these gaps and explore potential impacts in Australia, it
was necessary to search world literature relating to reptiles and AR.We
followed the same search protocol using the keywords reptile, snake,
and lizard in combinationwith the following keywords: rodenticide, an
ticoagulant, brodifacoum, bromadiolone, coumatetralyl, difenacoum,
diphacinone, difethialone, flocoumafen, pindone, andwarfarin. Only lit
erature relating to exposure and impacts of ARs on reptiles was exam
ined. All searches were conducted in December 2017 and January 2018.

4. Results and discussion

4.1. Literature survey

We located a total of 45 publications relating to the use, impacts, and
regulation of anticoagulant rodenticides in Australia (Table 1). Themost
common category of literature included 14 resources comprising 30% of
all available publications and related to the documentation of island
eradications of rabbits or rodents undertaken for conservationmanage
ment. While eleven resources related primarily to AR impacts on non
target wildlife, none directly tested rodenticide exposure in a large
number of individuals andmanywere reports of opportunistic observa
tions. One publication, categorised as relating to rodenticide impacts on
native wildlife, included only speculative mentions of potential poison
ing (Olsen, 1996). Eight resources focused on developing AR based
methods for control of rodents, rabbits and pigs, primarily in agricul
tural settings. Only five studies related to laboratory testing of toxicity
of ARs to non target Australian wildlife. One tested the toxicity of the
FGAR pindone to five Australian bird species (Martin et al., 1994). The
other four studies tested toxicity of pindone (Jolly et al., 1994) and the
SGAR brodifacoum in brushtail possums (Trichosurus vulpecula)
(Eason et al., 2017; Littin et al., 2002) and brodifacoum in red necked
wallaby (Macropus rufogriseus) (Godfrey, 1984) for the purpose of de
veloping control protocols for these species in New Zealand where
they are introduced pests. While toxicity literature from elsewhere in
the world is likely to be useful in evaluating the risk of ARs to many
Australian taxa, a lack of information on the toxicity of ARs to reptiles
andmarsupial carnivores preventsmeaningful assessment of thepoten
tial risks posed to these groups.

4.2. Anticoagulant exposure of non target wildlife in Australia

We found fifteen sources which described suspected or confirmed
cases of anticoagulant rodenticide poisoning in 37 Australian wildlife
species (Table 2). Additional cases of poisoning in carnivorous birds
held in rehabilitation facilities as a consequence of encountering poi
soned rodents while in care have also been reported in a Tasmanian
Wedge tailed Eagle (Aquila audax fleayi), a Grey Goshawk (Accipiter

novaehollandiae), and a Tasmanian Masked Owl (Tyto novaehollandiae
castanops) (Mooney, 2017) but these records were not included in
Table 2 because the poisonings occurred in captivity. Records ofwild an
imal poisonings occurred across the Australian Canberra Territory, the
territory of Norfolk Island and all Australian states except for South
Australia. One FGAR (pindone) and two SGARs (brodifacoum and
bromadiolone) were implicated in the poisonings. Five mammal spe
cies, 31 bird species and one reptile species were represented in the re
cords (Table 2). Three species recorded as being poisoned are listed as
vulnerable (Boodie (Bettongia lesueur), Tasmanian Masked Owl (Tyto
novaehollandiae castanops), and Northern Giant Petrel (Macronectes
halli)) and two species are listed as endangered (Norfolk Island
Boobooks (Ninox novaeseelandiae undulata) and Southern Giant Petrel
(Macronectes giganteus)). Additionally, another paper raised concern
over the role that ARs might play in the decline of the Eastern Quoll
(Dasyurus viverrinus), a dasyurid marsupial which is listed as endan
gered (Fancourt, 2016). Further research has been suggested to deter
mine risk levels in this species but no empirical data are available on
incidence of secondary toxicity or exposure rates (Fancourt, 2016).
Out of the fifteen reports of wildlife poisoning, twelve were definitively
related to large deployments of bait by government agencies or
broadacre farmers for the purposes of island eradications, agricultural
rodent control, or rabbit control (Table 2). Only two of the sources spe
cifically implicated small scale private use of rodenticides in the poison
ing of wildlife (Mooney, 2017; Reece et al., 1985). Such use is largely
unregulated and unmonitored and occurs in a large proportion of
inhabited locations (Mooney, 2017).

In addition to accounts of wildlife poisoning, we also located pub
lished accounts suggesting population level effects of rodenticide toxic
ity on carnivorous birds in Australia. Olsen (1996) listed the use of
rodenticides in areas of palm cultivation as a potential contributing fac
tor in the decline of Norfolk Island Boobooks (Ninox novaeseelandiae
undulata × novaeseelandiae). Young and Lai (1997) observed a correla
tion between declines in owl abundance and the use of “Klerat®”a
brodifacoum based rodenticide in sugar cane fields in north Queens
land and documented one confirmed and several suspected cases of
brodifacoum poisoning in owls (James, 1997). A subsequent report
noted three additional cases of owls in Queensland testing positive for
brodifacoum residues (0.007 mg/kg, b0.005 mg/kg, and 0.17 mg/kg)
in the 1990s and two museum specimens of Southern Boobooks
(Ninox novaeseelandiae) with rodenticide poisoning listed as their
cause of death in the collection notes (Thomas and Kutt, 1997). One of
the two specimens, while alive showed symptoms of AR poisoning in
cluding “bleeding from the nasal passages; loss of muscle co
ordination; lethargy including drooping head and eyes; and generally
poor and dirty condition” (Thomas and Kutt, 1997). The report
reviewed several other factors which could potentially have impacted
owl populations in the area and came to the conclusion that there was
“significant potential for secondary poisoning of owls to occur in
Queensland sugarcane as a result of the use of Klerat®” (Thomas and
Kutt, 1997). Crop Care Australia later deregistered Klerat® for use in
sugar cane fields over concerns relating to secondary poisoning
(Twigg et al., 1999).

An unpublished PhD dissertation examined dynamics of secondary
poisoning of avian predators associated with sugar cane fields in
Queensland and concluded that the coumatetralyl based product used
to control rats did not pose a threat to predatory birds (Ward, 2008).
This conclusion was based largely on the low relative use of canefields
for foraging by predatory birds, the low concentration of coumatetralyl
in rats captured outside of canefields, and the low toxicity and persis
tence of coumatetralyl relative to second generation anticoagulant ro
denticides (Ward, 2008). Unfortunately, no predatory birds in the
treated areaswere directly tested for rodenticide exposure. A lack of de
tection of coumatetralyl in Southern Boobooks in Western Australia as
part of an ongoing study supports the low probability of secondary tox
icity in raptors.

Table 1
Numbers and categories of publications relating to anticoagulant rodenticides in Australia.

Study type Number of publications

Island eradications 14
Non-target wildlife impacts 11
Agricultural/feral control trials 8
Captive study 5
Human exposure 4
Pindone reviews 2
Pet exposure 1
Total 45
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Table 2
Accounts of non-target AR toxicity in Australian wildlife. *Authors do not specify how poisoning was verified.

Species Number Rodenticide Certainty State/Territory Source Likely
Exposure
Type

Deitary Category Reference

Reptiles
King's skink (Egernia kingii) 8 Brodifacoum Physical symptoms Western

Australia
Island rat
eradication

Primary Omnivore Bettink, 2015

Birds
Norfolk Island Boobook
(Ninox novaeseelandiae
undulata)

N/A Brodifacoum Suspected Norfolk Island Unspecified rat
control
program

Secondary Carnivore Debus, 2012

Straw-necked Ibis
(Threskiornis spinicollis)

1 Bromadiolone Physical symptoms New South
Wales

Agricultural
mouse control
trial

Secondary Invertivore/carnivore Saunders, 1983

Barking Owl (Ninox connivens) 1 Unknown Physical symptoms Queensland Unknown Secondary Carnivore Thomas and Kutt,
1997

Barn Owl (Tyto alba) 1 Brodifacoum Liver analysis
(unknown
concentration)

Queensland Agricultural rat
control

Secondary Carnivore Thomas and Kutt,
1997

Lesser Sooty Owl (Tyto
multipunctata)

2 Brodifacoum Liver analysis (0.007
and b 0.005 mg/kg)

Queensland Agricultural rat
control

Secondary Carnivore Thomas and Kutt,
1997

Masked Owl (Tyto
novaehollandiae)

1 Brodifacoum Liver analysis (0.17
mg/kg)

Queensland Agricultural rat
control

Secondary Carnivore Thomas and Kutt,
1997

Southern Boobook (Ninox
novaeseelandiae)

1 Unknown Museum record Queensland Unknown Secondary Carnivore Thomas and Kutt,
1997

Brahminy Kite (Haliastur
indus)

2 Pindone Suspected Western
Australia

Island rat
eradication

Secondary Carnivore Martin et al., 1994

Brown Falcon (Falco berigora) 1 Unknown Physical symptoms Tasmania Private rodent
control

Secondary Carnivore Mooney, 2017

Brown Goshawk (Accipiter
fasciatus)

2 Unknown Physical symptoms Tasmania Private rodent
control

Secondary Carnivore Mooney, 2017

Collared Sparrowhawk
(Accipiter cirrocephalus)

1 Unknown Physical symptoms Tasmania Private rodent
control

Secondary Carnivore Mooney, 2017

Grey Goshawk
(Accipiter novaehollandiae)

5 Unknown Physical symptoms Tasmania Private rodent
control

Secondary Carnivore Mooney, 2017

Tasmanian Masked Owl (Tyto
novaehollandiae castanops)

12 Unknown Physical symptoms Tasmania Private rodent
control

Secondary Carnivore Mooney, 2017

Tasmanian Boobook (Ninox
novaeseelandiae leucopsis)

6 Unknown Physical symptoms Tasmania Private rodent
control

Secondary Carnivore Mooney, 2017

Little Eagle (Hieraaetus
morphnoides)

N/A Pindone Suspected ACT Rabbit control Secondary Carnivore Olsen et al., 2013

Wedge-tailed Eagle (Aquila
audax)

N/A Pindone Suspected ACT Rabbit control Secondary Carnivore Olsen et al., 2013

Whistling Kite (Haliastur
sphenurus)

N/A Pindone Suspected ACT Rabbit control Secondary Carnivore Olsen et al., 2013

Buff-banded Rail (Gallirallus
philippensis)

5 Brodifacoum Physical symptoms Western
Australia

Island rat
eradication

Primary Invertivore Palmer, 2014

Silver Gull (Larus
novaehollandiae)

7 Brodifacoum Physical symptoms Western
Australia

Island rat
eradication

Both Invertivore/carnivore Palmer, 2014

Pacific Golden Plover (Pluvialis
fulva)

1 Brodifacoum Suspected Western
Australia

Island rabbit
eradication

Both Invertivore Palmer, 2014

Ruddy Turnstone (Arenaria
interpres)

28 Brodifacoum Physical symptoms Western
Australia

Island rat
eradication

Secondary Invertivore Palmer, 2014

Buff-banded Rail
(Gallirallus philippensis)

