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“Your support is a catalyst 
for positive change. It is 
helping to pioneer research 
that improves the wellbeing 
of humankind by addressing 
the world’s greatest 
challenges and building a 
better future. Thank you.”

Professor Mark Scott AO 
Vice-Chancellor and Principal
The University of Sydney

Preserving Australia’s native wildlife 
for future generations

On behalf of the University of Sydney and 
the Sydney School of Veterinary Science, 
we extend our sincere gratitude to the NSW 
Wildlife Information, Rescue and Education 
Services Inc. (WIRES) for partnering with us 
to ensure the health and long-term survival 
of Australia’s invaluable native wildlife. With 
WIRES’s inspiring support, the University is 
progressing research with the potential to 
improve diagnostic and treatment options 
for native species suffering from a range of 
diseases and offers the best hope for securing 
a sustainable future native wildlife.

A range of environmental pressures such as 
climate change and the destruction of habitat 
continue to have an adverse effect on the 
health and safety of native animal populations. 
They also play a pivotal role in the increasing 
prevalence of disease because of infectious 
agents, toxins and malnutrition. 

Under the leadership of Professor David 
Phalen and with WIRES’s incredible generosity, 
the Veterinary Pathology Diagnostic Service 
(VPDS) at the Sydney School of Veterinary 
Science (SSVS) has made significant progress 
to enhance our understanding of the diseases, 
injuries and syndromes causing native wildlife 
to come into care. This includes investigating 
the diseases, injuries and syndromes that can 
develop when sick and injured native species 
receive care. It remains deeply committed 

to unlocking insights to improve survival and 
release rates and deliver better outcomes for 
carers and land managers working with these 
animals.

We are pleased to provide an annual update on 
Professor David Phalen and his team’s research 
activities during the last twelve months which 
are made possible by WIRE’s gift. 

Annual update, Professor 
David Phalen
WIRES’s generous support provides funding 
certainty over two years to progress research 
to:

 − identify the causes of spontaneously 
occurring and husbandry-related 
diseases of wildlife in care and 

 − develop protocols to mitigate their affects.

Objectives 2021-22

The overarching objectives of this work are to: 

 − conduct surveys of wildlife veterinarians 
and wildlife carers to identify the diseases 
that are having the greatest impact on 
the survival of wildlife coming into care 
or that develop while in care and

 − investigate the diseases identified to 
establish the cause and inform new 
diagnostic tests and treatment regimens 
aimed at improving animal health outcomes.
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Disease identification 
surveys
Investigative team:

 − David Phalen, Professor, Sydney 
School of Veterinary Science and

 − Lauren Bassett, Research Associate, 
Sydney School of Veterinary Science.

In the first year of funding, a survey for 
wildlife veterinarians and another for wildlife 
carers has been developed and distributed 
to identify the diseases where a significant 
impact on diagnostic and health outcomes 
can be achieved through research. The wildlife 
veterinary survey has been completed and the 
wildlife carer survey closes on 15 February.

In addition, through Professor Phalen’s wildlife 
diagnostic service and his contacts with carers 
and wildlife veterinarians, some important 
diseases that impact wildlife in care have been 
identified and investigations into their causes 
and treatments are underway.

Survey of wildlife veterinarians  

This survey was sent to members of the 
Association of Avian Veterinarians Australasian 
Committee, Wildlife Health Australia, 
Wildlife Disease Association, and Australian 
Veterinary Medical Association with the 
support of Wildlife Heath Australia.  A total 
of 43 veterinarians completed the survey, 
and 167 different injuries/illnesses/diseases 

“In under a year, with the support of 
WIRES, we have identified key health 
problems facing wildlife in care and 
assembled the A team of wildlife 
health experts to address these 
problems. Significant milestones 
have been achieved and, as a result, 
the welfare of wildlife in care has 
already been improved and survival 
and release rates have increased.”

were highlighted by veterinarians as needing 
additional research. The results of the wildlife 
veterinary survey are proving to be very 
helpful.  It identifies issues that are well known 
concerns, but also describes many issues that 
are not widely recognised or have not been 
recognised at all.

These findings will be shared with National 
Koala Disease Risk Assessment group which 
will inform priorities for studies on diseases 
impacting koalas and funding for koala disease 
research at the national level. 

Professor David Phalen
School of Veterinary Science
The University of Sydney

Above: Gabi Tobias, wildlife veterinarian survey 
participant.
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Left: Meg and Peter Morgan, wombat carers who participated in the survey of wildlife carers. 

Right: 210 different injuries/illnesses/diseases have been highlighted by wildlife rehabilitators as 
needing additional research, including Babesiosis in eastern grey kangaroos on the south coast of 
NSW.

Survey of wildlife carers

This survey was sent to the membership of 25 
wildlife care organisations across Australia, 
including wildlife care organisations in all 
states and territories.  While the survey is 
still available to wildlife rehabilitators for 
submission, 388 carers have completed the 
survey at this time. A total of 210 different 
injuries/illnesses/diseases have been 
highlighted by respondents as needing 
additional research. 

While we expect additional surveys to be 
submitted, the data that has been obtained 
so far is more than we expected. Wildlife 
rehabilitators have identified most of the 
important issues raised by the veterinary 
survey, but more importantly, they have raised 
many issues that the veterinary community 
does not appear to be aware of. 

Both wildlife rehabilitators and wildlife 
veterinarians have identified health concerns 
within the survey that we are already 
addressing, for example, Lorikeet Paralysis 
Syndrome, Wobbly Possum Disease, and 
Chronic Wasting Disease in king parrots, galahs 
and corellas. 

 The next step of this project will be to:

 − Find the overlapping concerns wildlife 
rehabilitators and veterinarians 
have raised and make these 
priorities for future research.

 − Follow up with wildlife veterinarians and 
rehabilitators about the many issues that 
they raise that are not common knowledge 
and highlight problems that appear to be 
having the most significant impacts.

 − Provide information to rehabilitators 
and wildlife veterinarians that is already 
available about diseases that they have 
identified of which they may not be aware.

 − With the help of Wildlife Health Australia, 
build working groups to address some 
of these complex problems.  In some 
instances, there are already working groups 
addressing these problems and we can 
provide this information to them and share 
the working groups findings with the wild 
rehabilitators and wildlife veterinarians.

 − Publish a paper that discusses the perceived 
priorities for research into wildlife 
diseases based on these two studies.

Disease identification surveys
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diagnosis, and treatment 
The WIRES gift has already enabled a range 
of research projects to better understand, 
diagnose and treat disease in native species. 
These projects are summarised below and a 
progress update is provided on the following 
pages:

1. Lorikeet Paralysis Syndrome (LPS)
 − Investigation into the aetiology of LPS
 − Citizen science project
 − Next generation sequencing and 

lorikeet droppings to determine what 
lorikeets with LPS have been eating

 − LPS in flying-foxes and
 − Promoting the LPS studies

2. South coast NSW rainbow lorikeet 
mortality event summer/autumn 2021

3. Wasting disease in Australian king 
parrots and rainbow lorikeets

4. Encephalitis in rainbow lorikeets 
and black and white birds

5. Assessing lorikeet fitness for release
6. Adenovirus infections in tawny frogmouths
7. Disease investigation into 

macropod mortality
 − Seizing joeys and
 − Babesiosis in eastern grey kangaroos 

on the South Coast of NSW

8. Wombats
 − Impact of drought and fires on the 

frequency of motor vehicle strikes
 − Mange 2021

 − Mange 2022 and
 − Lung yeast infections

9. Exudative Dermatitis in Brushtail Possums.

1. Lorikeet Paralysis Syndrome 

Investigative team:

 − David Phalen, Professor, Sydney 
School of Veterinary Science

 − Lauren Bassett, Research Associate, 
Sydney School of Veterinary Science

 − Maya Yaffe, Volunteer, Second 
Year Veterinary Student, Sydney 
School of Veterinary Science

 − Claude Lacasse, Wildlife Veterinarian, Wacol 
Animal Care Centre, RSPCA Queensland

 − Mainity Batista Linhares, Diplomate 
American College of Veterinary Pathologists, 
Lecturer, School of Veterinary Science, 
University of Queensland and

 − Rachele Wilson, Research Assistant, 
PhD Candidate, Griffith University 
and University of Queensland.

While not part of the investigative team, we are 
grateful for the support of Holly Parsons from 
Birdlife Australia who provided critical advice 
on setting up our iNaturalist citizen scientist 
platform.

Background
Lorikeet paralysis syndrome (LPS) is a seasonal 
disease, causing thousands of rainbow 
lorikeets to present to wildlife rehabilitators 
and wildlife veterinarians every year in 
southeast Queensland and northern NSW, 
stretching their resources.
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A paper published with the support of WIRES, 
is the definitive description of clinical and 
pathological findings of lorikeets with LPS 
(Appendix 1). It is the first paper to document 
the survival rate of lorikeets with LPS and the 
first to have an evidence-based approach to 
understanding its cause. 

Investigation into the aetiology of LPS
Based on the findings reported in the 
Australian Veterinary Journal, it is our 
current hypothesis that LPS is caused by a 
toxin that interferes with the function of the 
neuromuscular junction. We also theorise that 
this toxin is of plant origin and that this plant 
only blossoms or fruits during the late spring, 
summer and early autumn.  

Citizen science project
To identify the plants that lorikeets feed on 
during the times of the year when LPS does 
not occur and compare them to the plants 
that they feed on when LPS occurs, we have 
started a citizen science project on iNaturalist 
(https://www.inaturalist.org/projects/
lorikeet-paralysis-syndrome-project/). 

Our team of citizen scientists, at the time of 
this writing, includes 95 observers and more 
are joining each week. Also, we have identified 
120 individual plants that lorikeets have fed 
on one or more times. Of equal importance, 
iNaturalist has a large, ever-growing database 
of rainbow lorikeet images that have been 
recorded for other projects. 

Combined, we now have approximately 600 
records of rainbow lorikeets feeding or the 
trees that they have been feeding on and have 

identified more than 70 species of plants on 
which they feed. Of these 70 species, 21 are 
potentially toxic and 11 meet the criteria of 
blooming or fruiting during the same time that 
LPS cases occur. 

While the ultimate goal of this study is to 
identify the plant or plants that are most likely 
to cause LPS, the data that we are generating 
is also demonstrating how lorikeets use 
native and introduced vegetation in an urban 
environment to meet their nutritional needs.

Using next generation sequencing and 
lorikeet droppings to determine what 
lorikeets with LPS have been eating  

Phase 1: Our team has established a 
collaboration with Rachele Wilson at Griffith 
University. Rachele has developed a screening 
tool to identify the DNA from the plants that 
flying-foxes have ingested by testing their 
faeces. We have done a preliminary ‘proof-of-
concept’ study to determine if we can use the 
same technology to identify the plants rainbow 
lorikeets have been feeding on just prior to the 
onset of LPS. 

Our preliminary findings show that this tool 
does work with samples from rainbow lorikeets 
and suggests that lorikeets with LPS feed on 
figs (Ficus spp.) and possibly other fruits prior 
to the onset of LPS. This has made us consider 
the possibly that a bacterium or a fungus may 
grow on or in these fruits and may produce the 
toxin causing LPS, as figs are not thought to be 
toxic themselves. Another possibility is that 
a venomous insect inside the fruit (possibly a 
wasp) might be ingested or sting or bite the 
lorikeet causing LPS.

Left: LPS project iNaturalist landing page (https://www.inaturalist.org/). 

Right: Lauren Bassett, Research Associate, member of the LPS project investigative team.

https://www.inaturalist.org/projects/lorikeet-paralysis-syndrome-project/
https://www.inaturalist.org/projects/lorikeet-paralysis-syndrome-project/
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Left: Maya Yaffe, a veterinary student who has been assisting with the LPS citizen science study.

Right: Preliminary findings suggest that lorikeets with LPS feed on figs (Ficus spp.) and other fruits.

Phase 2: The next step in this project is to run 
more samples from lorikeets with LPS and 
control lorikeets that present at the same 
time, but do not have LPS.  Our objective is to 
collect samples from 40 lorikeets with LPS and 
40 control lorikeets and repeat the analysis.  
We anticipate we will have this many cases by 
the end of January.  We are also examining the 
possibility that we can use similar technology 
to screen the droppings of these birds for 
fungal, insect and arachnid DNA. 

LPS in flying-foxes 
Investigative team:  

 − David Phalen, Professor, Sydney 
School of Veterinary Science

 − Peggy Ebby, Flying-fox ecologist, 
Griffith University

 − Amber Gilbert, Veterinarian, Australian Zoo
 − Anita Gordon, Principal Veterinarian 

(Pathology), Biosecurity Sciences Laboratory
 − Alison Peel, ARC DECRA 

Fellowship, Griffith University
 − Ludovica Valenza, Veterinarian, 

Australian Zoo
 − Rachele Wilson, Research Assistant, 

PhD Candidate, Griffith University and 
the University of Queensland and

 − Keren Cox-Witton BVSc, Senior Project 
Officer, Wildlife Health Australia.

Background

In January 2021, significant numbers of black 
flying-foxes and little red-flying foxes were 
presented to carers or were found dead by 
members of the public in the Brisbane area 

and northeastern NSW. All animals showed 
signs similar to those exhibited by lorikeets 
with LPS. Despite an extensive effort, the 
cause of this disease was not determined. A 
similar disease has been seen in flying-foxes 
beginning in the first week in December and 
continuing to this time.  

A team including three flying-fox ecologists, 
two veterinary pathologists, wildlife 
veterinarians from the Australian Zoo and the 
Bat Coordinator for Wildlife Health Australia 
has been assembled to investigate this year’s 
outbreak. A small set of samples have already 
been collected to determine what affected 
animals have been eating, and more samples 
from affected animals and controls are being 
collected for analysis at a later date.

Promoting the LPS studies and engaging with 
the public
Promoting the LPS studies to the public has 
been crucial for recruiting project members 
to undertake research in the field and 
raise awareness of LPS in the community. A 
comprehensive media campaign has been 
rolled out to inform the public about this 
disease and the efforts underway to determine 
its cause. 

The study has been promoted through various 
channels, including direct email, radio, print 
media, social media and online. Information 
about this project can be found on the 
University’s Website and has been included in 
multiple short radio interviews, various in print 
and online media reports, in the newsletters of 
councils in areas where LPS occurs and plant 
societies and bird watching organisations. 
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The University has also hosted two webinars 
for citizen scientists to introduce them to 
the research program. These events have 
benefited from the involvement of WIRES 
through the provision of speakers and event 
promotion support. LPS project members 
continue to be updated on the project on a 
weekly basis on the iNaturalist site. 

2. South Coast NSW rainbow lorikeet 
mortality event summer/autumn 2021

Investigative team:

 − David Phalen, Professor, Sydney 
School of Veterinary Science

 − Lauren Bassett, Research Associate, 
Sydney School of Veterinary Science

 − Carola Venturini, Post-Doctoral Scientist, 
Sydney School of Veterinary Science and

 − Janelle Renes, WIRES Mid-South Coast.

Background

In March 2021, Janelle Renes from WIRES 
contacted Professor David Phalen regarding 
an ongoing mortality event along the New 
South Wales coast within 50 kilometres of 
Batemans Bay. Five lorikeets were submitted 
for necropsy, and a report provided to WIRES 
on 17 May 2021. Four more frozen rainbow 
lorikeets were subsequently submitted. 

Gross lesions (dilated small intestine) found in 
all these birds were consistent with the lesions 
found in the original birds submitted for this 
investigation which were thought to have died 
from the same cause. Microscopically, all birds 
have a severe lymphoplasmacytic enteritis 
(a form of inflammatory bowel disease), a 
fibrinous or often fibrous serositis, and a 
severe (possibly secondary) bacterial enteritis.  

A subsequent investigation suggests that 
this mortality extended as far north as 
Nowra. A disease with identical lesions was 
simultaneously identified in rainbow lorikeets 
housed in an outdoor aviary in Silverdale NSW, 
a flock of geese in Oakdale NSW, and a rainbow 
lorikeet housed in a pet store with identical 
lesions was submitted by a veterinarian from 
Melbourne.

The investigation into the aetiology of this 
disease will proceed in multiple stages:

 − Gross and microscopic examination of the 
birds submitted for necropsy (completed).

 − Culture of the digestive tract 
and liver (completed).

 − Electron microscopic examination of 
intestinal contents to screen for viruses 
(delayed because of COVID-19 with the 
current target date of February 2022) and

 − Next generation sequencing of intestinal 
tissues to identify composition of bacterial 
pathogens and viral pathogens in the lesions 
(Delayed because of COVID-19 with the 
current target date of February 2022). 

This investigation has resulted in a significant 
amount of public attention and led to several 
media presentations that helped to raise 
the profile of the research and the WIRES 
support. Professor Phalen also met with Bird 
Coordinators from the various WIRES branches 
to discuss this disease and how it differed from 
LPS.

3. Wasting disease in Australian king 
parrots and rainbow lorikeets

Investigative team:

 − David Phalen, Professor, Sydney 
School of Veterinary Science

Above: The LPS project has featured in University events/webinars and on social media. 
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 − Lauren Bassett, Research Associate, 
Sydney School of Veterinary Science

 − Bob Doneley, Professor, School of Veterinary 
Science, University of Queensland

 − Sara Panigas, Veterinary Intern, Boongarry 
Veterinary Services, Cairns, QLD

 − Jessica McCutchan, Veterinarian, Boongarry 
Veterinary Services, Cairns, QLD

 − Annabelle Olsson, Director and 
Principal Veterinarian, Boongarry 
Veterinary Services, Cairns QLD

 − Mainity Batista Linhares, Diplomate 
American College of Veterinary Pathologists, 
Lecturer, School of Veterinary Science, 
University of Queensland and

 − Anita Gordon, Principal Veterinarian 
(Pathology), Biosecurity 
Sciences Laboratory.

Background

The aim of this project is to investigate chronic 
wasting disease in juvenile Australian king 
parrots, long-billed corellas, and galahs. 

Incidences of wasting disease in birds have 
been reported from Melbourne to Brisbane 
along the east coast and at certain times 
of the year, with many birds affected. Birds 
present with muscle wasting and a fetid severe 
diarrhoea. 

Many have an infection with a single-celled 
parasite (Spironucleus sp.) that lines the 
intestines, interfering with digestion and the 
absorption of food. Others do not have this 
parasite but may have infections with yeasts 

or pathogenic bacteria. Some are co-infected 
with the psittacine beak and feather disease 
virus, while others are not. In all cases the 
lining of the intestinal track is badly damaged 
and there is a marked inflammation of the 
lining of the intestines that is likely to interfere 
with digestion and food absorption. No 
treatment has been successful and all birds die 
or are euthanased. 

We have been contacted by Dr Annabelle 
Olsson from Boongarry Veterinary Services, 
Cairns QLD, as it is seeing a similar disease in 
adult Australian king parrots in Cairns in the 
winter.

Research plan

Six sets of formalin-fixed tissues from 
Australian king parrots with wasting disease 
have been submitted to us to examine 
microscopically. Reports have been received 
on two birds with wasting disease from Dr 
Anita Gordon for analysis.  

The lesions in these birds are consistent 
and they all have severe lymphoplasmacytic 
enteritis with significant damage to the lining 
of the intestines. The changes in the intestines 
would explain why these birds continue to 
eat but cannot digest their food. Additional 
findings include:

 − Spironucleus was found in the small 
intestines of two birds examined by 
Dr Gordon as well as another parasite 
(Cryptosporidia sp.) in the large 
intestine. These parasites were not 
found in the six parrots sent to us. 

Left: Female king parrot. Right: Male king parrot (source: Gilberto Olimpio from Pexels).
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 − Five of the six birds submitted from 
Dr Olsson were tested for avian 
polyomavirus, psittacine herpesvirus, 
and Chlamydi psittaci and the Beak 
and Feather Disease Virus.  

 − One bird was positive for the Beak 
and Feather Disease Virus, no other 
virus infections were identified. 

The investigative team plans to examine special 
stains of tissues to determine what kind of 
organisms might be present in the damaged 
intestines. Next generation sequencing will be 
completed on samples from these birds at the 
beginning of February. Banked samples from 
birds submitted to Dr Bob Doneley (University 
of Queensland) and Professor Phalen will also 
be included in this study.  

4. Encephalitis in rainbow lorikeets 
and black and white birds (Australian 
magpies, magpie larks, currawongs, 
and Australian ravens)

Investigative team:

 − David Phalen, Professor, Sydney 
School of Veterinary Science

 − Lauren Bassett, Research Associate, 
Sydney School of Veterinary Science

 − Madison Hill, 4th year student, 
Honours Student (pictured above)

 − Karrie Rose, Wildlife Pathologist, Australian 
Registry of Wildlife Health, Taronga 
Conservation Society Australia and

 − Jane Hall, Wildlife Health Project Officer, 
Australian Registry of Wildlife Health, 
Taronga Conservation Society Australia.

Background

The aim of this project is to identify if viruses 
cause encephalitis in rainbow lorikeets and 
black and white birds (Australian magpies, 
magpie larks, currawongs, and Australian 
ravens) submitted into care in the Sydney 
region.

The causes of encephalitis in rainbow lorikeets 
from the Sydney area and a neurological 
disease in Australian magpies, magpie larks, 
currawongs, and Australian ravens have been 
previously investigated and the study findings 
published in the Journal of Virology:

 − Chang W-S, Eden J-S, Hall J, Shi M, Rose 
K, Holmes EC. 2020. Metatranscriptomic 

analysis of virus diversity in urban wild birds 
with paretic disease. J Virol 94:e00606-20.  

This study suggests that a new paramyxovirus 
might be associated with the encephalitis in 
the rainbow lorikeets and a new picornavirus 
might be associated with the disease seen 
in black and white birds. However, positive 
samples were generally from tissues pooled 
from multiple birds and negative control 
animals have not been tested. Therefore, it 
is not known if all birds with these diseases 
have virus infections and whether or not these 
viruses can be found in healthy birds.

Research plan

Specific molecular tests will be used to test 
archived tissues at the Australian Registry of 
Wildlife Health from lorikeets with encephalitis 
and birds with black and with disease for 
paramyxoviruses (lorikeets) and picornavirus 
(black and white birds). Control birds, i.e., 
birds without disease, will also be tested for 
these viruses. 

