


Acknowledgements

This work was funded by the Commonwealth of Australia as part of the National Feral Pig
Management Coordination Program, the New South Wales Department of Primary Industries
and Regional Development, Queensland Department of Primary Industries, and Western
Australia Department of Primary Industries and Regional Development. Michael Graham and
Mario Di Carlo (QLD Department of Primary Industries) completed the UAV surveys and assisted
with image processing, flight area statistics and figure preparation. Aiden Sydenham (QLD
Department of Primary Industries) and Tony Lockrey (AMPS Moree) assisted with the field
surveys and feral pig stomach collection. We thank the various landholders who kindly provided
access to their properties and cropping information. Animal Ethics approval was provided by New
South Wales Department of Primary Industries and Regional Development, Orange, Animal Ethics
Committee, OAEC-0898. We thank G. Hickling and D. Peltzer, New Zealand Institute for
Bioeconomy Science Limited, for reviewing an earlier version of this report.

This report is recorded by the New Zealand Institute for Bioeconomy Science Ltd (BSI) as:
Latham MC, Latham ADM, Arthur T, Evans ], Stenekes N, Channon H et al. 2026. Agricultural

impacts of feral pigs in Australia. Final report for APL project 2024/0103. Bioeconomy Science
Institute Contract Report 2526-0149 for Australian Pork Ltd.



Executive Summary

The New Zealand Bioeconomy Science Institute (BSI) was commissioned by Australian Pork
Limited (APL) to conduct a literature review of the impacts and costs that feral pigs (Sus scrofa)
have on agriculture (including horticulture) in Australia and to re-analyse pest animal survey data
(focusing on feral pigs) collected by the Australian Bureau of Agricultural and Resource Economics
and Sciences (ABARES).

The BSI was also tasked with incorporating an additional component of work, undertaken by
project partners, into this report. This component focused on evaluating new methods of
quantifying the damage and costs that feral pigs cause to agricultural crops.

Methods

For our qualitative literature review, we followed the PRISMA (Preferred Reporting Items for
Systematic Reviews and Meta-Analyses) guidelines.

We analysed quantitative data from the National Pest Animal and Weed Management Survey
(PAWSY) collected by ABARES for the years 2016, 2019, and 2022. PAWS data were used to
estimate costs incurred to manage feral pigs (control expenditure) and losses incurred despite
control (residual agricultural losses) for the whole of Australia as well as for selected individual
commodities where sample sizes of respondents allowed.

We conducted pilot trials to estimate the damage caused by feral pigs on wheat and canola
(winter) and sorghum (summer) crops in the Moree region, New South Wales (NSW). We
collected data using unmanned aerial vehicle (UAV) surveys, harvester equipment, satellite
imagery, ground-truthing, and feral pig stomach sampling.

Unless otherwise stated, all values expressed as ($) in this report should be read as referring
to Australian dollars (AUD), a close-set (M) as referring to millions, and a close-set (B) to
billions. All estimates are inflation-adjusted to 2025 AUD.

Results

We identified 1,096 documents from the systematic literature search and an additional 71
documents were extracted from the authors’ bibliographic databases. Upon initial screening,
85% of documents were excluded because the study did not include Australia, concerned non-
production landscapes or pest species other than feral pigs, or were not written in English.
Upon further screening, we retained 91 studies: 62 contributed to the agricultural impacts
review, 3| to the disease transmission risks review, and 2 contributed in both.

Queensland (QLD), NSWV, and the Northern Territory (NT) had the highest proportions of
land managers reporting feral pig problems.

Over 15% of farms in every Natural Resource Management (NRM) region in QLD reported
feral pig problems in 2022. In the NT, 34% of farms were impacted by feral pigs. In NSWV, the
highest proportions of managers reporting problems were along the QLD border. In Western
Australia (WA), between 9% and 20% of land managers reported feral pig problems.

In 2022, we estimated that $154.6M was spent by land managers on material and labour
managing feral pigs, compared to $136.7M in 2019 and $131.1M in 2016. Estimated total
expenditure was highest in QLD and NSW ($75.4M and $67.7M, respectively). Total
expenditure increased between 2016 and 2022 in all states except QLD and Victoria (VIC).
Across Australia, 19% of land managers reported spending time and/or money on feral pig
management in 2022, with this percentage increasing slightly relative to previous years (2019:
16.5% and 2016: 16.7%).



e Land managers incurred estimated annual residual agricultural losses of $55.IM ($22.4M-
$88.4M, low and high impact scenarios), $42.7M ($17.1M-$68.6M), and $36.2M ($15.1M—
$57.1M) in 2016, 2019 and 2022, respectively. NSW and QLD suffered the largest losses.

e Agricultural losses avoided due to feral pig management were estimated to be $31.6M
($13.6M-$50.1M), $41.2M ($18.3M-$64.6M), and $53.2M ($24.2M-$82.7M) in 2016, 2019 and
2022, respectively, with most of the avoided losses achieved for grain crops and sugarcane.

o Feral pig populations harbour a diverse range of endemic and emerging pathogens, including
viruses, bacteria, and parasites, which can have important direct and indirect effects on
livestock production, plant health and human health. Feral pigs and livestock often come into
direct or indirect contact by sharing resources, such as feed, water, and shelter, which can
create opportunities for the transfer or spillover of pathogens and associated diseases in both
directions. Some of the most economically important pathogens hosted by feral pigs in
Australia include Leptospira spp., Brucella suis, and Japanese encephalitis virus.

e Nine paddocks totalling I, 16 ha were surveyed by UAV to collect RGB and LiDAR imagery
for quantifying crop damage. Prints, scats, or chewed and trampled plant material from feral
pigs were evident in most damage patches assessed through ground-truthing.

o Crop damage in a 79 ha section of canola was quantified through imagery assessment. Patches
containing some feral pig damage totalled 3.9% of the assessed area. However, feral pig damage
was often considered secondary to other causes of lost yield (e.g. poor crop seeding or
germination, waterlogging). Patches suffering medium-high levels of pig damage represented
2.3% of the assessed area.

Discussion

e We estimated that the costs of feral pigs to agriculture (including horticulture) in Australia was
$190.8M ($170.1M-$212.6M) in 2022, $179.4M ($153.8M-$205.2M) in 2019, and $186.3M
($153.4M-$219.5M) in 2016. These estimates include private expenditure on feral pig
management as well as residual agricultural losses incurred despite control efforts, but exclude
public sector research and management costs, costs related to damage to farm infrastructure,
increased soil erosion, introduction of diseases, and spread of weeds.

e There was an increasing trend in feral pig management expenditure from 2016 to 2022. We
also found an increasing trend in the estimated agricultural losses avoided by such management,
and a decreasing trend in the estimated residual agricultural losses, which is consistent with
increased management efforts reducing feral pig impacts.

e The trend since the late-1990s and early-2000s has shown an increase in the estimated costs
associated with feral pig damage at a national level (as reported in various studies in the main
report). However, an earlier estimate! of $100M ($213.9M if inflation-adjusted from 1996 to
2025) sits as an outlier in this overall trend. Similar disparities are noted between national
annual estimates of the costs of feral pig damage and management versus regional estimates.

e Our analysis of individual commaodities highlights the spatial and temporal variation in feral pig
impacts and expenditures that are incurred by agricultural land managers across Australia.
Across all industries assessed, more than 79% of land managers that reported having major
problems with feral pigs in 2022 also reported spending money or labour managing them,
although the amount spent varied widely depending on the industry. Likewise, more than 25%
of land managers suffered some residual impact, but the average impact per farm varied widely
(range: $3,000-$110,000) depending on the specific commodity.

I See: Choquenot D, Mcllroy |, Korn T 1996. Managing vertebrate pests: feral pigs. Canberra,
Bureau of Resource Sciences, Australian Government Publishing Service.



Our estimates help to quantify the magnitude of the feral pig problem for Australian agricultural
producers. Across states, the cost as a percentage of the local value of production varied from
0% (Tasmania, where there are no feral pigs on the mainland) to 3% (QLD). QLD and NSW
incurred the largest costs, likely due to feral pigs being very abundant in these states and
imposing significant damage to crops (grain, cotton and sugarcane), as well as these states
having the largest expenditures on control measures.

