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Emergency animal disease (EAD)

ÅTransboundary diseases with the potential for major 
economic, social and environmental damage.

 

ÅCurrent concerns include:

ü foot-and-mouth disease (FMD)

üAfrican swine fever (ASF)

ü lumpy skin disease (LSD)

ühigh pathogenicity avian influenza (HPAI-H5N1).

ÅAll the above examples are exotic to Australia, but nearby.
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https://www.outbreak.gov.au/

https://www.outbreak.gov.au/
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Foot-and-mouth 
disease outbreaks 
2020 - 2025
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African swine 
fever outbreaks 
2020 - 2025
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Lumpy skin 
disease outbreaks 
2020 - 2025



Foot-and-mouth disease

ÅViral disease of cloven-hoofed 
animals (cattle, sheep, goats, pigs, 
deer, buffalo, camelids).

ÅFever, drooling, lesions (mouth, 
teats, feet), lethargy, lameness.

ÅClinical signs vary with species.

ÅHigh morbidity, low mortality.
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Foot-and-mouth disease

ÅHighly contagious.

ÅSpreads quickly via direct 
contact, fomites & aerosols.

ÅVery resilient virus.

ÅEntire farms are culled. 

ÅUp to A$80B damages over 
10 years.
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ω Uncertainty:

- no local epidemiological data

- when/where/how will it arrive?

- how quickly will it spread?

- will feral animals play a role?

- when will we first detect it?

- how can we best respond?

   

ω IŜǘŜǊƻƎŜƴŜƛǘȅΥ

- susceptible species

- production systems

- on-farm biosecurity

- trading patterns

- climate

- response policy/resourcing

Preparing for EAD outbreaks ς a complex time-space problem



The mystery of complex population-level behaviour
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ÅStarlings sometimes swarm in complex 4D patterns called murmurations.

ÅIndividuals are autonomous (no central coordination mechanism).

ÅHow do they produce such cohesive and complex population-level behaviour!?

Reynolds C. (1987). Flocks, herds, and schools: a distributed behavioural model. Computer Graphics 21(4)

Å In 1987, Craig Reynolds found that it was much 
simpler to model the behaviour of an individual 
bird rather than the whole flock at once.

ÅA bird has an environment defined by a distance 
and an angle.

Å! ōƛǊŘΩǎ ōŜŀǊƛƴƎ ŀƴŘ ǎǇŜŜŘ ƛǎ ƛƴŦƭǳŜƴŎŜŘ ōȅ 
neighbouring birds inside the environment.



Modelling complex population-level behaviours
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ÅIndividuals are autonomous (no central coordination mechanism)

ÅHow do they produce such cohesive and complex population-level behaviour!?

Reynolds C. (1987). Flocks, herds, and schools: a distributed behavioural model. Computer Graphics 21(4)



Modelling individual bird steering behaviour

11Reynolds C. (1987). Flocks, herds, and schools: a distributed behavioural model. Computer Graphics 21(4)

Separation: A bird steers to avoid crowding 
nearby birds (collision avoidance). Proximity to 
terrain or a predator can also trigger this rule.

CohesionΥ ! ōƛǊŘ ŀŘƧǳǎǘǎ ƛǘΩǎ ōŜŀǊƛƴƎ ǘƻ ǊŜŦƭŜŎǘ 
the average position of its neighbours (safety in 
numbers).

Alignment: A bird steers towards the average 
bearing of its neighbours.



Emergent behaviour of the population

1. Model the behaviour of 
an individual bird.

2. Create a population of 
autonomous birds and 
allow them to interact.

3. The population-level 
ōŜƘŀǾƛƻǳǊ άŜƳŜǊƎŜǎέ 
free-of-charge!



Agent-based modelling
ÅGood at tackling complex 

problems in time and space.

ÅThis is the approach used in the 

Australian Animal disease 

spread model (AADIS).

Å Individual herds are modelled in 

an environment comprising 

disease spread pathways and 

control measures. 

ÅThe population-level outbreak 

behaviour emerges organically.