If the suspect paramyxovirus (lorikeets) 
and picornavirus (black and white birds) 
are consistently present in diseased birds 
but absent from control birds, then we can 
conclude that these viruses are associated 
with the diseases and likely their causes. 

The project will be undertaken by Madison Hill, 
an Honours student.  

Above: Madison Hill, Honours student.
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5. Assessing lorikeet fitness for 
release

Investigative team:

 − David Phalen,  Professor, Sydney 
School of Veterinary Science and

 − Jana Schader, Wildlife Veterinarian, 
Canley Heights Veterinary Clinic.

Background

It is well established that birds of prey 
(falcons and hawks like the brown goshawk) 
that are kept in care for any duration and 
not properly conditioned before release 
will be insufficiently fit to hunt and die 
from starvation. Checking blood lactate 
concentrations in these birds during the 
rehabilitation process can assess their level 
of fitness and determine when they are 
ready for release. However, no work has 
been undertaken to determine if the current 
conditioning of psittacine birds is adequate 
and if they are able, once released, to keep up 
with their flock as they move between roosting 
and feeding sites.

Research plan

Rainbow lorikeets represent the most common 
species of psittacine bird submitted into care 
in New South Wales and Queensland. Dr Jana 
Schader, a former intern at the University of 
Sydney’s Avian Reptile and Exotic Pet Hospital 
and wildlife veterinarian, has designed a study 
to assess the condition of rainbow lorikeets in 
care that are deemed ready for release. Birds 
will be temporarily housed in a flight aviary on 
the University’s Camden campus. 

The blood lactate levels before and after 
exertion will be monitored and compared to 
those observed in falcon and brown goshawks 
previously considered fit for release. If blood 
lactate levels are high, additional fitness 
training will be undertaken and the impact on 
the birds’ overall fitness assessed. Ultimately, 
it may be possible to apply this technique 
to other parrot species and possibly put 
transmitters on these birds to track their 
movements and survival rates after release.

6. Adenovirus infections in tawny 
frogmouths

Investigative team:

 − David Phalen, Professor, Sydney 
School of Veterinary Science

 − Claude Lacasse, Wildlife Veterinarian, Wacol 
Animal Care Centre, RSPCA Queensland

 − Jeff Curtiss, Veterinary Pathologist, 
IDEXX, Brisbane, American Board 
of Veterinary Pathologists and

 − Subir Sarker, ARC Discovery 
Early Career Researcher Award 
Fellow, LaTrobe University.

Background

Adenoviruses commonly infect many wild 
birds in Australia without causing disease. 
However, when an adenovirus infects a native 
species or infected birds that are stressed or 
immunosuppressed, they can cause disease.

Adenoviruses are of concern in the wildlife 
care setting where multiple species of birds 
are often housed in close quarters. 

In July 2021, Professor Phalen was contacted 
by Dr Lacasse and asked to determine if tawny 
frogmouths submitted to care that were ill and 
dying were infected with an adenovirus. Dr 
Curtiss conducted microscopic examination 
of tissues from a frogmouth that had died and 
demonstrated lesions that were consistent 
with an adenovirus infection.

Above: Tawny frogmouth. 
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Findings to date

 − Testing tissues from three dead tawny 
frogmouths and one sick one showed 
these birds were infected with a 
previously undescribed aviadenovirus. 

 − Healthy frogmouths (n=3) that 
were admitted at the same 
time were not infected. 

 − Twenty-three other birds (nine species) 
in care at or near the same time that the 
frogmouths were admitted were tested 
for adenovirus shedding and three were 
found to be shedding adenoviruses, but 
these adenoviruses were not the same 
as those infecting the frogmouths.  

 − Because one frogmouth was tested 
at the time of admission and was 
positive, it showed that infection 
was occurring in the wild. 

 − One frogmouth that was sick and 
tested positive survived, showing 
that some frogmouths with infection 
would survive, but most would die. 

 − The complete sequence of the tawny 
frogmouth adenovirus has been 
determined and the description of this 
outbreak and the virus that caused it 
is being prepared for publication.

7. Disease investigation into macropod 
mortality

Investigative team:

 − David Phalen, Professor, Sydney 
School of Veterinary Science

 − Lauren Bassett, Research Associate, 
Sydney School of Veterinary Science

 − Briana Talbot, Wildlife Veterinarian, 
Byron Bay Wildlife Hospital

 − Chantal Whitten, Wildlife Veterinarian, 
Byron Bay Wildlife Hospital

 − Karrie Rose, Wildlife Pathologist, 
Australian Registry of Wildlife Health, 
Taronga Conservation Society Australia

 − Jane Hall, Wildlife Health Project Officer, 
Australian Registry of Wildlife Health, 
Taronga Conservation Society Australia and

 − Renata Phelps, WIRES Wildlife 
Carer, Araucaria Sanctuary, Rock 
Valley, NSW, Australia, 2480.

Seizing joeys project
Several diseases of unknown aetiology are 
occurring in macropods across Eastern 
Australia. There is also evidence that a single-
celled, tick-transmitted parasite (Babesia 
species) is causing disease in juvenile eastern 
grey kangaroos in regions that are much 
further south than it was previously thought to 
occur. 
A WIRES macropod rehabilitator Renata 
Phelps, who is located inland in North-
eastern NSW, contacted Professor Phalen 
to request help to determine the aetiology 
of a neurological disease characterised by 
intermittent seizures that were occurring 
in red-necked pademelons and red-necked 
wallabies in her care, predominately in the 
spring and the summer. Believing the seizures 
were likely to be caused by an infection 
with Babesia, she treated the animals 
with diazepam to control the seizures as 
they developed and oral doxycycline and 
metronidazole, possibly with some success. 

Research plan

After the initial consultation with Renata, 
the investigative team was assembled and a 
detailed investigation undertaken to determine 
the cause of this syndrome and to document 
any response to treatment. 

Above: Eastern grey kangaroo joey.
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Listed below are the key activities and findings 
since the study got underway in September:

 − five animals have died of which 
three have been necropsied. 

 − Blood smears have been taken from 
multiple animals and urinalyses and serum 
biochemistries completed on three animals.  

 − A Babesia-like infection has been 
confirmed in two animals that have 
died. One had circulating Babesia-like 
organisms in the blood prior to its death.  

 − Two animals had low blood sugar 
and had ketones in the urine.  

 − Treatments with imidocarb, an anti-babesia 
drug have been undertaken in all of the 
animals in care. Initially, the dose used was 
1.2 mg/kg given twice at a 48-hour interval.  

 − Following this dosage rate, the seizure 
activity stopped for two weeks, 
then returned in one animal.  

 − All animals in care were treated 
with two more dosages at 2.4 mg/
kg. Since then, one animal has seized 
again and one died unexpectedly.

The next steps for this investigation include:

 − Processing all of the slides from all of 
the dead joeys and using special stains 
to confirm if there was evidence of an 
infection with a Babesia-like organism 
in these animals or if other possible 
causes for the seizures are evident.

 − Testing blood samples obtained from these 
joeys for the presence of Babesia DNA.

 − Documenting the treatment used to date 
and the outcomes of these treatments 
as compared to previous years.

 − Based on these results, maintain the 
current treatment plan or modify it.

Findings to date

 − A Babesia-like organism was 
detected in two animals.  

 − Some animals had low blood sugar and were 
in a negative calorie balance as evidenced by 
ketones in the urine.  Both low blood sugar 
and ketoacidosis could also cause seizures.

 − Seizures temporarily stopped following 
imidocarb treatment. Whether 
this was a cause and effect, or 
coincidental outcome is not known.

Above: Eastern grey kangaroo with at-foot joey.

Babesiosis in eastern grey kangaroos on the 
South Coast of NSW
Investigative team:

 − David Phalen, Professor, Sydney 
School of Veterinary Science

 − Lauren Bassett, Research Associate, 
Sydney School of Veterinary Science and

 − Adrina Selles, Macropod 
Coordinator, WRSC Central

Background

Emaciated, severely anaemic, eastern grey 
kangaroos at foot joeys are presenting to 
carers weekly in the Bateman’s Bay region of 
the south coast of NSW. Packed cell volumes 
(PCVs) (the measure of the amount of red 
blood cells in the blood) are consistently low. 
Many joeys with PCV values above 10% survive 
with aggressive treatment (supportive care, 
imidocarb 6 mg/kg repeated after 2 weeks, 
doxycycline, and a short course of steroids). 
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Treatment and diagnostic resources for 
people caring for these anaemic eastern grey 
kangaroos are limited. 

Research plan

The carers can collect small amounts of 
blood from the ears of these animals while 
they are in care and make blood smears for 
analysis. To facilitate the collection of the 
smear, the carers will receive strips of filter 
paper that are suitable for storing blood at 
room temperature. Once collected, the blood 
smears can then be used in molecular tests 
to identify the organism that is present in the 
blood sample. 

The smears will be sent to Professor Phalen so 
that he can better characterise the anaemia 
and search for Babesia-like organisms in the 
blood. Local veterinarians will test the samples 
and will be asked to provide both the PCV 
(percentage of blood cells) and the estimated 
total protein in the blood. This information will 
be shared with the carers to inform treatment 
options. Animals that die will be transported 
to Camden for a complete post-mortem 
examination. Depending on preliminary 
findings, changes in treatment protocols may 
be initiated. 

Above: Eastern grey kangaroos on the South Coast of NSW.
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Investigative team:

 − David Phalen, Professor Sydney 
School of Veterinary Science

 − Aaron Grenville, Lecturer, School of Life and 
Environmental Science, University of Sydney

 − Aditi Sriram, Project Officer, NSW Parks 
and Wildlife Service, Department of 
Planning, Industry and Environment

 − Ryan McCluskey, Honours Student, 
Animal Veterinary Bioscience, 2022

 − Isabella Guerrieri, Honours Student, 
Animal Veterinary Bioscience, 2022 and

 − Stella Noll, Honours Student, Animal 
Veterinary Bioscience, 2021.

Impact of drought and fires on the frequency 
of motor vehicle strikes in wombats  
Collisions with motor vehicles are one of 
the leading causes of death of bare-nosed 
wombats. The frequency of collisions is likely 
to increase when wombats are forced to feed 
along road verges during drought and when 
they are driven from their home ranges by fire.

Background

Aditi Sriram, Project Officer, NSW Parks and 
Wildlife Service, Department of Planning, 
Industry and Environment, contacted 
Professor David Phalen regarding using data 
generated through wildlife care organisations 
to track the occurrence of wombats killed 
by collisions with motor vehicles over the 
last ten years. A data-sharing agreement has 

been approved by the University of Sydney 
and NSW Parks and Wildlife Service. This 
data, which appears in the annual reports of 
these organisations, has been transferred to 
the University of Sydney to facilitate further 
research. 

Research plan

Two Honours students (2022) Isabella Guerrieri 
and Ryan McCluskey will review the data for 
evidence of patterns of increased mortality 
associated with motor vehicle collisions during 
the most recent drought and to temporally and 
spatially map motor vehicle collisions relative 
to bush fires during 2019-20.  

Based on preliminary observations, it appears 
that wombats leaving burnt habitat cross roads 
at the same location. If this is true, then when 
one wombat is killed on the road, a warning 
sign should be erected in that area to make 
motorists aware that wombats might try to 
cross the road at that location.

Mange 2021
Honours student Stella Knoll completed a 
research project in semester 2, 2021 utilising 
camera trap data from 2012 to 2019 collated 
from a broad-scale wildlife-monitoring 
program across 201 sites within NSW National 
Parks. 

Under the supervision of Professor Phalen and 
Lecturer Aaron Grenville, Stella’s research aims 
to identify both the spatial distribution and 
temporal dynamics of mange across wombat 
populations within forested areas of NSW. 

Above (left to right): Stella Noll and Dr Aaron 
Grenville, members of the wombat research 
investigative team. 

Right: Ryan McCluskey, Honours student.
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Listed below are the key activities and findings 
since the study began in September:

 − Stella has demonstrated that broad-
scale wildlife camera trap surveys can 
be used to detect and monitor sarcoptic 
mange prevalence and severity within 
bare-nosed wombat populations in 
national parks and reserves in NSW. 

 − Yearly occurrence of mange ranged 
from 1-7% across the 8 years of 
the study, with 40% of localities 
having observations of mange. 

 − Population size was found to 
significantly affect the proportion of 
mange within sites across NSW. 

 − Hotspot analysis found three main areas 
of concern, Wollemi/Yengo, Snowy 
Mountains and the Mid-South Coast. 

 − The Wollemi/Yengo area was identified as 
a hotspot in 5 years of the 8-year study, 
with mange prevalence as high as 47%.  

This study provided the first wide-scale look 
into sarcoptic mange in the bare-nosed 
wombat since 1998, identifying hotspots and 
spatial-temporal prevalence of mange aiding 
in the direction of future research in targeting 
areas of concern for conservation and 
monitoring.  

Stella’s thesis on this work is included in the 
appendices (Appendix 2).

Mange 2022
Dr Aaron Greenville and Honours students, 
Isabella Guerrieri and Ryan McCluskey, will use 
the above data from NSW Parks and Wildlife 
Service to map the distribution of mange in 
wombats in New South Wales. 

The project team will then compare and 
incorporate its findings to those found by 
Stella Noll in 2021 to determine if wombat 
mange distribution and prevalence are the 
same in semiurban and agriculturally associate 
wombat populations as it is in remote areas. 
Identifying locations where it is common 
and impacting wombat populations will allow 
for targeted treatment and lead to a better 
understanding of this disease and its impact on 
bare-nosed wombat populations.

Lung yeast infections
All three species of wombats, northern 
hairy-nosed wombat, southern hairy-nosed 
wombat and bare-nosed wombat, in the wild 
are commonly infected with a single-celled 
fungus that grows in the wombats’ cells in the 
lung. Interstitial pneumonia is also common in 
wombat lungs and might be a reaction to the 
presence of this single-celled fungus; however, 
this has not been confirmed, and the severity 
of pneumonia and its impact on wombats has 
not been assessed.

Left: Isabella Guerrieri, Honours student. 

Right: Wombat with severe manage identified using a camera trap.
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Background

Professor Phalen has collaborated with 
University of Sydney veterinary pathologist, 
Marina Gimeno and graduating veterinary 
student, Alexandra Berry to undertake a study 
to determine the prevalence of this pulmonary 
fungal infection in bare-nosed wombats. They 
hope to demonstrate its association with 
interstitial pneumonia. This work is nearly 
complete, and a manuscript is being prepared 
for submission to Veterinary Pathology. 

Findings to date

The findings of this work show that infection 
with this fungus is common and likely the 
cause of pneumonia seen in the lungs of bare-
nosed wombats. The severity of pneumonia 
varied between wombats, but most times, 
the pneumonia was sufficiently severe that it 
would have affected their ability to breathe 
and would have benefited from treatment. 
This may be why some wombats with mange 
die unexpectedly. Professor Phalen expects to 
submit this paper by the end of March 2022.

9. Exudative dermatitis in brushtail 
possums

Investigative team:

 − David Phalen, Professor Sydney 
School of Veterinary Science

 − Lauren Bassett, Research Associate, 
Sydney School of Veterinary Science

Above: The fungus Emmonsiellopsis isolated 
from a wombat lung.

Left: Marina Gimeno, veterinary pathologist. Inset: 
Alexandra Berry, veterinary student.

 − Catherine Herbert, Associate Professor, 
School of Life and Environmental 
Science, University of Sydney and

 − Holly Cope, Post-Doctoral Scientist, 
Sydney School of Veterinary Science.

Background

Exudative dermatitis is a common disease 
of brushtail possums from the Northern 
Sydney beaches to as far north as Townsville, 
QLD.  This debilitating disease causes severe 
inflammation and often ulceration of the skin 
of brushtail possums. Previously Jasmine 
Mowbray (veterinary student) and Professor 
Phalen, in collaboration with a Lynn Willett 
(wildlife carer) undertook a study to determine 
lesion distribution, sex and age predisposition, 
and response to therapy in brushtail possums 
submitted for care with exudative dermatitis.  
This study was funded by WIRES and a report 
was submitted to WIRES at the time.  

This report is included in the appendices 
(Appendix 3). The report findings showed that 
most brushtail possums will respond quickly 
to antibiotics and the skin lesions will heal. 
These results suggest it is a bacterial disease; 
however, the bacterium or combination 
of bacteria causing it were not identified.  
Another question not addressed by this 
study was whether brushtail possums could 
re-establish their territories after they were 
released and survived.
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Research plan – aetiology of exudative 
dermatitis

Possum carers on the North Coast of Sydney 
will be identified and included in this study. To 
identify the bacteria causing this disease, the 
carers will swab the tissue on the edges of the 
damaged and healthy skin. In most cases, there 
is a layer of underrun skin that is separated 
from underlying tissues. In these cases, the 
carers will be directed to swab between the 
skin and the underlying tissue. 

If the possum is to be examined by a 
veterinarian, the veterinarians will be asked to 
collect swabs, or if they will be debriding the 
tissue under anaesthesia, they will be asked 
to collect a piece of the debrided tissue. 
All samples will be frozen, and the samples 
transported to Camden. DNA will be extracted 
from the samples and next generation 
sequencing will be done to determine the 
species of bacteria and the relative proportion 
of them in the lesion.  

We suspect that one or more of the bacteria 
causing this disease are anaerobic bacteria 
(they cannot grow in the presence of air) and 
this why they have not been associated with 
this disease previously. 

Research plan – how do brushtail possums 
adjust after release

Dr Holly Cope and Associate Professor 
Catherine Herbert will lead this investigation. 

Possums that have been in care a minimum of 
one week for treatment for exudate dermatitis 
will be fitted with a collar that contains a 
tracking device.  Animals will then be tracked 
for one month after they are released to 
determine their movements.  

Our hypothesis is that they will continue to 
reside in the territory where they were found.  
Large scale movements would suggest that the 
territory they left was occupied by another 
possum and that they were forced to establish 
another territory.  The number of animals 
collared will depend on the case load and 
other resources. However, it is expected that 
between 10 and 20 animals will be able to be 
tracked after release.

Above: Brushtail possum with dermatitis.

Left: Associate Professor Catherine Herbert, School of Life and Environmental Sciences.

Right: Dr Holly Cope, Post-Doctoral Scientist, Sydney School of Veterinary Science.
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For more information
Peta Magee, Executive Director, Health and Medical Sciences
T +61 429 402 762  E peta.magee@sydney.edu.au
sydney.edu.au

CRICOS 0026A

Thank you

The University of Sydney community is 
incredibly grateful to WIRES for investing in 
native wildlife research being spearheaded 
by the Sydney School of Veterinary Science. 
Our shared investment in a range of projects 
to expand our understanding of the primary 
drivers of disease in native wildlife is vital for 
safeguarding vulnerable species for future 
generations. The WIRES’s gift ensures our 
researchers can harness specialist diagnostic 
tools and expertise to play a leading role in 
saving Australia’s endangered native species. 

Thank you for partnering with us to ensure a 
sustainable future for our incredibly unique 
and irreplaceable wildlife.

Above: The Sydney School of Veterinary Science (SSVS) provides leading veterinary education, animal 
science and research that advances the health and welfare of animals and benefits the community.
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Investigation into clinicopathological and pathological findings,
prognosis, and aetiology of lorikeet paralysis syndrome in rainbow
lorikeets (Trichoglossus haematodus)

C Lacasse,a* K Rose,b M Allen,c MP Ward,c LA Pulscher,c A Giles,d J Hallb and DN Phalenc,e

Objective To report the temporal and spatial distribution of
rainbow lorikeets presenting with lorikeet paralysis syndrome
(LPS) and their clinicopathologic and pathologic findings, expo-
sure to toxins, and response to treatment.

Methods Records of lorikeets admitted in 2017 and 2018 to
facilities in south-east Queensland (QLD) were reviewed and LPS
and non-LPS cases were mapped and their distribution com-
pared. Plasma biochemistries and complete blood counts were
done on 20 representative lorikeets from south-east QLD and
Grafton, New South Wales (NSW). Tissues from 28 lorikeets were
examined histologically. Samples were tested for pesticides
(n = 19), toxic elements (n = 23), botulism (n = 15) and alco-
hol (n = 5).

Results LPS occurred in warmer months. Affected lorikeets
were found across south-east QLD. Hotspots were identified in
Brisbane and the Sunshine Coast. Lorikeets had a heterophilic
leucocytosis, elevated muscle enzymes, uric acid and sodium
and chloride. Specific lesions were not found. Exposure to cad-
mium was common in LPS and non-LPS lorikeets. Treated lori-
keets had a 60–93% See Table 2 depending on severity of signs.

Clinical significance The primary differential diagnosis for lori-
keets presenting with lower motor neuron signs during spring,
summer and autumn in northern NSW and south-east Queens-
land should be LPS. With supportive care, prognosis is fair
to good.