Feral pigs pose a significant and ongoing biosecurity risk as reservoirs, amplifying hosts, and
potential spreaders of a range of endemic and emerging pathogens affecting livestock,
horticulture, and human health. A recent Japanese encephalitis virus outbreak showed that
feral pigs can contribute to large, rapid, and costly disease events with substantial production
losses and long-term biosecurity costs. At the farm level, disease impacts linked to feral pigs
can be severe but sporadic. Overall, disease risks associated with feral pigs are potentially high
at local to regional scales, poorly quantified at national scales, and justify continued investment
in surveillance, biosecurity, and coordinated feral pig management to reduce the likelihood and
harm from future disease outbreaks.

Assessments using canola as a model crop support the use of imagery collected by UAV to
help delineate pig damage to crops. However, ground truthing will be required to validate
imagery and correct for yield losses that do not result from feral pigs. Using two-dimensional
RGB imagery also requires caution given accurate measurements of lost crop yield may require
volumetric measurements of lost plant biomass. While satellite imagery is a potentially suitable
source of imagery to quantify pig damage, the level of resolution required to delineate pig
damage in canola, wheat and sorghum fields needs to be investigated before recommendations
on satellite imagery capture can be made.

Recommendations

Develop reliable density—damage impact functions for specific high value commodities.
Quantify feral pig damage to pasture in beef and sheep raising areas based on robust data.
Update lamb predation rates by feral pigs across NSW and QLD sheep regions.

Assess whether specific fruit and nut crops incur economically important damage by feral pig
(e.g. macadamia nuts in south-east QLD).

Increase the resolution of PAWS to include more information about the specific commodities
produced at each farm.

Assess the reliability of self-reporting of perceived feral pig damage in PAWVS.

Continue investment in surveillance, biosecurity, and coordinated feral pig management to
reduce the likelihood and harm from potential future disease outbreaks.

Further investigate data from our 2025/2026 field trials to develop refined methodologies.

Future research questions

Determine the positive economic and social impacts of feral pigs (e.g. commercial,
recreational) and include these in future economic valuations.

Investigate what mix of public and private investment in feral pig research and management is
appropriate. What are the real market failures where public investment is appropriate, and
under what circumstances are management costs being socialised while profits are privatised?
Conduct a detailed agroeconomic analysis to determine why national-level cost estimates are
much lower than the sum of regional studies. How should national methods be recalibrated to
avoid systematic underestimation? How reliable are regional studies?
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I. Background to Research

Feral pigs (Sus scrofa) can have a wide range of unwanted impacts in agricultural landscapes, including damage
to crops, pasture, soil and infrastructure, lamb predation, weed dispersal, water quality, and disease
transmission to domestic livestock, wildlife, humans and plants. Despite these extensive impacts, there has
not been a comprehensive review of the agricultural impacts of feral pigs for almost 30 years (Choquenot et
al. 1996). Agricultural production systems have evolved significantly since then. Furthermore, sophisticated
technologies (e.g. satellites and unmanned aerial vehicles) and data-management systems are being used by
many producers to monitor biomass, crop yield and nutritive quality over time. These tools could be applied
to measure changes in biomass and vegetative cover consistently and cost-effectively to greatly improve our
understanding of feral pig impacts on agricultural systems.

It is therefore timely to review and update our knowledge of the agricultural impacts of feral pigs in Australia.
Research also needs to be conducted into how current technologies, including satellite and drone imagery,
could be used to quantify the impacts of feral pigs on crops and pastures, and how these impacts translate
into reduced productivity and profitability.



2. Objectives of the Research Project

This study aims to address the following objectives:

Provide a current assessment of the impacts and costs that feral pigs have on agriculture (including
horticulture) in Australia. This objective includes a qualitative literature review and a quantitative
analysis of Pest Animal and Weed Management Survey (PAWS) data collected by the Australian
Bureau of Agricultural and Resource Economics and Sciences (ABARES), Department of Agriculture,
Fisheries and Forestry, Australian Government (ABARES-PAWS for short).

Ciritically assess exotic and endemic zoonotic disease transmission risks that feral pigs pose to
domestic livestock and agricultural crops.

Pilot methods that land managers could use to capture relevant data from currently used technologies
to better quantify agricultural impacts, using broadacre grain cropping as a model system.

Propose pathways for robust measurement of return on investment from feral pig management
activities.

Identify key questions that could be addressed by further work.



3. Introductory Technical Information

Feral pigs are considered one of the worst invasive species of mammals in the world (Lowe et al. 2000;
Courchamp et al. 2007; VerCauteren et al. 2020; Risch et al. 2021). They possess a high reproductive potential
relative to most large mammals (Choquenot et al. 1996; Mcllroy and Nugent 2021) and have a broad
omnivorous diet (Ballari and Barrios-Garcia 20 14). These factors have facilitated increases in their geographic
ranges and numbers in many parts of the world (Long 2003; Bevins et al. 2014; Bengsen et al. 2017; Aschim
and Brook 2019; Hegel et al. 2022).

The unwanted impacts of feral pigs in invaded areas include threatening populations of indigenous fauna and
flora (Coblentz and Baber 1987; Hone 2002; Roemer et al. 2002; Barrios-Garcia and Ballari 2012; Murphy et
al. 2014; McDonough et al. 2022), facilitating the establishment of invasive alien species (Aplet et al. 1991;
Nogueira-Filho et al. 2009; Barrios-Garcia and Simberloff 2013; Latham et al. 2017), transmission of diseases
(Wilson and Choquenot 1995; Hampton et al. 2006; Meng et al. 2009; Nugent et al. 2015; Brown et al. 2018;
Palencia et al. 2023), and damaging broadscale agricultural, silvicultural, and horticultural assets (Choquenot
et al. 1996; Seward et al. 2004; Bengsen et al. 2014; Gentle et al. 2015; Wishart et al. 2015; Latham et al.
2020).

Many unwanted impacts are caused by feral pigs disturbing soil at the surface layer with their rooting
behaviour (Hone 1995). Rooting is highly destructive to pasture and crops (Mcllroy and Nugent 2021),
whereas the impacts of rooting in forests are more nuanced, being potentially negative, neutral, or even
positive (Arrington et al. 1999; Cole and Litton 2014; Parkes et al. 2015; Barrios-Garcia et al. 2023). Rooting
by feral pigs may also reduce global soil organic carbon stocks (O’Bryan et al. 2022a, b; Rowland and Lovelock
2024), although this has been disputed (Don 2022).

Many of the earliest introductions of pigs into Australia were probably not documented (Choquenot et al.
1996). The first official record of pigs being introduced onto the Australian continent occurred with the
arrival of at least 48 animals with the first European settlers in Sydney in 1788 (Bengsen et al. 2017). These
pigs rapidly established a feral population, increased in numbers, spread from their release site, and were
subsequently controlled to mitigate their unwanted impacts (Pullar 1953). Numerous additional introductions
and releases occurred across Australia and feral pigs continue to expand from these populations (Choquenot
et al. 1996; West 2008; Cowled et al. 2009; Bengsen et al. 2017; Channon 2021).

There has been much debate about how many feral pigs are in Australia. Most studies that have reported
abundance estimates either lack scientific basis or have incorrectly cited published estimates that were made
using empirical data and statistical analyses (see references in Hone and Buckmaster 2014). Hone’s (1990)
estimate of 13.5M feral pigs (95% confidence interval: 3.5M-23.5M) has been widely cited. However, a more
recent study suggests that the abundance may be much lower than previously estimated (mean = 3.2M; 95%
Cl = 2.4-4.0M; Hone 2021). Irrespective of which study one favours, feral pigs are widely distributed across
Australia and abundant in many areas.

The states with the most widespread and abundant populations of feral pigs include Queensland (QLD) and
New South Wales (NSW), as well as northern parts of Northern Territory (NT; Figure |; also see West
2008; Bengsen et al. 2017). Within these states they are considered a major vertebrate pest, e.g. they are
ranked as the second highest priority introduced vertebrate pest species (after wild dogs, Canis familiaris) in
QLD (Harriott et al. 2022).
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Figure I. Relative abundance of feral pigs (Sus scrofa) in Australia as of 2024. Relative abundance was estimated for each 5

km x 5 km cell in the raster grid, which is proportional to, but not equal to, the absolute abundance of feral pigs in that cell.

