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Emergency animal disease (EAD)

b3
L8 Australian Government
¥t X Department of Agriculture

Emergency animal diseases

A field guide for Australian veterinarians

Department of Agriculture, Forestry and Fisheries, and CSIRO

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

A Current concerns include:
U foot-and-mouth disease (FMD)
U African swine fever (ASF)
U lumpy skin disease (LSD)
U high pathogenicity avian influenza (HPAN1).

A All the above examples are exotic to Australia, but nearby.  https://www.outbreak.gov.au/
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Footand-mouth disease

A Viral disease of clovenoofed
animals (cattle, sheep, goats, pig
deer, buffalo, camelids).

A Fever, drooling, lesions (mouth,
teats, feet), lethargy, lameness.

A Clinical signs vary with species.

A High morbidity, low mortality.




Footand-mouth disease

A Highly contagious.

A Spreads quickly via direct
contact, fomites & aerosols.

A Very resilient virus.
A Entire farms are culled.

A Up to A$80B damages over
10 years
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Preparing for EAD outbreaks complex timespace problem

wUncertainty:
- 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?

w | SGSNRPISYySAGey
- susceptible species
- production systems
- on-farm biosecurity
- trading patterns
- climate

" FOOT AND MOUTH

- response policy/resourcing (. rrechici
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The mystery of complex populatievel behaviour

A Starlingssometimes swarm in complex 4D patterns catesrmurations
A Individualsare autonomous (no central coordination mechanjsm

A How do they produce such cohesive and complex populdéoel behaviour!?

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

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

Al 0ANRQaA OSFNAY3 | yR &Ll
neighbouring birds inside the environment.

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

A Individuals are autonomous (no central coordination mechanism)

A How do they produce such cohesive and complex populdéeel behaviour!?
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Reynolds C. (1987). Flocks, herds, and schools: a distributed behavioural model. Computer Graphics 21(4) 10



Modelling individual bird steering behaviour
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Reynolds C. (1987). Flocks,

Separation A bird steers to avoid crowding
nearby birds ¢ollision avoidande Proximity to
terrain or a predator can also trigger this rule.

Cohesiof ! O0ANR | R2dzada AGQa
the average position of its neighbousafety In
numbers.

Alignment A bird steers towards the average

bearing of its neighbours.

herds, and schools: a distributed behavioural model. Computer Graphics 21(4)
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Emergent behaviour of the population

Model the behaviour of
an individual bird.

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

The populatiodevel
0 SKI @A2dz2NJ aSYSNH
free-of-charge!




Agentbased modelling

A Goodat tackling complex

problems in time and space

A Thisisthe approach used in the
Australian Animal disease

spread model (AADIS).

A Individual herds are modelled in
an environment comprising
disease spread pathways and

control measures.

Ut

A The populatiodevel outbreak

behaviour emerges organically.



The Australian Animal Disease Spread model (AADIS

A PhD project to develop a nationstale decision support tool for
emergency animal disease:

U incursion
U spread

U detection g g DI S
U response

U p rOOf'Of'free d O m AUSTRALIAN ANIMAL DISEASE SPREAD MODEL

A Scholarship funded by the Department of Agriculture, Fisheries and
Forestry (201215).

A FMD as the test case.

Australian Government

A www.aadis.org Department of Agriculture,
Fisheries and Forestry

Bradhurst, R.A. (2015). Modelling the spatiotemporal spread and control of viral disease in livestock using a hybricbegedtanmd agenbased approach. 14
PhD Thesis, University of New England. https://hdl.handle.net/1959.11/19661
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AADI& outbreak visualisation
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AADI& Infection curve
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AADI& epl curve
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AADI& resource pools
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AADI&E survelllance gueues
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AADI& control status and costs
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AADIE emergent behaviour
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Why bother building a complex model?

w ! RA&IFIIINBII SR Ypderhidlogicak f 2
operational and policy questions to be easily posed, e.q.,

~ NO ENTRY
FOOT AND MOUTH

PRECAUTIQNS  Boe - how will awinter incursion differ from aummerincursion?
TECT
i OREEIRE;IQO%I?(O g - what are the consequences ofate first detection?
DO NOT PASS TH|S plNT - what resourcesmight be needed for a big outbreak?

- are thecontrolled areagthe right size?

- will suppressive ringaccinationhelp?

- will there be enouglvaccine

- should we only vaccinate certain species?

- what is the potential impact aflegal movement®
- what are the consequences fzfilures to report?

- what is the likelihood oferal/livestock spillover?

- should wepre-emptively cull feral pigaround declared IPs?
22



Individuallevel (aka gentbased) modelling

ALGQAE YdzOK SIFAASNI (2 a2t gdS &S dS Ndivide aadvebngders NJ LINR o f SY &

A Disaggregating an EAD outbreak:
Agentsc livestock herds, feral pig groups, saleyards, abattoirs, export facilities.

Spreadenvironmentc direct, indirect, airborne, vecteborne, spillover.

Controlenvironmentc detection, movement restrictions, tracing, stamping out, feral pig culling, resourcing, costs.

A Caveat: Datalriven models are dependent on the availability and quality of data.