2 Brodifacoum Suspected New South
Wales

Island rabbit
eradication

Not
specified

Omnivore Priddel et al., 2000

Pied Currawong (Strepera
graculina)

1 Brodifacoum Suspected New South
Wales

Island rabbit
eradication

Not
specified

Omnivore Priddel et al., 2000

Little Raven (Corvus mellori) 1 Bromadiolone Physical symptoms Victoria Residential
rodent control

Not
specified

Omnivore Reece et al., 1985

Purple Swamphen
(Porphyrio porphyrio
melanotus)

1 Bromadiolone Physical symptoms Victoria Residential
rodent control

Not
specified

Omnivore Reece et al., 1985

Brown Skua
(Stercorarius antarcticus
lonnbergi)

512 Brodifacoum Physical symptoms Tasmania Island rabbit
eradication

Secondary Carnivore Tasmania Parks and
Wildlife Service,
2014

Kelp Gull (Larus dominicus) 988 Brodifacoum Physical symptoms Tasmania Island rabbit
eradication

Primary Invertivore/carnivore Tasmania Parks and
Wildlife Service,
2014

Northern Giant Petrel
(Macronectes giganteus)

693 Brodifacoum Physical symptoms Tasmania Island rabbit
eradication

Secondary Carnivore Tasmania Parks and
Wildlife Service,
2014

Pacific Black Duck (Anas
superciliosa superciliosa) and
Mallard
(A. platyrhynchos
platyrhynchos)

157 Brodifacoum Physical symptoms Tasmania Island rabbit
eradication

Primary Omnivore Tasmania Parks and
Wildlife Service,
2014

(continued on next page)
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Pindone has been implicated as a factor driving the decline of Little
Eagle (Hieraaetus morphnoides) numbers in and around Canberra
(Olsen et al., 2013). Breeding pairs of Little Eagles disappeared from
areas baited with pindone while pairs in areas baited with 1080 or not
baited at all persisted (Olsen et al., 2013). The high susceptibility of
Wedge tailed Eagles to pindone in laboratory tests (Martin et al.,
1994) lends credibility to the hypothesis that pindone could be respon
sible. Unfortunately, no direct testing of Little Eagles suspected of poi
soning was conducted to confirm pindone exposure and rule out
other ARs from residential and commercial sources.

Recently, a study in Tasmania examined probable rodenticide poi
soning in predatory birds. Six species (Table 2) showed signs of antico
agulant rodenticide poisoning when dissected (Mooney, 2017) but the
rodenticides responsible were not determined or quantified. As part of
this study, thirteen predatory bird species were ranked by risk of roden
ticide exposure according to four natural history parameters: relative
metabolic speed, dietary habits influencing consumption of contami
nated tissues, relative preference for rodents, and willingness to forage
near anthropogenic structures (Mooney, 2017). Development of a
more statistically robust predictive model using similar natural history
parameters to examine risk of rodenticide exposure in a wider range
of predatory species would be an extremely useful step toward
assessing likely population level impacts on wildlife in Australia. Incor
porating variables relating to seasonal dietary shifts and home range
size could potentially improve future models.

The overall lack of attention within Australia to what is perceived as
a potentially serious threatening process for native carnivores in many
other parts of the world suggests the need for Australian studies
which examine potential impacts on native fauna in a quantitative

and comprehensive manner. Susceptibility of marsupial carnivores is
particularly poorly understood and should be a focus of future research.
Furthermore, a surveillance program should be in place in areas of high
AR use, to monitor any dead wildlife for a cause of death. Most of the
studies we used did not sample animals and thus were not able to con
firm suspicions of death due to rodenticide poisoning.

4.3. Governance and legislation of rodenticide use

At present, no information is available on the volume of sales or ap
plication of ARs in Australia. Reporting for all poisons intended to con
trol vertebrates indicates that 222 different products are currently
registered with a total sales reaching $18,601,875.00 in the
2015 2016 fiscal year (Australian Pesticides and Veterinary Medicines
Authority, 2017a). Nine anticoagulants are currently approved for ver
tebrate pest control in Australia (McLeod and Saunders 2013). At pres
ent, all nine are listed as Schedule 6 substances (see Appendix A for
schedule meanings) in Australia (Australian Government Department
of Health: Therapeutic Goods Administration, 2017) (Table 3) and are
legally allowed to be sold directly to the public and do not require gov
ernment permits for purchase or use. In some cases, more concentrated
formulations of SGARs are listed as Schedule 7 substances and are re
stricted to licensed pesticide applicators (Australian Government De
partment of Health: Therapeutic Goods Administration, 2017) while
products containing low concentrations of some FGARs are registered
as schedule 5 substanceswhich require only simplewarnings and safety
directions for public sale (Table 3). The FGAR diphacinone is currently
approved as an active ingredient but has no products registered with
the APVMA after July 2016 (Australian Pesticides and Veterinary

Table 2 (continued)

Species Number Rodenticide Certainty State/Territory Source Likely
Exposure
Type

Deitary Category Reference

Southern Giant Petrel
(Macronectes halli)

38 Brodifacoum Physical symptoms Tasmania Island rabbit
eradication

Secondary Carnivore Tasmania Parks and
Wildlife Service,
2014

Unknown Bird 5 Brodifacoum Physical symptoms Tasmania Island rabbit
eradication

Not
specified

Tasmania Parks and
Wildlife Service,
2014

Unknown giant petrel
(Macronectes sp.)

31 Brodifacoum Physical symptoms Tasmania Island rabbit
eradication

Secondary Carnivore Tasmania Parks and
Wildlife Service,
2014

Australian Ringneck
(Barnardius zonarius)

N/A Pindone Suspected Western
Australia

Rabbit control Primary Herbivore Twigg et al., 1999

Brahminy Kite (Haliastur
indus)

N/A Pindone Suspected Western
Australia

Rabbit control Secondary Carnivore Twigg et al., 1999

Crested Pigeon (Ocyphaps
lophotes)

N/A Pindone Known* Western
Australia

Rabbit control primary Herbivore Twigg et al., 1999

Grass Owl (Tyto longimembris) 1 Brodifacoum Liver analysis Queensland Agricultural rat
control

Secondary Carnivore Young and Lai, 1997

Masked Owl (Tyto
novaehollandiae)

1 Brodifacoum Physical symptoms Queensland Agricultural rat
control

Secondary Carnivore Young and Lai, 1997

Rufous Owl (Ninox rufa) 2 Brodifacoum Physical symptoms Queensland Agricultural rat
control

Secondary Carnivore Young and Lai, 1997

Mammals
Southern brown bandicoots
(Isoodon obesulus)

N/A Pindone Liver analysis Western
Australia

Rabbit control Primary Omnivore Twigg et al., 1999

Swamp wallaby (Wallabia
bicolor)

N/A Pindone Known* New South
Wales

Rabbit control Primary Herbivore Twigg et al., 1999

Western grey kangaroo
(Macropus fuliginosus)

N/A Pindone Known* Western
Australia

Rabbit control Primary Herbivore Twigg et al., 1999

Brushtail possum
(Trichosurus vulpecula)

7 Unknown Physical symptoms Queensland Unknown Not
specified

Omnivore Grillo et al., 2016

Boodie (Bettongia lesueur) 20–50 Pindone Population
eradicated

Western
Australia

Island rat
eradication

Primary Herbivore Morris, 2002
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Medicines Authority, 2017b). However, remaining stock can still be
used for 12 months following a stopped registration (Commonwealth
of Australia, 1994) and MSDS sheets obtained from a pest management
contractor seem to indicate that at least one diphacinone product is still
in use at present. The APVMA has prioritised a review of the status of all
SGARs currently approved in Australia (brodifacoum, bromadiolone,
difenacoum, difethialone, and flocoumafen) citing concerns over public
health, worker safety, and environmental safety (Australian Pesticides
and Veterinary Medicines Authority, 2015).

Increasing concerns over risks to the health and safety of humans
and pets and impacts on non targetwildlife have prompted stricter reg
ulation of anticoagulant rodenticides particularly SGARs in several
developed nations. While rodenticide legislation is often complex and
varies substantially between countries, the trend is toward stricter leg
islation than currently exists in Australia. In theUnited States, SGARs are
restricted to licensed pesticide applicators, only allowed to be used in
doors, and are required to be placed in containers which exclude chil
dren and pets (Bradbury, 2008). Similar requirements were
subsequently implemented in Canada (Health Canada: Pest Manage
ment Regulatory Agency, 2010). A somewhat different approach is
taken in theUK,where SGARS are licensed for outdoor use but an indus
try taskforce has been established to monitor both rodenticide applica
tor usage patterns and breeding success and SGAR residues in the livers
of one sentinel species Barn Owls (Tyto alba) to determine the im
pacts of this legislative change on exposure rates (Shore et al., 2016).
These alternative models of AR regulation and the direction they repre
sent in evolving global norms should be considered when evaluating
current Australian regulations.

Given the changes in legislation governing the use of ARs in other
developed nations and demonstrated impacts on human health and
wildlife populations overseas, we support the ongoing review of the
use and scheduling of SGARs in Australia by the APVMA. In Australia,
AR poisoning has been documented in pets (Robertson et al., 1992)
and humans (Osborne et al., 2017), particularly children (Ozanne
Smith et al., 2001; Parsons et al., 1996; Reith et al., 2001). Roughly
1400 human exposures to ARs per year are recorded by Poison Informa
tion Centres in Australia (Australian Pesticides and Veterinary Medi
cines Authority, 2015). Removal of SGARs from retail sale to the public
by listing all SGARs as schedule 7 poisons and implementing stricter re
quirements that baits be used only indoors and placed in a manner that
makes them inaccessible to children and pets will help to bring
Australian practices closer to emerging global norms and best practices.
These actions are likely to help to mitigate human health and safety
risks and exposure in non target wildlife. Critical evaluation of whether
these practices are effective will require long term monitoring of AR
residues in appropriate sentinel species as practiced in theUK before
and after any regulatory changes are implemented. Ongoing research
into exposure patterns in Southern Boobooks will provide valuable

baseline data for a widely distributed sentinel species if the suggested
regulatory changes are implemented.

4.4. Current uses in Australia

4.4.1. Agricultural
In Australian agriculture, ARs are primarily used in asset protection

around infrastructure and grain storage areas andmany first and second
generation products are licensed for these purposes. In the past, several
trials have been conducted on broadscale application of rodenticides in
Australian cropping systems.

Brown and Singleton (1998) found aerial distribution of
brodifacoum based baits effective at controlling mice in wheat fields
in South Australia in a field trial and the authors suggested that applica
tion according to guidelines was unlikely to cause substantial non
target mortality. However, mice were observed to be active during the
day following the baiting, which the authors acknowledged could in
crease the risk of secondary poisoning in predatory species (Brown
and Singleton, 1998). To our knowledge, aerial distribution of
brodifacoum baits in wheat crops has never been implemented on an
operational basis in Australian agriculture.