The relative abundance model does not account for temporal variation in abundance and spatial distribution. Individual data

sets that contributed to this model were not all collected at the same time. Last date at which data collection occurred ranges
from 2018 to 2024. Source: ABARES & CSIRO (2024).

Feral pigs are also widespread and common in much of the jarrah forest and adjacent farming areas of
southwestern Western Australia (WA). They are found in the coastal agricultural areas north of Perth and
on the larger Kimberley river systems (Cook 2014). Although absent from or uncommon in north Kimberley
Region, pig sightings are becoming more common around Mount Elizabeth Station and in the northern part
of the Wunaamin Miliwundi Ranges (formerly the King Leopold Ranges; Corey et al., 201 3).

Feral pig distribution is patchy in Victoria (VIC). They are absent from much of the state, but there are some
pockets of low to moderate abundances around the centre of the state (West 2008; Figure I). South Australia
(SA) has relatively few feral pigs, with the highest relative abundances occurring in the northeast of that state
near the border with QLD (West 2008). Feral pigs are absent from mainland Tasmania (TAS), although
several populations of ‘roaming’ farmed pigs threaten that status (Invasive Species Council 2024). However,
feral pigs occur on Flinders Island in the Furneaux Group, where they have been present since the 1800s
after being released by sealers and following a shipwreck in 1877 (Statham and Middleton 1987).

Although the bioclimatic conditions in the arid interior of Australia are likely unfavourable for pigs (Bengsen
et al. 2017), expansion of their geographic range is expected to continue in some areas (e.g. Cowled and
Giannini 2007). For example, the area of suitable habitat for feral pigs in southwest WA is much larger than
the current known distribution of feral pigs in that area (Bain and Kinnear 2015). Choquenot and Ruscoe
(2003) and Cowled et al. (2009) predicted that in the absence of adequate control measures and where the
required movements from essential resources are not too great, feral pigs will continue to expand into
suitable surrounding habitat in southwest WA. Conversely, some studies have suggested that suitable feral
pig habitat is less widely available than previously thought, e.g. in northern Australia (Froese et al. 2017).

Choquenot et al. (1996) conducted a review of the economic impacts of feral pigs in Australia. These authors
state that the financial impact of feral pigs on agriculture includes three components: the value of the direct



losses to agricultural production; the value of the continuing expenditure on pig control; and the value of lost
opportunities to take profit from alternative investment of this expenditure.

It is difficult to quantify the costs of the damage that feral pigs cause to agriculture, especially at large spatial
and temporal scales because of the high variability in feral pig numbers across space and time (Hone 1995).
This can result in a negative exponential frequency distribution, whereby many sites suffer minimal damage
and a few incur high levels of damage (Hone 1988; Mitchell and Mayer 1997). Spatiotemporal variability in
feral pig activity, abundance and damage, as well as the influence of low empirical sampling intensity and biases
in landholder perceptions have likely contributed to the variability in regional and national cost estimates of
damage caused by feral pigs. The Australian Bureau of Agricultural and Resource Economics and Sciences
Pest Animal and Weed Management Survey (ABARES-PAWSY) data and time-series analyses presented in this
review should, in part, overcome some of the aforementioned limitations and biases.



4. Research Methodology
4.1 Literature Review

We systematically searched, compiled, and reviewed the literature for relevant descriptive and empirical
studies that contributed to our first two objectives: (I) assessing the impacts and costs that feral pigs have
on agriculture (including horticulture); (2) assessing disease transmission risks that feral pigs pose to livestock
and crops. To avoid any possible biases associated with a non-systematic review, we followed the PRISMA
(Preferred Reporting Items for Systematic Reviews and Meta-Analyses) guidelines for conducting and
reporting of systematic reviews (Page et al. 2020).

We used the following terms in the query combinations in Web of Science and Google Scholar:

(‘Feral pigs’ OR ‘Feral swine’ OR ‘Feral hog’ OR ‘wild hog’ OR ‘Sus scrofa’) AND (impact* OR cost* OR damage* OR
loss* OR destruction* OR consumption® OR depredation*) AND agriculture AND Australia.

(‘Feral pigs’ OR ‘Feral swine’ OR ‘Feral hog’ OR ‘wild hog’ OR ‘Sus scrofa’) AND (impact* OR cost* OR damage* OR
loss* OR destruction* OR consumption® OR depredation*) AND crop* AND Australia.

(‘Feral pigs’ OR ‘Feral swine’ OR ‘Feral hog’ OR ‘wild hog’ OR ‘Sus scrofa’) AND (impact* OR cost* OR damage* OR
loss* OR destruction* OR consumption* OR depredation*) AND horticulture AND Australia.

(‘Feral pigs’ OR ‘Feral swine’ OR ‘Feral hog’ OR ‘wild hog’ OR ‘Sus scrofa’) AND (impact* OR cost* OR damage* OR
loss* OR destruction* OR consumption*® OR depredation™) AND livestock AND Australia.

(‘Feral pig*’ OR ‘Sus scrofa’) AND (disease* OR pathogen* OR infection™* OR biosecurity OR ‘disease risk’) AND (cost*
OR impact* OR economic* OR burden* OR ‘ost production’ OR loss* OR ‘management cost*’) AND Australia

(‘Feral pig* OR ‘Sus scrofa’) AND (reservoir OR vector OR host OR spillover OR transmission OR ‘disease spread’)
AND (economic* OR cost* OR impact*) AND Australia

(‘Feral pig* OR ‘Sus scrofa’) AND (‘livestock disease® OR ‘animal disease® OR leptospirosis OR brucellosis) AND
(cost* OR impact* OR ‘economic loss** OR ‘production loss** OR ‘disease management’) AND Australia

(‘Feral pig* OR ‘Sus scrofa’) AND (‘plant disease®™ OR phytopathog* OR ‘soilborne pathogen*’) AND (‘Panama
disease’ OR ‘Panama TR4’ OR ‘Fusarium wilt’ OR ‘Fusarium oxysporum’ OR Phytophthora OR ‘banana disease®’) AND
(cost* OR impact* OR ‘production loss*” OR ‘management cost™) AND Australia

(‘Feral pig* OR ‘Sus scrofa’) AND (biosecurity OR surveillance OR ‘disease control’ OR ‘disease management’ OR
eradication OR monitoring) AND (government OR ‘public cost* OR ‘institutional cost*” OR ‘market failure’ OR ‘public
good*) AND (economic* OR cost* OR burden* OR expenditure) AND Australia

We only included literature about Australia and studies that conducted research in production landscapes
(i.e. land that is used for broadacre agriculture and/or horticulture). Our web searches were conducted
during April-May 2025.

We included any relevant peer-reviewed articles, book chapters, government reports, and conference
proceedings. Additionally, we searched the authors’ bibliographic databases for any published or unpublished
works (including peer-reviewed articles, government reports, conference proceedings, books, theses, and
dissertations) that could contribute to our understanding of the current impacts caused by feral pigs in
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Australia. While we placed no restriction on publication date, we note that as this review’s focus was updating
previous reviews of feral pig impacts in Australia (Tisdell 1982; O’Brien 1987; Choquenot et al. [996; Bengsen
et al. 2014, 2017), our use of older literature was not exhaustive.

4.2 Analysis of ABARES data

One key source of data for improving our current understanding of the impacts of feral pigs and how those
impacts might be changing over time is from PAWS, which is a series of surveys collected by ABARES
(Stenekes et al. 2023). The ABARES-PAWS series (which we may refer to as PAWS for brevity) aimed to
determine what changes have occurred in pest and weed management activity on agricultural properties in
Australia. The approach consisted of surveys of managers of agricultural properties conducted in 2016, 2019,
and 2022. Some of the survey respondents participated in more than one of the surveys, but others only
participated once. The sample of agricultural properties were drawn from a population list from the
Australian Business Register (ABR) maintained by the Australian Bureau of Statistics (ABS) Agricultural
Census frame. The sampling strategy uses a stratified sampling design to represent the population of
agricultural properties in Australia by broad industry type (broadacre, dairy, other livestock, and
horticulture), their Natural Resource Management (NRM) region (Figure Al.l in Appendix |), and the
estimated value of their agricultural operation (EVAO). The PAWS data is sampled and reported at the level
of NRM regions’ 2016 reference year. The regions have not changed significantly between 2016 and 2025,
although there have been some minor changes to boundaries and region names.