Keywords aetiology; clinical pathology; paralysis; prognosis;
rainbow lorikeet; temporal distribution

Abbreviations Aka, also known as; CNS, Central Nervous
System; GVC, Grafton Veterinary Clinic; LPS, Lorikeet Paralysis
Syndrome; NS, not significant; NSW, New South Wales; QLD,
Queensland; RSPCA, Royal Society for the Prevention of Cruelty

to Animals; USA, United States of America; VIC, Victoria; WA,
Western Australia
Aust Vet J 2021;99:432–444 doi: 10.1111/avj.13107

Lorikeet paralysis syndrome (LPS) is a paralytic disease of
wild rainbow lorikeets (Trichoglossus haematodus) and less
commonly other species of lorikeets in Australia.1, 2 Mani-

festations of this disease range from the inability to fly and
hindlimb weakness and ataxia, to a flaccid paralysis of all limbs and
the neck, inability to blink, paralysis of the tongue, inability to swal-
low and voice change.1,2 The number of cases each year ranges from
hundreds to thousands, making it one of the most important wild-
life diseases and animal welfare concerns in Australia.1,2

Despite its importance, there are no published data on the clinical
pathological findings or aetiology of LPS and only one report on
prognosis that suggests that a small proportion of lorikeets with
LPS recover after several weeks of supportive care.2 Lorikeets pre-
senting with similar but not identical signs have been documented
in Victoria (VIC), New South Wales (NSW) and Queensland
(QLD).1–6 Lorikeets described in these cases presented with flexed
stifles, hocks and phalanges (aka Clench Claw Syndrome), signs not
seen in birds with LPS.6 In previous studies of lorikeets with central
nervous system (CNS) signs and leg flexion, gross lesions were non-
specific and microscopic and ancillary diagnostic findings suggested
multiple aetiologic agents may cause them.1–6 One study found a
high prevalence of non-suppurative encephalitis, possibly of viral
origin, in lorikeets with CNS signs and flexed legs.3 More recently, a
novel avulavirus (Avian avulavirus 5/Lorikeet/Australia/2016) was
detected in four of five rainbow lorikeets presenting with CNS signs
and flexed legs.6 All five birds had a non-suppurative encephalomy-
elitis and ganglioneuritis. In other studies, thiamine deficiency was
postulated to cause CNS signs and leg flexion in VIC5 and cadmium
and lead exposure was found in lorikeets presenting with CNS signs
and flexed legs in Sydney, NSW.1

The objectives of this study were threefold. The first was to charac-
terise the clinical and pathological changes present in lorikeets with
LPS to better define this syndrome and help in the formulation of a
treatment plan. The second was to determine the prognosis for lori-
keets with LPS and to determine if the severity of the disease on
presentation could be used to predict the chances of recovery. The
third was to use epidemiologic, clinical pathologic, toxicologic and
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postmortem findings to narrow the list of possible aetiologies
for LPS.

Materials and methods

Numbers, ages and temporal distribution of LPS cases
presenting to the Royal Society for the Prevention of Cruelty of
Animals (RSPCA)
Records used in the retrospective study included all rainbow lori-
keets admitted to the RSPCA, Queensland (QLD) Wacol Animal
Care Campus, Wacol, QLD and the RSPCA Eumundi Wildlife Cen-
tre, Eumundi, QLD from 1 January 2017 to 30 December 2018. Data
were analysed using Microsoft Excel (Microsoft Corporation. 2018.
Retrieved from https://office.microsoft.com/excel). Birds were classi-
fied as juveniles if the beak was uniformly black, subadults if the
beak was a combination of black and orange, and adult if the beak
was entirely orange.

Categorizing the severity of presenting signs
LPS cases were placed into categories based on severity of their signs.
All LPS lorikeets were unable to fly and had no physical or radio-
graphic evidence of trauma. Category 1 lorikeets were unable to
stand, blink and swallow. Category 2 lorikeets were unable to blink
but could swallow and stand and were ataxic when trying to walk.
Category 3 lorikeets were able to blink, swallow, stand and walk, but
were ataxic when hopping. Category 4 lorikeets were able to blink,
swallow, walk and hop.

Spatial distribution of LPS cases and non-LPS cases submitted
to the RSPCA
LPS and non-LPS cases were geocoded based on reported suburb
and mapped (ArcGIS 10.5. ESRI, Redlands, CA) using a shape file of
Australia (geographic coordinate system WGS 1984). The spatial
clustering of LPS and non-LPS cases was compared using a nearest
neighbour statistic.7 Clusters of LPS cases were identified using a
time–space scan statistic based on a Bernoulli model (SaTScan 9.6.
http://www.satscan.org/).8 Data were scanned for clusters in size up
to half of the study area and occurring up to half of the study period,
and statistical significance was determined based on the likelihood
statistic and Monte Carlo simulation (n = 999). Hotspots were inter-
preted based on the number of cases present compared with that
expected and were mapped.

Distribution of body condition scores, treatment and
survival rates
Distribution of body condition score. The distribution of the
body condition scores for lorikeets presenting with LPS was deter-
mined by reviewing the body condition scores recorded (n = 304)
for lorikeets that presented to the RSPCA in 2017. Lorikeets were
given a body condition score ranging from one to five. Lorikeets with
a score of one had a marked decrease in pectoral muscle mass (the
pectoral muscles were concave in cross section) and no fat. Lorikeets
with a body condition score of three were considered normal having
limited body fat and a cross-sectionally convex pectoral muscle mass.
Lorikeets with a body condition score of 5 had convex muscle mass
but excessive body fat.

Treatment in hospital. Treatment consisted of subcutaneous fluids
(Hartmann’s solution; Webster, Sydney, NSW, Australia) 100 mL/kg
once on arrival for all and 50 mL/kg q24 hrs for 2 days for Category
1 lorikeets. Category 1 lorikeets were assist fed (5–8 mls, Neocare,
Vetafarm, Wagga Wagga, NSW, Australia or Wombaroo Lorikeet
Nectar, Adelaide, South Australia, Australia) q8–q12 hrs until they
could self-feed. Meloxicam (Boehringer Ingelheim, Vetmedica,
Duluth, Georgia, USA) 1 mg/kg IM q12 hrs was administered for
3 days. Eye drops (Systane, Alcon Laboratories, Macquarie Park,
NSW, Australia) were applied to both eyes q12 hrs for the lorikeets
that were unable to blink. Once lorikeets were feeding on their own
and were able to get some lift when flapping their wings, they were
transferred into a 3 m high, 3 m wide and 6 m long flight cage. Lori-
keets were released once they could fly for 5 min without developing
open-mouthed breathing.

Survival rates. Age (juvenile/subadult or adult), date of admission,
number of days before transfer to an aviary, final outcome (died,
euthanased, released, outcome unknown) and total number of days
in care were recorded. A chi-square test of independence was per-
formed to determine if there were significant differences in survival
between categories (Microsoft Corporation. 2018. Microsoft Excel).
The normality of the distributions of the number of days in hospital
and rehabilitation before release and the total number of days in care
(days in hospital plus days in rehabilitation) for each category were
tested by the Shapiro–Wilk test and the assessment of Q–Q plots
and histograms using R version 3.6.0 for Windows. Given that the
data were not consistently normally distributed, data sets were com-
pared using Wilcoxon rank sum test in Excel. Differences were con-
sidered significant if the P value was ≤0.05.

Sample collection and timing of sample collection from
lorikeets with LPS submitted to the Australia Zoo Wildlife
Hospital (AZWH), RSPCA, and Grafton Veterinary Clinic (GVC)
Location and timing of specimen collection. Diagnostic speci-
mens (Table 1) were collected from lorikeets with LPS presenting to
the Australia Zoo Wildlife Hospital (AZWH), 1638 Steve Irwin Way,
Beerwah, QLD, Australia, in November and December 2012 and
February 2015; RSPCA, Wacol Animal Care Campus in January and
February 2017, February 2018 and February 2020; and the GVC, 128
Bacon St., Grafton, NSW, Australia in February 2020. All specimens
were collected upon arrival and none of the birds were treated prior
to euthanasia, with the exception of two that had been in care for
20 and 27 days at the RSPCA. Histopathology, biochemistry and
haematology were done on the 15 birds collected in January 2017 at
the Wacol Campus of the RSPCA.

Blood collection. All lorikeets were anaesthetised with isoflurane
admixed with oxygen and delivered via facemask (Baxter, Old
Toongabbie, NSW, Australia). One millilitre of blood was collected
from the right jugular vein from lorikeets from the RSPCA and GVC
and blood smears were made. The remaining blood was placed in a
1.5 mL heparinized tube (Becton Dickenson, Macquarie Park, NSW,
Australia) and mixed. Blood smears were stained with a
Romanowsky stain (Diff-Quik, RAL Diagnostics, Martillac, France).

© 2021 The Authors. Australian Veterinary Journal published by John Wiley & Sons Australia, Ltd
on behalf of Australian Veterinary Association.
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Haematological and biochemical analysis
Estimated total white blood cell counts and differential counts were
routinely done.9 Thrombocyte numbers were considered normal if
more than two thrombocytes were seen per field at 1000� magnifi-
cation. Polychromasia was scored as 0 (no polychromatophilic cells)
or 1+ (1–5% polychromatophilic cells). The heparinized blood was
centrifuged and plasma was removed and frozen at �20�C. Plasma
biochemical analytes were determined using a Konelab 20xti
(Thermo Fisher Scientific, NSW, Australia).

Euthanasia and postmortem sample collection from lorikeets
with LPS presenting to the RSPCA, AZWH and GVC
Anaesthetized lorikeets were euthanased with diluted intravenous
pentobarbital sodium (Lethabarb, Virbac, NSW, Australia). Tissue
samples collected at the AZWH included liver, kidneys, heart, lungs,
proventriculus, ventriculus, intestinal tract, spleen, bursa of Fabricius
(if present), gonads, adrenal glands, pancreas, brain, sections of the
cervical, notarial and synsacral vertebral column, pectoral muscle,
trachea, syrinx, skin and sciatic nerve. Additional samples collected
from lorikeets from the RSPCA and GVC included thyroid, parathy-
roid, tongue, oral mucosa, tibiotarsus and surrounding muscle. The
tibiotarsus was fractured to test bone strength. Tissues were
formalin-fixed. Sections of the vertebral column and tibiotarsus
were demineralised in 14% ethylenediaminetetraacetic acid solution.
All tissues were paraffin-embedded, sectioned at 4 μm and stained
with hematoxylin and eosin. Fresh liver, kidney and digestive tract
contents were collected, frozen and stored at �20�C. Samples were
collected under the Opportunistic Sample Collection Program of the
Taronga Animal Ethics Committee (# R17B252).

Toxicological investigation of lorikeets with LPS presenting to
the RSPCA and GVC and avian influenza (AI) and exotic
Newcastle disease (END) exclusion (RSPCA)
Metal analysis. Metal analysis was done on liver and kidney tissues
obtained from 13 rainbow lorikeets collected at the RSPCA (12 lori-
keets affected by LPS and a non-LPS case) as previously described
(Table 1).9 The results of testing are reported as mg/kg dry weight.
The normality of the range of metal values was tested by the
Shapiro–Wilk test and the assessment of Q–Q plots and histograms.
Given that the data sets were predominately not normal, a Wilcoxon
signed rank test was used for comparisons of metal concentrations
in liver and kidney of lorikeets to those of grey-headed (Pteropus
poliocephalus) and black flying-foxes (Pteropus alecto)9: species that
feed on similar plant items.10,11 Differences were considered signifi-
cant if the P value was <0.05 after applying the Bonferroni correction
for multiple comparisons. Median values and ranges of metals in the
livers and kidneys of commercially raised chickens were also com-
pared with the rainbow lorikeet tissues.12,13 A statistical comparison
to those of the chickens was not possible as the raw values for the
chicken samples were not available. Additional testing for toxins and
elements, including metals, was done on samples submitted to com-
mercial laboratories (Table 1). The elements screened for by the
Environmental Forensics Laboratory are reported as wet weight
(Appendix A). They were converted to dry weight by multiplying
values by four (assuming that they contained approximately 75%
moisture)14 and compared with the dry weight values determined

for the 2017 lorikeets. Samples submitted for pesticide screening at
the Environmental Forensics Laboratory were screened using gas
chromatography with mass spectrometry and by liquid chromatog-
raphy with mass spectrometry. The pesticides screened by gas chro-
matography are listed in Appendix B.

Avian influenza (AI) and Newcastle disease (ND). To rule out
the presence of AI and ND, oral swabs from five lorikeets were sub-
mitted to the Biosecurity Sciences Laboratory, Department of Agri-
culture and Fisheries, QLD, Australia (Table 1).

Results

Numbers, ages and temporal distribution of LPS cases
presenting to the RSPCA
A total of 4035 rainbow lorikeets were admitted to the RSPCA dur-
ing 2017 and 2018. Of these, 1119 (28%) were diagnosed with LPS.
Five were juveniles and 1114 were subadults or adults. Most cases
presented between October and June (Figure 1). Fewer presented in
July 2017 (n = 2), September 2017 (n = 2) and July 2018 (n = 2).
Total numbers of non-LPS lorikeets and lorikeets with LPS pre-
senting per month and the percentage of lorikeets per month
presenting with LPS increased from October until they peaked in
January and then declined again until June (Figure 1).

Spatial distribution of LPS and non-LPS cases submitted to the
RSPCA
The spatial distribution of the sources of the LPS and non-LPS cases
is shown (Figure 2A,B). Significant (P < 0.0001) clustering of both
LPS cases and non-LPS cases (nearest neighbour indices 0.1372 and
0.0895, respectively) was found. LPS cases were most clustered dur-
ing September 2017 to May 2018. Clusters of LPS cases were noted
in both the interpolated map and the scan statistic at two locations
south (primary) and south-west (secondary) of Brisbane (Figure 2B).
The primary cluster (radius 4.67 km; P < 0.0001) occurred between
10 December 2017 and 7 March 2018 (66 cases, 25 expected) and
the secondary cluster (radius 4.57 km; P < 0.0001) occurred between
23 January 2018 and 14 March 2018 (33 cases, 9.3 expected)
(Figure 2B). A cluster was also found in the Sunshine Coast
(Figure 2A). This cluster (P < 0.0001), which occurred at a single
location, lasted between 6 January and 5 June 2018 (33 cases,
11 expected). None of the locations where lorikeets were found
included nocturnal roosting sites.

Body condition, severity of signs at presentation and outcome
of treatment of lorikeets with LPS submitted to the RSPCA
The percentage of lorikeets presenting with LPS for which body con-
dition scores were reported in 2017 (n = 304) were 17.8% (one),
24.7% (two), 46.7% (three), 6.6% (four) and 2.6% (five). The severity
of signs exhibited by lorikeets with LPS is shown (Table 2). The larg-
est percentage of lorikeets presented with advanced signs
(Category 1) followed in descending order by Category 2, 3 and
4. Most of the Category 1 cases were euthanased given that they had
a poor prognosis. However, of the 27 lorikeets in Category 1 that
were treated, and the outcome known, 60% were released. The
majority of lorikeets presenting in Categories 2, 3 and 4 were treated;
treatment success significantly increased from 80% (Category 2) to
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93% (Category 4) (Table 2). The average number of days in hospital
and the average number of days in rehabilitation as a function of cat-
egory on presentation are shown (Table 3). The average number of
days in hospital decreased significantly as the severity of signs on
presentation decreased. A similar trend was seen for the numbers of
days in rehabilitation; however, the mean of Category 1 lorikeets was
not significantly lower than the median of Category 2 and Category
3 lorikeets. Total time in care decreased significantly as the severity
of signs decreased (Table 3).

Haematologic and biochemical findings from lorikeets
presenting with lorikeet paralysis syndrome to the RSPCA and
the GVC
Haematologic findings. Polychromasia was not observed in nine
lorikeets (56%) and 1+ polychromasia was present in seven lorikeets
(44%). All lorikeets had adequate numbers of thrombocytes. Twelve

lorikeets (75.0%) had a moderate to marked leucocytosis, two
(12.5%) had leucocyte counts within the expected range, and
two (12.5%) had a leucopenia. Leucocytosis was the result of a mod-
erate to marked heterophilia and mild to moderate monocytosis.
Fourteen lorikeets had a lymphopenia. Both lorikeets hospitalised for
20 or more days had a leucocytosis, heterophilia and lymphopenia
(Table 4).

Plasma biochemistries. Biochemical analysis was undertaken on
plasma of 16 LPS lorikeets (Table 5). Because there was insufficient
plasma from some, only 15 values were available for some analytes
and several analytes were not determined for lorikeets from the GVC.
Striking findings were marked increases in the creatinine phosphoki-
nase and similar but less severe increases in aspartate aminotransfer-
ase and moderate to marked increases in uric acid in most lorikeets.
A mild to moderate increase in plasma amylase was seen in six of
16 lorikeets. Mild increases in plasma phosphorus concentrations and

Table 1. Assays, year, numbers, samples tested, origin of specimens and laboratories where the testing of lorikeets with suspect lorikeet paralysis
syndrome (LPS) was undertaken

Assay/laboratory Date N Sample Sourcea

Blood alcoholb,c 2015 3 Blood AZWHb

2 Blood GVCc

Avian influenzad 2015 5 Tracheal and cloacal swabs AZWH

Cholinesterase activityd 2015 3 Brain AZWH

Clostridium botulinum toxins C and De 2018 5 Liver, digestive contents RSPCA

Clostridium botulinum toxins A, B and Ee 2020 10 Plasma RSPCA

Newcastle diseased 2015 5 Tracheal and cloacal swabs AZWH

Histopathologyf 2012 8 Formalin-fixed tissues AZWH

2017 15 Formalin-fixed tissues RSPCA

Haematology/biochemistryf 2017 13 Blood RSPCA

2020 5 Blood GVC

Element profileg 2017 12 LPS cases
1 non-LPS

Liver, kidney RSPCA

Element profileh 2020 5i LPS cases
3i non-LPS cases

Liver, kidney, digestive tract RSPCA

2020 6j

LPS cases
Liver, digestive contents GVC

Pesticide profileh 2020 5i LPS cases
3i non-LPS cases

Liver, kidney, digestive tract RSPCA

2020 6j

LPS cases
Liver, digestive contents GVC

a AZWH, Australia Zoo Wildlife Hospital; GVC, Grafton Veterinary Hospital; RSPCA, Royal Society for the Prevention of Cruelty to Animals.
b Forensic and Scientific Services Forensic Toxicology; QLD Health, 39 Kessels Road, Coopers Plains, QLD 4108.
c NSW Health Pathology North Grafton Base Hospital, Arthur Street Grafton, NSW 2460.
d Biosecurity Sciences Laboratory, Department of Agriculture and Fisheries, Queensland Government, 39 Kessels Rd, Coopers Plains, QLD 4108.
e Diagnostic Laboratory Services, Department of Primary Industries and Regional Development, 3 Baron-Hay Court, South Perth, WA 6151.
f University of Sydney, Camden, NSW 2570.
g University of Sydney, Department of Chemical Pathology, Royal Prince Alfred Hospital, Camperdown, NSW 2050.
h Environmental Forensics, Department of Planning, Industry and the Environment, NSW Government, 480 Weeroona Road, Lidcombe, NSW.
i Liver samples were tested individually. Kidney samples from the non-LPS lorikeets were pooled and tested as a composite sample. Kidney
samples from the affected lorikeets were pooled and tested as a composite sample. Digestive tract samples (stomach and intestinal content)
from affected lorikeets were pooled and tested as a composite sample. Digestive tract samples from non-LPS lorikeets were not tested.
j Digestive tract and liver samples were tested separately. Samples from lorikeets 1, 2 and 3 were pooled and tested as a composite sample and
samples from lorikeets 4, 5 and 6 were also tested as a composite sample.
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a mild to moderate hypernatremia and hyperchloremia were
also seen.

Necropsy findings of lorikeets with LPS presenting to the
RSPCA, AZWH and GVC
Gross findings were available from 20 lorikeets, and tissues from
28 lorikeets were examined histologically. There were no consistent
gross or microscopic lesions that would explain the signs observed in
the lorikeets with LPS. Two lorikeets had traumatic injuries consis-
tent with an attack by a predator. A single lorikeet had a ruptured
liver and perihepatic haemorrhage suggesting blunt force trauma.
Two lorikeets had dilation of their cloaca and one had dilation of the
entire intestinal tract, suggesting a neurogenic ileus. Incidental gross
findings included air sacullitis (n = 3), parathyroid hyperplasia
(n = 9) and serpentine deviations of the keel consistent with meta-
bolic bone disease when a nestling (n = 7). Tibiotarsal bone
strength, reflecting recent calcium intake, was normal in all lorikeets.

Lesions of the CNS included mild focal haemorrhage of the cere-
brum (n = 3), a thrombosed small vessel in the cerebrum (n = 1),
extensive thrombosis of vessels in a section of the thoracic spinal
cord in a lorikeet with aspergillus, and extensive haemorrhage in sec-
tions of the spinal cord and adjacent muscle (n = 1). The
haemorrhagic brain lesions were thought to be caused by trauma
and would not cause the signs observed in these lorikeets. Similarly,
the thrombotic lesion seen in the brain would not have resulted in
the observed signs. The thrombotic and haemorrhagic lesions seen
in the spinal cord in two lorikeets were severe and could have
accounted for the signs observed and as a result these birds were
removed from the study. Metastatic mineralization of soft tissues, a
lesion seen in cadmium poisoned animals16 and other aberrations of
calcium, phosphorus and vitamin D homeostasis, was present in four
lorikeets. Muscle haemorrhage (n = 1) and mild focal to focally
extensive myodegeneration (n = 3) were seen. Parathyroid hyperpla-
sia was detected in six lorikeets. However, adjusted calcium levels
were in the expected range15 and hypocalcaemia was not considered
as a differential.

Toxicological findings of lorikeets with LPS and AI
and END exclusion
The results of the metal analysis from 13 rainbow lorikeets with LPS
and one non-LPS lorikeet submitted to the RSPCA in 2017 are
shown (Table 6). One lorikeet had toxic concentrations of liver cad-
mium (145 mg/kg dry weight).10 A second lorikeet had toxic concen-
trations of liver lead (81 mg/kg dry weight).17 Since the renal
concentrations of these elements were not elevated in either lorikeet,
these findings are consistent with recent exposure.18 Evidence for
recent exposure to cadmium in other lorikeets is shown by the sig-
nificant increase in cadmium liver concentrations compared with
values from flying-fox liver and the higher cadmium concentration
in the liver compared with the kidney. The non-LPS lorikeet also
had evidence of recent cadmium exposure. All lorikeets had liver
cadmium concentrations that exceeded the highest concentrations
found in domestic chickens. With the exception of the one lorikeet
with evidence for recent exposure to lead, liver and kidney

Figure 1. Temporal distribution of control and lorikeet paralysis syn-
drome affected lorikeets presenting to the RSPCA during 2017 and
2018. Values above the bars are the percentage of lorikeet paralysis
cases as a function of the total number of lorikeets presented during
that month.

Figure 2. (A,B) Proportional symbol maps of
cases of lorikeet paralysis syndrome (solid
blue circles) and non-lorikeet paralysis syn-
drome cases (empty circles) in rainbow lori-
keets (Trichoglossus haematodus) in the
Sunshine Coast area (A) and Brisbane, QLD
area (B). Clusters are shown as pink-filled cir-
cles and statistically significant clusters of
cases (P < 0.0001) are indicated by cyan
circles.
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concentrations of lead in the lorikeets were not significantly different
than those in flying-foxes.