Several trials of bromadiolone efficacy in controlling mouse plagues
have been conducted in agricultural crops in Australia. In the earliest of
these studies, aerial application was used to distribute bromadiolone
bait directly into sunflower crops in New South Wales (Saunders,
1983). Bromadiolone was identified as the most promising of the
three toxicants tested but the authors noted concern over
bromadiolone's slowmethod of action potentially facilitating secondary
poisoning of predators selecting for poisoned mice (Saunders, 1983).
One Straw necked Ibis (Threskiornis spinicollis) was found dead of ap
parent rodenticide poisoning after having consumed 6 10 mice in an
area where bromadiolone had been aerially applied as part of a trial to
control mice in sunflower crops (Saunders, 1983). In a subsequent
study, wheat laced with bromodialone was applied a single time in
bait stations in soybean crops in New South Wales (Twigg et al.,
1991). The study did not search for or detect any mortalities in non
target wildlife but cautioned that “The risks to non target species and
of contaminating primary produce posed by broad scale use of rodenti
cides would need to be assessed fully before these chemicals could be
come an integral part of farm management. In Australia, such data are
sparse and research is required urgently” (Twigg et al., 1991). The
only subsequent available study on broad scale use of bromadiolone
in agriculture used a fertiliser spreader to apply four treatments of
wheat laced with bromadiolone to “refuge habitat, channel banks,
fence lines, non arable land and road verges” within 200 m of soybean
crops in New South Wales but failed to demonstrate significant reduc
tions in crop damage (Kay et al., 1994). It does not appear that non
target exposure was evaluated as part of this study.

Table 3
Anticoagulants currently approved for vertebrate pest control in Australia. Some anticoagulants are assigned different schedules dependant on formulation. *Some disagreement exists as
to whether these should be treated as first or second generation anticoagulants †Warfarin is used therapeutically in humans as a blood thinner.

Anticoagulant Chemical class Generation Schedule (See Appendix A) Acute Oral LD50

(Rattus
norvegicus) mg/kg

LD50 Reference Approved Target
Species

Brodifacoum Hydroxycoumarins Second 6 (0.25% or less) or 7 0.27 Godfrey, 1985 Mice and rats
Bromadiolone Hydroxycoumarins Second 6 (0.25% or less)or 7 0.57–0.75 Meehan, 1978 Mice and rats
Coumatetralyl Hydroxycoumarins First 5 (0.05% or less), 6 (1% or less), or 7 16.5 Dubock and Kaukeinen,

1978
Mice and rats

Difenacoum Hydroxycoumarins Second 6 (0.25% or less) or 7 1.8–3.5 Bull, 1976 Mice and rats
Difethialone Hydroxyl-4-benzothiopyranones Second 6 (0.0025% or less) or 7 0.27–0.69 Lechevin and Poche, 1988 Mice and rats
Diphacinone Indandiones First* 6 1.93–2.7 Fisher et al., 2003 Approval

expired
Flocoumafen Hydroxycoumarins Second 6 (0.005% or less) or 7 0.25–0.56 Lund, 1988 Mice and rats
Pindone Indandiones First* 6 75–100 Fisher et al., 2003 Rabbits
Warfarin Hydroxycoumarins First 4†, 5 (0.1% or less), or 6 3.3 Fisher et al., 2003 Mice and rats
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Contrary to the warning issued by Twigg et al. (1991), which cau
tioned a more complete assessment of non target impact prior to the
broad scale use of ARs in agriculture, under some circumstances, ARs
are or have been used in or adjacent to crops to control mice and rats.
During mouse plagues, temporary registrations for the use of
bromadiolone have been issued for use in wheat crops in Victoria in
1984, perimeter baiting of oilseed crops in New South Wales in
1984 1985, and in soybean crops in New South Wales in 1989 (Twigg
et al., 1991). Expired permits issued to allow the baiting of crop perim
eters with bromadiolone show valid periods between 16 September
1999 and 31 December 1999 (PER3031); 06 December 2006 and 30
March 2009 (PER9543); and 31 March 2009 and 30 June 2016
(PER11331) (Australian Pesticides and Veterinary Medicines Authority,
2017b). There are no current permits for the use of bromadiolone in pe
rimeter baiting around crops but a current New South Wales govern
ment factsheet and web page state that bromadiolone bait can be
prepared by the Livestock Health and Pest Authority (LHPA) for avail
ability to farmers in perimeter baiting around crops (New South
Wales Department of Primary Industries, 2011; New South Wales
Government: Department of Primary Industries, 2017).

The SGAR brodifacoum was also previously applied broadscale in
sugar cane fields in Queensland (Young and Lai, 1997) but the registra
tion for that use has since been revoked over concerns about mortality
in non target wildlife (Twigg et al., 1999). The use of brodifacoum in
this context has largely been replaced by the use of the FGAR
coumatetralyl. Research on non target impacts of coumatetralyl in
sugar cane fields demonstrated low risk of secondary toxicity (Ward,
2008). Coumatetralyl is currently registered for use in pineapple,
macadamia, and sugar cane crops in all states and territories
(Australian Pesticides and Veterinary Medicines Authority, 2017b).

Published literature and official accounts may seriously underesti
mate the usage of ARs in cropping systems in Australia. A study of sec
ond generation anticoagulant use in agricultural systems in Northern
Ireland found that total compliance with best practice application
methods was rare and lack of compliance probably facilitated greater
risk of secondary toxicity to native wildlife (Tosh et al., 2011). Within
Australia, landowners have requested pindone with the intention of
using it to reduce kangaroo abundance in contravention of its label
(Twigg et al., 1999). Many ARs are readily available in hardware and ag
ricultural supply stores in Australia without a permit and the potential
for use contrary to labelling restrictions is high. A better understanding
of current legal and illegal usage of ARs in agriculture is necessary to de
termine the likelihood of secondary poisoning of non target species in
agricultural systems.

4.4.2. Conservation
ARs have a long history of use on islands and in fenced reserves

worldwide for eradication of rodents for conservation purposes. At
present, application of ARs is the only effective way of removing intro
duced rodents from islands larger than 5 ha for conservation purposes
(Campbell et al., 2015). Many successful andwell documented eradica
tions of introduced rodents and rabbits have been conducted in
Australia using ARs (Bettink, 2015; Burbidge, 2004; Cory et al., 2011;
Dunlop et al., 2015; Meek et al., 2011; Morris, 2002; Priddel et al.,
2000; Tasmania Parks and Wildlife Service, 2014). Pindone was used
in some early eradications but its use has largely been supplanted by
brodifacoum (Burbidge and Morris, 2002) and bromadiolone (Meek
et al., 2011). Reviews of island eradications have been conducted for
New South Wales (Priddel et al., 2011) and Western Australia
(Burbidge and Morris, 2002).

During the course of some eradications, high levels of non target
mortality and poisoning of species listed under the Australian Environ
ment Protection and Biodiversity Conservation Act 1999 have been docu
mented. In one instance, boodies (Bettongia lesueur) (listed as
vulnerable) were accidentally eradicated on Boodie Island along with
the intended target, black rats (Rattus rattus) (Morris, 2002). An

eradication of black rats was proposed for Woody Island in Western
Australia but was halted when the rats on the islandwere subsequently
identified as a native species (Rattus fuscipes) (Burbidge et al., 2012).
During the successful eradication of rabbits, black rats, and mice (Mus
musculus) on Macquarie Island, concerns were expressed by the public
and government authorities over the observed mortality of 2424 indi
viduals from several seabird andwaterfowl species, presumably related
to the use of the SGAR brodifacoum (Tasmania Parks and Wildlife
Sevice, 2014). While some species, especially Northern Giant Petrels
(listed as vulnerable) experienced substantial population level declines
as a result of the baiting, the reductions were expected to be temporary
and removal of introduced mammals has already facilitated improved
population parameters in a number of seabird species (Tasmania
Parks and Wildlife Service, 2014). Endangered Southern Giant Petrels
were also lethally poisoned during the course of this eradication
(Tasmania Parks and Wildlife Service, 2014). Collateral damage to
non target species may be acceptable and necessary in some situations
but more careful consideration and planning are required to avoid poor
outcomeswhich have occurred or been narrowly averted during rodent
eradications in the past. In some instances, bait boxes modified to ex
clude native fauna may decrease the incidence of primary of non
target wildlife AR exposure during eradication attempts (Moro, 2001).
Use of biological control agents prior to baiting can also increase the
probability of success and reduce the volume of poison needed to re
move target animals (Priddel et al., 2000). Close monitoring of non
target mortality during and after island eradications is necessary to
properly assess the relative benefit to native biodiversity.

In Australia, ARs have also been tested as a method to control feral
pigs for conservation purposes and reduction of agricultural threats. Tri
als using the FGAR warfarin were conducted in New South Wales
(Choquenot et al., 1990; Saunders et al., 1990) and the Australian Capi
tal Territory (McIlroy et al., 1989). While two of the three trials found
the use of warfarin to be highly effective, this method does not appear
to have been put into practice due to concerns over animal ethics,
non target exposure, and a shift toward the use of 1080 baits for pig
control (Cowled et al., 2008). However, the use of warfarin to control
feral pigs in Australia has been recommended in thepublished literature
as recently as 2014 (McIlroy, 2014). While warfarin is unlikely to cause
secondary poisoning in exposed wildlife, the risk of primary poisoning
to wildlife consuming bait intended for pigs is likely too high to warrant
the use of this method of control.

4.4.3. Residential and commercial
Patterns of residential and commercial use of ARs in Australia are

poorly known. At present, the Australian Pesticide and Veterinary Med
icine Association (APVMA) lists seven ARs (two FGARs and five SGARs)
as registered for use in Australia in commercial and residential settings
(Table 3). We have observed two FGARs (warfarin and coumatetralyl)
and three SGARs (brodifacoum, bromadiolone, and difenacoum) avail
able for purchase by the public at retail outlets in Western Australia.
The SGARs flocoumafen and difethialone are also used by commercial
pest control companies in residential and commercial settings. Residues
of both have been detected in native wildlife in Western Australia. Pat
terns of availability to unlicensed individuals are similar to those in the
UKwhere three FGARs and five SGARs are registered for use and are not
restricted to licensed applicators (Shore et al., 2016). However, regula
tions governing AR use are substantially more restrictive in some
other industrialized countries. In the US, three FGARs are permitted
for use by the public but all four registered SGARs are restricted to use
by licensed pesticide applicators (Bradbury, 2008). Similarly, in
Canada the public has access to three FGARs and licensed contractors
may use an additional three SGARs (Health Canada: Pest Management
Regulatory Agency, 2010).