The PAWS data were analysed in R (version 4.4.3) using the R ‘survey’ package (Lumley 2024). We mainly
used descriptive statistics to describe or summarise the data across the three PAWS years, including
measures of frequency, e.g. counts and percentages/proportions; and measures of central tendency, e.g.
means and medians.

Management effort is aimed at reducing the negative impact(s) that a pest has on a production system. In
some cases, management is highly effective and land managers do not incur any costs other than those related
to controlling the pest. In other cases, management is ineffective or only partially effective and therefore
there is some residual impact on production, despite management efforts. Some land managers may choose
not to manage feral pig populations that occur in their area. These farm businesses would suffer impacts on
production if the feral pig population in their area damaged agricultural assets.

To estimate the direct agricultural cost of feral pigs we considered: (I) control expenditure incurred to
manage pigs; (2) losses incurred despite control (which we term ‘residual agricultural losses’). We assumed
residual agricultural losses were suffered by those land managers who indicated in PAWS that pigs were a
major problem for them but that their control of pigs was not highly or moderately effective. Residual
agricultural losses were estimated based on the dollar value of the residual production lost due to pig impacts.
The control expenditure was estimated as the dollar value of labour and other inputs used in undertaking
control. We followed the methods detailed in Hafi et al. (2023) to derive estimates of control expenditure
and residual agricultural losses at national and state levels, as well as for the three time periods of PAWS. In
taking this approach, we considered only the private components of both control expenditure and residual
agricultural losses; public components (e.g. expenditure by state or national governments) were not included.
We applied a slight modification to Hafi et al.’s (2023) methods by assuming:

(i) Full residual agricultural impact is suffered by those land managers experiencing a major problem
with feral pigs if they do not report that any form of management is moderately or very effective.

(i) Half of the residual agricultural impact is suffered by those land managers experiencing a major
problem with feral pigs but reporting that at least one form of management is moderately effective.



(iii) No residual agricultural impact is suffered by land managers experiencing a major problem with
feral pigs but reporting that at least one form of management is very effective.

We also estimate total agricultural losses due to feral pigs by assuming full residual impact was suffered for
all land managers who indicated pigs were a major problem (including those conducting very or moderately
effective management) and derived avoided agricultural losses as the difference between total agricultural
losses and residual agricultural losses.

For those land managers suffering residual impacts, the estimated magnitude of the impact was based on
studies reporting the yield losses due to feral pigs, and the value of the commodities they produce (extracted
from the ABS ‘Value of Agricultural Commodities’ data series, years 2011/12-2021/22, ABS 2022). We
provide estimates for a most-likely scenario of feral pig impact, as well as low and high impact scenarios using
the percentage impact values presented in Tables 17 and 18 in Hafi et al. (2023; reproduced in Tables A2.1
and A2.2 of Appendix 2). See Appendix 2 for a detailed description of the analytical methods used and
assumptions made.

We estimated the above quantities for the whole of Australia as well as for each state and territory. We also
provide a detailed analysis of the impact that feral pigs have on individual agricultural commodities at the
NRM level where sample sizes were large enough (i.e. n >15 farms reporting problems with feral pigs in any
of the years when the survey was conducted). Agricultural commodities used in PAWS were identified using
the Australian and New Zealand Standard Industrial Classification (ANZSIC, see Appendix 3 for ANSIC
categories).

Additional assumptions made for each individual commodity are detailed under Section 5.1.

Unless otherwise stated, all values expressed as ($) in this report should be read as referring to Australian
dollars (AUD), a close-set (M) as referring to millions, and a close-set (B) to billions. All estimates are inflation-
adjusted to 2025 AUD, wusing the Reserve Bank of Australia Inflation Calculator,
https://www.rba.gov.au/calculator/annualDecimal.html), for ease of comparison.

4.3 Pilot methods for better quantifying impacts and costs

The Moree region, in the North West NSW NRM, situated in the northern cropping region was considered
an ideal study area to examine potential methods for assessing pig damage given historical reports of feral pig
damage to crops (Powell and Revell 2023; Powell 2024), coverage of intensive cropping, and apparent high
seasonal (relative) feral pig abundance. The collaboration with local experienced agronomists, including those
experienced in assessing pig damage (Lockrey 2025), was also a key reason for selecting this region as the
study area.

Wheat and canola (winter) and sorghum (summer) were identified as suitable model crops for pilot trials of
damage assessment in the Moree region. This was supported by local agronomist experience, survey of land
managers reporting losses to crops (e.g. Powell 2024), anticipated levels of feral pig damage, the relatively
high area under production, and the corresponding high value of anticipated economic losses (see Section
5.1.6). Initially, agronomists from AMPS Moree were engaged to identify and shortlist potential paddocks
likely to suffer from pig damage in the Namoi region, based on grower advice and historical pig damage. This
allowed limited project resources (e.g. drone flights) to be focussed on quantifying areas with known damage,
rather than on broader surveys to locate paddocks with damage for study.



After securing grower agreement and completing flight planning and approvals, we conducted aerial surveys
of the area using advanced technologies (described below in section 4.3.2) to capture comprehensive data
for analysing feral pig damage to crops.

4.3.1 Study area, crop and paddock selection

We completed field inspections to examine each site and crop paddock for signs of feral pig activity. Crop
paddocks were initially investigated through a crop perimeter and walk-in visual survey, observing for signs
of feral pig use (e.g. pads, tracks, scats) and signs of damage (knocked down, fully or partially consumed
plants). Paddocks were selected for further field assessments based on initial aerial scans of the area, using
an unmanned aerial vehicle (UAV), for pig activity and potential damage.

4.3.2 Damage assessment methods

Unmanned aerial vehicle surveys

Crops selected for assessment were surveyed using a UAV. Surveys were conducted before harvest for
wheat and canola (2-5 October 2025) and for sorghum (19-22 January 2026). UAV crop surveys were
completed as close as practicable to pre-harvest, with the aim of capturing the total accumulated crop damage
pre-harvest, within the constraints in drone contractor availability. These periods provide a survey of crop
damage at advanced growth stages following varying periods of attractiveness and palatability to foraging
animals.

UAV flights were conducted piloting a DJI Enterprise Matrice 300 (Da-Jiang Innovations, Shenzhen, China)
using either a Zenmuse PI sensor utilising the visible spectrum (Red, Green, Blue; RGB) or a Zenmuse LI
LiDAR sensor (Light Detection And Ranging). We used D]I Pilot (Da-Jiang Innovations, Shenzhen, China) to
delineate paddock survey boundaries and design efficient flight transects. We employed DroneDeploy for
initial photogrammetric processing, enabling rapid map generation and streamlined management of spatial

imagery.

The P1I’s RGB sensor (45 MP) captured a series of high-resolution colour images. Image overlap was 40-70%,
and 70-80% frontal to enable stitching to produce a high quality orthomosaic map. The resulting high-
resolution orthomosaic map provides a two-dimensional overview of the surveyed area. In addition, a
photogrammetrically derived three-dimensional point cloud was generated to produce a Digital Elevation
Model (DEM), representing surface variation across the field and serving as a proxy for crop canopy height.
Flights utilising the Pl sensor were primarily conducted at an altitude of 50 m above ground level (AGL) to
maximise resolution and gain the lowest ground sampling distance (GSD) of 0.6 cm. To complement the high-
resolution surveys, additional flights were conducted at 120 m AGL to provide broader spatial context,
enabling assessment of overall crop health and the identification of additional areas of damage.

LiDAR flights (using the LI sensor) were conducted at 50-80 m AGL. Topology mapping with LIDAR can be
used to generate Digital Surface Models (DSM) and Digital Terrain Models (DTM), which can be used to
derive accurate volume estimation of vegetation density (biomass). Changes in plant volume can be used to
identify and map pig damage. These measures can be compared to yield maps from the harvester which may
also give indications of crop density.