The  Australian Animal Disease Spread model (AADIS)  

Å PhD project to develop a national-scale decision support tool for 
emergency animal disease: 
ü incursion

ü spread

ü detection

ü response

ü proof-of-freedom

Å Scholarship funded by the Department of Agriculture, Fisheries and 
Forestry (2012-15).

Å FMD as the test case.

Å www.aadis.org

14Bradhurst, R.A. (2015). Modelling the spatiotemporal spread and control of viral disease in livestock using a hybrid equation-based and agent-based approach. 
PhD Thesis, University of New England. https://hdl.handle.net/1959.11/19661

http://www.aadis.org/
http://www.aadis.org/


AADIS ς outbreak visualisation
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AADIS ς infection curve
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AADIS ς epi curve
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AADIS ς resource pools
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AADIS ς surveillance queues
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AADIS ς control status and costs
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AADIS ς emergent behaviour
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Why bother building a complex model?

ω ! ŘƛǎŀƎƎǊŜƎŀǘŜŘ ƳƻŘŜƭ ŀƭƭƻǿǎ ǾŜǊȅ ǎǇŜŎƛŦƛŎ Ŝpidemiological, 
operational and policy questions to be easily posed, e.g.,

- how will a winter incursion differ from a summer incursion?

- what are the consequences of a late first detection?

- what resources might be needed for a big outbreak?

- are the controlled areas the right size?

- will suppressive ring vaccination help?

- will there be enough vaccine?

- should we only vaccinate certain species?

- what is the potential impact of illegal movements?

- what are the consequences of failures to report?

- what is the likelihood of feral/livestock spillover?

- should we pre-emptively cull feral pigs around declared IPs?
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Individual-level (aka agent-based) modelling
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ÅLǘΩǎ ƳǳŎƘ ŜŀǎƛŜǊ ǘƻ ǎƻƭǾŜ ǎŜǾŜǊŀƭ ǎƳŀƭƭŜǊ ǇǊƻōƭŜƳǎ ǘƘŀƴ ƻƴŜ ƘǳƎŜ ǇǊƻōƭŜƳ - divide and conquer!

ÅDisaggregating an EAD outbreak: 

Agents ς livestock herds, feral pig groups, saleyards, abattoirs, export facilities.

Spread environment ς direct, indirect, airborne, vector-borne, spillover.

Control environment ς detection, movement restrictions, tracing, stamping out, feral pig culling, resourcing, costs.

Å Caveat: Data-driven models are dependent on the availability and quality of data.

Å How is feral pig field data used in epidemiological models of EADs such as FMD and ASF?



Representing feral pig population distribution & abundance (2008)

West, P. (2008). Assessing Invasive Animals In Australia. National Land & Water Resources Audit and Invasive Animals Cooperative Research Centre.



Cowled B and Meyer A. (2021). Feral Pig Distributions. Report prepared for CEBRA. Ausvet Pty Ltd.

ü West data + literature review of 
past national & regional studies 
on feral pig distribution & 
abundance.

ü more granular estimates of 
distribution and density.

ü considered habitat suitability, 
permanent water, land use, and 
vegetation data.

ü national grid of 4 km2 cells.

Representing feral pig population distribution & abundance (2021)
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Å Conversion of cell-based densities to discrete groups of 
feral pigs.

Å Consolidation of areas of very low-density cells.

Å Groups preferentially allocated to locations based on 
permanent water & vegetation.

Å Used in the 2021 AADIS-ASF model. Qld-only grid of 2 
km2 cells.

Bradhurst R., Garner G., Roche S., Iglesias R., Kung N., Robinson B., Willis S., Cozens M., Richards K., Cowled B., Oberin M., Tharle C., Firestone S., 
Stevenson M. (2021). Modelling the spread and control of African swine fever in domestic and feral pigs. Technical report for CEBRA project 20121501, 

prepared for the Department of Agriculture, Water and the Environment. University of Melbourne.