The lack of available data on the quantities of ARs used in domestic
and commercial settings and the locations where they are used makes
it nearly impossible to gauge the potential non target impacts of these
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products. Only two publications directly implicate private use of roden
ticides in non target mortality in Australia. In themost definitive exam
ple, brodifacoum was implicated in the deaths of a Purple Swamphen
(Porphyrio porphyrio melanotus) and Little Raven (Corvus mellori)
which showed signs of AR poisoning after baiting in a residential area
(Reece et al., 1985). In Tasmania, residential and small scale agricultural
baiting is thought to have been the source of ARs responsible for the
suspected lethal poisonings of 27 individuals from six raptor species
(Mooney, 2017). Given that use of rodenticides in conservation and ag
ricultural contexts is relatively limited and only occurs periodically, the
total amount deployed in residential and commercial settings is likely to
be far greater. Accordingly, overseas studies on rodenticide exposure in
bobcats (Lynx rufus) in America (Riley et al., 2007) and a variety of bird
and mammal species in Spain (López perea et al., 2015) indicate a spa
tial correlation between population density and AR exposure inwildlife.
Collection of basic information on the quantities of ARs sold to private
residents and pest control contractors by locality coupled with system
atic testing of wildlife populations across different land use types will
be essential in assessing the risks posed to non target wildlife by resi
dential and commercial use of ARs.

4.5. Unique considerations in Australia

4.5.1. Pindone
Unlike other ARs used in Australia, the SGAR pindone has received

more scrutiny and has been the focus of a greater body of research be
cause of its longer history of use and large scale of use in rabbit control.
At present, it is only registered for use in Australia and New Zealand
(Fisher et al., 2015; Twigg et al., 1999) and, as a consequence, has re
ceived little attention by researchers elsewhere in the world. Efficacy
trials for rabbit control were conducted in Western Australia in
1971 1975 (Oliver et al., 1982) and 1981 1982 (Robinson and
Wheeler, 1983). Pindone was registered in Western Australia for rabbit
control in 1984 and was subsequently registered for the same use in all
other Australian states (Twigg et al., 1999). Pindone was registered for
use in New Zealand in 1992 (Twigg et al., 1999). In Australia, pindone
is used in rabbit control primarily in areas where the use of sodium
fluoroacetate (1080) is deemed to pose too great a risk to humans and
pets (Department of Agriculture and Food Western Australia, 2015).
Such areas include “market gardens, golf courses, hobby farms, around
farm buildings” (Twigg et al., 1999) and bushlands adjacent to popu
lated areas. In the past, it has also been used in island eradications of
rabbits and rodents prior to being largely replaced by brodifacoum
(Burbidge and Morris, 2002; Priddel et al., 2011).

Pindone use in Australia has been the subject of extensive review
(National Registration Authority For Agricultural and Veterinary
Chemicals, 2002; Twigg et al., 1999) prompted by public concern over
reports of lethal poisoning of non target species (Table 2). As a conse
quence, additional restrictions were placed on the sale of pindone con
centrates and labelling was required to include a “statement not to lay
baits in the vicinity of native animal habitat” (National Registration
Authority For Agricultural and Veterinary Chemicals, 2002).

At present, little is known about the effects of pindone on non target
species. Pindone has been shown in laboratory tests to have varying ef
fects on different native Australian bird taxa (Martin et al., 1994).
Wedge tailed Eagles were more susceptible than other species tested
but Common Bronzewings (Phaps chalcoptera) and other granivores
were also noted to be at high risk of poisoning due to direct consump
tion of poisoned grain (Martin et al., 1994). Despite the authors' recom
mendation forfield studies of impacts onWedge tailed Eagles and other
raptors (Martin et al., 1994), to the best of our knowledge, no further
study on this topic has been conducted in Australia.

The repeated use of an anticoagulant in natural areas to control but
not eradicate rabbits appears to be unique to Australia and New
Zealand. The repeated pattern of use in the same areas may pose a seri
ous long term threat to susceptible wildlife populations. This may be

especially problematic for long lived species with low reproductive
rates which are unable to sustain low levels of additive mortality. The
potential link between pindone baiting and the decline of Little Eagles
in Canberra (Olsen et al., 2013) exemplifies this concern. However, an
ongoing study of rodenticide exposure in Southern Boobooks has not
detected any pindone residue in samples tested to date despite testing
of samples obtained in areas where pindone baiting has occurred. Dif
ferences in diet, territory size, and metabolism could account for this
lack of detection. In some instances, reduction of prey abundance via
ARs could potentially drive declines in predatory species rather than di
rect ARs toxicity. However, in the instance of Little Eagles in Canberra,
this does not appear to be the case, as the decline of Little Eagle abun
dance was independent of rabbit abundance (Olsen et al., 2013). Addi
tional research into the sensitivity of Australian fauna to pindone and
the population impacts of different patterns of use are necessary to de
termine the extent and severity of impacts on non target fauna. At min
imum, the continued use of pindone to control rabbits in bushland areas
needs to be evaluated as to whether it provides a net benefit or detri
ment to the conservation of native biodiversity.

Human consumption of rabbits is common in agricultural areas and
may facilitate some risk of human exposure to pindone. Risk of substan
tial human exposure is reduced by the fact that livers are not typically
consumed. However, pindone has been demonstrated to accumulate
in fat tissue in rabbits at similar concentrations to liver tissue (Fisher
et al., 2015). Some discussions of risk of human exposure to ARs via in
gestion of contaminated gamemeats have suggested that cooking prior
to consumption might reduce AR exposure through degradation of the
relevant chemicals (Eisemann and Swift, 2006). Conversely, subsequent
empirical research demonstrated that, at least in pig tissues contami
nated with diphacinone, cooking did not substantially reduce AR con
centration (Pitt et al., 2011). While we consider the risk of pindone
poisoning associated with human consumption of wild rabbits to be
low due to its relatively short half life and low acute toxicity, as a min
imum precaution we recommend adhering to established 5week with
holding period for livestock exposed to pindone (Twigg et al., 1999).

4.5.2. Reptiles
We found only one example of documented or suspected lethal AR

poisoning of reptiles in Australia (Bettink, 2015) in the course of our lit
erature search. A further investigation of international literature re
vealed serious gaps in knowledge relating to impacts of ARs on
reptiles and their potential role as vectors to higher trophic levels. In
combination, the few existing published accounts suggest that some
reptiles may be more resistant to anticoagulant rodenticides than
birds or mammals. As a consequence, developing a better understand
ing of how reptiles are impacted by AR exposure and their potential as
vectors tomore vulnerable taxawill be critical to evaluating the ecotox
icology of ARs in areas of theworldwhere reptiles are a substantial com
ponent of biodiversity.

The mechanisms by which carnivorous birds and mammals are ex
posed to ARs have not been widely researched (Elliott et al., 2014).
The few studies investigating AR exposure in intermediate vectors
tend to focus on insects (Masuda et al., 2014), and small mammals
(Brakes and Smith, 2005) as potential vectors (Elliott et al., 2014) with
the vastmajority of work focusing on target and non target small mam
mals (Hoare and Hare, 2006). Because most of these studies have been
conducted in temperate areas of Europe or North America, theymay not
be representative of dominant exposure pathways in tropical andwarm
arid areas of the world. In areas where reptiles are more diverse and
abundant, reptiles may act as an important pathway for transmission
of ARs through terrestrial food webs because of their increased relative
importance as prey items for carnivores at higher trophic levels (Hoare
andHare, 2006). Furthermore, in ecosystemswith a high predominance
of carnivorous reptiles e.g. snakes, monitor lizards and large skinks,
there may be a direct bio accumulation effect when reptiles prey on
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rats ormice directly, or on other reptiles, leading to a negative impact on
larger bodied reptiles (Bishop et al., 2016; Olsson et al., 2005).

Reptiles make up a substantial proportion of the prey base of some
carnivores in Australia (Doherty et al., 2015; Paltridge, 2002) and com
prise N80% of the biomass in the diets of some predatory bird species
(Aumann, 2001). Reptile diversity and abundance is substantially
higher in Australia than in Europe and North America (Roll et al.,
2017) where secondary anticoagulant rodenticide exposure has been
more comprehensively assessed in native fauna. As a consequence, un
derstanding patterns of exposure in reptiles and their capacity to trans
mit ARs to higher trophic levels is critical to understanding ecosystem
level AR exposure in Australia and other countries with high reptile
abundance. Only a few studies have investigated the mechanisms and
ramifications of AR exposure in reptiles (Hoare and Hare, 2006). In
one instance, the SGAR brodifacoumwas detected in Pinzón lava lizards
(Microlophus duncanensis) up to 850 days after baiting of an uninhab
ited island with no other rodenticide sources (Rueda et al., 2016).
Long duration of AR persistence in lava lizards could be a consequence
of recursive exposure from consumption of invertebrates feeding on
reptile faeces containing AR residue, low elimination rates by lizards,
or slow decomposition leading to prolonged availability of bait (Rueda
et al., 2016). Subsequent deaths of 22 Galapagos hawks (Buteo
galapagoensis) showing signs of rodenticide toxicity were attributed to
secondary poisoning resulting from consumption of lava lizards, as
was the death of a short eared owl (Asio flammeus) found deadwith le
thal concentrations of brodifacoum present in its liver 773 days after
baiting (Rueda et al., 2016). If other reptile species are also capable of
vectoring lethal levels of rodenticide to higher trophic levels for greater
than two years after initial exposure, the threat of secondary poisoning
to carnivorous birds andmammals in regions of the world with diverse
and abundant herpetofaunas may be severely underestimated.

High tolerance to AR exposure may also increase the efficacy of rep
tiles as vectors of ARs to higher trophic levels. At least some reptiles ap
pear to be substantially more resistant to AR toxicity than birds or
mammals (Weir et al., 2015). An acute oral LD50 of 550 μg/g was deter
mined for the AR pindone in Western fence lizards (Sceloporus
occidentalis) (Weir et al., 2015). No LD50 was determined for the
SGAR brodifacoum because all western fence lizards tested survived
the highest does of 1750 μg/g (Weir et al., 2015). Both LD50s are three
to five orders of magnitude higher than inmost bird andmammals spe
cies tested (Laakso et al., 2010). Similarly, when prairie rattlesnakes
(Crotalus viridis) were fed three laboratory mice poisoned with
bromadiolone over the course of three weeks, none of the snakes died
or showed signs of rodenticide toxicity in the 30 days following the
treatment despite consuming more mg/Kg brodifacoum than the
LD50s established for several mammal species in the same study
(Poché, 1988). Pitt et al. (2015) examined brodifacoum residues in
112 geckoes (Lepidodactylus lugubris and Hemidactylus frenatus) col
lected on Palmyra Atoll after rat control operations. They noted a peak
concentration of 0.067 μg/g and detectable concentrations at about
half of this rate were still noted 60 days post baiting (Pitt et al., 2015).
Pitt et al. (2015) concluded that geckos were unlikely to experience
mortality but on islands where secondary predators existed, there
could be some ecosystem wide impacts. Similarly, bungarras or Gould's
goannas (Varanus gouldii)were observed consuming rats poisonedwith
brodifacoum during an eradication in the Montebello Islands of West
ern Australia, but did not appear to experience adverse effects
(Burbidge, 2004). If a tolerance for rodenticides exists across multiple
reptile taxa, reptiles may be more effective at concentrating and trans
mitting ARs to higher trophic levels than the small mammals which
have been more commonly examined as potential vectors of ARs to
higher trophic levels.