Liver and kidney iron concentrations were significantly higher than
flying-fox values and kidney iron concentrations were elevated

compared with liver iron concentrations. All values were higher than
the upper value found in chicken liver and kidney. Liver and kidney
tin concentrations were significantly higher than concentrations in
the flying-foxes and equal to or higher than those found in chickens,
but below toxic concentrations.19 Selenium concentrations were

Table 2. Severity of signs, numbers treated and outcome of treatment

Category Total Percent Euthanased Treated Died after treatment Treated lorikeets released Outcome unknown

1 571 50 543 28 10 17 (60%) 1

2 264 24 65 199 19 161 (80%)a 19

3 154 14 16 138 6 117 (85%)a 15

4 130 12 3 127 3 118 (93%)a,b 6

Total 1119 100 627 492 38 413 (84%) 41

a Percentage of lorikeets released is significantly higher (P ≤ 0.05) than in Category 1.
b Percentage of lorikeets released is significantly higher (P < 0.05) than in Category 2.
Rainbow lorikeets with lorikeet paralysis syndrome, Royal Society for the Prevention of Cruelty to Animals 2017 and 2018.

Table 3. Median and range of the numbers of days rainbow lorikeets with lorikeet paralysis syndrome spent in hospital and rehabilitation and com-
bined hospital and rehabilitation days as a function of the severity of signs (category) on presentation

Category on
presentation

Median (range) of days in
hospital

Median (range) of days in post-hospitalisation
rehabilitation

Median (range) of total days
in care

1 38 (22–73) 68 (11–64) 106 (63–117)

2 24 (7–51)a 51 (5-204) 75 (20-247)a

3 21 (7-50)a,b 49 (5-180)b,c 70 (18–222)a,b

4 16 (4-39)a,b,c 37 (6-85)a,b,c 53 (13–96)a,b

a Days were significantly fewer (P < 0.05) than Category 1 lorikeets.
b Days were significantly fewer (P < 0.05) than Category 2 lorikeets.
c Days were significantly fewer (P ≤ 0.05) than Category 3 lorikeets.
Only lorikeets that lived to be released are included in these calculations.

Table 4. Haematologic findings in rainbow lorikeets presenting with lorikeet paralysis syndrome

Expected
rangea,b

Acutec RSPCA
n = 11

mean (range)

Acute GVC
n = 5

mean (range)

In cared RSPCA
n = 2

actual values

Total white blood cell
count

8.0–13.0 22.7 (4.9–36)
Leucocytosis n = 8
Leucopenia n = 2

18.9 (10.2–35.2)
Leucocytosis

n = 4

19.2, 19.8
Leucocytosis

n = 2
Heterophil count 3.2–7.8 20.44 (4.4–38.4)

Heterophilia
n = 9

17.8 (10.0–35.2)
Heterophilia

n = 5

11.7, 18.4
Heterophilia
n = 2

Lymphocyte count 1.8–9.0 1.06 (0.2–3.6)
Lymphopenia

n = 9

0.73 (0–1.2)
Lymphopenia

n = 5

0.8, 1.2
Lymphopenia

n = 2
Monocyte count 0.0–1.6 1.4 (0.3–2.6)

Monocytosis
n = 3

0.54 (0–1.2) 0.6, 0.8

a Cells � 103/μL.
b Adapted from Hawkins et al.15
c Samples were collected on the day of presentation.
d Samples were collected from lorikeets in hospital for 20 or more days.
GVC, Grafton Veterinary Clinic; RSPCA, Royal Society for the Prevention of Cruelty of Animals.
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similar to those seen in the flying-foxes and chicken controls and
were considered adequate. Significantly but only moderately elevated
concentrations of magnesium were found in the livers of lorikeets
compared with flying-foxes, and significantly but only mildly
increased concentrations of manganese concentrations were found
in the kidney of the lorikeets compared with the flying-fox. Median
values of liver magnesium and kidney manganese were also
increased than those in chickens.

Liver samples from six lorikeets with LPS from the GVC and five
LPS and three non-LPS lorikeets from the RSPCA were tested for
29 elements (Appendix 1). Cadmium was not detected in the liver
samples from the GVC lorikeets. Low-level exposure to chromium
was found in one. Toxic concentrations of other elements were not
detected. Cadmium exposure was detected in both the non-LPS and
LPS lorikeets from the RSPCA. Median concentrations of cadmium
were 1.6 mg/kg and 2.8 mg/kg dry matter in the liver of the LPS and
non-LPS lorikeets, respectively, and pooled kidney concentrations
were 22.4 and 15 mg/kg dry weight in LPS and non-LPs lorikeets,
respectively. These values contrasted with those found in lorikeets

tested in 2017, in that concentrations were higher in the kidney com-
pared with the liver, suggesting a significant but not recent exposure,
whereas the concentrations of cadmium were higher in the liver in
the 2017 lorikeets suggesting recent exposure. Median iron concen-
trations in LPS (1944 mg/kg liver and 1000 kidney mg/kg dry
weight) and non-LPS (1548 mg/kg liver and 1700 kidney mg/kg
dry weight) lorikeets from the RSPCA in 2020 were as high or higher
than those found in rainbow lorikeets sampled from the RSPCA
in 2017.

Pesticides, botulism toxins and alcohol were not detected. Cholines-
terase levels were within the expected range ruling out exposure to
organophosphate pesticides. Infection with avian influenza and New-
castle disease was excluded.

Discussion

Lorikeet paralysis syndrome is a common disease of rainbow lori-
keets presenting to wildlife carers in south-east QLD and north-east
NSW.1,2 The importance of this disease is reflected in the findings of

Table 5. Plasma biochemical findings in rainbow lorikeets with lorikeet paralysis syndrome, Royal Society for the Prevention of Cruelty to Animals
(RSPCA) and Grafton veterinary clinic (GVC)

Biochemical parameter Expected rangea RSPCA mean (range) GVC mean (range)

Creatine phosphokinase (U/L) <600 10,492 (683–56,623)
11/11 elevated

3700 (664–9940)
3/4 elevated

Aspartate amino transferase (U/L) 120–360 1307 (241–4714)
8/11 elevated

579 (222–1146)
3/4 elevated

Uric acid (umol/L) 178–297 576 (122–892)
8/11 elevated

972 (533–1516)
4/4 elevated

Calcium, uncorrected (mmol/L) 2.1–2.7 2.0 (1.3–2.5)
7/11 low

ND

Calcium, corrected (mmol/L) 2.0–2.8 2.2 (1.5–2.2)
1/10 low

ND

Phosphorus (mmol/L) 1.0–1.6 1.85 (0.9–2.1)
9/11 elevated

ND

Calcium:phosphorus ratio 2:1 1.3 (0.8–2.5) ND

Protein total (g/L) 19–41 31.0 (20–44)
1/11 elevated

29.0 (24–35)

Albumin (g/L) 13–21 0.9 (7–14)
7/10 low

12.75 (11–15)
1/4 low

Gamma glutamyl transferase (U/L) <10 5.5 (3.0–6.0) 7.8 (7–9)

Bile acid (umol/L) < 70 4.0 (1.0–8.4) 11.0 (2.9–17.7)

Triglycerides (mmol/L) 0.4–1.2 0.8 (0.5–0.8) 0.50 (0.49–0.94)

Cholesterol (mmol/L) 3.6–10.6 7.3 (2.5–11.5)
1/11 low, 1/11 elevated

7.6 (6.5–8.5)

Amylase (U/L) 228–876 936 (238–1900)
3/11 elevated

1069 (599–1813)
3/4 elevated

Glucose (mmol/L) 11–25.5 17.4 (13–28.5)
1/11 elevated

15.1 (12.9–18.1)

Potassium (mmol/L) 2.5–3.5 3.8 (3.0–4.5)
6/11 mildly elevated

ND

Sodium (mmol/L) 145–149 157 (45–171)
10/11 elevated

ND

Chloride (mmol/L) 110–117 119 (109–127)
1/11 low, 7/11 slightly elevated

ND

a Adapted from Hawkins et al.15

ND, not done.
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Table 6. Metal concentrations (mg/kg dry weight) of kidney and liver tissues in lorikeet paralysis syndrome (LPS) rainbow lorikeet cases and a
non-LPS case

Element Magnesium Aluminium Chromium Manganese Iron Cobalt Nickel Copper Zinc

Liver LPS lorikeet

Median 605 16.4 0.270 4.60 747 0.123 1.088 13.3 101.1

Range 508–786 11.6–21.8 0.07–0.59 2.60–14.35 573–1039 0.04–0.28 0.77–1.58 5.3–28.4 56.7–196.7

Control lorikeet 565 15.9 0.22 3.95 818 0.11 0.96 14.1 82.6

Chicken liver

Median 608 No value 0.29 9.00 449 0.06 0.88 10.5 106

Range 469–710 0.11–0.42 7.46–11.3 263–550 0.04–0.12 0.48–1.31 7.55–4.8 (81.5–128)

Flying-fox liver

Median 393.3 0.24 3.32 390 0.1 0.74 8.91 58.1

Range 218–550 0.05–0.77 1.69–4.99 212–855 0.02–0.20 0.42–1.70 5.92–79.0 44.4–242

Wilcox output W = 6
P < 0.001

Na Ns Ns W = 10
P < 0.001

Ns W = 2
P = 0.011

Ns W = 32
P = 0.037

P value after Bonferroni
correction

0.001 Ns Ns 0.004 Ns 0.180 Ns 0.636

Element Arsenic Selenium Cadmiuma Tin Antimony Mercury Thallium Leadb Bismuth

Liver LPS lorikeet

Median 0.027 3.593 9.38 0.257 0.016 0.151 0.017 0.505 0.003

Range 0.0–0.074 1.51–7.50 0.83–21.45 0.144–0.733 0.007–0.030 0.069–0.261 0.002–0.040 0.13–0.79 0.001–0.006

Control lorikeet 0.034 3.712 25.85 0.132 0.013 0.110 0.046 0.465 0.004

Chicken liver

Median 0.04 2.31 0.04 0.03 0.09 0.28 0.03 0.06 <0.01

Range 0.01–0.10 1.79–2.80 0.02–0.15 <0.01–0.14 0.05–0.17 0.12–0.61 0.01–0.04 0.03–0.07 <0.01–0.03

Flying-fox liver

Median 0.07 1.57 1.45 0.04 0.04 0.38 <0.01 0.62 <0.01

Range 0.05–0.16 0.64–3.12 0.02–12.6 0.02–0.01 <0.01–0.06 <0.01–4.47 <0.01–0.04 0.14–3.39 <0.01–0.04

Wilcox output W = 125
P < 0.001

W = 11
P < 0.001

W = 16
P = 0.001

W = 7
P < 0.001

W = 11
P = 0.004

W = 110
P = 0.006

W = 32
P = 0.037

Ns W = 99
P = 0.044

P value after Bonferroni
correction

0.001 0.005 0.022 0.001 0.076 0.096 0.636 Ns 0.746

Element Magnesium Aluminium Chromium Manganese Iron Cobalt Nickel Copper Zinc

Kidney LPS lorikeet 111.731

Median 598 12.0 0.305 9.50 1763 0.053 1.026 11.0

Range 452–831 6.2–26.8 0.89–0.69 6.53–18.53 655–4587 0.03–0.13 0.60–1.45 6.45–17.66 47.4–275.2

Control lorikeet 762 16.1 0.189 12.86 4978 0.069 1.291 8.36 107.72

Chicken kidney

Median 275.03 7.90 99.72 5.42 88.39 0.0450 0.023 3.92 28.67

�standard deviation �8.17 �2.22 �6.24 �0.15 �14.65 �0.0082 �0.003 �0.20 �1.02

Flying-fox kidney

Median 547 Na 0.48 4.04 294 0.13 1.79 14.0 92.2

Range 377–657 0.27–1.51 2.18–5.85 216–704 0.04–1.14 1.10–2.79 7.75–18.7 68.5–20

Wilcox output Ns Na W = 97
P = 0.02

W = 0
P < 0.001

W = 1
P < 0.001

W = 100
P = 0.008

W = 116
P < 0.001

Ns Ns

P value after Bonferroni
correction

Ns Na P = 0.27 P < 0.001 P < 0.001 P = 0.142 P < 0.001 Ns Ns
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this study where 1119 cases of LPS, representing 26% of all lorikeet
submissions, presented to the RSPCA in just 2 years.

Our findings show that LPS is a seasonal disease beginning in
October with cases continuing until June, peaking in December,
January and February. Therefore, LPS should be the primary differ-
ential diagnosis for lorikeets presenting with paresis and paralysis,
voice change, inability to blink, and/or inability to swallow during
the months of October through June in north-east NSW and south-
ern QLD. There is no sex predilection and most lorikeets will be sub-
adults or adults. Lorikeets with LPS can present with normal or
increased body condition scores (61%) or with varying degrees of
pectoral muscle wasting (39%). Lorikeets presenting with normal or
increased body condition likely reflect the acute onset of this disease,
with most lorikeets being found soon after developing signs. In con-
trast, lorikeets with pectoral muscle atrophy are likely to have been
down on the ground and unable to feed for a day or more. Changes
in complete blood counts and plasma biochemistries are not specific
for LPS but would support that diagnosis. Changes consistently seen
in LPS affected lorikeets are heterophilia and lymphopenia, a marked
elevation in muscle enzymes and uric acid, and elevations in sodium
and chloride concentrations. The cause of the heterophilia and
lymphopenia is not known but may represent a stress differential.20

Given lorikeets with LPS have significant neurological deficits, it is
expected that they may be prone to injury, including trauma and
predation. One lorikeet submitted to the RSPCA was removed from
the study because it had significant traumatic injuries to the spinal
cord. Although trauma could have accounted for some of the signs
observed in this lorikeet, it also exhibited signs consistent with LPS,
therefore definitive diagnosis is uncertain. Four other lorikeets with
LPS also had evidence of trauma. Therefore, it is possible that

lorikeets in the early stages of LPS may have a compromised ability
to navigate in flight and be more likely to run into objects or be hit
by cars. In this case, lorikeets presenting with trauma, in some
instances, may also have LPS. Given the lack of distinctive gross and
histological lesions in birds with LPS, definitive postmortem diagno-
sis of the syndrome is not possible.

Lorikeets in Category 1 appear to have a fair (60%) chance of recov-
ery; however, they will require intensive care, long hospital stays and
long rehabilitation periods and therefore are likely to tax the
resources of wildlife veterinarians and carers. In contrast, the prog-
nosis for recovery improves and the time in care diminishes when
lorikeets present with less severe signs, making these cases better
candidates for treatment.

Our findings suggest that lorikeets with LPS would benefit with
treatments that support kidney function, correct electrolyte abnor-
malities and relieve pain that might be associated with muscle injury.
21 The bulk of the lorikeets presenting with LPS in this study had
increases in muscle enzymes and uric acid. The cause of the eleva-
tion of muscle enzymes is not known, as microscopic lesions of the
muscle were not seen. Differentials for the elevated muscle enzymes
are many but include trauma, exertional myopathy and a direct
impact of a toxin on the muscle. Differentials for the elevated uric
acid levels are also many but include a myoglobulin nephropathy,
interference with uric acid secretion by a toxin, and increased metab-
olism of protein in a starved bird.21,22 It is unlikely that the uric acid
elevations were caused by dehydration, as uric acid levels are regu-
lated by active secretion by the proximal tubule cells and not by glo-
merular filtration and uric acid does not elevate until there is a
severe dehydration.23 Additionally, we did not appreciate that these
birds were severely dehydrated on presentation and urate sludging in

Element Arsenic Selenium Cadmium Tin Antimony Mercury Thallium Lead Bismuth

Kidney LPS lorikeet

Median 0.015 1.890 1.771 0.222 0.011 0.35 0.01 0.349 0.003

Range 0–0.05 1.14–
3.27

0.16–6.05 0.04–1.05 0.003–
0.019

0.11–
0.74

0.00–
0.015

0.09–0.89 0.001–
0.006

Control 0.038 2.141 1.882 0.346 0.080 0.314 0.035 0.853 0.003

Chicken kidney

Median 0.008 0.534 0.38 0.042 0.003 0.004 0.003 0.153 0.295

�standard
deviation

�1.77 �0.018 �0.10 �0.006 �0.0005 �0.001 �0.0002 �0.015 �0.065

Flying-fox kidney
(median and
range)

0.11
0.06–
0.18

2.82
1.58–
4.10

29.8
0.27–219

0.05
0.02–0.14

0.04
0.02–0.06

0.85
0.11–
2.62

0.02
<0.01–

0.04

0.59
0.19–1.86

0.01
0.01–
0.02

Wilcox output W = 121
P < 0.001

W = 99
P = 0.01

W = 108
P = 0.001

W = 23
P = 0.013

W = 121
P < 0.001

W = 99
P = 0.01

W = 101
P = 0.007

W = 95
P = 0.023

W = 121
P < 0.001

P value after
Bonferroni
correction

0.001 0.177 0.018 0.218 < 0.001 0.177 0.113 0.396 0.001

a One lorikeet had a toxic concentration of cadmium (145 mg/kg),8 this value was removed from the analysis.
b One lorikeet had a toxic concentration of lead in the liver (81 mg/kg),14 this value was removed from the analysis.
Lorikeet values are compared with metal concentrations from chickens,10,11 and grey-headed and black flying-foxes.8

na, not applicable; ns, not significant.
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the ureters and tubules, a characteristic of advanced dehydration,
was not observed in the necropsy specimens. No matter what the
cause of the elevation in uric acid and CPK, diuresis should be insti-
tuted, either by administration of parenteral or oral fluids, to support
kidney function and correct electrolyte imbalances.21

The aetiology of LPS is not known. Previous studies in VIC of lori-
keets presenting with CNS signs found that most had a non-
suppurative encephalitis suggestive of a viral infection.3 More
recently, lorikeets submitted with CNS signs and leg flexion in the
Greater Sydney area also had a non-suppurative encephalitis, and
avulavirus RNA was found in brain tissues.6 That a virus was the
cause of LPS cases in the current study is highly unlikely as no
inflammatory lesions were found in the brains examined. Likewise,
the lorikeets with non-suppurative encephalitis presented throughout
the year and many showed central nervous system signs not
observed in the LPS cases described in this study.

The absence of any evidence of an infectious cause of LPS, plus the
sudden onset of ascending flaccid paralysis that occurs in lorikeets
with LPS, which is characteristic of disruption of the neuromuscular
junction, suggests a toxin is the likely aetiology of LPS. However, the
findings of this study argue that known toxins that can cause neuro-
logical signs in wild birds, including pesticides, botulinum toxins
and alcohol, are not the cause of LPS and additional toxins should
be considered.

In a previous study in the Greater Sydney area, elevated tissue con-
centrations of cadmium and elevated blood and tissue lead concen-
trations were found in lorikeets presenting with CNS signs and
flexed legs.1 Microscopically, a lesion associated with cadmium toxic-
ity, mineralisation of soft tissues, was a common finding in these lor-
ikeets.1 In the current study, all but one of the lorikeets (n = 12)
from RSPCA in 2017 were found to have evidence of recent expo-
sure to cadmium.16 But with the exception of a single lorikeet, the
cadmium concentrations were not in the toxic range and would not
have been expected to cause neuromuscular disease. Also, cadmium
was not found to be significantly elevated in lorikeets from GVC and
metastatic mineralisation was rare in all the lorikeets. Likewise, ele-
vated kidney concentrations were found in lorikeets from the RSPCA
in 2020, however concentrations were similar in both LPS and non-
LPS lorikeets. Therefore, it appears that cadmium exposure is an
incidental finding.

Elevated tissue concentrations of cadmium in these lorikeets have
implications beyond lorikeets themselves as it suggests exposure to
an environmental source of cadmium, a source that might also pose
a risk to humans and other animals. Cadmium exposure to animals
on the East Coast of Australia is not limited to lorikeets. Pulscher
et al.10 found elevated concentrations of cadmium in liver and kid-
ney samples obtained from flying-foxes from the Greater Sydney
area. Given that these flying-fox species are nomadic and include
south-east QLD in their range, it is possible that they were exposed
to the same source as the lorikeets. Alternatively, as cadmium
exposure has also been documented in lorikeets from Sydney,1 envi-
ronmental cadmium contamination may be widespread or associated
with urban areas. Potential environmental sources of cadmium
include metal ore mining and processing facilities, power plants that
burn fossil fuels, lubricating oils, fuel tanks, batteries and petrol.26

One lorikeet had toxic liver lead concentrations (24.3 mg/kg wet
weight)17 and was likely to be experiencing signs of lead poisoning.
However, unlike the lorikeets studied in the Sydney area,1 lead con-
centrations in the other lorikeets were low and therefore did not
contribute to the signs of LPS. Additional metal testing showed no
evidence of arsenic, copper, mercury, selenium and zinc toxicity.18

Neither was there evidence that these lorikeets were exhibiting defi-
ciencies in copper, selenium or zinc. Liver concentrations of tin were
elevated in lorikeets with LPS collected in 2017 compared with the
chicken and flying-fox samples. Although tin concentrations were on
average nine times higher than those found in chicken livers11 and
six times higher than those found in flying-fox livers,8 these values
were not considered toxic.19

Median liver and kidney iron concentrations were mildly to moder-
ately elevated in the LPS and control lorikeets from the RSPCA and
GVC. However, liver concentrations were lower than median liver
iron concentrations causing toxicity in other species of birds.24 Little
is known about kidney iron concentrations in lorikeets exposed to
high iron concentrations and so these values could not be compared.
The increased liver and kidney concentrations may be a natural phe-
nomenon given that figs (Ficus spp.), a natural food source for lori-
keets, are relatively high in iron.10 Elevated kidney iron
concentrations may represent an attempt to excrete iron into the
urine as a means of eliminating excess iron. A similar means of iron
excretion has also been proposed for flying-foxes.10

Given infectious diseases, clostridial toxins, alcohol and large num-
ber of anthropogenic toxins were not found to be associated with
LPS, the remaining likely cause for LPS is a relatively fast-acting
plant toxin that works at the level of the neuromuscular junction.
The seasonal occurrence of LPS suggests that the source of the toxin
only blooms or has fruit during the warmer months and has a rela-
tively limited range to that of northern NSW and southern QLD.
We suggest that the toxin takes effect quickly but not immediately.
None of the lorikeets presenting with LPS had food in their digestive
system, so signs do not occur immediately upon ingestion. However,
lorikeets with LPS were not found under the major roosts in south-
east QLD, so lorikeets must be impacted prior to returning to roost
at night. Therefore, we suggest that the next step in seeking the cause
of LPS is tracking blossoming and fruiting patterns of plants that lor-
ikeets feed on and correlating them with the areas in which lorikeets
with LPS are found or using DNA barcoding to identify plants con-
sumed by lorikeets with LPS.25
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Appendix A. Acid extractable concentrations of elements
(mg/kg wet weight) from samples of liver (GVC and RSPCA),
kidney and digestive system (RSPCA only) collected from
lorikeets affected with lorikeet paralysis syndrome and control
lorikeets as assessed by inductively coupled-atomic emission
spectroscopy

Analyte Liver Pool 1
affected three

samples
pooled.