A previous study suggested that 0.9 cm GSD would likely be sufficient to differentiate feral pig damage patches
of c. | m2 or greater (Fischer et al. 2019). For vegetation mapping (RGB/LIDAR), flight height of c. 80 m AGL
or less is required to provide imagery at resolution of at least 0.9—1.0 cm GSD. Flights were planned to
provide 0.6 cm GSD wherever possible.



All flight operations were conducted by QLD Department of Primary Industries Civil Aviation Safety
Authority (CASA)-licensed pilots following departmental UAV operational policy and risk assessment
protocols.

Yield mapping

Modern harvester equipment often has yield mapping capability that provides a spatial layer of harvested crop
yield across a paddock. Resolution is coarse given it is collected at the scale of harvester comb width (often
9—-12 m), so yield mapping is unlikely to accurately delineate smaller patches of damage commonly expected
from feral pigs (Gentle et al. 201 I; Lockrey 2025). Without ground truth data, yield reductions from maps
may also be inaccurately attributed to pig damage rather than other causes such as excessive moisture, disease
or planting machinery issues (Lockrey 2025). However, yield mapping could help validate crop yield variation
that could inform or correct estimations of yield losses in each damaged patch. As a result, for the paddocks
surveyed via UAV, we downloaded yield maps from harvesters (when collected) for comparison to data
collected through our damage mapping.

Satellite imagery

There is a range of satellite imagery available through commercial providers. For example, Nearmap Australia
Pty Ltd provides, under subscription, visible spectrum images captured at multiple times per year, typically at
a coarser GSD. Representative layers of Normalised Difference Vegetation Index (NDVI) are available at no
cost at 10 m resolution (e.g. www.datafarming.com.au) — but higher resolution requires purchase. Satellite
imagery has several advantages for imagery capture, particularly in scalability (ability to capture imagery at
large-scale) and forward-scheduling at regular time intervals (e.g. 7 days) for repeat imagery capture across
time (i.e. a crop cycle). For efficiency, we considered the optimal approach to examining resolution
requirements was through collecting high resolution UAV imagery (i.e. 0.6 cm GSD) and then post-capture
resampling at reduced resolution (e.g. 2 cm, 7 cm, 30 cm, | m, and 10 m GSD). This provides the ability to
examine the effects of resolution on pig damage delineation and compare high resolution UAV to available
satellite resolutions to inform future approaches. Hence efforts in the pilot trials logically focused on UAV
imagery data collection.

Ground truthing

A sample of the damage patches detected from the UAV imagery or by direct observation during initial field
inspections was checked by an observer from the ground. Each patch was examined primarily to determine
the taxa (or other agent/s) responsible for the crop damage to aid with accurate classification of aerial
imagery. Damage was classified by the type of damage (e.g. trampled, consumed, ground rooting, other) and
by the taxa or agent/s responsible (pig, macropod, emu, other). The taxa or agent/s responsible were
identified primarily by the presence of animal signs (e.g. pads, prints or scats) or other non-animal sign (e.g.
poor crop germination, machinery tracks). There was no ground truthing of undamaged areas.

Stomach sampling

Confirmation of crop consumption by feral pigs could potentially support assessments of crop damage and
density—damage relationships through helping to quantify the per-capita consumptive impacts of pigs. If there
was aerial shooting in the region where damage assessments took place, the stomachs of culled pigs were
sampled opportunistically. Entire pig stomachs were removed, individually bagged and a matching GPS
location was recorded. Stomachs were sent to a commercial provider (Scats About, Majors Creek, New
South Wales) to quantify dietary composition.

4.3.3 Damage assessments
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The following methods have been trialled to delineate crop damage from UAYV imagery, initially utilising canola
as the model crop.

Following data conversion, Zenmuse Pl data were used to generate a DEM resulting in the generation of
contours of crop surface of the canola. The resultant contour map was overlaid with the high resolution RGB
orthomosaic in GIS software (QGIS) to provide an initial layer of potential damage patches (i.e. contours
representing possible damage patches). This layer was viewed by subject matter experts (SME) for manual
selection, re-delineation (where required), and classification as damage patches. Ground-truthed data assisted
the SME to classify the damage type (pig, other, or a combination of both) for each damage patch. These
were then grouped into four categories of damage based on the relative contribution from feral pigs (low:
<50%; medium: 50-80%; high: >80%) or from other causes (other). The resulting polygons were then used
to determine the total extent of damage. The percentage of crop damaged by pigs was calculated based on
the extent of damage (polygon area) compared to the total crop area. With corresponding crop yield
(tonnes/ha) and net crop value at harvest ($/tonne), the value of economic losses due to pigs can be calculated.

The second approach used LiDAR imagery to derive a structural model of canola crop damage (following its
application in wheat; see Kuzelka and Surovy [2018]). LIDAR data was used to generate a DSM which
provided a spatial layer of the height of the crop canopy structure. A DTM was then used to generate a
model of the ground (soil) surface. To obtain a crop height model (CHM), the DTM was subtracted from the
ground surface model (GSM) to estimate true (i.e. net) crop height. The CHM could then be examined for
reduced height values to identify areas of the crop that were absent or trampled, and measure lost plant
volume (i.e. lost yield).
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5. Results

We identified 1,096 documents from the systematic literature search and 71 additional documents from grey
literature extracted from the authors’ bibliographic databases. Figure 2 shows the search process, and the
number of documents considered at each step and ultimately included or excluded. Eighty-five percent of the
studies found through Web of Science and Google Scholar were discarded after inspection of the title and/or
abstract. Articles were excluded from the review because the study did not include Australia, or it concerned
non-production landscapes or pest species not including feral pigs. Some of the discarded articles were not
written in English. All documents identified from the authors’ databases were retained for further screening.
Of the 171 studies from which we screened their full-text, 47% were focused on control tools and methods,
discussed impacts in non-agricultural environments, or were not specifically focused on Australia. These
studies were also excluded. The final literature review was based on 91 studies, 62 of which contributed to
the agricultural impacts review, 31 were included in the disease transmission risks review, and two were
included in both. The information extracted from studies contributing to the agricultural impacts review was
split and presented by commodity type and is included alongside the analysis of the PAWS data in Sections
5.1.1-5.1.6.

5.1 Impacts and costs of feral pigs on agriculture, including analysis of ABARES-PAWS data

Feral pigs are a widespread problem in Australia and are a declared pest in all states and territories. QLD,
NSW, and NT have the highest proportion of land managers reporting feral pig problems (Figure 3), and this
has been consistent across the three periods of PAWS. Although the problems caused by feral pigs in WA
are lower overall compared to QLD, NSW, and NT, feral pigs are perceived as a problematic destructive
pest in all NRMs within that state (Figure 4). The lowest perceived problems with feral pigs occur in SA, TAS,
and VIC.

The NRMs with highest perceived problems with feral pigs in 2022 were Cape York (93%, SE = 6%), Northern
Gulf (81%, SE = 8%), Southern Gulf (81%, SE = 7%), Burdekin (85%, SE = 6%), South West QLD (86%, SE =
6%; all in QLD), and North West NSW (87%, SE = 5%; Figure 4). More than 15% of farms in every NRM in
QLD reported problems with feral pigs. In the NT, 34% (SE = 8%) of farms were affected by feral pigs. The
proportion of farms reporting feral pig problems in NSW was variable, but the highest proportions were
reported in the NRMs closest to the border with QLD: North West NSW (87%, SE = 5%), Western (66%,
SE = 6%), Central West (57%, SE = 7%), and Northern Tablelands (51%, SE = 10%). In WA, between 9% and
20% of land managers reported having problems with pigs, with the highest problems reported in Northern
Agricultural (18%, SE = 6%) and South West (19%, SE = 5%).

In 2022, agricultural land managers spent an estimated $154.6M a year on material and labour managing feral
pigs, compared to $136.7M in 2019 and $131.IM in 2016. Estimated total expenditure was highest in QLD
and NSWV (Figure 5), with total expenditure on feral pig management of $75.4M and $67.7M, respectively, in
2022. Total expenditure increased between 2016 and 2022 in all states except for QLD and VIC (Figure 5).
Expenditure changes were due to both changes in the level of the problem with feral pigs as well as changes
in the cost of the inputs (see Stenekes et al. 2023).