Conversely, in some instances, apparent susceptibility of some rep
tile species to ARs has been observed or hypothesized. In Australia, the
single documented account of lethal AR toxicity in reptiles involved
the direct ingestion of brodifacoum baits by King's skinks (Egernia

kingii) during a rat eradication on Penguin Island in Western Australia
(Bettink, 2015). Eight of the skinks were found dead and exhibited
haemorrhage associated with AR toxicity and several others were
treated with vitamin K and released (Bettink, 2015). Subsequent analy
sis revealed a concentration of 1.3 mg/kg in the liver of one of the dead
skinks (Bettink, 2015). This liver concentration is well above minimum
lethal thresholds suggested for many bird and mammal species so it is
difficult to infer relative susceptibility of King's skinks from this event.
Sánchez Barbudo et al. (2012) documented the death of a horseshoe
whip snake (Hemmorrhois hippocrepis) due to flocoumafen used to pro
tect a seabird colony. A number of anecdotal accounts of lethal AR poi
soning have also been reported in skinks and geckos (Wedding et al.,
2010). Susceptibility of goannas in Australia to poisoning with
brodifacoumhas also been suggested (James, 1997), although it appears
that this only considers the likelihood of exposure due to carrion being a
component of their diet rather than an actual vulnerability to the effects
of brodifacoum. The lack of observed mortality in some reptile species
may be due to a delayed onset of effects relative to birds andmammals.
This possibility is supported by the observation of the deaths of six
Galápagos land iguanas (Conolophus subcristatus) more than two
months after their island was baited with brodifacoum to control rats.
Merton (1987) described a similar incident in which Telfair's skinks
(Leiolopisma telfairii) were found dead three to six weeks after AR bait
was used on Round Island, Mauritius. The delay in mortality was pre
sumed to be a result of some physiological difference between reptiles
and bird and mammals (Merton, 1987). If some reptiles are susceptible
to AR poisoning but exhibit substantially delayedmortality, theymay be
extremely effective vectors to vulnerable species in higher trophic levels
if they are able to ingest higher levels of rodenticide over the pre lethal
period and if mortality is preceded by behaviours which increase the
likelihood of predation. Laboratory toxicity tests are needed across a
representative suite of reptile taxa to resolve questions around the dan
gers posed to reptiles by ARs and the capacity of reptiles to vector ARs to
higher trophic levels. Extensive testing of wild reptiles would be useful
in assessing exposure rates and ecological impacts of reptile exposure to
ARs.

Primary consumption of ARs by reptiles through direct consump
tion of baits intended for rodents also requires additional evaluation
as a source of AR contamination in terrestrial ecosystems. In captive
trials, some but not all skinks (Oligosoma maccanni) consumed or
licked pindone bait, with increased consumption when the bait
was wet (Freeman et al., 1996). Direct consumption of brodifacoum
baits by Shore Skinks (Oligosoma smithi) in the wild has been ob
served in New Zealand (Wedding et al., 2010). Wedding et al.
(2010) cite records of five other skink species eating cereal baits,
some of which contained rodenticides. Bennison et al., 2016 used
dye tracers to prove that the large carnivorous King's Skink
(Egernia kingii) had ingested non toxic baits laid out on islands off
theWest Australian coast. King's Skinks were subsequently observed
consuming baits containing brodifacoum during the course of a rat
eradication on Penguin Island in Western Australia, despite the use
of specially designed bait containers intended to exclude the skinks
(Bettink, 2015). Others have observed bobtails (Tiliqua rugosa) an
other large omnivorous skink inside AR bait boxes in urban areas
(Ashleigh Wolfe, Personal communication).

These examples are cause for concern, as both bobtails and large
skinks in the genus Egernia have been documented as prey remains at
Wedge tailed Eagle (Aquila audax) nests across a large geographic
area (Brooker and Ridpath, 1980). In one instance, remains of 13 bob
tails were found below a Wedge tailed Eagle nest on a single visit
(Simon Cherriman, unpublished data). Wedge tailed Eagles are impor
tant top carnivores in Australian foodwebs and are highly susceptible to
toxicity from the anticoagulant rodenticide pindone relative to other
bird species tested (Martin et al., 1994). Other carnivorous birds and
mammals with a higher proportion of reptiles in their diet could poten
tially be at greater risk.
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Reptiles could also potentially serve as an effective vector of ARs be
tween invertebrates which consume baits and more sensitive verte
brates at higher trophic levels. Invertebrates have been implicated in
directly vectoring rodenticides to bird species including New Zealand
Dotterels (Charadrius obscurus aquilonius) (Dowding et al., 2006) and
nestling Stewart Island robins (Petroica australis rakiura) (Masuda
et al., 2014) as well as the insectivorous European hedgehog
(Erinaceus europaeus) (Dowding et al., 2010). If the relative tolerance
of ARs demonstrated by Weir et al. (2015) is consistent across numer
ous reptile taxa, the potential for reptiles to bioaccumulate and
biomagnify ARs from lower trophic levels and subsequently retain
them for long periods of timemakes insectivorous reptiles a potentially
important and widely unrecognised vector for anticoagulant rodenti
cides to more susceptible fauna in higher trophic levels.

In Australia, some reptile species, particularly goannas (Varanus
spp.), are a culturally and economically important component of a tradi
tional diet for some indigenous peoples (Scelza et al., 2017). Liver tissue
of varanids is consumed by some indigenous groups (Caroline Long,
Personal communication) and fatty tissues of monitor lizards are
eaten preferentially to other body parts (Gracey, 2000). Some rodenti
cides are known to accumulate to high levels in fat tissue in mammals
(Fisher et al., 2015) but accumulation patterns in reptiles are unknown.
During the course of a rodent eradication on islands in Western
Australia, bungaras (Varanus gouldii) were “observed eating dead and
dying rats to the extent that some droppings contained the green dye
from the bait” which contained brodifacoum but no mortalities were
observed (Burbidge, 2004). These observations raise concerns that if
baiting has occurred in or near areas where traditional hunting of
varanids takes place, the consumption of varanid tissues likely to accu
mulate ARs may present a previously unrecognised human health and
safety risk. Consumption of feral cats by indigenous people may pose
another pathway for rodenticide exposure, as feral cats have been
killed by secondary AR poisoning during baiting events in New
Zealand (Alterio, 1996). Several studies have cautioned against the
consumption of wild game in areas where ARs have been used
(Eisemann and Swift, 2006; Pitt et al., 2011), particularly SGARs
(Eason et al., 2001). The risks posed by consumption of varanids
may be substantially greater than risks associated with rabbit con
sumption for several reasons. Unlike rabbits which are targeted in
discrete baiting events with a FGAR for which there is an established
withholding period, varanids are not exposed in a predictable man
ner and may be chronically exposed to stronger and more persistent
SGARs with no established withholding period. The presumed
greater physiological tolerance of varanids to ARs and the regular
consumption of varanid livers as part of traditional practices consid
erably elevate the risks associated with varanid consumption rela
tive to rabbit consumption. Urgent investigation of potential
rodenticide accumulation in varanids is needed but should take
into consideration the high value of this taxon as a traditional food
source and the cultural importance of traditional hunting practices.
Use of wild reptiles as a food resource is most common in tropical
and subtropical areas of the world (Klemens and Thorbjarnarson,
1995) where the prevalence of ARs in wildlife has not been well
studied.

The limited literature available suggests that some reptile species are
capable of direct bait consumption, long AR retention time, and a capac
ity to tolerate and biomagnify high concentrations of potent SGARs.
These attributes potentially greatly increase the risk of secondary and
tertiary vectoring of ARs to more susceptible bird and mammal species
in higher trophic levels relative to other regions of the world where
small mammals are believed to be the primary vectors. Additional re
search into the prevalence of AR exposure across a representative sam
ple of reptile taxawill be critical to evaluating the threat of secondary AR
poisoning to wildlife in Australia and other countries with high abun
dance and diversity of reptiles. Depending on the severity and extent
of exposure detected, additional work may be warranted to investigate

the pathways driving this exposure and the role that reptiles play in
vectoring rodenticides to animals in higher trophic levels including
humans.

5. Conclusions and recommendations

Most research on exposure of non target wildlife to ARs has been
conducted in cool temperate regions, particularly in North America,
Europe, and New Zealand. Patterns of exposure detected in these stud
ies may differ from those in Australia and other tropical and warm arid
countries due to differences in the specific ARs used, regulations
governing use, and fundamental differences in the taxonomic composi
tion and susceptibility of native fauna. A better understanding of
existing knowledge gaps will facilitate more effective and
scientifically informed mitigation measures in Australia and countries
with similar climates.

In Australia, individuals from 37 species across different feeding
guilds, trophic levels, and taxonomic groups have tested positive for
AR exposure or are suspected to have been lethally poisoned but most
documentation is anecdotal or opportunistic in nature. Instances of poi
soning were documented across a wide range of geographic areas but
spatial patterns of AR exposure are poorly understood. To date, no thor
ough investigations directly testing for AR exposure in Australian wild
life have been conducted. Island eradications, feral rabbit control,
agricultural application, and residential use have all been implicated
as sources of ARswhich caused non targetwildlifemortality but the rel
ative contributions of these sources have not been quantified.

In aggregate, what little research exists on the interaction between
reptiles and ARs, suggests that at least some reptile species may be rel
atively resistant to the effects but likely to be exposed at high levels.
Physiological tolerance, coupled with long retention times could make
reptiles effective vectors of ARs in areas of the world where reptiles
are abundant. Understanding these dynamics will be critical to under
standing the ecology of ARs in tropical and warm arid climates where
impacts on wildlife are largely unknown. Effective vectoring of ARs by
reptiles poses a potential unevaluated risk to human health in areas
where wild reptiles are harvested for human consumption.

At present, Australia's regulatory framework governing the use of ARs
is not consistent with emerging practices in other industrialized nations.
Restricting SGARs to licensed users and indoor use will likely reduce the
incidence and severity of non target poisoning and the use of lockable
bait boxes could reduce risks to children and pets. Coupling these pro
posed changes with targeted monitoring of rodenticide residues in se
lected sentinel species will be important in evaluating the efficacy of
regulatory changes at reducing non target mortality. In areas where ro
dents have developed resistance to FGARs, use of other classes of roden
ticides with lower risk of bioaccumulation (such as cholecalciferol) may
be a viable option for rodent control with substantially reduced risk of
secondary toxicity. At minimum, greater public availability of informa
tion on the types, quantities, and locations of ARs sold is necessary to
evaluate the risks they pose to non target wildlife and humans.