Grafton, NSW

Liver Pool 2
affected three
samples pooled
Grafton, NSW

Liver affected
n = 5 mean
range south-
east QLD

Liver control
n = 3 mean
range south-
east QLD

Kidney Pool
affected five
samples

pooled. South-
east QLD

Kidney Pool
control three

samples
pooled. South-

east QLD

GI Pool
affected five
samples

pooled. South-
east QLD

Aluminium 4 13 ≤5 <5 <5 <5 180

Arsenic <3 <3 <4 <4 <4 <4 <4

Barium <1 <1 <1 <1 <1 <1 <1

Beryllium <1 <1 <1 <1 <1 <1 <1

Boron <10 <11 <13 <13 <13 <13 <13

Cadmium <1 <1 0.4 0.3–0.6 0.7 0.2–1.5 5.6 3.9 0.2

Calcium 66 94 116 78–210 156 68–230 250 400 680

Chromium <1 3 <1 <1 <1 <1 <1

Cobalt <1 <1 <1 <1 <1 <1 <1

Copper 6 7 <4 <4 5 4 5

Iron 670 600 486, 430–530 387, 230–590 250 430 230

Lead <2 <2 <2 <2 <2 <2 <2

Lithium <1 <1 <1 <1 <1 <1 <1

Magnesium 190 200 212, 180–230 223, 210–240 240 340 220

Manganese 3 3 3 3 <2 <2 <2

Mercury ND ND <0.04 <0.04 <0.04 <0.04 ND

Molybdenum <1 <1 <1 <1 <1 <1 <1

Nickel <2 <2 <2 <2 <2 <2 <2

Phosphorus 2700 2900 2960 2900–
3100

2733 2700–
2800

2800 2100 2500

Potassium 3100 3200 2960 2800–
3100

2767 2600–
2700

3000 2800 4000

Selenium <4 <5 <4 <4 <4 <4 <4

Silver <0.6 <0.7 <0.7 <0.7 <0.7 <0.7 <0.7

Sodium 1300 1400 1300 1100–
1500

1400 1200–
1500

1300 1200 1200

Strontium <3 <3 <3 <3 <3 <3 <3

Sulphur 2000 1900 2000 1900–
2100

2000 1900–
2100

1800 1900 2300

Thallium <1 <1 <1 <1 <1 <1 <1

Tin <2 <2 <2 <2 <2 <2 <2

Titanium <1 <1 <1 <1 <1 <1 <1

Vanadium <1 <1 <1 <1 <1 <1 <1

Zinc 27 38 27 27 27 24 20
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Appendix B. Pesticide assayed for using gas chromatography
with mass spectrometry

(Accepted for publication 21 June 2021)

Aldrin DDD-p,p0 Fenithrotion Oxyfluorfen

Allethrin DDE-p.p0 Fenthion Parathion

Alpha-chlordane DDT-p,p0 Fenvalerate Phorate

Alpha-HCH Delta-HCH Gamma-chlordane Profenofos

Ametryn Deltamethrin Gamma-HCh Prometon

Atraton Diazion Heptachlor epoxide Prometryn

Atrazine Dichlorvos Heptachlor Propargite

Beta-HCH Dieldrin Hexachlorobenzene Propazine

Bifentrin Dimethoate Hexazione Propetamphos

Carbophenothion Endosulfan II L-Cyhalothrin Simazine

Chlorpyrifos Endosulfan 1 Malathion Simetryn

Cis-pemethrin Endosulfan sulfate Methidathion Tebuconazole

Crotoxyphos Endrin Keton Methozychlor,p,p0 Terbuthylazine

Crotoxyphos Endrin Methyl Chlorpyrifos Terbutryn

Cyfluthrin Enthion Methyl parathion Tetrachlorvinphos

Cypermethrin Fenamiphos Mevinphos Trans-Permethrin
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Abstract 53 

Sarcoptic Mange is a significant zoonotic disease worldwide. The bare-nosed wombat 54 

(Vombatus ursinus) is particularly susceptible with infestations of the mite resulting in 55 

emaciation, severe alopecia, blindness, thickening of the epidermis and ultimately death. 56 

However, little is known about the overall distribution of sarcoptic mange in the bare-nosed 57 

wombat and its impacts on its population. This study utilised camera trap data from 2012 to 58 

2019 collated from a broad-scale wildlife monitoring program across 201 sites within NSW 59 

National Parks. This study aimed to identify both the spatial distribution and temporal 60 

dynamics (diel activity and annual change) of mange across wombat populations within 61 

forested areas of NSW. Thus, demonstrating that broad-scale wildlife camera trap surveys 62 

can be used to detect and monitor sarcoptic mange prevalence and severity within bare-nosed 63 

wombats in national parks and reserves in NSW. Yearly occurrence of mange ranged from 1-64 

7% across the 8 years of the study, with 40% of localities having observations of mange. 65 

Population size was found to significantly affect the proportion of mange within sites across 66 

NSW. Hotspot analysis found three main areas of concern, Wollemi/Yengo, Snowy 67 

Mountains and the Mid-South Coast. The Wollemi/Yengo area was identified as a hotspot in 68 

5 years of the 8-year study, with mange prevalence as high as 47%.  This study provides the 69 

first wide-scale look into sarcoptic mange in the bare-nosed wombat since 1998, identifying 70 

hotspots and spatial-temporal prevalence of mange aiding in the direction of future research 71 

in targeting areas of concern for conservation and monitoring. 72 
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Introduction: 78 

Sarcoptic Mange, the infestation of the mite Sarcoptes scabiei, is a significant zoonotic 79 

disease worldwide, with a diverse host range (Pence & Ueckermann, 2002). Infection leads to 80 

an inflammatory skin disease resulting in alopecia, emaciation and in severe cases, death. The 81 

mite is known to infect humans (scabies), domestic animals, livestock species along with 82 

several wildlife species in Australia and worldwide (Samuel et al. 2001; Old et al. 2017). The 83 

increasing threat of climate change is believed to widen the host and geographical range of 84 

the mite, particularly evident in its expansion in North America and Australia (Pence and 85 

Ueckermann 2002; Fraser et al. 2016). This expansion poses a threat against unaffected 86 

species and populations, potentially threatening the survival of small remnant populations of 87 

already endangered wildlife (Pence and Ueckermann 2002). Observations of decreased 88 

disease resistance and increased environmental stressors are suggested to result in higher 89 

susceptibility and greater impact of the parasite on native Australian wildlife species in 90 

comparison to humans and domestic species (Martin et al. 1998; Old et al. 2018). 91 

 92 

Wombats (Family: Vombatidae), as digging mammals, play a significant role in ecosystem 93 

processes and the enhancement of soil health, contributing crucial bioturbating activity, 94 

whilst also generating habitat for other species of wildlife (Fleming et al. 2014; Old et al. 95 

2018). Australia is home to three species wombats, the southern hairy-nosed wombat 96 

(Lasiorhinus latifrons), northern hairy-nosed wombat (Lasiorhinus krefftiii) and the bare-97 

nosed wombat (Vombatus ursinus). The southern hair-nosed wombat inhabits areas primarily 98 

within South Australia and is listed as “Near Threatened” (Woinarski & Burbidge 2016), 99 

whilst the northern hairy-nosed wombat is restricted within two protected areas in 100 

Queensland, listed as a “Critically Endangered” species (Taggart et al. 2016a). The bare-101 

nosed wombat is listed as “Least Concern”, ranging across south-eastern South Australia, 102 
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Victoria, New South Wales, south-eastern Queensland, Tasmania, and Flinders Island, 103 

however it has been reported the population has been in decline since the 1700s (Triggs & 104 

Goldingay 1996).  105 

 106 

Both the southern hairy-nosed wombat and the bare-nosed wombat appear to be 107 

exceptionally susceptible to sarcoptic mange, possibly due to the nature of wombat 108 

populations being small but in high densities (Martin et al. 1998). It is suggested that burrow 109 

sharing facilitate the diseases transmission, with burrows providing optimal conditions of low 110 

temperatures and higher humidity fostering the S. scabiei mite (Arlian 1989; Skerratt et al. 111 

1998; Stannard et al. 2021). Infestations of the mite in wombats result in emaciation, severe 112 

alopecia, blindness and thickening of the epidermis the result of built-up bacteria, mites, and 113 

neutrophilic debris (Old et al. 2017; Skerratt et al. 1998). As the disease progresses it can 114 

manifest into fatal cases of haemorrhaging, pyoderma, cutaneous myasis and anaemia 115 

(Skerratt et al. 1998; Skerratt 2001). The infection can occur across the entire body; however, 116 

the head, neck, torso, and limbs are found the be the most affected (Skerratt et al. 1998). 117 

 118 

Relatively little is known about the overall distribution of sarcoptic mange in the bare-nosed 119 

wombat and its impacts on its population. The most recent wide-scale study investigating the 120 

prevalence and distribution of sarcoptic mange in bare-nosed wombats was conducted more 121 

than 20 years ago by Martin et al (1998). Martin et al. (1998) utilised a two-part 122 

questionnaire survey, finding 93.2% of localities had observations of mange. However, this 123 

study had no inclusion of determining mange severity and no standardized protocol for visual 124 

diagnosis of sarcoptic mange. Martin et al (2018) has observed an over 90% decline in a 125 

wombat population within a national park in Tasmanian due to sarcoptic mange. This is a 126 

highly emotive high-profile disease that has been suggested to potentially drive the wombat 127 
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to extinction (Martin et al. 2018). This emphasises a real need for a current understanding on 128 

the distribution, prevalence, and impact of sarcoptic mange in wombats. 129 

 130 

A range of detection methods have previously been used for mange distribution and 131 

prevalence within wombat populations. Martin et al. (1998) distributed the questionnaire to 132 

biologists, animal carers and naturalists, across Australia. Smaller scale studies have used 133 

transect surveys (Martin et al. 2018), spotlighting (Stannard et al. 2021) and more invasive 134 

approaches of netting (Hartley and English 2005) followed by a mange severity scoring. 135 

However, these methods are labour intensive and impractical in wider scale studies. Camera 136 

trapping within wombat populations for detecting mange presence has been conducted once 137 

at a small scale in Bents Basin, NSW (Chin Tze Ting 2019). This method has potential as a 138 

useful tool for mange monitoring. 139 

 140 

WildCount is a 10-year broad scale monitoring program, employing camera traps to collect 141 

population data on fauna inhabiting NSW National Parks (Sweeney, 2016). This study 142 

utilised camera trap images of bare-nosed wombat from the WildCount database to assess the 143 

distribution, prevalence, and severity of sarcoptic mange within populations across Eastern 144 

NSW. This study aims to  145 

1. Identify the spatial and the temporal trends, both diel activity and annual change of 146 

mange across wombat populations within natural areas of NSW.  147 

2. Determine the effect of population on annual mange prevalence 148 

3. Determine the effect of mange prevalence on wombat populations 149 

Thus, this study will also demonstrate how broad-scale wildlife camera trap surveys can be 150 

used to detect and monitor sarcoptic mange prevalence and severity within bare-nosed 151 

wombats in National Parks and reserves in NSW. 152 
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Methods: 153 

Study sites 154 

A total of 204 sites were included in the study, selected, and monitored by the WildCount 155 

program, within the National Parks estate across the eastern seaboard of New South Wales 156 

(Appendix A). Site selection was based on stratified random sampling, ensuring unbiased 157 

sampling (Department of Planning, Industry and Environment 2020). Surveys commenced in 158 

2012 and survey data used in the study were from 2012-2019 surveys.  The number of sites 159 

surveyed in any one year ranged from 197 to 204.  160 

 161 

Camera trapping methodology and image analysis 162 

Within each site four Reconyx PC800 cameras were deployed and placed at the corners of a 163 

500 x 500 metre grid (Figure 1). Cameras at each location within the site where set 1 metre 164 

from the ground of a tree and a bait station set 2 metres from the camera, selected to ensure 165 

an area of cleared vegetation between the camera and bait station. Where access to exact 166 

locations was not possible, cameras were located as close as possible. Each site was surveyed 167 

for a minimum of 14 consecutive days. The cameras were employed from February to June 168 

each year and set to capture three pictures per trigger to aid in species identification. 169 

Therefore, a trapping or capture event is defined as three or more images. 170 

 171 

Images were analysed with species or species groups identified, which were written in the 172 

exif data of the images, by the DPIE WildCount Team, along with the confidence level of 173 

species identification, survey time, and bait station status (Department of Planning, Industry 174 

and Environment 2020). All images from 2012-2019 identified to have captured bare-nosed 175 

wombats were used in the study. Images were screened using DigiKam (KDE 2021) tagging 176 

the images and writing them to the exif data of each file (jpeg).  Individuals were identified 177 
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and tagged mange positive or negative and assigned a mange score. Visual diagnosis and 178 

determination of the severity of an infection is widely based on the method described by 179 

Skerratt et al. (2004); where the body of a wombat is divided into 13 sections and mange is 180 

scored or quantified to determine severity of the disease (Figure 2).This study utilised this 181 

method as adapted by Borchard et al. (2012), assessing the individual and tallying the number 182 

of body segments with erythema, parakeratosis (scale crust) and hair loss, determining the 183 

severity of mange within a 5-class system (no mange, <3, 3–4, 4–6 or >6 segments) (see 184 

Appendix B). Images were also tagged for skin lesions and hair loss unrelated to mange or 185 

unable to be determined as mange, whether a joey was present (at foot or in the pouch) and if 186 

multiple individuals were in an image series. Image series of individuals were only included 187 

in the study if the entire length of body was able to be screened, thus excluding series with 188 

insufficient images to analyse the body for mange lesions, if the individual was too far away 189 

from the camera or the images were blurry or obstructed. 190 

 191 

To reduce recording mange on the same individual and ensure independence of events 192 

(distinguishing between individuals captured in a trapping event of 3 or more images), a 193 

histogram was produced as described by Greenville et al. (2014). A natural break point in the 194 

number of images versus the time between images determined a time period of 3 minutes 195 

(Appendix C). This was used to determine independence between camera trapping events, 196 

recognising different individuals. The R Package: Recocam (Sydney Informatics Hub, 2019) 197 

was used to extract the exif data from the images in preparation for analysis in camtrapR 198 

(Niedballa et al., 2016). 199 

 200 

 201 

 202 
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Data Analysis 203 

 204 

Diel activity patterns: 205 

Wombat activity was analysed using the R package, camtrapR (Niedballa et al., 2016), 206 

plotting kernel density estimations of species diel activity. Data from all years of the studied 207 

were used and activity of mange negative and mange positive wombats were plotted 208 

individually. Activity overlap plots were then produced to compare the diel activity of mange 209 

negative and mange positive wombats, computing an overlap coefficient. The Dhat1 210 

coefficient of overlapping is the area under the curve, the minimum of the two activity 211 

densities, denoted by Delta. This coefficient is able to quantify the degree of temporal 212 

overlap between pairs of activity patterns and considered the best for small sample size 213 

(Rideout and Linkie 2009). 214 

 215 

Temporal trends: 216 

Yearly occurrence of mange was calculated as a percentage, grouping mange scores 2 to 5 as 217 

mange positive and score 1 as mange negative. Mange proportion was calculated as 218 

percentage of mange positive wombats out of the total number of wombats. Mange severity 219 

was also calculated as a percentage to determine proportions of each score, 2 to 5. 220 

Contingency analysis, using a G test, was conducted on the yearly mange severity scores, 2 to 221 

5, to determine independence of mange severity and year. A generalised liner mixed model 222 

(GLMM) was used to analyse the interaction of average mange score at each site and year of 223 

the study. Using a normal distribution, assumptions of normality and homoscedasticity were 224 

assessed through the residual versus expected and QQ plots. To meet the assumptions of the 225 

model, the data was log transformation. A random effect of site location was also included in 226 

the model to consider the repeated measure, the same stations being revisited each year.  227 
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 228 

To determine the effect of year and mange on wombat populations, the number of 229 

independent photographs of wombats was regressed against year and the proportion of mange 230 

from the previous year (lag proportion) using a negative binomial model. A GLMM was 231 

used, and the random effect of site location was included again to consider the repeated 232 

measure of the same stations being revisited each year. To further explore the effect of the 233 

size of the wombat population on the proportion of mange each year, a GLMM with a 234 

binomial distribution was used. Year and the independent number of wombat photos were 235 

added as fixed factors and the proportion of mange was the response. Again, the random 236 

effect of site location was included again to consider the repeated measure. Whether the 237 

models met the assumptions were determined through visual assessment of the residual 238 

versus predicted values and QQ plots (Zuur et al. 2009). The assumptions were not met and 239 

so weights, the total number of photos, were added which improved the diagnostic plots. 240 

Linear models are generally robust against departures from assumption of normality of 241 

residuals (Underwood, 1997), however the results are treated with caution. 242 

 243 

Spatial trends: 244 

To understand the spatial trends of mange and wombat distribution, the software ArcGIS pro 245 

(ESRI 2021) was used to map data at individual survey sites. Firstly, shapefiles were created 246 

using camtrapR (Niedballa et al., 2016) through the detectionMaps function, generating maps 247 

of observed species richness and number of photos by species and station. Shapefiles were 248 

loaded into the GIS software, ArcGIS Pro (ESRI 2021), mapping wombat distribution and the 249 

number recorded at each site annually and also pooled across all years of the study. 250 

Shapefiles created for spatial analysis of mange had species set as whether the individual was 251 

positive for mange or not to determine proportion of mange at individual survey sites. 252 
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Proportion of mange was calculated as a percentage, total number of wombats observed with 253 

mange out of the total number of wombats observed at each site. An optimized hotspot 254 

analysis, which the uses the Getis-Ord Gi* statistic was also conducted within ArcGIS pro 255 

(ESRI 2021) to determine hot and cold spots of mange with 90, 95 and 99% confidence 256 

intervals. This analysis tool factors in locational outliers, defined as more than 3 standard 257 

deviation distance away. These maps and analyses were conducted for each year of the study 258 

to also display temporal-spatial trends of mange.   259 

 260 

Results: 261 

Wombat distribution across study sites 262 

A total number of 3767 independent photographs of wombats were identified. Wombats were 263 

observed in 101 sites across all years of the study, fluctuating between 64 to 75 each year 264 

(Table 1). Wombat distribution mapping showed populations range from the mid north coast 265 

down to the southern NSW border (Figure 3). A total of 16 sightings of wombats across 3 266 

sites were observed in 2012 in the far north of NSW. However, this reduced to 5 sightings at 267 

1 site in 2013, and then reduced to 1-3 sightings at 1 or 2 sightings in consecutive years with 268 

0 sightings in 2015. 269 

 270 

Mange prevalence 271 

In total, 3,566 independent photographs of mange free wombats met the criteria for this 272 

study, including 213 individuals that had skin lesions that were not consistent with mange. 273 

Two hundred and one independent photographs of mange positive wombats were captured 274 

over the study period (%).  In 107 images, female wombats were observed with joeys at foot. 275 

Four joeys were mange positive as were their mothers. Mange positive female wombats with 276 

mange positive joeys were recorded as one individual with mange. Wombats with mange 277 
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were observed in 40 sites across all years of the study, varying between 3 to 17 sites per year 278 

(Table 1). 279 

 280 

Diel activity of wombats with and without mange 281 

The activity overlap analysis (Figure 4) found the diel activity patterns of mange positive and 282 

mange free wombats to be very similar, computing an overlap coefficient (Dhat1) of 0.92. 283 

The overlap shows higher peaks of wombat activity of around dawn and dusk. 284 

 285 

Temporal trends of mange 286 

Yearly occurrence of mange ranged from 1-7% across the 8 years of the study (Table 2). 287 

Proportions of mange severity scores, 2 to 5, varied each year, with severity score 2 288 

remaining the highest in each year of the study (Figure 5). Variations of mange severity 289 

scores between years of the study was found to be significant (Table 3). Year had no 290 

significant effect on the average mange severity score (Table 4; Figure 6). The random effect 291 

of station captured a variance of 0.033. Wombat populations weren’t found to be affected by 292 

prevalence of mange from the year previous (Table 5). The random effect of station captured 293 

a variance of 1.504. Mange prevalence was found to be significantly affected by the total 294 

number of wombats and positively driven by the interaction between total number of 295 

wombats and year (Table 6). The random effect, station, captured a variance of 1.308. 296 

 297 

Spatial trends 298 

The wombat distribution showed populations range from the mid north coast down to the 299 

southern NSW border (Figure 3). Eleven sightings of wombats were observed across three 300 

sites in 2012 in the far north of NSW. However, this reduced 1-5 wombat observations at 1 or 301 
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2 sites across consecutive years with 0 sightings in 2015. Proportion of mange mapped 302 

annually identified concentrated regions and sporadic occurrence of mange across the 8 years 303 

of study (Figure 7). Notable regions with recurrent mange presence were Wollemi/Yengo, the 304 

Mid-South coast and the Snowy Mountains region, with fluctuating proportions of mange. 305 