Across Australia, 19% of land managers reported spending time and/or money on feral pig management in
2022, with this percentage increasing slightly relative to the two previous years of the survey (2019: 16.5%
and 2016: 16.7%). Of those that conducted pig management, 50% spent less than $3,336.90 in 2022, while 5%
spent more than $20,000 (Figure A4.1 of Appendix 4).

22



Published Grey

studies literature
)
5 Articl d bef
2 Articles from: iigles remoye etore Articles/reports
= : screening:
@© - Web of Science - Duplicate records from
- (n=106) P web searches &
= (n=3) .
— - Google Scholar expert suggestions
5 (n=993) (n=71)
O
—
SRR
f Articles excluded \
Article (n =996)
title & abstract Reasons for exclusion:
screened - Notin production
(n=1096) landscapes
- Regions other than
Australia
a0 - Notin English
c - Not pertaining to feral
= Kpigs /
()
D
5 o ﬁrticles excluded (n iSEh Article/report
rticle fu (tjext Reports excluded (n = 24) full text
S(iriirz)%) Reasons for exclusion: screened
- Not related to agriculture \ (n=71)
(n=6)
- Impacts/costs related to
control (n = 28) j
- Other (n = 46)
—_— \
)
Articles included Al bRois
-y included
( ) (n=47)
o
[<})
©
=
(&}
c
- Total articles/reports included (n =91)
- Agricultural impacts (n = 62)
- Diseaserisk (n=31)
- Both(n=2)
—

Figure 2. Modified PRISMA (Preferred Reporting Items for Systematic Reviews and Meta-Analyses) diagram showing the decision
process for including or excluding identified documents related to the agricultural impacts and disease transmission risks of feral
pigs in Australia. The results include documents from a systematic literature search and grey literature extracted from the
authors’ bibliographic databases. Note: Articles used solely in Section 3 have not been considered in these tallies.
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Figure 3. Percentage of land managers reporting major, minor and no problems with feral pigs by state/territory, for the three
years when the ABARES-PAWS was conducted.

[ — E—
0 500 1000 1500 km

Farms reporting major or minor pig problem

I I I I =] [

Excluded 0-5% 6-25% 26-50% 51-75% 76-100% Low samples (N < 5)

Figure 4. Percentage of land managers reporting problems with feral pigs in 2022 in each of 54 NRM regions covered by the
ABARES-PAWS. Alinytiara Wilurara NRM (SA) and Cooperative Management Area NRM (QLD) were excluded from the
ABARES-PAWS due to insufficient sample of farms. Note: the grey category ‘Low samples (N < 5)’ are regions where there was
an adequate number of survey samples, but a very low number of land managers who reported a feral pig problem.

24



90-

oo
L]

Year

: M 2016
I 2019
3 M 2022

NSW NT QLb SA TAS VIC WA,

Total expenditure (in 2025 $M)
it = s = 3 S

el
o]

Figure 5. Total expenditure (in 2025 $M) per year spent by land managers managing feral pigs by statelterritory, for the three
periods of the ABARES-PAWS.

In addition to expenditure on management, land managers incurred estimated annual residual agricultural
losses of $55.1M ($22.4M-$88.4M, low and high impact scenarios), $42.7M ($17.1M-$68.6M), and $36.2M
($15.IM-$57.1M) in 2016, 2019, and 2022, respectively. Estimated residual losses were mainly from damage
to grain crops and sugarcane, and to a lesser extent livestock production (Figure 6). Additional losses due to
other impacts such as competition for pasture on grazing land, damage to infrastructure, or losses to
horticultural businesses were not estimated because of inadequate data. Agricultural losses avoided due to
the implementation of feral pig management were estimated to be $31.6M ($13.6M-$50.IM), $41.2M
($18.3M-$64.6M), and $53.2M ($24.2M-$82.7M) in 2016, 2019 and 2022, respectively, with most of the
avoided losses achieved for grain crops and sugarcane (Figure 6). Interestingly, the estimated avoided damage
showed an increase (from 2016 to 2022) in most industries, suggesting that more land managers are
implementing management and that this management is perceived as being more effective at reducing the
impacts of feral pigs. This was particularly evident for grain crops and was a result of a decreasing temporal
trend in the proportion of land managers suffering residual impact (Table A2.3 in Appendix 2), coupled with
an increase in the local value of grain crops over time (2016: $10.5M, 2019: $9.7M; 2022: $11.5M).

By adding the residual agricultural losses and the avoided agricultural losses, we estimate the total potential
losses to feral pigs if no management was undertaken of $86.8M ($36.0M-$138.5M), $84.2M ($35.5M-
$133.8M), and $89.6M ($39.7M-$139.8M) in 2016, 2019 and 2022, respectively.
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Figure 6. Estimated costs of residual agricultural losses due to feral pig impacts and losses avoided due to feral pig management
across five commodity classes in Australia, for three periods of the ABARES-PAWS. Beef has not been included because it was
assumed that feral pigs do not have a direct impact to the production of that commodity. The error bars show the range in
estimates from assuming low and high feral pig impact scenarios, whereas the columns show the estimates from a most likely
impact scenario (see Tables A2.I and A2.2 in Appendix 2 - reproduced from Tables |7 and |8 in Hdfi et al. 2023 - for yield
reductions assumed for each commodity under each scenario).
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Figure 7. Estimated residual losses due to feral pig impacts and losses avoided due to feral pig management in each state, for
the three waves of the ABARES-PAWS. The error bars show the range in estimates from assuming low and high feral pig impact
scenarios, whereas the columns show the estimates from a most likely impact scenario (see Tables A2.1 and A2.2 in Appendix

2 - reproduced from Tables |7 and |18 in Hafi et al. 2023 - for yield reductions assumed for each commodity under each
scenario).
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Figure 8. Percentage of land managers reporting major, minor and no problems with feral pigs in 2022, for each of the 28
ANSIC industry types included in the ABARES-PAWS (Appendix 3).

Dissecting the residual agricultural losses by state (Figure 7) shows that NSW and QLD suffered the largest
losses. This was primarily caused by feral pigs damaging a range of crops (barley, chickpeas, cotton, maize,
oats, sorghum, sugarcane, and wheat) that are commonly grown in these two states, which also corresponds
with the areas where the reported problems with feral pigs are highest (Figures Al.2 and Al.7 in Appendix
). In 2022, NSW and QLD accounted for 96% of the total residual agricultural losses caused by feral pigs,
with WA accounting for the remaining 4%. In terms of losses avoided due to management, 54% were accrued
in NSWV, 35% in QLD, and 10% in WA. Residual and avoided agricultural losses in NT, SA, TAS and VIC were
<I%. Agricultural losses avoided by implementing effective feral pig management showed an increasing
temporal trend in NSW, QLD and WA, whereas there was no clear temporal trend in residual losses.

For land managers that reported feral pigs as a major problem, >86% reported that feral animals damaged
their commodities (crop and/or livestock), 63% reported impacts on infrastructure, 52% reported that feral
animals posed a risk of disease transmission, 47% reported that feral animals caused erosion and posed a risk
of weed seeds introduction, 44% reported damage to water sources, and 32% reported impacts on native
flora or fauna.

Many agricultural industries are affected by feral pigs, with the PAWS data indicating that in 2022 the most
widespread problems occurred for cotton growers, sugarcane growers, orchardists and nut growers, grain
growers, and beef cattle and sheep producers (Figure 8). We look at each of these commodities in more
detail in Sections 5.1.1-5.1.6. It is important to note that in addition to the agricultural industries detailed in
the following sections, citrus, stone fruit, and rice, are also negatively impacted by feral pigs. However, they
are not analysed in further detail due to small sample sizes (i.e. n £ |5 farms reporting problems with feral
pigs in any of the years when the survey was conducted).