To address identified knowledge gaps, we suggest the following re
search priorities:

• Development of species specific exposure riskmodels for carnivorous
and omnivorous fauna based on life history parameters

• Systematic nation wide testing of multiple taxa of carnivorous and
omnivorous wildlife for AR exposure, especially:

○ species of conservation concern
○ species consuming small mammals and carrion
○ marsupial carnivores and scavengers
○ reptile carnivores and scavengers

• Systematic long term testing of geographically widespread and com
mon sentinel species to detect temporal and spatial patterns in AR
prevalence

1381M.T. Lohr, R.A. Davis / Science of the Total Environment 634 (2018) 1372–1384



• Evaluation of the relative contributions of residential, commercial and
agricultural use of ARs to wildlife poisoning in Australia

○ Examine incidence of non compliance with existing legislation
governing AR use

○ Collection and evaluation of data relating to AR sales and application
in Australia

• Evaluation of the net impact on biodiversity of the use of pindone in
and around bushland areas

• Captive testing of the sensitivity of awider suite of wildlife species, es
pecially marsupial carnivores and reptiles to SGARs and pindone

• Examination of the role of reptiles as a vector for ARs in tropical and
subtropical nations

• Evaluation of the risk of rodenticide exposure in humans consuming
wild reptiles
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Appendix A. Definitions of Schedules applying to all Anticoagulant
Rodenticides Registered in Australia from (Australian Government
Department of Health: Therapeutic Goods Administration, 2017)

Schedule 4. Prescription Only Medicine, or Prescription Animal
Remedy Substances, the use or supply of which should be by or on
the order of persons permitted by State or Territory legislation to pre
scribe and should be available from a pharmacist on prescription.

Schedule 5. Caution Substances with a low potential for causing
harm, the extent of which can be reduced through the use of appropri
ate packaging with simple warnings and safety directions on the label.

Schedule 6. Poison Substances with a moderate potential for
causing harm, the extent of which can be reduced through the use of
distinctive packaging with strong warnings and safety directions on
the label.

Schedule 7. Dangerous Poison Substances with a high potential
for causing harm at low exposure andwhich require special precautions
duringmanufacture, handling or use. These poisons should be available
only to specialised or authorised users who have the skills necessary to
handle them safely. Special regulations restricting their availability, pos
session, storage or use may apply.
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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 



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 K1 
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 FGARs 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 FGARs 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 SGARs 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 SGARs 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.  
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Dear Sir or Madam, 

WILDLIFE HEALTH AUSTRALIA SUBMISSION: CONSULTATION ON USE PATTERNS FOR 
ANTICOAGULANT RODENTICIDE PRODUCTS 
 
Please find attached a submission regarding native wildlife and anticoagulant rodenticide products. 
 
Wildlife Health Australia (WHA) welcomes the APVMA’s reconsideration of anticoagulant rodenticide 
products. Non-target poisoning of native wildlife with anticoagulant rodenticides is a significant global 
concern. Exposure to anticoagulant rodenticides has been reported in a broad range of species and 
geographic areas of Australia, and is implicated in wild bird mortality events in Australia. Further 
research is needed to understand the impact of anticoagulant rodenticides on native wildlife 
populations. 
 
WHA recommends increasing the oversight, regulation and stewardship of AR usage in Australia, 
following the approaches of other countries such as the US Environmental Protection Agency and 
European Chemicals Agency. Monitoring native species exposure to anticoagulant rodenticides is 
critical to understanding the impact, and assessing the effectiveness of any regulatory changes.  
 
We hope that this submission is of assistance. Wildlife Health Australia would be happy to discuss it 
further should you require additional information or clarification. 

 

Yours sincerely, 

Rupert Woods AM 
CEO, Wildlife Health Australia 



 

WILDLIFE HEALTH AUSTRALIA SUBMISSION: CONSULTATION ON USE PATTERNS FOR 
ANTICOAGULANT RODENTICIDE PRODUCTS 
 
Impact of anticoagulant rodenticides on wildlife 

Non-target poisoning of native wildlife with anticoagulant rodenticides (ARs) is a significant global 
concern (e.g. Nakayama et al, 2018; Van den Brink et al, 2018), particularly for some classes of animals 
such as birds of prey due to secondary poisoning via consumption of prey species (e.g. rodents). In 
Australia, AR exposure in wildlife has not been broadly studied, but there is evidence that it is also a 
significant issue here (McLeod & Saunders, 2013; WHA, 2017). 
 
Lohr & Davis (2018) reviewed the impacts of AR on native Australian wildlife, and found that AR 
exposure and suspected poisoning have been reported in a broad range of species and geographic 
areas. ARs have been implicated in a number of wild bird mortality events in Australia, including 
threatened species (Lohr & Davis, 2018; Cox-Witton et al, 2018). Lohr (2018) found detectable AR 
exposure in 72.6% of southern boobook owls (Ninox boobook) found dead or moribund in WA, mostly 
from urban or peri-urban areas, and exposure to two or more ARs in 38.4%. Native mammals are also 
susceptible to AR poisoning (Lohr & Davis, 2018; McLeod & Saunders, 2013). Possums, for example, 
commonly present with suspected rodenticide poisoning to wildlife veterinary clinics in urban areas in 
South East Queensland (Grillo et al, 2016). 
 
Despite known knowledge gaps, the importance of both sub-lethal and long-term exposure of native 
wildlife to ARs also needs consideration (Van den Brink et al, 2018). Exposure to sub-lethal doses of 
ARs has been proposed as a contributing factor to mortality due to other causes. By reducing immune 
function, AR exposure could increase susceptibility to parasitism and disease; impact on an animal’s 
ability to move, fly or react and subsequently increase the likelihood of predation and collisions; and 
increase the chance of significant blood loss after minor injuries (summarised in Lohr, 2018).  
 
Data on non-target poisoning of wildlife 

Wildlife Health Australia (WHA) receives wildlife health data from government and non-government 
sources through Australia’s general wildlife disease surveillance system. Data are reported into the 
national electronic Wildlife Health Information System (eWHIS) database. 
 
WHA provides annual reports of confirmed and suspected poisoning events in wildlife to the APVMA’s 
Adverse Experience Reporting (AER) Program. These reports include poisoning events associated with 
ARs in native wildlife. However, these reported cases will clearly represent a very small proportion of 
the overall cases occurring in native wildlife in Australia. The magnitude of the problem is not known 
and warrants further investigation to determine the level to which non-target species are affected by 
AR poisoning and exposure, and the impact of ARs on native animal populations. Data collected in the 
eWHIS database on AR poisoning events in wildlife can be provided to the APVMA confidentially if 
needed. 
  



 

 
Recommendations 

The following recommendations could be considered to reduce the exposure of Australian native 
wildlife to ARs: 

- Increase the oversight and regulation of AR usage in Australia. 
- Adopt the approaches of other countries, such as the US Environmental Protection Agency and 

European Chemicals Agency, including, for example, the restriction of use of 
o First generation AR products by consumers to tramper proof bait stations, and 
o Second generation AR products to certified professionals only. 

- Implement a stewardship program (e.g. the UK’s Rodenticide Stewardship Regime coordinated 
by the Campaign for Responsible Rodenticide use). 

- Ensure labelling of AR products and training of end users is adequate to minimise poisoning of 
non-target wildlife. 

- Increase awareness of members of the public on humane alternatives to ARs. Examples of 
existing resources: Healthy Wildlife Healthy Lives, BirdLife Australia. 

- Monitor native species exposure to ARs to help understand the impact on non-target species 
and also to assess the effectiveness of any regulatory changes. Examples of overseas 
monitoring schemes include: UK Predatory Bird Monitoring Scheme, European Raptor 
Biomonitoring Facility , LIFE APEX Project (Movalli et al, 2019). 
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ABOUT WILDLIFE HEALTH AUSTRALIA  

Wildlife Health Australia (WHA) is the coordinating body for wildlife health in Australia and operates 
nationally. The head office is located in Sydney, NSW.  

WHA activities focus on the increasing risk of emergency and emerging diseases that can spill over 
from wild animals and impact on Australia’s trade, human health, biodiversity and tourism. We 
provide a framework that allows Australia to better identify, assess, articulate and manage these 
risks. We provide the framework for Australia's general wildlife health surveillance system. 

Our mission is to develop strong partnerships in order to better manage the adverse effects of 
wildlife diseases on Australia’s animal health industries, human health, biodiversity, trade and 
tourism. 

WHA directly supports the Animal Health Committee (AHC), Environment and Invasives Committee 
(EIC), Animal Health Australia, the Animal Health Policy Branch and the Office of the Chief Veterinary 
Officer (OCVO) and Chief Environmental Biosecurity Officer (CEBO) within the Australian Government 
Department of Agriculture, Water and the Environment (DAWE) and Australian governments in their 
efforts to better prepare and protect Australia against the adverse effects of wildlife diseases. It 
provides priorities in wildlife disease work, administers Australia's general wildlife disease 
surveillance system as well as facilitating and coordinating targeted projects. Wildlife health 
intelligence collected through the National Wildlife Health Information System (eWHIS: 
www.wildlifehealthaustralia.com.au) administered by WHA is provided to members of AHC and the 
Australian Government DAWE, and Department of Health, on issues of potential national interest, 
potential emerging issues and significant disease outbreaks in wildlife. The information is provided in 
line with the agreed policy for data security. WHA supports the National Animal Health Information 
System (NAHIS) by provision of quarterly reporting and Australia’s Chief Veterinary Officer by hosting 
the World Organisation for Animal Health (OIE) Focal Point for Wildlife. WHA also provides 
Australia’s representative to the International Union for the Conservation of Nature Species Survival 
Commission Wildlife Health Specialist Group (IUCN SSC WHSG). 

WHA is administered under good corporate governance principles. An elected management group, 
chaired by an appointment from DAWE, and including an AHC representative provides strategic 
direction and advice to a small team, which oversees the running of WHA. It is important to note that 
WHA involves almost every agency or organisation (both government and NGO) that has a stake or 
interest in animal and wildlife health issues in Australia. There are over 40 member organisations and 
more than 750 wildlife health professionals and others from around Australia and the rest of the 
world who have an interest in diseases with feral animals or wildlife as part of their ecology that may 
impact on Australia’s trade, human health and biodiversity.  

More information on WHA is available at: www.wildlifehealthaustralia.com.au.   
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APVMA Review of use patterns for anticoagulant rodenticides 
Submission from Sentient 

 
Sentient is an independent Australian veterinary association dedicated to animal welfare advocacy. Our 
members are represented in academia, private practice (companion, equine and large animals), non-
government, government and industry settings, with expertise in many fields including animal welfare, 
animal behaviour, clinical medicine, epidemiology and the use of animals in teaching and research. A 
number are qualified specialists in particular disciplines or have extensive experience within industries such 
as live export, horse racing and greyhound racing. Sentient has presented at international and national 
conferences, published papers, contributed numerous submissions to state and federal government 
inquiries, and provided evidence at parliamentary public hearings. We also host final year veterinary 
science students for Public, Industry and Community placements in animal welfare advocacy. Sentient is 
registered with the Australian Charities and Not-for-profits Commission. 
 