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

23



Representing feral pig population distribution & abundance (20

] I Present - abundance or
distribution unknown

I _ [ ] Occasional/Localised

[ ] Occasional/Widespread

% [_] Common/Localised

1 [ ] Common/Widespread
3 i [ Abundant/Localised

i{a’ ﬁ u " M Abundant/Widespread

[ Absent
::r% %

[_] Unknown
West, P. (2008). Assessing Invasive Animals In Australia. National Land & Water Resources Audit and Invasive AnimasRasmaecht Centre.




Representing feral pig population distribution & abundance (20

Feral pig density
(per km?2)

0

I 2.9
5.5

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

U more granular estimates of
distribution and density.

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

U national grid of 4 krhcells.

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



Representing feral pig population distribution & abundance (20:.

A OROILISUERF =1l e 3§ JEe I T Zaf=1 L ST

A Conversion of cebbased densities to discrete groups of »
feral p|gS. feral pig abundance
. or km? (cell count 4 .. 8)

cell count 8 .. 13)
cell count 13 .. 17)

A Consolidation of areas of very ledensity cells.

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

A Used in the 2021 AABISSF model. Qidnly grid of 2
km? cells.

Bradhurst R., Garner G., Roche S., Iglesias R., Kung N., Robinson B., Willis S., Cozens M., Richards K., Cowledlgarl®keriRiMdstone S.,
Stevenson M. (2021). Modelling the spread and control of African swine fever in domestic and feral pigs. TechnicalC&pieA fanoject 20121501,
prepared for the Department of Agriculture, Water and the Environment. University of Melbourne.



Representing feral pig population distribution & abundance (20:.

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

U national grid of 4 krhcells.

Bradhurst, R., Garner G., Richards K., Willis S., Taha H., Sellens E., Naing L., Cowled B. & Roche S. (2022). Modidtisgneast and control of Africar
swine fever on a national scale (Biosecurity Innovation Project 182021). Technical Report prepared for DAFF. CEBRAityTbeNlgib@urne



Representing feral pig population distribution & abundance (20

Relative abundance Darwfnw
(per 5 km x 5 km cell)
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u feral pig distribution and
relative abundance.

U blends species distribution
modelling and occurrence
records.

U national grid of 5 krhcells.
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ABARES & CSIRO (2024). National Feral Pig Current Distribution in Australia, Australian Bu
Agricultural and Resource Economics and Sciences, Canberra, December



Representing feral pig population distribution & abundance (20:.

Hybrid Feral Pig Density (pigs per km?)
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feral pig map based on the
2024 ABARES map.
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Oberin M., (2025). Updating AADIS feral pig map. CEBRA. University of Melbou



Seasonal influences on feral pig abundance

A Seasonal feral pig population dynamics were incorporated by apply

relative weightings tole baseline distribution and abundance layer.

A Produced monthly abundance layers per @egion.
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AADIS feral pig &

livestock agents

160,466 feral pig groups
826 commercial piggeries
21,000 norcommercial piggeries
47,290 beef herds

252 cattle feedlots

5588 dairy herds

31,812 small ruminant herds
77,447 smallholder herds
184 saleyards

142 abattoirs

100 export facilities

Total: 324,107 agents

W AADIS 2.75 Copyright 2015-2024 Commonwealth of Australia
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Bradhurst, R., ARiyami S., Sellens E., Burns R. & Breed A. (2025). Assessing the potential role of feral pigs in arf tatbseakroouth disease in Australia
(CEBRA Project 23F). Technical report prepared for the Department of Agriculture, Fisheries & Forestry, CEBRA, Maletsitg of



Modelling the spread of EAD within a feral pig group

A Compartmental model projects the progression of

infection and disease within the group.

A Feral pigs in a group are assumed to mix homogeneously

A Largely parameterised from overseas studies.
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Modelling the spread of EAD between feral pig groups

A Home ranges are defined regionally &
seasonally.

A If the home range of an infectious feral p
group overlaps with the home range of a il == = =
susceptible group, then there is a chancg = ===
of a contact. ;

SaReo

A Contact rates between groups are definec
regionally & seasonally.

A Likelihood of transmission depends on
- feral pig density and activity
- Infectious prevalence
- carcass decay rates
- seasonal and regional variability



Modelling the spread of EAD between feral pig groups

A AADIS feral pig home ranges were
originally estimated per eceegion in
2022 from a literature review.

A Home ranges reviewed in 2025 against
various GPS collaring studies.

A Key modelling shortcoming was
revealed in the larger tracked
movements of solitary boars
compared to sounders.




Modelling the spread of disease
between livestock and feral pigs

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

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

A Driven by estimated contact rates.

A Likelihood of transmission is informed by:
- Infectious prevalence
- feral pig carcass decay rates
- on-farm biosecurity measures
- seasonal and regional variability

35



Model sensitivity to between feral pig group contact rates
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Number of feral pigs (sounders) infected

Number Culled

Model sensitivity to feral pig / livestock contact rates
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Model sensitivity to
feral pig home range
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Feral pig survelllance
& control options

Model users can experiment with:

A background general surveillance

A active surveillance

A population thinning

A carcass detection and removal

Example feral pig control
configuration:

Treatment Area \

Detection
3

Tl

A 10 km cull radius around IPs
A 3-week duration

A 80% thinning of population
A CDI dependent

A post-control surveillance

T2 8
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