Optimised hot spot analysis, revealed the Wollemi/Yengo area as a hotspot in 5 out of the 8 306 

years of the study, 2013, 2014, 2016, 2017 and 2019 (Figure 8). The Mid-South coast was 307 

identified as a hotpot in 2015 and the Snowy mountains region in 2012. Mange occurrence, 308 

as a proportion, at the individual sites ranged from 0 to 100%, with a total of 40 sites having 309 

wombats with mange present. However, this includes sites where there may only be one 310 

observed wombat with mange. For sites with 10 or more wombat observations (images), 311 

mange occurrence ranged from 2-47%. A notable area is Wollemi-Yengo, with a site within 312 

Wollemi National Park having consistently high proportions of mange across the years of the 313 

study, 47% in 2018, 39% in 2019 and, 20% in 2012 and 2014 (Appendix D). The snowy 314 

mountains region and mid-south coast in 2012 and 2015 respectively, saw sporadic 315 

proportions in mange across the years of the study (Appendix E and F). In the Snowy 316 

Mountains region, only 3 sites had more than 10 wombats with low proportions of mange (0, 317 

5 and 6%). Higher proportions of mange in this region were observed in the years after 2012, 318 

with sites as high as 26% in 2014 and 38% in 2017. The mid-south coast had no presence of 319 

mange at sites with more than 10 observations (Appendix F). 320 

 321 

Discussion: 322 

The aims of this study were to investigate spatial and temporal trends of sarcoptic mange in 323 

bare-nosed wombat populations across NSW National Parks, determining the effect of mange 324 

prevalence on wombat populations and the effect of population size on the prevalence of 325 

mange. Mange prevalence within bare-nosed wombat population in NSW remained at low 326 
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levels across all years of the study. Although there was no significant effect of prior years’ 327 

mange prevalence on bare-nosed wombat populations, population size was found to have a 328 

significant effect on the proportion of mange within sites across eastern NSW. Hotspot 329 

analysis identified 3 regions with statistically significant spatial clusters of high proportions 330 

of mange, Wollemi/Yengo, Snowy Mountains and the Mid-South Coast. The Wollemi/Yengo 331 

region was flagged as a hotspot in 5 out of the 8 years of the study. The distribution of the 332 

bare-nosed wombats’ range across eastern NSW revealed a potentially significant contraction 333 

in the north coast. 334 

 335 

The historical range of the BNW in NSW included the eastern portion of the state from 336 

Queensland to Victoria, although BNW densities may have been greater in the mid coastal 337 

areas of their NSW range than the northern areas (Atlas of Living Australia 2021). Data from 338 

this study suggests that wombat populations from the mid-north coast southward to Victoria 339 

have remained stable, however, a potentially significant contraction of the range of the bare-340 

nosed wombat in northern NSW, with only a handful of sightings in the northern coastal 341 

region of NSW across the 8 years of the study was identified. These findings of declines in 342 

the upper north coast of NSW are consistent with sightings collated by the citizen science 343 

program WomSAT (Wombat Survey and Analysis Tools, www.womsat.org.au) and studies 344 

by Trigg (1996) and Martin et al (1998) and is clearly a cause for concern. Further 345 

monitoring and investigation into these populations would assist in determining population 346 

densities and reasons for decline and given that mange. 347 

 348 

The interaction of year and size of a wombat population was found to have a positive effect 349 

on the proportion of mange. This result demonstrates that higher density populations and 350 

variations between years drive disease transmission and therefore have higher prevalence’s of 351 
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mange (Martin et al. 1998). A possible explanation for this finding may be due to higher 352 

numbers of wombats observed at some sites than others resulting in a higher chance of 353 

detecting mange. However, there was no evidence that the wombat population was negatively 354 

impacted by the prevalence of mange from the year prior and the population remained stable 355 

across the study period. While it is known that mange can have significant impacts on local 356 

populations (Martin et al. 2018), Driessen et al (2021) found that despite mange being 357 

widespread across Tasmanian bare-nosed wombat populations, numbers have not declined 358 

but moderately increased state-wide over the past 30 years supporting our findings in NSW. 359 

This supports our finding in NSW, however, the impact of sarcoptic mange on NSW bare-360 

nosed wombat populations on a local level is still to be investigated. Drawing on the studies 361 

conducted in Tasmania, despite devastating declines observed in local populations, finer-362 

scale impacts of sarcoptic mange on bare-nosed wombats evidently do not negatively impact 363 

the population on a larger scale within National Parks (Martin et al. 2018; Dreissen et al. 364 

2021). There was also no evidence that year affected the severity of mange. It has been found 365 

that wombats with mange have a lifespan of 90 days once infected (S. Carver 2021, personal 366 

communication, 1 October). Therefore, changes in mange severity would occur on a monthly 367 

scale rather than yearly. 368 

 369 

The annual prevalence of mange across all study sites was found to be relatively low, never 370 

exceeding 7%. However, narrowing down into specific sites and regions across NSW 371 

revealed considerably higher proportions of mange within populations. Hotspot analysis 372 

determined statistically significant spatial clusters of high prevalence’s of mange in 373 

Wollemi/Yengo, Snowy Mountains and the Mid-South Coast. Notably, the Wollemi/Yengo 374 

area had consistently high proportions of mange annually, being identified as a hotspot in 5 375 

years of the 8-year study. Within this area, sites with ≥10 wombat observations, had 376 
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proportions of mange as high as 47%. Thus, highlighting a potential need for concentrated 377 

study on the Wollemi/Yengo area’s bare-nosed wombat BNW population. A previous study 378 

conducted by Stannard et al. (2021) found similar prevalence’s of mange, over 40%, near 379 

Wolgan Valley, NSW adjacent to Wollemi National Park. Observations of increasing mange 380 

prevalence in sites within this area calls for further research into the impacts of mange on this 381 

population to ensure appropriate conservation and management interventions can be 382 

implemented accordingly. 383 

 384 

We found a high degree of overlap in activity when comparing the diel activity of mange 385 

infected and mange free wombats. This finding contradicts previous reports of diurnal 386 

activity in wombats infected with mange (Skerratt et al. 1999; Hartley and English 2005; 387 

Borchard et al. 2012). It is believed increased diurnal activity in mange positive wombats is 388 

due to increased energy requirements in premature stages of infection and impaired vision 389 

and light recognition in more advanced cases (Skerratt et al. 1999; Hartley and English 390 

2005). This inconsistency to previous reporting’s may be due to camera trap placements not 391 

being ideally situated for wombats specifically. Sites were randomly chosen from a grid and 392 

then cameras were placed at each corner of the grid cell to capture a range of different 393 

wildlife species inhabiting NSW National Parks. However, specific placement for wombats, 394 

near burrows and grazing areas, would better capture diurnal activity of mange positive 395 

wombats while grazing. This difference in activity, between mange free and mange positive 396 

wombats, may differ at different scales. Therefore, more generally this result shows there is 397 

no significant difference at the larger population level, with finer scale differences not having 398 

larger scale impacts. This is still the most comprehensive dataset of mange prevalence in 399 

NSW and therefore, to compare this previously observed difference in diel activity.   400 

 401 
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This study exemplifies the value of wide-scale camera trapping programs in the detection of 402 

sarcoptic mange in bare-nosed wombat populations. The ability to adapt a wildlife 403 

monitoring program, such as WildCount, for disease monitoring holds great promise and 404 

establishes a baseline for mange monitoring within wombat populations. There was a 405 

noticeable inconsistency in the number of photos taken per individual wombat seen, ranging 406 

from 3 to >100 photos of a single event. Capture events which were unable to determine 407 

whether the individual had mange were excluded, however mange was assessed and scored 408 

with only one side of the individual seen in some photo series. Therefore, reporting’s of 409 

mange severity in this study are a conservative estimate. The minor limitations of the current 410 

camera trap system, triggers the need for a system more specific for targeted mange 411 

monitoring. A wombat specific camera trapping program to target hotspot areas of mange 412 

should involve the development of optimal camera trap position for wombats and increasing 413 

the number of cameras to two per trapping sites to ensure both sides of an individual are 414 

captured. 415 

 416 

This study provides new insights and the first wide-scale investigation into sarcoptic mange 417 

distribution, prevalence, and severity in NSW bare-nosed wombat populations since 1998. 418 

Determination of mange prevalence and identification of disease hotspots, enables directed 419 

funding and triggers adjustments for more in-depth research into the effect of the disease on 420 

populations of concern. We demonstrate how broad-scale wildlife camera trap surveys can be 421 

used to detect and monitor sarcoptic mange in wombat populations, aiding as a baseline for 422 

future research and monitoring. This highlights the value of the study and its contribution to 423 

mange monitoring and targeted welfare and conservation interventions. Future research 424 

should include wombat specific camera trapping programs to determine finer scale impacts of 425 

the disease on local bare-nosed wombat populations in the identified areas of concern. 426 
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Tables: 

Table 1: Total number of sites with the occurrence of wombats and number of sites with 

mange positive and negative wombats observed each year in Eastern NSW Forests from the 

NSW Department of Planning, Industry and Environment broad-scale remote-camera fauna 

monitoring program, WildCount.  

 

 

 

Table 2: Proportion of mange with total number of wombats and total number of mange free 

and mange positive wombats observed each year in Eastern NSW Forests from the NSW 

Department of Planning, Industry and Environment broad-scale remote-camera fauna 

monitoring program, WildCount. 

 

 

 

 

 

 

 

 

Year Number of Sites 

with Wombats 

Observed 

Number of Sites 

with Mange Positive 

Wombats Observed 

 

Mange Negative Mange Positive 

2012 68 12 491 29 

2013 71 3 393 5 

2014 75 17 459 35 

2015 64 10 388 18 

2016 67 7 374 13 

2017 75 11 550 40 

2018 71 13 422 26 

2019 70 14 489 35 

Year Total Wombats Total Mange Free 

Wombats 

Total Mange 

Positive wombats 

Proportion of 

Mange 

2012 520 491 29 5.6% 

2013 401 393 5 1.2% 

2014 498 459 35 7.0% 

2015 413 388 18 4.4% 

2016 388 374 13 3.4% 

2017 598 550 40 6.7% 

2018 450 422 26 5.8% 

2019 527 489 35 6.6% 
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Table 3: Contingency table analysis, using a G test, of mange positive severity scores (2 to 5) 

assigned to wombat observed in 2012 to 2019 across Eastern NSW Forests from the NSW 

Department of Planning, Industry and Environment broad-scale remote-camera fauna 

monitoring program, WildCount. Method of mange scoring used is that described by Skerratt 

et al. (2004); where the body of a wombat is divided into 13 sections and mange is scored or 

quantified to determine severity of the disease. This method was adapted by Borchard et al. 

(2012) determining the severity of mange within a 5-class system (no mange, <3, 3–4, 4–6 or 

>6 segments). Significant P values (<0.05) are recognised with ***. 

 

 G X-squared df p-value 

Mange Score x Year 49.419 21 0.0004*** 

 

Table 4: Generalized linear mixed model results, using a normal distribution, analysing the 

effect of year on mean mange severity. A random effect of site location was also included in 

the model to consider the repeated measure, the same stations being revisited each year. Data 

is from wombat observations across Eastern NSW Forests from the NSW Department of 

Planning, Industry and Environment broad-scale remote-camera fauna monitoring program, 

WildCount. Mean mange severity was calculated at each site from 2012 to 2019 as an 

average of mange positive scores (2-5). Mange severity was based on the method described 

by Skerratt et al. (2004) where the body of a wombat is divided into 13 sections and adapted 

by Borchard et al. (2012) determining the severity of mange within a 5-class system (no 

mange, <3, 3–4, 4–6 or >6 segments).  

 

 

 Estimate  

 

Std. Error  

 

df z value 

 

P value 

Year 0.007 0.005 762.081 1.442 0.150 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



25 

25 

 

 

Table 5: Generalized linear mixed model results, using a negative binomial distribution, 

analysing the effect of year and proportion of mange of the year previous on the total number 

of wombats at each site. A random effect of site location was also included in the model to 

consider the repeated measure, the same stations being revisited each year. Data is from 

wombat observations across Eastern NSW Forests from the NSW Department of Planning, 

Industry and Environment broad-scale remote-camera fauna monitoring program, 

WildCount. Proportion of mange was calculated as a percentage of number of mange positive 

wombats from the total number of wombats observed at each site, each year from 2012 to 

2019.  

 

 

 Estimate  

 

Std. Error  

 

z value 

 

P value 

Year 0.079  

 

0.046 

 

1.709 

 

0.088 

 

Mange proportion (of the 

previous year) 

-0.022 

 

0.040 

 

-0.553 

 

 

0.580 

 

Year x Mange proportion (of 

the year previous) 

-0.017 

 

0.039 

 

-0.428 

 

0.669 

 

 

 

 

Table 6: Generalized linear mixed model results, using a binomial distribution, analysing the 

effect of year and total number of wombats on the proportion of mange. A random effect of 

site location was also included in the model to consider the repeated measure, the same 

stations being revisited each year. Proportion of mange was calculated as a percentage of 

number of mange positive wombats from the total number of wombats observed at each site, 

each year from 2012 to 2019. Data is from wombat observations across Eastern NSW Forests 

from the NSW Department of Planning, Industry and Environment broad-scale remote-

camera fauna monitoring program, WildCount. Significant P values (<0.05) are recognised 

with ***. 

 

 

 Estimate  

 

Std. Error  

 

z value 

 

P value 

Year 0.186 

 

0.052 

 

3.579 

 

0.0003*** 

 

Total number of wombats -0.043 

 

0.112 

 

-0.387 

 

0.699 

 

Year x Total number of 

wombats 

0.125 

 

0.036 

 

3.513 

 

0.0004*** 
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Figures: 

 

 

 

Figure 1: NSW Department of Planning, Industry and Environment broad-scale remote-

camera fauna monitoring program, WildCount, camera trap placement and site grid set up.  

 

Department of Planning, Industry and Environment (2020). WildCount: Broad-scale, long-

term monitoring of fauna in NSW national parks 2012–2016  
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Figure 2: The 13 sections of a wombats’ body surface divided to quantify and score mange 

severity. 
 
Skerratt, L.F., Skerratt, J.H.L., Martin, R., and Handasyde, K. (2004) The effects of sarcoptic 
mange on the behaviour of wild common wombats (Vombatus ursinus). Australian journal of 
zoology 52(3), 331-339 
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Figure 3: Distribution maps of bare-nosed wombats observed across Eastern NSW Forests 

from the NSW Department of Planning, Industry and Environment broad-scale remote-

camera fauna monitoring program, WildCount from 2012 to 2019. Sites were represented as 

graduated symbols according to the number of observations of wombats at each site. 
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Figure 4: Activity overlap plot of the 24hr activity of mange positive and mange negative 

wombats. This is pooled data from wombat observations across Eastern NSW Forests from 

the NSW Department of Planning, Industry and Environment broad-scale remote-camera 

fauna monitoring program, WildCount from 2012 to 2019. 
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Figure 5: Proportion of mange positive severity scores (2 to 5) assigned to wombat observed 

across Eastern NSW Forests from the NSW Department of Planning, Industry and 

Environment broad-scale remote-camera fauna monitoring program, WildCount. Proportion 

of each mange severity score was calculated as a percentage of total number of mange 

positive wombats assigned each mange severity score from the total number of wombats 

observed at each year from 2012 to 2019. Method of mange scoring used is that described by 

Skerratt et al. (2004); where the body of a wombat is divided into 13 sections and mange is 

scored or quantified to determine severity of the disease. This method was adapted by 

Borchard et al. (2012) determining the severity of mange within a 5-class system (no mange, 

<3, 3–4, 4–6 or >6 segments). 
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Figure 6: Mean mange severity scores of total mange positive wombats observed across 

Eastern NSW Forests from the NSW Department of Planning, Industry and Environment 

broad-scale remote-camera fauna monitoring program, WildCount from 2012 to 2019. Mean 

mange severity scores (2-5) of each year were graphed with confidence interval error bars. 

Method of mange scoring used is that described by Skerratt et al. (2004); where the body of a 

wombat is divided into 13 sections and mange is scored or quantified to determine severity of 

the disease. This method was adapted by Borchard et al. (2012) determining the severity of 

mange within a 5-class system (no mange, <3, 3–4, 4–6 or >6 segments). 
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Figure 7: Distribution maps of sarcoptic mange in bare-nosed wombats observed across 

Eastern NSW Forests from the NSW Department of Planning, Industry and Environment 

broad-scale remote-camera fauna monitoring program, WildCount from 2012 to 2019. Sites 

were represented as graduated symbols according to the proportion of mange at each site. 



33 

33 

 

 

Figure 8: Maps of identified hotspots of sarcoptic mange in bare-nosed wombats populations 

observed across Eastern NSW Forests from the NSW Department of Planning, Industry and 

Environment broad-scale remote-camera fauna monitoring program, WildCount from 2012 to 

2019. Sites were represented as graduated symbols according to the proportion of mange at 

each site. Hotspots are displayed as coloured points representing hotspots of mange with 90, 

95 and 99% confidence intervals. 
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Appendix: 

 

Appendix A: NSW Department of Planning, Industry and Environment broad-scale remote-

camera fauna monitoring program, WildCount camera trapping sites in Eastern NSW 

National Parks. Sites are represented by blue circles. X and Y labels are longitude and 

latitude, respectively.  

 

 
Department of Planning, Industry and Environment (2020). WildCount: Broad-scale, long-

term monitoring of fauna in NSW national parks 2012–2016  
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Appendix B: Example photographs of each mange score (1 to 5). Method of mange scoring 

used is that described by Skerratt et al. (2004); where the body of a wombat is divided into 13 

sections and mange is scored or quantified to determine severity of the disease. This method 

was adapted by Borchard et al. (2012) determining the severity of mange within a 5-class 

system (no mange, <3, 3–4, 4–6 or >6 segments). Example images from NSW Department of 

Planning, Industry and Environment broad-scale remote-camera fauna monitoring program, 

WildCount. 

 

Mange Score 1:  

No mange 

 
Mange Score 2:  

<3 body sections infected 

 
Mange Score 3:  

3-4 body sections infected 

 
Mange score 4:  

4-6 body sections infected 

 
Mange score 5:  

>6 body sections infected 
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Appendix C: Histogram of time between photographs of bare-nosed wombats from the NSW 

Department of Planning, Industry and Environment broad-scale remote-camera fauna 

monitoring program, WildCount. Used to determine a natural break point in the data. A time 

of 3 minutes was identified as a safe time period for capture event independence. 
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Appendix D: Total number of wombats, mange free wombats and mange positive wombats 

with corresponding proportion of mange as a percentage at sites in the Wollemi/Yengo area 

from the NSW Department of Planning, Industry and Environment broad-scale remote-

camera fauna monitoring program, WildCount (2012 to 2019). 

 

Site  Total number 

of mange free 

wombats 

Total number 

of mange 

positive 

wombats 

Total number 

of wombats 

Proportion of 

Mange (%) 

Year 

100 1 0 1 0 2012 

101 3 0 3 0 2012 

107 23 0 23 0 2012 

108 3 0 3 0 2012 

112 33 2 35 6% 2012 

233 71 4 75 5% 2012 

42 5 0 5 0 2012 

46 0 0 0 0 2012 

65 11 3 14 21% 2012 

73 6 0 6 0 2012 

75 0 0 0 0 2012 

81 43 11 54 20% 2012 

86 8 0 8 0 2012 

90 0 0 0 0 2012 

9085 0 0 0 0 2012 

92 5 0 5 0 2012 

93 3 0 3 0 2012 

95 3 0 3 0 2012 

96 2 0 2 0 2012 

100 2 0 2 0 2013 

101 0 0 0 0 2013 

107 13 0 13 0 2013 

108 3 0 3 0 2013 

112 15 0 15 0 2013 

233 14 3 17 18% 2013 

42 8 0 8 0 2013 

46 0 0 0 0 2013 

65 5 1 6 17% 2013 

73 7 0 7 0 2013 

75 0 0 0 0 2013 

81 7 0 7 0 2013 

86 2 0 2 0 2013 

90 1 0 1 0 2013 

9085 3 0 3 0 2013 

92 4 0 4 0 2013 
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93 6 0 6 0 2013 

95 0 0 0 0 2013 

96 3 0 3 0 2013 

100 3 0 3 0 2014 

101 1 0 1 0 2014 

107 10 0 10 0 2014 

108 1 0 1 0 2014 

112 7 1 8 12% 2014 

233 12 2 14 14% 2014 

42 0 0 0 0 2014 

46 0 0 0 0 2014 

65 4 0 4 0 2014 

73 11 0 11 0 2014 

75 4 0 4 0 2014 

81 8 2 10 20% 2014 

86 4 0 4 0 2014 

90 0 0 0 0 2014 

9085 4 1 5 20% 2014 

92 0 0 0 0 2014 

93 8 2 10 20% 2014 

95 7 2 9 22% 2014 

96 5 0 5 0 2014 

100 0 0 0 0 2015 

101 0 0 0 0 2015 

107 63 1 64 2% 2015 

108 5 0 5 0 2015 

112 13 0 13 0 2015 

233 15 2 17 12% 2015 

42 6 0 6 0 2015 

46 0 0 0 0 2015 

65 7 2 9 22% 2015 

73 0 0 0 0 2015 

75 5 0 5 0 2015 

81 11 0 11 0 2015 

86 0 0 0 0 2015 

90 0 0 0 0 2015 

9085 4 0 4 0 2015 

92 5 0 5 0 2015 

93 3 0 3 0 2015 

95 4 0 4 0 2015 

96 5 0 5 0 2015 

100 1 0 1 0 2016 

101 0 0 0 0 2016 
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107 12 0 12 0 2016 

108 6 0 6 0 2016 

112 4 0 4 0 2016 

233 0 0 0 0 2016 

42 1 0 1 0 2016 

46 1 0 1 0 2016 

65 3 3 6 50% 2016 

73 5 0 5 0 2016 

75 1 0 1 0 2016 

81 6 1 7 14% 2016 

86 1 0 1 0 2016 

90 0 0 0 0 2016 

9085 4 1 5 20% 2016 

92 5 0 5 0 2016 

93 0 0 0 0 2016 

95 4 0 4 0 2016 

96 0 0 0 0 2016 

100 0 0 0 0 2017 

101 0 0 0 0 2017 

107 25 0 25 0 2017 

108 1 0 1 0 2017 

112 6 0 6 0 2017 

233 31 4 35 11% 2017 

42 12 0 12 0 2017 

46 5 0 5 0 2017 

65 12 0 12 0 2017 

73 0 0 0 0 2017 

75 1 0 1 0 2017 

81 4 1 5 20% 2017 

86 0 0 0 0 2017 

90 0 0 0 0 2017 

9085 1 0 1 0 2017 

92 0 0 0 0 2017 

93 5 2 7 29% 2017 

95 22 0 22 0 2017 

96 5 0 5 0 2017 

100 5 0 5 0 2018 

101 0 0 0 0 2018 

107 5 0 5 0 2018 

108 1 0 1 0 2018 

112 5 0 5 0 2018 

233 20 2 22 9 2018 

42 6 0 6 0 2018 
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46 0 0 0 0 2018 

65 4 0 4 0 2018 

73 0 0 0 0 2018 

75 4 0 4 0 2018 

81 8 7 15 47% 2018 

86 7 0 7 0 2018 

90 0 0 0 0 2018 

9085 1 0 1 0 2018 

92 2 0 2 0 2018 

93 7 0 7 0 2018 

95 10 2 12 17% 2018 

96 0 0 0 0 2018 

100 2 0 2 0 2019 

101 0 0 0 0 2019 

107 24 1 25 4% 2019 

108 0 1 1 100% 2019 

112 11 1 12 8% 2019 

233 9 7 16 44% 2019 

42 1 0 1 0 2019 

46 0 0 0 0 2019 

65 3 0 3 0 2019 

73 3 0 3 0 2019 

75 5 0 5 0 2019 

81 17 11 28 39% 2019 

86 0 0 0 0 2019 

90 2 0 2 0 2019 

9085 14 2 16 12% 2019 

92 0 0 0 0 2019 

93 7 1 8 12% 2019 

95 8 1 9 11% 2019 

96 0 0 0 0 2019 
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Appendix E: Total number of wombats, mange free wombats and mange positive wombats 

with corresponding proportion of mange as a percentage at sites in the Snowy Mountains 

region from the NSW Department of Planning, Industry and Environment broad-scale 

remote-camera fauna monitoring program, WildCount (2012 to 2019). 