5.1.1 Sugarcane growing

Introduction
The sugarcane industry in Australia is predominantly located along the north-eastern coastline, with six sugar
producing regions in QLD (Wet Tropics, Burdekin, Northern Gulf, Mackay-Whitsundays, Burnett Mary, and

27



South East QLD) and one in NSW (North Coast NSW). Previous research has shown that feral pigs can
cause substantial damage to sugarcane crops (including to infrastructure on plantations) within these regions.

Mitchell and Dorney (2002) conducted surveys to estimate the damage caused by feral pigs to sugarcane
farms in QLD’s Wet Tropics. These authors estimated that the average direct economic cost of feral pigs to
sugarcane farms was $5,352 (c. $9,931 inflation-adjusted from 2002 to 2025). This represents 3.5% of the
cane production value of the sampled farms (Mitchell and Dorney 2002). Mitchell and Dorney (2002) also
obtained damage estimates from harvest data for sugarcane. Based on harvest data, feral pigs caused damage
to 16,147 tonnes (valued at $700,552 in 2025 Australian dollars), or 5.65% of the sugarcane crop.

In the sugarcane industry in Hinchinbrook Shire, Herbert region (spanning northern Burdekin (now North
QLD Dry Tropics) and southern Wet Tropics (now Terrain) NRMs), QLD, the economic losses caused by
feral pig damage to the cane crop and decreases in the current cost of supplies due to deteriorated cane has
been estimated to exceed $1M ($1.34M if inflation-adjusted from 2014 to 2025) in some years (DiBella et al.
2014). In terms of tonnes of sugarcane lost to what was determined to be damage caused by feral pigs, the
highest recorded losses were in 2009 (28,725 tonnes) and 2012 (33,324 tonnes), with only three measured
years being below 10,000 tonnes of sugarcane lost to feral pigs (DiBella et al. 2023).

In response to increasing levels of damage to sugarcane crops, sustained control initiatives to mitigate damage
by feral pigs have previously been initiated. For example, landowners in Wet Tropics spent an average of
$4,010 (c. $7,441 inflation-adjusted from 2002 to 2025) per farm per annum on the control of feral pigs, at
an average cost of $250 (c. $464 inflation-adjusted from 2002 to 2025) for every pig killed (Mitchell and
Dorney 2002). The authors noted that the abundance of feral pigs and the damage they caused was spatially
and temporally variable. Given that Mitchell and Dorney (2002) report high variability of feral pig numbers
and damage from 30 surveyed farms, it is tenuous to extrapolate their results beyond the area surveyed.

Similarly, the Hinchinbrook Community Feral Pig Management Program has coordinated feral pig management
activities across the Hinchinbrook Shire for about |5 years (DiBella et al. 2023). DiBella et al. (2023) claim
that the program has been very successful, killing many pigs over the period of the program (mean =715 per
year, 2009-2019) and increasing income for the sugarcane industry (i.e. the reduction in sugarcane damage
across the Hinchinbrook Shire was reported to be more than $|1M per annum (DiBella et al 2014). However,
it is unclear whether this estimated reduction also included other causes of crop loss apart from feral pigs).

Results from ABARES’ data

A high percentage of agricultural land managers reported major feral pig problems in four of the seven
sugarcane producing NRM regions in the 2022 survey period (sample sizes were too small to assess the
remaining three regions). These four regions were all in QLD and included the Wet Tropics (63% of land
managers reported major problems with feral pigs), Mackay-Whitsunday (20%), Burnett Mary (13%) and
Burdekin (48%; Figure 9, Figure A1.2 in Appendix ).

Interestingly, the problem with feral pigs impacting sugarcane increased in the Burdekin NRM between 2016
and 2022 but decreased in the Burnett Mary and Mackay Whitsunday NRMs over that period. The feral pig
problem appears to have remained approximately constant in the Wet Tropics NRM, where more than 96%
of land managers reported having some level of problem with feral pigs in 2022. Of those sugar producing
farms that reported having a major problem with pigs in 2022, 99% reported suffering crop damage and about
63% suffered damage to infrastructure (both could be confounded by the impacts from other pests such as
rats).
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Figure 9. Percentage of sugarcane farms reporting major, minor and no problems with feral pigs in each of the four-sugarcane
growing NRM regions, for the three periods of the ABARES-PAWS. For the location of these four regions, see Figure Al.[ in
Appendix [.

Eighty-eight percent of sugarcane growers reported spending time and/or money on feral pig management in
2022, with this percentage increasing to 93% on sugarcane farms where pigs were considered a major
problem. Management activities by sugarcane growers included ground shooting (84%), ground baiting (68%),
trapping (38%), aerial shooting (13%), and fencing (7%). The perceived effectiveness of different control tools
varied substantially, e.g. 31% of respondents perceived trapping as very effective, whereas only 16% thought
ground shooting was very effective. Nevertheless, all control tools were considered moderately or very
effective by at least half of the land managers using them. Ground baiting was considered either moderately
or very effective by the highest percentage (76%) of those using it.

While on-farm management of feral pigs was considered reasonably effective by sugarcane growers,
management in the local area was considered less so. This refers to the stakeholders’ perception about the
effectiveness of overall pest animal and weed management actions undertaken by all stakeholders in the local
area. Only 6% of sugarcane growers considered management in their local area to be very effective, while
32% considered it to be moderately effective. For those land managers that had reported major problems
with feral pigs, only 1.5% considered that management in the local area was highly effective.

We derived an estimate of expenditure per hectare in 2022 by dividing total expenditure on feral pig
management on a farm by the reported area of the farm. For the Wet Tropics NRM, the estimated median
expenditure for those land managers that spent money or labour on feral pig management and reported
major problems with pigs (94%) was $130/ha, which is about 4.3% of the estimated total cash costs of
sugarcane farms in the Wet Tropics NRM (estimated at $3027/ha by Topp et al. 2021; these include materials
and services, interest and finance payments, and payments for permanent and casual hired labour). In the
Burdekin NRM, the median expenditure for the 87% of sugarcane farms that spent on pig management was
$79.50/ha, which is about 2.7% of the estimated total cash costs of sugarcane farms in the Burdekin region
(using the average of the value for the Herbert and Burdekin regions from Topp et al. 2021, as the Burdekin
NRM encapsulates both). For the Mackay Whitsundays NRM, the median expenditure for the 53% of
sugarcane farms that spent on feral pig management was $10.40/ha (average $59.40/ha). For the Burnett Mary
NRM, the median expenditure for the 40% of sugarcane farms that spent on feral pig management was
$4.90/ha (average $236.4/ha).

Across those four sugarcane-growing NRMs, median expenditure on feral pig management by land managers
was $47.10/ha, and total expenditure was estimated to be $15.9M in 2022. This compares to an estimated
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median expenditure of $44.80/ha in 2019 and $17.90/ha in 2016, and an estimated total expenditure of
$19.7Min 2019 and $12.7Min 201 6. The higher value of total expenditure in 2019 was due to two properties
having very large expenditures (>$74,335 in the 12 months to 2019).

Residual impact was based on the work by Mitchell and Dorney (2002). These authors estimated that feral
pigs caused an average 5.6% (range: |.4-6.2%) reduction in harvested returns for sugarcane production in the
Wet Tropics NRM. The value of cash returns per ha of sugarcane harvested in 2022 was obtained from Topp
et al. (2021). We used the estimates published in this study as these matched the spatial resolution of the
PAWS data (i.e. were NRM-level), whereas data from the ABS for the year 2021/22 was only published at
the state level.

Based on these assumptions, we estimated that 23% of sugarcane farms in the Wet Tropics NRM suffered
the full residual impact (estimated to be $208.40/ha) in 2022 and 10% suffered half the residual impact
($104.20/ha) in 2022. The total average cost per farm for the 33% of sugarcane farms that suffered residual
impacts due to feral pigs was about $39,770. The estimated avoided impact for those that considered feral
pigs a major problem but applied moderately or very effective management averaged about $37,754 per farm.
The average expenditure on feral pig management for the land managers that avoided impacts was about
$18,000 per farm. Estimated returns on expenditure (impact avoided divided by expenditure) for these farms
ranged widely, with 50% achieving at least 1.2:1.