Representing feral pig population distribution & abundance (2021)



Bradhurst, R., Garner G., Richards K., Willis S., Taha H., Sellens E., Naing L., Cowled B. & Roche S. (2022). Modelling post-border spread and control of African 
swine fever on a national scale (Biosecurity Innovation Project 182021). Technical Report prepared for DAFF. CEBRA, The University of Melbourne

ü expansion of the 2021 AADIS-
ASF model from Qld to 
national scale.

ü national grid of 4 km2 cells.

Representing feral pig population distribution & abundance (2022)



ABARES & CSIRO (2024). National Feral Pig Current Distribution in Australia, Australian Bureau of 
Agricultural and Resource Economics and Sciences, Canberra, December

ü produced by CSIRO & ABARES.

ü feral pig distribution and 
relative abundance.

ü blends species distribution 
modelling and occurrence 
records.

ü national grid of 5 km2 cells.

Representing feral pig population distribution & abundance (2024)



Oberin M., (2025). Updating AADIS feral pig map. CEBRA. University of Melbourne.

ü Update of the 2022 AADIS 
feral pig map based on the 
2024 ABARES map.

ü national grid of 4 km2 cells.

Representing feral pig population distribution & abundance (2025)
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Seasonal influences on feral pig abundance

Å Seasonal feral pig population dynamics were incorporated by applying 

relative weightings to the baseline distribution and abundance layer.

Å Produced monthly abundance layers per eco-region. 
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AADIS feral pig &
livestock agents

Å 160,466 feral pig groups

Å 826 commercial piggeries

Å 21,000 non-commercial piggeries

Å 47,290 beef herds

Å 252 cattle feedlots

Å 5588 dairy herds

Å 31,812 small ruminant herds

Å 77,447 smallholder herds

Å 184 saleyards

Å 142 abattoirs

Å 100 export facilities

Å Total: 324,107 agents 

Bradhurst, R., Al-Riyami S., Sellens E., Burns R. & Breed A. (2025). Assessing the potential role of feral pigs in an outbreak of foot-and-mouth disease in Australia 
(CEBRA Project 23F). Technical report prepared for the Department of Agriculture, Fisheries & Forestry, CEBRA, University of Melbourne.
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Bradhurst et al (2020). A generalised and scalable framework for modelling incursions, surveillance and control of plant and 

environmental pests. Environmental Modelling & Software, under review.

ÅCompartmental model projects the progression of 

infection and disease within the group.

ÅFeral pigs in a group are assumed to mix homogeneously

ÅLargely parameterised from overseas studies.
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Modelling the spread of EAD within a feral pig group



Modelling the spread of EAD between feral pig groups

ÅHome ranges are defined regionally & 
seasonally.

ÅIf the home range of an infectious feral pig 
group overlaps with the home range of a 
susceptible group, then there is a chance 
of a contact.

ÅContact rates between groups are defined 
regionally & seasonally.

ÅLikelihood of transmission depends on
- feral pig density and activity
- infectious prevalence
- carcass decay rates
- seasonal and regional variability
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Modelling the spread of EAD between feral pig groups

ÅAADIS feral pig home ranges were 
originally estimated per eco-region in 
2022 from a literature review.

ÅHome ranges reviewed in 2025 against 
various GPS collaring studies.

ÅKey modelling shortcoming was 
revealed in the larger tracked 
movements of solitary boars 
compared to sounders. 
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Modelling the spread of disease 
between livestock and feral pigs

ÅFarms have risk areas (r1) based on herd types 
and sizes.

ÅFeral pig home ranges (r2) can vary regionally 
and seasonally. 

ÅDriven by estimated contact rates.

ÅLikelihood of transmission is informed by:
- infectious prevalence
- feral pig carcass decay rates
- on-farm biosecurity measures
- seasonal and regional variability
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Model sensitivity to between feral pig group contact rates
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Model sensitivity to feral pig / livestock contact rates



Model sensitivity to 
feral pig home range
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Feral pig surveillance 
& control options

Model users can experiment with:

Åbackground general surveillance

Åactive surveillance

Åpopulation thinning

Åcarcass detection and removal

Åpost-control surveillance 
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Example feral pig control 
configuration:

Å 10 km cull radius around IPs
Å 3-week duration
Å 80% thinning of population
Å CDI dependent