 

 

 

Station Total Mange 

Free 

Wombats 

Total Mange 

Positive 

Wombats 

Total 

Wombats 

Proportion of 

Mange 

Year 

12 0 0 0 0 2012 

14 0 0 0 0 2012 

15 3 1 4 25% 2012 

16 0 0 0 0 2012 

17 20 1 21 5% 2012 

18 0 0 0 0 2012 

19 2 0 2 0 2012 

20 2 0 2 0 2012 

201 1 0 1 0 2012 

202 0 0 0 0 2012 

21 6 0 6 0 2012 

212 4 0 4 0 2012 

23 15 1 16 6 2012 

25 0 0 0 0 2012 

26 3 0 3 0 2012 

27 0 0 0 0 2012 

30 1 0 1 0 2012 

31 3 0 3 0 2012 

35 0 0 0 0 2012 

37 1 0 1 0 2012 

40 22 0 22 0 2012 

12 1 0 1 0 2013 

14 0 0 0 0 2013 

15 3 0 3 0 2013 

16 0 0 0 0 2013 

17 8 0 8 0 2013 

18 0 0 0 0 2013 

19 0 0 0 0 2013 

20 1 0 1 0 2013 

201 1 0 1 0 2013 

202 0 0 0 0 2013 

21 1 0 1 0 2013 

212 6 0 6 0 2013 

23 9 0 9 0 2013 

25 1 0 1 0 2013 
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26 5 0 5 0 2013 

27 1 0 1 0 2013 

30 0 0 0 0 2013 

31 2 0 2 0 2013 

35 0 0 0 0 2013 

37 8 0 8 0 2013 

40 5 0 5 0 2013 

12 1 0 1 0 2014 

14 5 0 5 0 2014 

15 9 1 10 10% 2014 

16 0 0 0 0 2014 

17 16 2 18 11% 2014 

18 0 0 0 0 2014 

19 1 0 1 0 2014 

20 11 0 11 0 2014 

201 0 0 0 0 2014 

202 3 0 3 0 2014 

21 3 0 3 0 2014 

212 23 0 23 0 2014 

23 17 6 23 26% 2014 

25 0 0 0 0 2014 

26 3 0 3 0 2014 

27 2 0 2 0 2014 

30 0 0 0 0 2014 

31 26 4 30 13% 2014 

35 0 0 0 0 2014 

37 8 0 8 0 2014 

40 26 0 26 0 2014 

12 9 1 10 10% 2015 

14 7 0 7 0 2015 

15 10 0 10 0 2015 

16 0 0 0 0 2015 

17 25 3 28 11% 2015 

18 0 0 0 0 2015 

19 0 0 0 0 2015 

20 1 0 1 0 2015 

201 0 0 0 0 2015 

202 0 0 0 0 2015 

21 0 0 0 0 2015 

212 10 0 10 0 2015 

23 6 0 6 0 2015 

25 0 0 0 0 2015 

26 1 0 1 0 2015 
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27 0 0 0 0 2015 

30 0 0 0 0 2015 

31 1 0 1 0 2015 

35 0 0 0 0 2015 

37 1 0 1 0 2015 

40 18 0 18 0 2015 

12 0 0 0 0 2016 

14 1 0 1 0 2016 

15 26 3 29 10% 2016 

16 0 0 0 0 2016 

17 23 2 25 8% 2016 

18 0 0 0 0 2016 

19 0 0 0 0 2016 

20 1 0 1 0 2016 

201 0 0 0 0 2016 

202 1 0 1 0 2016 

21 1 0 1 0 2016 

212 24 0 24 0 2016 

23 15 0 15 0 2016 

25 6 0 6 0 2016 

26 0 0 0 0 2016 

27 0 0 0 0 2016 

30 0 0 0 0 2016 

31 5 0 5 0 2016 

35 0 0 0 0 2016 

37 1 0 1 0 2016 

40 10 0 10 0 2016 

12 0 0 0 0 2017 

14 1 0 1 0 2017 

15 4 0 4 0 2017 

16 0 0 0 0 2017 

17 38 2 40 5% 2017 

18 0 0 0 0 2017 

19 1 0 1 0 2017 

20 1 0 1 0 2017 

201 0 0 0 0 2017 

202 2 0 2 0 2017 

21 2 0 2 0 2017 

212 15 0 15 0 2017 

23 4 0 4 0 2017 

25 2 0 2 0 2017 

26 4 0 4 0 2017 

27 0 0 0 0 2017 
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30 0 0 0 0 2017 

31 26 16 42 38% 2017 

35 0 0 0 0 2017 

37 7 2 9 22% 2017 

40 31 0 31 0 2017 

12 0 0 0 0 2018 

14 4 0 4 0 2018 

15 11 2 13 15% 2018 

16 0 0 0 0 2018 

17 11 0 11 0 2018 

18 0 0 0 0 2018 

19 26 0 26 0 2018 

20 0 0 0 0 2018 

201 2 0 2 0 2018 

202 3 0 3 0 2018 

21 5 0 5 0 2018 

212 7 0 7 0 2018 

23 21 3 24 12% 2018 

25 0 0 0 0 2018 

26 3 0 3 0 2018 

27 0 0 0 0 2018 

30 0 0 0 0 2018 

31 2 2 4 50% 2018 

35 0 0 0 0 2018 

37 6 0 6 0 2018 

40 9 0 9 0 2018 

12 0 0 0 0 2019 

14 13 0 13 0 2019 

15 17 0 17 0 2019 

16 0 0 0 0 2019 

17 22 0 22 0 2019 

18 3 0 3 0 2019 

19 0 0 0 0 2019 

20 3 0 3 0 2019 

201 2 2 4 50% 2019 

202 0 0 0 0 2019 

21 3 0 3 0 2019 

212 9 0 9 0 2019 

23 19 1 20 5% 2019 

25 3 0 3 0 2019 

26 6 0 6 0 2019 

27 0 0 0 0 2019 

30 0 0 0 0 2019 
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31 9 0 9 0 2019 

35 0 0 0 0 2019 

37 14 1 15 7% 2019 

40 20 0 20 0 2019 

 

 

 

Appendix F: Total number of wombats, mange free wombats and mange positive wombats 

with corresponding proportion of mange as a percentage at sites in the Mid-South Coast area 

from the NSW Department of Planning, Industry and Environment broad-scale remote-

camera fauna monitoring program, WildCount (2012 to 2019). 

 

Station Total Mange 

Free 

Wombats 

Total Mange 

Positive 

Wombats 

Total 

Wombats 

Proportion of 

Mange 

Year 

24 0 0 0 0 2012 

47 1 0 1 0 2012 

50 1 0 1 0 2012 

57 1 0 1 0 2012 

62 0 0 0 0 2012 

64 4 0 4 0 2012 

67 1 0 1 0 2012 

71 4 0 4 0 2012 

77 1 0 1 0 2012 

79 2 0 2 0 2012 

82 4 0 4 0 2012 

87 0 0 0 0 2012 

88 4 0 4 0 2012 

9070 0 0 0 0 2012 

94 2 0 2 0 2012 

24 0 0 0 0 2013 

47 4 0 4 0 2013 

50 1 0 1 0 2013 

57 0 0 0 0 2013 

62 2 0 2 0 2013 

64 3 0 3 0 2013 

67 7 0 7 0 2013 

71 6 0 6 0 2013 

77 1 0 1 0 2013 

79 1 0 1 0 2013 

82 0 0 0 0 2013 

87 1 0 1 0 2013 

88 22 0 22 0 2013 

9070 5 0 5 0 2013 

94 0 0 0 0 2013 



46 

46 

 

 

24 0 0 0 0 2014 

47 3 0 3 0 2014 

50 0 0 0 0 2014 

57 6 0 6 0 2014 

62 2 1 3 33% 2014 

64 2 0 2 0 2014 

67 3 1 4 25% 2014 

71 2 1 3 33% 2014 

77 8 0 8 0 2014 

79 1 0 1 0 2014 

82 3 0 3 0 2014 

87 4 0 4 0 2014 

88 14 0 14 0 2014 

9070 3 0 3 0 2014 

94 0 0 0 0 2014 

24 1 0 1 0 2015 

47 0 1 1 100% 2015 

50 2 1 3 33% 2015 

57 1 0 1 0 2015 

62 4 0 4 0 2015 

64 4 0 4 0 2015 

67 4 1 5 20% 2015 

71 1 0 1 0 2015 

77 1 0 1 0 2015 

79 1 1 2 50% 2015 

82 1 0 1 0 2015 

87 2 0 2 0 2015 

88 5 0 5 0 2015 

9070 4 0 4 0 2015 

94 3 0 3 0 2015 

24 0 0 0 0 2016 

47 0 0 0 0 2016 

50 1 0 1 0 2016 

57 0 0 0 0 2016 

62 5 0 5 0 2016 

64 1 0 1 0 2016 

67 7 0 7 0 2016 

71 1 0 1 0 2016 

77 2 0 2 0 2016 

79 0 0 0 0 2016 

82 4 0 4 0 2016 

87 1 0 1 0 2016 

88 5 0 5 0 2016 
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9070 2 0 2 0 2016 

94 0 0 0 0 2016 

24 0 0 0 0 2017 

47 1 0 1 0 2017 

50 5 0 5 0 2017 

57 7 0 7 0 2017 

62 3 0 3 0 2017 

64 1 0 1 0 2017 

67 2 0 2 0 2017 

71 2 0 2 0 2017 

77 1 0 1 0 2017 

79 0 0 0 0 2017 

82 27 5 32 16% 2017 

87 9 0 9 0 2017 

88 7 0 7 0 2017 

9070 2 0 2 0 2017 

94 0 0 0 0 2017 

24 0 0 0 0 2018 

47 15 0 15 0 2018 

50 0 0 0 0 2018 

57 0 0 0 0 2018 

62 5 0 5 0 2018 

64 2 1 3 33% 2018 

67 8 1 9 11% 2018 

71 2 0 2 0 2018 

77 0 0 0 0 2018 

79 0 0 0 0 2018 

82 2 0 2 0 2018 

87 0 0 0 0 2018 

88 11 0 11 0 2018 

9070 1 0 1 0 2018 

94 0 0 0 0 2018 

24 0 0 0 0 2019 

47 1 0 1 0 2019 

50 5 0 5 0 2019 

57 1 0 1 0 2019 

62 0 0 0 0 2019 

64 4 0 4 0 2019 

67 1 0 1 0 2019 

71 6 0 6 0 2019 

77 1 0 1 0 2019 

79 0 0 0 0 2019 

82 3 0 3 0 2019 
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87 7 0 7 0 2019 

88 8 0 8 0 2019 

9070 0 0 0 0 2019 

94 1 0 1 0 2019 
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ABSTRACT 

 

Although exudative dermatitis in common brushtail possums (Trichosurus vulpecula) is a 

frequent occurrence, the aetiology and risk factors of the disease are still largely unknown. Gross 

descriptions, digital images, cytology and bacterial and fungal cultures from nine cases of 

exudative dermatitis in brushtail possums and from eight control animals were obtained to 

further characterise the disease. Histopathological features of the disease were determined from 

slides from the Australian Registry of Wildlife Health. Data from WIRES and the Taronga 

Conservation Society were analysed to determine the significance of age, sex and season on the 

development of disease, the length of time spent in care and the fate of possums with exudative 

dermatitis. No specific primary aetiological agent was discovered during the investigation and the 

results of this study further support the current hypothesis that exudative dermatitis is a multi-

factorial disease syndrome. Exudative dermatitis was found to be significantly more common in 

females, juveniles and subadults and greater numbers of possums are affected in winter. Juvenile 

and subadult possums were found to spend increased length of time in care. Sex, age and season 

were not found to be significant determinants of fate.    

     

 

Exudative dermatitis is frequently encountered in common brushtail possums (Trichosurus vulpecula) 

presented to the NSW Wildlife Information, Rescue and Education Service (WIRES) and veterinary 

practitioners in Sydney, New South Wales, Australia. This disease has been described in brushtail 

possums as chronic ulcerative and/or proliferative dermatitis, with common features of exudation, 

lichenification, alopecia and matting of the fur (Munday, 1978a; 1978b; 1988; Reddacliff, 1981; 

Hemsley and Canfield, 1994). Lesions have been reported to mainly involve the lumbo-sacral region, 

tail base and less commonly the face, limbs and trunk (Munday, 1988; ARWH, 2005; Vogelnest and 
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Woods, 2008). The aetiology of exudative dermatitis is hypothesised to be multifactorial. Suggested 

predisposing factors include involvement of hypersensitivity reactions, ectoparasites, bacterial or 

fungal infections or trauma and environmental and social stressors such as long periods of rain, high 

humidity, overcrowding and territorial disputes (Reddacliff, 1981; Munday, 1988; Hemsley and 

Canfield, 1994). 

 

Distinction should be made at this point between exudative dermatitis and other similar dermatoses of 

brushtail possums, namely ‘lumbo-sacral dermatitis’ or ‘rumpiness’. Lumbo-sacral dermatitis primarily 

involves lesions to the lumbo-sacral area and is characterised by hair matting, alopecia and 

lichenification (Munday, 1966; 1978b; 1988; Domrow, 1979; Hemsley, 1992). Unlike exudative 

dermatitis, exudation is usually not a feature. Historically this disease has been thought to involve a 

hypersensitivity reaction to mites (Munday, 1966; 1978b; 1988; Presidente, 1978; Domrow, 1979; 

Presidente et al., 1982; Hemsley, 1992). However, a recent study by Hufschmid (2008) found no link 

between common mite species affecting mountain brushtail possums (Trichosurus cunninghami) and 

lumbo-sacral dermatitis. Hufschmid (2008) also found that there was no significant relationship 

between the histopathological changes in the skin and the severity of disease. It is possible that 

exudative dermatitis and lumbo-sacral dermatitis are different diseases that may share common risk 

factors or that they are different manifestations of the same disease. Further classification is needed to 

clarify the relationship between these disease syndromes. This study includes only brushtail possums 

with exudative dermatitis.  

 

There are no reports on the significance of host and environmental factors on the development of 

exudative dermatitis, however Munday (1988) reported the disease to be most common in subadult and 

adult males in high density populations. WIRES carers from the Northern Beaches branch, Sydney 

have suggested that the majority of cases presented to WIRES occur around February, at a time when 
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the climate is warm and juvenile possums are dispersing (Millet, 2004). It is thought that adult possums 

present with exudative dermatitis year-round (L Millet, pers. comm.).  There is debate among the 

wildlife community into whether treating cases of exudative dermatitis is beneficial, as it is unknown 

whether the same possums are returning for treatment after they have been released and reintroduced to 

the environmental and social stressors that potentially played a role in the development of the 

dermatitis. 

 

The aim of this paper is to characterise the clinical manifestations, investigate and determine 

aetiological causes and to determine the risk factors, both intrinsic (sex, age) and extrinsic (season) in 

the development of exudative dermatitis in common brushtail possums.  
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MATERIALS AND METHODS 

 

Both retrospective and new data were used in this investigation.  

 

A WIRES carer located in the Northern Beaches peninsula, Sydney, New South Wales, Australia 

(33° 36′ 4″ S, 151° 19′ 18″ E) collected samples from brushtail possums presented for care with 

exudative dermatitis between January 2009 and August 2009. Nine cases of exudative dermatitis were 

included in the study. The following procedures were performed: digital images were obtained, 

completion of forms describing the distribution and nature of the lesion/s (Appendix A), swabs of the 

lesions (a sterile swab in transport medium and a swab rolled onto a microscope slide), plucked hair 

samples and sticky tape preparations, all taken from the periphery of the lesion/s. Skin scrapings were 

not possible due to limitations of ethical sample collection. As skin biopsies from these cases were also 

not possible, histopathological slides from eight cases of brushtail possum exudative dermatitis from 

the Australian Registry of Wildlife Health (ARWH) were examined. The cases were received from the 

Sydney Metropolitan area between April 2000 and December 2006.   

 

The disease was characterised by the nature and distribution of the lesions, cytology and bacterial and 

fungal cultures. Clinical signs and distribution of the lesions were determined from digital images and 

gross descriptions by the WIRES carer. Gram stains were made from swabs rolled onto slides and the 

type of bacteria and/or yeast were described. Sticky tape preparations were examined microscopically 

for the presence of mites. Bacteria were cultured aerobically on blood agar plates from sterile swabs 

and fungi were cultured on dermatophyte test medium from plucked hair (University Veterinary 

Teaching Hospital Camden Pathology laboratory).  
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Control samples were collected from brushtail possums trapped and euthanised due to overcrowding by 

the Royal Botanic Gardens & Domain Trust from the Botanic Gardens possum population. These 

animals were deemed healthy if there were no clinical or gross signs of disease. Sticky tape 

preparations, swabs for gram stain and bacterial culture, skin scrapings and skin biopsies were collected 

approximately two hours post euthanasia. Hair samples for fungal culture were not included as none of 

the animals with exudative dermatitis were found to be positive to fungal culture.  

 

Records of exudative dermatitis cases from the Taronga Conservation Society (TCS) and from the 

WIRES carer were analysed to determine the significance of sex, age and season on the development of 

disease. Records from the TCS included 49 brushtail possum exudative dermatitis cases from the 

Sydney metropolitan area from January 2001 to May 2009. Records of the WIRES carer were from 182 

brushtail possum exudative dermatitis cases from the Northern Beaches peninsula, Sydney, from 

February 1997 to June 2009.  

 

The data from the TCS and WIRES were analysed using the statistical software program Minitab to 

determine whether sex, age or season are significant risk factors for: 1. disease development, 2. the 

length of time spent in care and 3. the fate of possums. A Pearson Chi-squared test was performed on 

the data from TCS and WIRES to determine whether the data sets could be combined for analyses. 

Binomial proportions tests were performed to determine the significance of sex and age on the 

development of exudative dermatitis. Age was classed as immature (juvenile and subadult) or adult. A 

1:1 sex ratio and 20 percent immature (excluding pouch young) population proportion were assumed 

for normal possum populations in the Sydney area. Binomial proportions tests were also used to 

determine sex-age interactions on the development exudative dermatitis. Chi-squared Goodness-of-Fit 

tests were performed to determine seasonal trends of disease and the relationship of seasonality to sex 

and age. The effect of sex and age on the length of time spent in care was determined using Two-
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Sample T-tests on log transformed data [ln (x+1)]. Binary Logistic Regression was used to test for 

significant correlations between sex, age and season on the fate of brushtail possums with exudative 

dermatitis. Fate was tested using the parameters released or not released (euthanised or died). 
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RESULTS 

 

Exudative dermatitis case findings  

There was moderate variation in the distribution of the lesions and eight of the nine cases involved two 

or more areas. The most commonly affected areas were the tail base and the head. The dorsal back, 

ventrum and tail were least affected. Figure 1 shows the distribution of lesions. An adult female with a 

back riding young had lesions on the dorsal back that followed a pattern similar to scratch marks and 

were consistent with where the young would hold on (the flanks and just caudal to the forelimbs).  
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Figure 1. Distribution of lesions in nine cases of exudative dermatitis.     

 

Cytology revealed heavy mixed bacteria and moderate numbers of inflammatory cells in the majority 

of the cases. Marked numbers of gram positive cocci forming pairs or clusters were the most consistent 

finding. In some cases there were moderate to marked numbers of short to medium length gram 

positive rods and short to medium length gram negative rods. One case showed moderate numbers of 
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broad-based, budding yeasts, consistent with Malassezia spp.. Mites (species unknown) were identified 

from sticky tape preparations in four cases.  

 

The bacterial species cultured from the lesions were highly variable between cases. Klebsiella spp., 

coagulase negative Staphylococcus spp. and Salmonella spp. were cultured most commonly (Figure 2).  

No fungi were grown from any of the cases.  
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Figure 2. Prevalence of bacterial species cultured from nine cases of exudative dermatitis. 