Thank you for the opportunity to submit commentary to this review to consider important risks posed by 
the use of anticoagulant rodenticides. Sentient is very concerned about the welfare impact of these 
rodenticides as they are do not cause rapid and humane death. They also pose significant risk of primary 
and secondary non-target poisoning as well as poisoning of pets, both accidental and malicious. 

Key considerations 
The following information addresses the key considerations specifically identified for feedback. 

 
a. The need for anticoagulant rodenticide products to be used in home garden or domestic settings 

Given there are other more humane methods available to control rodents in home, garden and 
domestic settings, and that the use of anticoagulant rodenticide poses risks to native wildlife and pets, 
it is difficult to justify the continued availability of these products for this use. Sentient supports a 
prohibition on the use of these products by both domestic users and licensed operators. 

 
b. The need for anticoagulant rodenticide products to be used in residential or suburban settings, for 

example, for public health or public sanitation programs 
As with a. above, it is difficult to justify the wide availability of these products in residential or 
suburban settings. Sentient supports a prohibition on the use of these products in residential and 
suburban settings, including use by licensed operators. 

 
c. The need for anticoagulant rodenticide products to be used in or around buildings, including those 

used to house livestock, or in or around on-farm buildings (including homesteads) 
It is understood that rodent plagues in regional agricultural areas can be devastating and need to be 
controlled as quickly as possible. However, anticoagulant rodenticides are inhumane and so zinc 
phosphide should be used as an alternative and it is recommended that research is undertaken to 
develop more humane alternatives. Use in agricultural settings also poses greater risks of primary, 
secondary and tertiary poisoning of native wildlife, particularly birds of prey such as owls and raptors. 

 
d. The need for anticoagulant rodenticide products to be formulated as powders, gels, liquids, pellets, 

grains or pastes 
Sentient is unable to comment on this. 

 
e. The likelihood of compliance with post-application sanitisation instruction (e.g., the timely collection of 

poisoned rodent carcasses, and the appropriate disposal of carcasses) 



 
The veterinary voice in animal welfare  

 www.sentient.org.au contactus@sentient.org.au 

Given that accidental poisoning is not uncommon, it would appear that users of these products do not 
pay sufficient attention to label instructions. Therefore, it is unlikely that poisoned rodent carcases 
would be collected and disposed of appropriately. Furthermore, there will be many poisoned rodents 
who will not be recovered due to seeking refuge in inaccessible places. 

 
f. The label instructions, particularly the adequacy of instructions to prevent inadvertent exposure to the 

product 
As stated in e. above, providing more stringent instructions is unlikely to prevent accidental exposure 
of these rodenticides.  

 
g. Critical uses for anticoagulant rodenticide products, particularly in primary production 

As with c. above, it is recommended that zinc phosphide, which is considered to be more humane, be 
considered as an alternative to anticoagulant rodenticides. It is recommended that landholders and 
primary producers be prohibited from using these rodenticides due to the significant risk of poisoning 
non-target species. 

 
h. Other relevant matters related to the use of anticoagulant rodenticide products 

No further comment. 
 

Specific risks 
a. Welfare risk 

Based on the Relative Humaneness Model (Sharp & Saunders 2011), anticoagulant rodenticides are 
ranked as being relatively less humane than other methods, including zinc phosphide. This model 
assesses welfare impacts prior to death as well as the welfare impact of the mode of death. Effective 
snap traps are considered to be the most humane of the methods ranked by the model. Haemorrhage 
into joints is reported to be very painful and can limit normal function and it is also reported that these 
products cause pain and distress and it can take several days for animals to die (Mason and Littin 2003).  

 
b. Non-target risk 

Several studies undertaken in New Zealand have reported secondary poisoning in non-target species 
(Eason et al 1999; Masuda et al 2014). A Western Australian study of boobook owls presented to a 
wildlife clinic identified potentially dangerous levels of anticoagulant rodenticides in about 50% of 
these birds (Lohr 2018).  

Pesticides pose a significant threat to domestic pets as indicated by anecdotal reports from veterinary 
practitioners. An Italian study over a three-year period of all suspected cases of domestic animal 
poisoning found that pesticides were responsible for 37.3% of all suspected poisoning cases (Caloni et 
al 2016).   
 

Summary 
Sentient advocates for a prohibition on the availability and use of anticoagulant rodenticides for residential, 
domestic, suburban and agricultural settings, including by licensed operators. Based on welfare grounds, 
more research is needed to replace the use of these products with more humane methods. 
 
Contact: Dr Rosemary Elliott, President  
 
2/7/2020 
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To whom it may concern,

Please find attached my written submission to the consultation on the use patterns for
anticoagulant rodenticide products.

Sincerely,
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Consultation on use patterns for anticoagulant rodenticide products 

29 June 2020 

I applaud the APVMA for prioritising anticoagulant rodenticides for reconsideration on the basis of 

health and environmental concerns. As a veterinarian and wildlife conservation scientist, I have 

seen first-hand the distressing effects of deliberate and incidental rodenticide poisoning on pets and 

wildlife. The continued unfettered use of rodenticides severely compromises the health and welfare 

of large numbers of animals[1]. I urge the APVMA to take action to limit access to these products. 

By doing so, you will prevent a great deal of suffering and save lives. 

 

Biodiversity conservation 

 

Rodenticides pose a risk to the conservation of Australia’s unique fauna as outlined in a recent 

comprehensive review of secondary rodenticide toxicity. Rodenticides pose a risk to a range of 

reptiles, birds and mammals and have been implicated in species decline[2].  

Animal welfare 

 

Rodenticides have serious animal health and welfare implications for target and non-target species. 

All rodenticides cause severe and prolonged pain and suffering[3].  As outlined on the RSPCA 

Australia Knowledgebase “These poisons are not considered to be humane due to their toxic effects 

including difficulty breathing, weakness, vomiting, bleeding gums, seizures, abdominal swelling and pain. In 

addition, the body of the poisoned rodent presents a significant risk if it is eaten by other animals, including 

native wildlife”. The rampant use of rodenticides violates international consensus principles for 

ethical animal control because they cause indiscriminate harm to a wide range and large number of 

animals[4].  

Animal cruelty 

 

Given the ease of access and availability of rodenticides, they have also been used to inflict 

deliberate animal cruelty.  For example, in the Perth metropolitan area alone over the past few 

years, there have been numerous cases of rodenticides being used to deliberately poison pet dogs[5–

7]. In 2018, a man was convicted of animal cruelty after admitting to attempting to kill his 

neighbour’s dogs with rodenticides[8]. These poisons should not be so freely available for people to 

exploit in acts of deliberate animal cruelty.  

 

Rodent management 

  

I understand that rodents pose a challenge in residential, commercial and agricultural settings. For 

example, having worked in and around animal shelters and zoos, I am aware of circumstances 

where rodenticides have been used to protect other animals from the effects of rodents (eg. food 

contamination).  However, there are more humane alternatives than rodenticides[9]. A greater focus 

must be put on improving the humaneness of existing methods and developing more humane 

methods[10]. Until these refinements are available, it would be appropriate to mitigate current risks 

through regulatory reform. 
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Conclusion 

At present, Australia’s regulatory framework governing the use of rodenticides is lagging behind 

other international jurisdictions[2]. Similarly to the US EPA and European Chemicals Agency, I 

urge the APVMA to limit access to these poisons by non-professional users, restrict the product 

formulations available and the situations in which these products may be used. 
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Dear Office of the Chief Regulatory Scientist, 
 

Re: Consultation on use patterns for anticoagulant rodenticide products 

 
Worldwide the most commonly used rodenticides are the anticogaulant type1. Anticoagulant 

Rodenticides (AR) are divided into the older first- generation anticoagulant rodenticides (FGARs) 

(warfarin, coumatetralyl, diphacinone) requiring multiple days of feeding to cause effect and second-

generation anticoagulant rodenticides (SGARs) (bromadiolone, difenacoum, brodifacoum, flocoumafen, 

difethialone) which are more potent even after a single feed5. 

Toxicity concerns for these products include poisoning of non-target species, domestic animals 

as well as accidental and deliberate human poisoning. Secondary poisoning of wildlife commonly occur 

when poisoned animals are consumed by other animals4,5. There are multiple studies in Europe and 

North America that document the impact of AR on non- target wildlife that have led to regulation 

changes in these countries, yet in Australia where the climate and pattern of use is very different, 

thorough studies are lacking.  A recent study by M. Lohr5 reviews the existing evidence in literature 

searches for the impacts of AR on native Australian wildlife and suggests the real impact may be much 
greater affecting Australian reptiles, marsupials and birds. 

In Australia, coumatetralyl and all the SGARs are listed as Schedule 7 poisons which are 

considered ‘dangerous poisons’ with high potential for causing harm at low exposures, are restricted to 

pesticide applicators2 and have storage and usage restrictions. Bromadiolone, brodifacoum and 

difethialone are further listed in Appendix J of the poisons standards which have additional restrictions 

and ‘are not to be available except to authorised or licensed persons’, yet these and the other SGARs 

are also listed as schedule 6 (substances with moderate potential for causing harm)2 at lower 

concentrations. Schedule 5 and 6 poisons only require packaging to contain appropriate warnings and 

safety instructions, can be sold directly to the general public and do not require government permits or 
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specific storage restrictions. The FGARs are listed as schedule 6 poisons but warfarin and 

coumatetralyl are also listed as schedule 5 poisons (substance with low potential for causing harm)2. 

Rodenticide legislation is complex and varies between countries, however Australia falls short of 

stringent scheduling and legislation that exist overseas.   

The European Union has introduced new restrictions to reduce the concentration and encase 

rodenticides in tamper resistant baits for general public use. Products used for stores, farms and 

professional use will have purchase and usage tracked1,4.  In the UK, similar environmental risk 

mitigation measures for SGARs have been applied, and an expert group developed to assess pattern of 

use and wild life impact1.  

In the United States and Canada, only three FGARs are available to the consumer market, and 

are required to be placed in bait stations in the form of blocks or pastes. Other SGARs and pelletised 

forms are restricted to licensed pesticide applicators only3,5. 

The National Poisons Register (NPR) maintains a database of product formulations for access 

by the Poisons Information Centres. Submission of product information to the NPR is not mandatory. 
The NPR database currently lists 145 anticoagulant rodenticide products, with 92 confirmed either via 

the product SDS and/or packaging to contain a bittering agent such as Bitrex® (denatonium benzoate)8. 

It is not mandatory for AR products to contain bittering agents to deter human ingestion and prevent 

toxicity; three of the 145 listed AR products were confirmed to not contain a bittering agent8. Bittering 

agents are present in AR products at low concentrations that are below the regulatory thresholds for 

declaration in GHS Safety Data Sheets or on product packaging. Information regarding the presence or 

otherwise of bittering agents in the remaining 50 listed products was not available to the NPR8. The 

absence or presence of a taste deterrent is taken into account when Poisons Information Centre (PIC) 

make a risk assessment of an exposure as it is unlikely that a child would ingest a toxic dose if a taste 

deterrent is included in the product. 