 

Key: STA = Coagulase negative Staphylococcus spp., STE = Streptococcus spp., SAL = Salmonella 

spp., KLE = Klebsiella ozaenae and Klebsiella oxytoca, ECO = Escherichia coli, PRO = Proteus 

mirabilis, PSE = Pseudomonas aeruginosa, PAS = Pasteurella spp.    
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Histopathological findings 

All cases examined had areas of extensive, full-thickness ulceration with partial to complete destruction 

of underlying adnexal structures (Figure 3). In some cases there was evidence of epithelial regeneration 

with islands of plump, activated epidermal cells. Intact epidermis was mostly irregularly hyperplastic 

and in some cases formed epidermal rete ridges (Figure 3). Orthokeratotic hyperkeratosis of epidermal 

cells was a common feature. Remnant hair follicles generally lacked hair shafts and plasmacytic 

folliculitis was common. Thick crusts comprised of amorphous eosinophilic material, cellular debris, 

polymorphonuclear cells and bacterial colonies overlay the ulcer beds and adjacent epidermis. In all 

cases, the dermis was fibroblastic, undergoing neovascularisation and was infiltrated with marked 

numbers of inflammatory cells, predominately plasma cells, neutrophils, eosinophils and lymphocytes. 

One case had marked dermal eosinophilic infiltration (Figure 4). Most cases had moderate 

haemorrhage within the dermis. Muscle involvement was seen in five cases. One case had low numbers 

of follicular epithelial cells with apparent basophilic intracytoplasmic inclusion bodies. 

                                                       

      

 Figure 3. Common brushtail possum skin. Epidermal ulceration (far left), with crust overlying 

epidermal hyperplasia and the formation of epidermal rete ridges. ARWH 2966/1.  
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Figure 4. Common brushtail possum dermis. Marked eosinophilic infiltration of the dermis and 

activated fibroblasts. ARWH 3149/1.  

 

Control animal findings   

Cytological examinations revealed low numbers of single gram positive cocci and low numbers of 

squamous epithelial cells. Skin scrapings revealed mites in six control possums. Three possums had 

multiple ticks attached to the pinnae, which were identified as Ixodes tasmani. The ticks were all un-

engorged and were not associated with gross lesions, except in one case where there was mild alopecia 

and crusting on the pinnae. Individual bacterial species were difficult to isolate from culture of the skin 

swabs as there were light growths of mixed bacteria.   

 

Significance of sex, age and season on disease production 

There was no significant difference between the sex ratios of the TCS and WIRES samples (χ2 = 0.68, 

d.f. = 1, P = 0.41), and these sets were combined for subsequent analysis. It was found that 64% of 

cases were females, which is a significant over-representation (95% CI 0.56–0.71, P < 0.005).  



Jasmin Mowbray                                                                        Honours 2009 

12  

 

There was no significant difference between the ratio of adults to immature possums from TCS and 

WIRES data (χ2 = 0.02, d.f. = 1, P = 0.89), and these sets were combined for subsequent analysis. It 

was found that 51% of cases were immature animals and they are significantly over-represented (95% 

CI 0.44-0.57, P < 0.005). 

 

There was no significant difference between the relationship of sex and age of possums with dermatitis 

from the TCS and WIRES samples (Adults: χ2 = 0.91, d.f. = 1, P = 0.34; Immatures: χ2 = 0.18, d.f. = 1, 

P = 0.67), and these sets were combined for subsequent analysis. There were significantly more female 

adult than male adult possums with dermatitis (95% CI 0.63-0.82, P < 0.005). There was no significant 

difference between the number of male and female immature possums presented with dermatitis (95% 

CI 0.42-0.64, P = 0.53).  

 

There were significantly fewer cases of possum dermatitis seen in spring when analysing both the TCS 

and WIRES data (N=230, χ2 = 34.45, d.f. = 3, P < 0.005; contribution of spring to χ2 = 25.78).  A 

known reduction in sampling effort during the later half of the year may have biased the assessment of 

seasonal variation for the WIRES data. When analysing only the data from TCS, there were 

significantly less cases seen in spring and significantly more seen in winter (N= 48, χ2 = 19.83, d.f. = 3, 

P < 0.005; contribution of spring to χ2 = 4.08, contribution of winter to χ2 = 14.08).  
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Table 1. Seasonal variation of exudative dermatitis (TCS data).  

 

Factor 

 

Sample 

size (N) 

 

P value 

Significant contribution 

to Chi-squared test 

      +                      - 

Males 13 0.09 Winter  

Females 29 0.03 Winter 

Adults 24 0.05 Winter 

Immatures 24 < 0.005 Winter              Spring 
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Figure 5. Seasonal variation in the number of cases of exudative dermatitis (TCS data). 

 

Effect sex and age on the length of time spent in care 

There was no significant difference in mean length of time spent in care for males and females (t = 

0.76, d.f. = 124, P = 0.45). The mean length of time spent in care was 9.6 days for male possums and 

7.8 days for female possums. Immature possums were in care for a significantly greater number of days 

than adult possums (t = 3.66, d.f. = 211, P < 0.005). Immature possums were in care for a mean length 

of 13.9 days, while adult possums were in care for a mean length of 6.3 days.  
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Effect of sex, age and season on fate  

Proportionately significantly fewer possums were released by the TCS than WIRES (χ2 = 49.97, d.f. = 

1, P < 0.005). TCS released 15% of possums, while WIRES released 71% of possums. However, there 

was no significant effect of sex, age and season on the fate of possums with exudative dermatitis for 

TCS or WIRES data (Table 2).   

 

Table 2. Significance of sex, age and season as determinants of fate.   

Data source Factor P value 

TCS Sex 0.83 

 Age  0.23 

 Season 0.51 

WIRES Sex 0.37 

 Age  0.78 

 Season 0.92 
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DISCUSSION 

 

No specific primary aetiological agent was discovered during the investigation and the results of this 

study further support the current hypothesis that exudative dermatitis is a multi-factorial disease 

syndrome.  

 

Distribution of lesions 

The distribution of lesions seen with exudative dermatitis may reflect fight wound patterns amongst 

conspecifics, areas targeted by predators or areas where a back-riding juvenile may inflict wounds on 

its mother. The high incidences of lesions on the tail base and less commonly on the head are consistent 

with studies on fight wound patterns in other species. Most bite wounds from conspecifics in water 

voles (Arvicola terrestris) in the UK were found on the head and tail (Forman and Brain, 2006). It is 

probable that possums fighting for territories and den sites would also target the head of their 

opponents. Water voles confined at high densities tend to target the rump of defeated animals as they 

retreat (Forman and Brain, 2006), which is likely to also be the case with possums. Attacks to the rump 

are also common in studies of disputes amongst tree shrews (Tupia belangeri) (Blanchard et al., 2001). 

Wounds to the caudal body would be expected when possums are escaping from predators, such as 

domestic cats and dogs. The scratch-like appearance of the lesions on the dorsum of a mother with a 

back-riding young in this study, indicates that wounds caused by young may also contribute to disease 

development.  

 

Role of external parasites 

Although mites were identified in less than half of the exudative dermatitis cases, sticky tape 

preparations are not the gold standard test for determining the presence of mites. The fact that most of 

the control possums had mites on skin scrapings indicates that some of the exudative dermatitis cases 
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were likely to have undiagnosed mite infestations. The data is therefore potentially unreliable in 

assessing the prevalence of mite infections in exudative dermatitis cases. This also indicates that mites 

alone are unlikely to cause exudative dermatitis and that the pathological changes associated with the 

disease (thickened epidermis, crusting, inflammation and bacterial proliferation) may make the area 

unsuitable for mite survival. It may also mean that the environment (for example, high density of 

possums) in the Botanic Gardens has resulted in higher carrier rates for mites than in possums in the 

Northern Beaches peninsula (D Spielman pers. comm.).    

 

Role of infectious agents 

A major difficulty in determining a primary aetiological cause is that cases usually present at very 

advanced disease stages, with marked involvement of secondary bacterial invaders. Staphylococcus 

spp. and Streptococcus spp. are likely to represent normal skin flora of brushtail possums. The other 

bacterial species cultured, such as Klebsiella spp., Salmonella spp. and Escherichia coli are likely to be 

part of the normal gastrointestinal flora of brushtail possums. The results from this study indicate that 

bacterial culture is not useful in determining the original cause of exudative dermatitis in advanced 

disease states. However, bacterial culture and sensitivity testing may be beneficial for clinicians to 

select appropriate antibiotic treatments. Trichophyton mentagrophytes has previously been described as 

a cause of exudative dermatitis in brushtail possum (Finnie, 1978). However, this study found no 

evidence of fungal involvement in any of the cases of exudative dermatitis examined. Attempts to 

isolate the normal skin bacteria of brushtail possums from the controls were unsuccessful. This could 

have been pursued further if more resources were available.    

 

The cytological results from this study are consistent with findings expected with secondarily infected 

wounds, with mixed bacteria identified in many of the cases. The involvement of Malassezia spp. in 

one case is most likely to represent an opportunistic secondary infection; this role in dermatoses has 
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been described in dogs (Cafarchia et al., 2005). Cytology may be beneficial to clinicians to determine 

the type of secondary infectious agents present (bacterial or yeast), enabling appropriate direction of 

treatment.   

 

Histopathology 

The histopathological findings showed non-specific, chronic, ulcerative disease with marked bacterial 

involvement but no indication of the initial aetiological agents of exudative dermatitis. Similar 

histological findings have previously been described in brushtail possums with exudative dermatitis 

(Munday, 1966; Hemsley, 1992; Hemsley and Canfield, 1994). Histopathology may be more useful in 

determining the aetiological causes of exudative dermatitis in early stages of disease, prior to secondary 

bacterial invasion of lesions.      

 

Role of sex, age and season in the development of exudative dermatitis 

Exudative dermatitis is recognised as a multifactorial disease, with intrinsic and extrinsic factors 

playing significant roles in the development of disease. Intrinsic factors include variations in age, sex, 

immune status, reproductive status, nutritional status, species, genotype and behaviour of individual 

animals (Hufschmid, 2008). Extrinsic factors include season, climate, habitat and population density 

(Munday 1978a; Cooke, 1998).   

 

The results of this study do not support previous literature and the current hypothesis within the 

wildlife community that exudative dermatitis is predominately a disease of young, male brushtail 

possums (Munday, 1988). Significantly higher numbers of female possums were found with exudative 

dermatitis when assuming the normal population sex ratio of brushtail possums in the Sydney area to 

be at parity. Eymann (2007) found that the sex ratio of possums in the Sydney area ranged from 1.0: 

1.2 to 1.0: 1.4 (females: males), which further supports the over-representation of females with this 
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disease. Other studies on the sex ratios of brushtail possum populations in Australia have found sex 

ratios to be at parity or male-biased (How, 1981; Kerle, 1998; How and Hillcox, 2000; Clinchy et al., 

2004). It has been demonstrated that in high density populations of brushtail possums, females produce 

more male offspring, which are more likely to disperse and will not compete with the mother for local 

resources (Johnson et al., 2001). In contrast, Issac et al. (2005) found a significantly female-biased sex 

ratio on Magnetic Island, Queensland. The high physiological demands placed upon females during 

gestation and lactation may lower immunity, rendering them more susceptible to disease. This, in 

conjunction with scratches from back-riding young, may facilitate secondary infections. Hufschmid 

(2008) found no significant relationship between sex and the odds of mountain brushtail possums (T. 

cunninghami) having lumbo-sacral dermatitis.  

 

Immature animals are over-represented with exudative dermatitis, when assuming the proportion of 

immature possums in the normal Sydney population to be at 20 percent. The percentage of immature 

possums trapped in the Sydney area was found by Eymann (2007) to range from 2 to 21 percent, 

excluding pouch young. Other studies on brushtail possum population parameters throughout Australia 

have found the population percentages of immature animals to range from 13 to 30 percent (Dunnet, 

1964; Winter, 1976; How, 1981; Kerle, 1983). The large number of immature animals with exudative 

dermatitis may be attributed to naive immune systems, inability to obtain food and den sites when 

resources are scarce, increased predation and/or attacks from older, dominant animals.  

 

Steiner (2005) found a female-biased sex ratio of adult brushtail possums and a male-biased sex ratio of 

juveniles admitted to WIRES for care. This difference was attributed to high mortality of dispersing 

juvenile males. This is consistent with the findings from this study, as female adult possums were more 

likely to be affected than adult males, while there was no significant difference between the sex ratios 

of immature possums with exudative dermatitis. Although there was no significant difference between 
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the sex ratio of immature possums with exudative dermatitis when assuming a sex ratio at parity, the 

study by Eymann (2007) on the population parameters of urban possum in Sydney has shown male-

bias in immature possum populations. This, in light of the finding of this study that 47 percent of 

immature possums with the disease are males, indicates that there may be more female immature 

possums with the disease, although not statistically significant.   

 

As retrospective data were used in this study, it was only possible to analyse season in terms of 

extrinsic factors affecting disease development. Seasonal effects on disease epidemiology can be 

difficult to define, as there are a number of host and environmental factors to consider which vary 

seasonally, such as climatic conditions, parasite prevalence, behaviour, hormonal levels, reproductive 

status and age of the host (Hufschmid, 2008). The higher numbers of brushtail possums with exudative 

dermatitis seen in winter supports previous studies that found greater adult possum morbidity and 

mortality in this season (Efford, 1998; Steiner, 2005). Steiner (2005) found that over a third of all 

brushtail possum admissions to WIRES occurred in winter, with adults reported year round with peaks 

in winter. Possums are more likely to experience increased nutritional stress in winter due to reduced 

availability of food sources, particularly in areas with high population densities. This requires possums 

to range from their home territories, leading to increased territorial disputes between possums and 

injury from motor vehicle accidents. Possums spending more time on the ground in search of food 

during this time would increase the risk of predatory attacks from domestic cats and dogs. These 

increased potentials for physiological stress and physical injury could explain the increased number of 

exudative dermatitis cases seen in winter.  

 

Eymann (2007) reported a major autumn and a minor spring breeding season in urban brushtail 

possums in Sydney. Juvenile possums begin to become independent and disperse from the natal area at 

around 5 months of age (Dunnet, 1964); therefore dispersal peaks are expected in October and March. 
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There were no significant increases in the number of immature possums in autumn and significantly 

less immature animals with exudative dermatitis in spring, which would correlate with the dispersal of 

juveniles from the major autumn breeding season. This finding is unexpected and contrasts with the 

findings of Steiner (2005), which found peak numbers of immature possums admitted to WIRES in 

October. This difference may be attributable to the low sample size used in this study for determining 

seasonal variation in immature possums. However, there were significantly greater numbers of 

possums with exudative dermatitis in winter across all the groups. This may suggest that nutritional 

stress has a greater influence in the development of exudative dermatitis than the physiological stresses 

caused by dispersal in young possums, such as increased territorial disputes and increased time spent 

on the ground.     

 

Exudative dermatitis has not been reported in common brushtail possums in New Zealand nor in an 

extensive study of dermatoses of mountain brushtail possums in Boho South, Victoria, Australia 

(Hufschmid, 2008), despite very high densities of possums in these regions. The disease is reported 

more commonly along the north-eastern coast of NSW and in Queensland. This may indicate a role in 

disease development played by climatic conditions, as exudative dermatitis is seen more frequently in 

regions with warm temperatures and high humidity. However, the high numbers of cases reported in 

winter does not support this theory, as winter in Sydney is associated with low temperatures. The 

regional disparity with exudative dermatitis may also be attributed to differences in factors other than 

climate, such as habitat, genetics and population density.    

 

Role of sex, age and season in the length of time spent in care 

Immature possums with exudative dermatitis spend significantly more time in care than adult possums. 

WIRES policy is to keep immature possums in care until they weigh at least 1500 grams (L Millet pers. 

comm.), which would potentially overestimate the time to recovery data. There was no difference in the 
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time spent in care between males and females, indicating that sex is not a significant predictor of the 

length of time in care.  

 

Role of sex, age and season in the fate of animals 

There was a considerably higher proportion of brushtail possums with exudative dermatitis released 

though the Northern Beaches WIRES branch than the TCS. This significant difference in the fate of 

possums admitted to TCS or WIRES can be explained by the nature of the two organisations. TCS is a 

veterinary hospital, while WIRES is a rehabilitation organisation. Animals admitted to WIRES for care 

have usually been examined at a veterinary clinic prior to admission, where a decision is made to either 

attempt rehabilitation or to euthanise the animal. It is therefore probable that a greater percentage of 

exudative dermatitis cases that present to TCS will have more severe and extensive disease than 

possums admitted to WIRES. The percentage of possums released that are admitted to WIRES with 

exudative dermatitis varies between branches according to their policy. For example, the policy at the 

Coffs Harbour branch for possums with exudative dermatitis is immediate euthanasia, while those 

admitted to the Northern Beaches branch are treated and released (Millet, 2004; Steiner, 2005). There 

was no difference in the release rate of males, females, adults or immature possums, suggesting that sex 

and age are not significant determinants of fate.   

  

There is no data available on the long-term survival of released cases of exudative dermatitis and there 

are currently no post-release monitoring efforts being undertaken. Studies on the long-term survival of 

released possums report poor success rates, with the majority of animals dying soon after release 

(Shaw, 1979; Augee et al., 1996; Bellamy, 1996). There is evidence to suggest that in areas with high 

densities of possums, such as Sydney, once possums are removed from their territories, they are rapidly 

replaced by other possums (Hill, 1997). The results of releasing an animal that is predisposed to disease 

into an environment where they must fight to obtain a new territory must be considered.     
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The current suggested treatment protocol for cases of exudative dermatitis is antibiotic therapy plus 

supportive care and husbandry. Administering antibiotics is likely to only address the secondary 

bacterial infections. Generally, these possums are released once the acute damage has resolved. Many 

are released into the same environmental conditions (for example, overcrowding) which are 

hypothesised to predispose to the disease. Suggestions for further research include tagging and/or 

micro-chipping possums with exudative dermatitis that are treated and released in order to determine if 

they return to veterinary clinics or WIRES with reoccurring exudative dermatitis.  

 

The results of this study support previous findings that exudative dermatitis in brushtail possums is a 

multifactorial disease syndrome. Increased risk of disease is seen in females, juveniles and subadults 

and in winter. Juveniles and subadults spend increased length of time in care, and sex, age and season 

are not significant determinants of fate. 
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APPENDIX A 
 
BRUSHTAIL POSSUM EXUDATIVE DERMATITIS RECORD FORM 

Date found and location: …………………………………………………………………………………... 

Signalment (please circle):  M  /  F    J  /  A 

Date of treatment: …………………………………………………………………………………………. 

Fate (please circle):    Release   /   Euthanasia   /   Died  

Date of release/euthanasia: ……………………………………………………………............................... 

Weight (g): ………………………………Head to rump length (cm):……………………………………. 

………………………………………………………………………………................................................ 

Other information: ………………………………………………………………………………………... 

……………………………………………………………………………………………………………… 

 

Distribution of dermatitis (please mark on the diagram the location and extent of the dermatitis):                                             

                        

 

 

 

 

 

 
                                            DORSAL                                                             VENTRAL 

 

Are there any of the following (please circle): 

Alopecia (hair loss)            

If yes where: ……………………………………………….......................................................................... 

..……………………..……………………………………………………………………………………… 
 
Pruritus (itchiness)            

If yes where: ………………....................................................……………………..……………………… 

………………………………………………………………………………................................................ 
 
Exudate (wetness and pus)  

If yes where: …………..………………………………………………………………………………….... 

..……………………..……………………………………………………………………………………… 
 
Crusting                             

If yes where: ………..…………………………………………………….................................................... 

..……………………..……………………………………………………………………………………… 
 
Scabs 

If yes where: ………...……………………………………………………................................................... 

..……………………..……………………………………………………………………………………… 
 
Seborrhoea (flaky skin)    

If yes where: ………..………………………………………………………................................................ 

..……………………..……………………………………………………………………………………… 
 
Ulceration of the skin     

If  yes where: …..………………………………………………………....................................................... 

..……………………..……………………………………………………………………………………… 
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Reflective statement 

This project has been a significant learning curve, in terms of both my personal and professional 

development. I decided to participate in the honours program as I am interested in research and am 

considering it for my future career. I have learned many skills from this program: data collection and 

analysis, skills at cytological and histological interpretation, interpreting results of tests and writing a 

scientific paper.  

 

There are a number of aspects of this study that I would have done differently, if there were no time or 

financial constraints. This is mainly concerned with sample collection. As I was on rotations, I was 

unable to collect the samples personally from the possums with exudative dermatitis. As these cases 

were wildlife cases and far and few between, it was not possible for me to predict when these cases 

would come into care, so I was not able to travel to the Northern Beaches to collect samples with little 

notice. It was important that the samples were collected prior to the commencement of treatment and 

any delays in collecting the samples would have in turn delayed treatment, which would have been 

unethical. I provided the WIRES carer with instructions on how to collect, store and transport the 

samples. But as I was not the one collecting the samples, I could not guarantee how representative the 

samples were.  

 

There were also issues with the type of samples taken. I would have preferred to have collected blood 

from each animal for full blood counts and full biochemical profiles to assess the overall health of the 

possums (referring to studies on the normal blood values and changes associated with disease in 

possums). Skin scrapings and skin biopsies would have also been beneficial. The collection of these 

samples by an unqualified person would have been unethical, and so was not done. Faecal smears 

would have also been useful, as there are reports of moribund possums commonly having overgrowths 

of yeasts (mainly Candida spp.) in the gastrointestinal tract.  



Jasmin Mowbray                                                                        Honours 2009 

31  

 

Ideally, the brushtail possums used as controls should have come from the same population of possums 

as the possums with exudative dermatitis ie. from the Northern Beaches peninsula. Also, if there was 

unlimited time and finances, I would have pursued isolation of bacterial species from the skin of the 

normal brushtail possums. This would have been beneficial in identifying the role of the bacterial 

species isolated from the cases of exudative dermatitis, as it would be known whether they are part of 

the normal skin flora of brushtail possums.  

 

Overall, participating in the honours program gave me a good preliminary insight into what a career in 

research would be like. I have put a lot of hard work into my project and I feel a sense of achievement 

in having produced a scientific paper at the end of it all.  
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