The NSW Poisons Information Centre (NSW PIC) provides a phone-based advice service on 

suspected poisonings to the public and health professionals calling from NSW, TAS and ACT on a near 

full-time basis and a shared after-hours service to the remainder of Australia. This results in 
approximately half of Australia’s poisons-related calls being received by our Centre. 

Between 2014-2019, NSW PIC received calls regarding 3006 accidental human exposures to 

rodenticides and 267 deliberate self-poisoning (DSP) exposures. Accidental exposures are varied and 

included ingestion (2764), dermal (160), inhalation (68), ocular (7), bites from affected rat/mice (2) and 

unknown (5). Of these accidental exposures 15 were to trap devices, 547 were to rodenticide blocks 

and the remaining 2618 were to rodenticide pellets.  Of the 145 AR products listed on the NPR 

database, approximately 37 are in pellet form and approximately 72 are in block form8, yet the 

exposures to pellets was by far more common. Pellets are small, look like lollies, easily eaten and can 

be moved by the rodent to an open area and accessed which may explain the disproportionate number 

of exposures to pellets.  





 

Some 523 accidental exposures were seen by medical professionals, with 50 of these being 

referrals to GP or hospital by PIC. Although many of the 441 ‘in hospital’ presentations were 

unnecessary as they did not meet PIC referral criteria of a toxic dose 8, they still represent a significant 

burden to the health system.  Blood tests were recommended in 39 cases which further adds to the 

financial burden AR places on our healthcare system.   

Although this consultation is not looking at intentional misuse of AR, the risks and benefits of 

the patterns of use of AR in Australia can be understood more fully in the context of patterns of misuse. 

Current availability of AR to the general public at supermarkets and hardware stores without restrictions 

means these products are easily accessible to anyone intending to self-harm. 

There were 267 cases of deliberate self-poisoning with rodenticides between 2014-2019, many 

of which were large exposures resulting in prolonged hospital stays and/or outpatient care, particularly 

with SGARs. The need for ongoing management and burden on the healthcare system is evidenced by 

73 recalls regarding these cases. The antidote treatment with Vitamin K may be required for as long as 
3-6 months along with ongoing blood tests for significant brodifacoum DSP ingestions7. All DSP 

exposures received by PIC are referred to hospital due to intent for investigations and mental health 

assessment. The youngest age where a deliberate self-poisoning was taken was 12 years old and the 

oldest age was 85 years old. Positively the trend in total DSP exposures has been declining since 2016. 

 

NSW PIC received 832 enquiries between 2014-2019 about animals accessing rodenticides. 

Being outside the scope of a human only service, this number massively underestimates the true 

number of calls received by PIC because animal exposures are not well documented in the database.  

Veterinary exposures are always referred to the vet or more recently the Australian Animal Poisons 

Centre.  

All of the accidental exposures to AR received by NSW PIC are in or around the home, 

demonstrating significant domestic use of AR and the ease of access particularly by children. Current 

labelling and packaging do not appear to be having any significant impact on the number of accidental 



exposures to AR. There are less toxic alternatives on the market like cholecalciferol containing products 

that may be promoted. 
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To whom it may concern 
 
Consultation on use patterns for anticoagulant rodenticide products 
 
I am writing to provide input for the ongoing public consultation regarding 
anticoagulant rodenticide products (ARs). The impacts of anticoagulant rodenticides 
on native fauna has been an area of active research for the ACT Government 
Environment Division in recent years and as such we wish to provide our unpublished 
data to assist in informing a review of the use of ARs in Australia. We note that this 
research has been in collaboration with Edith Cowan University, and is ongoing. 
 
The ACT Government has submitted a total of 136 liver samples for analysis by Edith 
Cowan University, collected opportunistically from deceased or euthanased wildlife 
from across Australia (Figure 1). The majority of samples were collected within the 
peri-urban footprint of Canberra. A total of 106 have been analysed for eight 
anticoagulant compounds thus far, including three first generation and five second 
generation anticoagulant poisons. 
 
Our results indicate an extremely high prevalence of AR residue in liver tissue of a 
wide range of predatory and scavenging Australia wildlife species. A total of 19 of the 
21 carnivorous species tested returned a positive result for one or more second 
generation AR compounds. This includes 75% of raptors, 81% of owls, 86% of 
mammalian predators and 100% of other carnivorous birds (Table 1). Six species 
which tested positive are listed within Australian state or commonwealth legislation, 
including the endangered Spotted-tail Quoll (Dasyurus maculatus) and Eastern Quoll 
(Dasyurus viverrinus). No first generation ARs were detected in liver samples from 
carnivorous species, however two Sulphur-crested Cockatoos tested positive for low 
levels of Warfarin.  
 
Whilst we are not aware of the level of AR residue associated with toxicity or 
morbidity in most of these species (but see Lohr 2018), it is likely that secondary 
ingestion of ARs was a significant direct or indirect causative agent in the death of 



many of the animals assessed. More than 30% of samples from carnivorous species 
demonstrated AR concentrations above 300 ng g-1 of liver tissue, and 11 samples 
showed concentrations in excess of 1000 ng g-1.  Concentrations were particularly 
high in species known to prey on rodents, such as the Southern Boobook, Barn Owl, 
Nankeen Kestrel and Eastern Quoll.   

In view of these early results and previous scientific studies published in Australia and 
internationally, the ACT Government supports the AVPMA in its review of the use of 
anticoagulant poisons in Australia. Whilst our data does not indicate a significant 
threat of first generation anticoagulant compounds to native wildlife, we propose 
that tighter restrictions on the use of second generation ARs would likely provide 
significant benefits to protect our native fauna from this apparent (but previously 
overlooked) threatening process.  

Ian Walker 

Conservator of Flora and Fauna and  
Executive Group Manager, Environment 

480 Northbourne Avenue,  
Dickson ACT 2602 

17 July 2020 



 
Figure 1. Map showing the location of tissue samples collected from wildlife across 
Australia.  
 
 
 
Table 1 (next page). Summary of results from laboratory assessments of liver tissue 
for eight anticoagulant compounds. Minimum (Min) and maximum (Max) detected 
concentrations are shown where more than one sample was available for the 
species. 
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Species N % Positive
Mean Total     

(ng.g-1)
Min Total           

(ng.g-1)
Max Total          

(ng.g-1)

Mean 
Brodifacoum 

(ng.g-1)

Mean 
Bromadiolone 

(ng.g-1)

Mean 
Difenacoum           

(ng.g-1)

Mean 
Difenathialone 

(ng.g-1)

Mean 
Flocoumafen 

(ng.g-1)

Mean 
Coumatetralyl 

(ng.g-1)

Mean Pindone 
(ng.g-1)

Mean Warfarin 
(ng.g-1)

Large Raptors 12 75% 204.93 0 00 1760.00 55.69 147.93 1.31 0.00 0.00 0.00 0.00 0.00
Black Kite 1 100% 1760.00 - - 9.17 1750.83 0.00 0.00 0.00 0.00 0.00 0.00
Black Shouldered Kite 2 50% 11.30 0.00 22.59 11.30 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Little Eagle* 5 60% 18.10 0.00 74.72 17.59 0.52 0.00 0.00 0.00 0.00 0.00 0.00
Wedge-tailed Eagle* 3 100% 28.36 10.14 46.40 27.95 0.41 0.00 0.00 0.00 0.00 0.00 0.00
White-bellied Sea Eagle* 1 100% 500.93 - - 464.66 20.53 15.74 0.00 0.00 0.00 0.00 0.00
Small Raptors 8 75% 285.60 0 00 764.01 130.76 0.46 9.20 145.18 0.00 0.00 0.00 0.00
Australian Hobby 1 0% 0.00 - - 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Brown Falcon 1 100% 84.03 - - 82.18 1.85 0.00 0.00 0.00 0.00 0.00 0.00
Brown Goshawk 1 0% 0.00 - - 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Collared Sparrowhawk 2 100% 436.84 109.66 764.01 400.05 0.00 36.78 0.00 0.00 0.00 0.00 0.00
Nankeen Kestral 3 100% 442.38 59.96 758.17 54.61 0.62 0.00 387.15 0.00 0.00 0.00 0.00
Owl 43 81% 742.38 0 00 11020.51 385.31 137.20 9.76 204.61 5.49 0.00 0.00 0.00
Barn Owl 24 75% 564.24 0.00 4740.00 323.90 217.16 2.21 20.97 0.00 0.00 0.00 0.00
Masked Owl* 2 100% 429.52 312.89 546.15 334.04 9.11 82.70 0.00 3.67 0.00 0.00 0.00
Southern Boobook 12 92% 1455.96 0.00 11020.51 673.59 55.81 16.26 691.25 19.05 0.00 0.00 0.00
Tawny Frogmouth 5 80% 9.99 0.00 17.55 8.73 0.00 1.26 0.00 0.00 0.00 0.00 0.00
Carnivorous Birds (other) 5 100% 75.09 6.10 295.10 74.18 0.41 0.50 0.00 0.00 0.00 0.00 0.00
Australian Raven 1 100% 295.10 - - 293.06 2.04 0.00 0.00 0.00 0.00 0.00 0.00
Pied Currawong 2 100% 12.93 6.10 19.77 12.93 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Kookaburra 1 100% 20.99 - - 20.99 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Raven (sp. unknown) 1 100% 33.47 - - 30.97 0.00 2.50 0.00 0.00 0.00 0.00 0.00
Non-carnivorous Birds 12 17% 0.65 0.00 3.98 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.65
Crimson Rosella 1 0% 0.00 - - 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Gang Gang 1 0% 0.00 - - 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
King Parrot 1 0% 0.00 - - 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Pigeon 2 0% 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Rock Pigeon 1 0% 0.00 - - 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Seagull 2 0% 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Silvereye 1 0% 0.00 - - 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Starling 1 0% 0.00 - - 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Sulphur-crested Cockatoo 2 100% 3.92 3.86 3.98 0.00 0.00 0.00 0.00 0.00 0.00 0.00 3.92
Mammalian Predators 14 86% 581.54 0 00 2570.38 542.90 15.36 6.00 17.28 0.00 0.00 0.00 0.00
Eastern Quoll* 7 71% 559.17 0.00 2570.38 554.69 0.71 3.77 0.00 0.00 0.00 0.00 0.00
Fox 5 100% 790.16 130.45 1726.61 688.80 41.47 11.51 48.38 0.00 0.00 0.00 0.00
Spotted-tailed Quoll* 2 100% 138.26 30.19 246.34 136.90 1.36 0.00 0.00 0.00 0.00 0.00 0.00
Non-carnivorous Mammals 10 0% 0.00 0 00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Brushtailed Possum 2 0% 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Eastern Grey Kangaroo 1 0% 0.00 - - 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Echidna 1 0% 0.00 - - 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Ringtail Possum 6 0% 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Reptiles 2 0% 0.00 0 00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Blue Tongue Lizard 1 0% 0.00 - - 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Rosenbergs Goanna 1 0% 0.00 - - 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
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