Applying this approach to the three NRM regions that had more similar sized—sugarcane farms (Wet Tropics,
Burdekin, and Mackay Whitsundays), we estimate that 20% of sugarcane farms suffered the full residual impact
and 6% suffered half the residual impact in 2022. The average impact for a sugarcane farm suffering the full
residual impact was estimated to be about $80,700 per farm. The avoided impact for land managers that
considered feral pigs a major problem but applied moderately or very effective management averaged about
$104,200 per farm. These land managers reported an average expenditure on feral pig management activities
of about $18,300 per farm. Estimated returns on expenditure (impact avoided divided by expenditure) for
these farms ranged widely, with 50% achieving at least 3.2:1.

5.1.2 Cotton growing

Introduction

The Australian cotton industry is a significant contributor to the nation's agricultural financial value, with
exports generating $3.1B in 2025 (ABARES 2025a). The cotton growing industry is predominantly located in
the Murray-Darling Basin (northern NSW and southern QLD), with three cotton-producing NRM regions in
QLD (Border Rivers Maranoa-Balonne, Condamine, Fitzroy) and three in NSW (Central West, North West
NSW, Riverina).

Feral pigs eat cotton bolls, and Lockrey and Marshall (2019) argue this is becoming more prevalent as dryland
cotton growing displaces summer grain crops in some areas. Nevertheless, data quantifying the impacts of
feral pigs on cotton production are lacking and therefore the costs of the damage to cotton by feral pigs are
poorly understood.

Results from ABARES’ data

A high percentage of cotton land managers reported major feral pig problems in three of the cotton-growing
regions in the 2022 survey period (sample sizes or the degree of the feral pig problem were too small to
assess the remaining three regions). Of those regions we could assess, 37%, 50%, and 59% of land managers
from Border Rivers Maranoa-Balonne (QLD), Central West (NSW), and North West NSW (NSW),
respectively, reported major problems with feral pigs in 2022 (Figure 10, Figure Al.3 of Appendix I).
Interestingly, the proportion of land managers with some level of problem with feral pigs increased in the
Border Rivers NRM between 2019 and 2022 but decreased in the Central West NRM. The percentage of
land managers reporting problems with feral pigs appears to have remained reasonably constant in the North
West NSW. Of those land managers with cotton producing farms that reported having a major problem with
feral pigs in 2022, 97% reported suffering crop damage and between 58-70% reported damage to
infrastructure, erosion, contamination of water sources, disease risk, and seeds of invasive weeds being
spread. These percentages may also incorporate impacts from other pest species, as the impacts of feral pigs
alone could not be determined from the data.
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Figure 10. Percentage of cotton farms reporting major, minor and no problems with feral pigs in each of the cotton growing
NRM regions, for the three years of the ABARES-PAWS. For the location of these regions, see Figure Al.l in Appendix I.

Ninety-five percent of cotton growers reported spending time and/or money on feral pig management in
2022, with this percentage increasing to 100% on farms where feral pigs were considered a major problem.
Management activities by cotton growers reporting expenditure on feral pig management included ground
shooting (87%), trapping (78%), ground baiting (75%), aerial shooting (46%), and fencing (21%). The perceived
effectiveness of these control activities varied, e.g. 63% of respondents perceived aerial shooting as very
effective, whereas only 20% thought the same for ground shooting even though this was the most-used
control method. Nevertheless, all management approaches were considered moderately or very effective by
at least 60% of the land managers using them. Ground baiting was considered either moderately or very
effective by all of those using it.

While on-farm management was considered reasonably effective in 2022, feral pig management in the local
area was considered less so. Only 6% of cotton growers considered management in their local area to be
very effective, with 21% considering it to be moderately effective. For those land managers reporting major
feral pig problems, only 7% considered that management in the local area was very effective. Interestingly,
results from the 2019 survey showed that 8% of farm managers considered local area management to be very
effective, but 52% considered it to be moderately effective. This is a major change in the perception of local
area management effectiveness which could be related to a decrease in the number and extent of local
programs.

Most cotton farmers surveyed (97%) reported damage to their cotton crops, suggesting that this impact was
more significant than damage to other assets on their properties. Feral pigs appear to be the most important
vertebrate pest impacting cotton farmers (Figure | 1), with only 13% of growers reporting no problems with
pigs in 2022, a pattern that has been relatively consistent across the three ABARES-PAWS periods (2016:
15%, 2019: 6%).
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Figure I 1. Percentage of cotton farms reporting major, minor and no problems with different pests, combined over the three
years of the ABARES-PAWS.

Across the three cotton-growing NRMs with major pig problems in 2022, 83% of cotton farmers spent on
average $4.30/ha (median spend $2.80/ha) or $13,530 per farm on feral pig management. The total
expenditure on feral pig management was estimated to be $3.4M in 2022. This compares to an estimated
median expenditure of $1.70/ha in 2019 and $2.20/ha in 2016, and an estimated total expenditure of $1.6M
in 2019 and $4.4M in 2016.

Full residual impact for 2022 was based on work by AgEcon (Powell 2024), who estimated feral pigs caused
an average of 0.63% reduction in cotton yields (range: 0.2—1.2%), and production receipt data from ABS
‘Agricultural Commodities 2020/21’ and ‘Value of Agricultural Commodities 2020/21" (ABS 2020/2la,
2020/21b), apportioned to account for irrigated and non-irrigated production. Unfortunately, ABS data from
2021/22 onwards stopped being published at the NRM level and is now published at the state level, so we
used data from the previous financial year (2020/21) to obtain production data for each NRM.

We estimate that in 2022, 14% of cotton farmers in the three NRM regions with sufficient sample sizes
suffered the full residual impact of feral pigs and 27% suffered half the residual impact. We estimate the full
impact of feral pig damage to be around $47/ha, and the average impact per farm that suffers the residual
impact to be about $109,800. The estimated avoided impact for those that considered feral pigs a major
problem, but applied moderately or very effective management, averaged about $140,000 per farm in 2022,
and those farms reported an average expenditure on feral pig management of about $16,400 per farm.
Estimated returns on expenditure (impact avoided divided by expenditure) for these farms ranged widely,
with 50% achieving at least 8:1. The relative difference in the estimated average residual impact per farm
compared with the avoided impact per farm is driven by differences in farm sizes, with those that have residual
impacts tending to be smaller than those whose impacts have been avoided by effective management. This
result suggests that land managers on larger farms perceive their management as being more effective than
those from smaller farms, possibly because they can apply a different suite of management techniques than
those available to or affordable for smaller farms.

5.1.3 Beef cattle production
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Introduction

The beef cattle industry is one of the largest agricultural industries in Australia. Around 39% of Australian
farm businesses are classified as broadacre livestock farms (34,000 farms), of which 22,100 are beef specialists
(Ashton et al. 2024). The gross value of Australian cattle and calf production (including live cattle exports) in
2025 was estimated at $18.7 billion (ABARES 2025a), and the total national number of cattle as of 2025 was
29.2M head of cattle (ABARES 2025b). As of June 2023, QLD had the highest number of cattle at 13.3M head,
followed by NSWV at 6.2M head, and VIC at 4.1M head (Meat and Livestock Australia 2024). The analysis of
the ABARES’ data below has been restricted to farms with an ANZSIC classification of ‘Beef Cattle Farming
(Specialised)’.

Feral pigs are not known to kill cattle (including calves). The primary mechanisms by which feral pigs affect
the beef cattle industry are pasture loss and disease transmission (Bengsen et al. 2017). We discuss damage
to pasture by feral pigs in Section 5.1.4 and disease transmission in Section 5.2.

Results from ABARES’ data

The Cape York (in 2016 and 2022, QLD), Central West (NSW), and Southern Gulf (QLD) NRMs had the
highest percentage of specialised beef producers reporting major feral pig problems, with over 50% reporting
a major problem at some point (Figure 12; Figure Al.4 in Appendix |). The major agricultural industry in
Cape York and Southern Gulf NRMs is beef cattle. Fitzroy Basin (QLD), with just under 40% of land managers
claiming major problems with pigs, is the largest cattle NRM region in Australia with over 2.5M head of cattle
in 2021 (Meat and Livestock Australia 2024).

Although not necessarily attributable only to feral pigs (because the impacts of rats, mice, wild dogs, and
foxes are not individually addressed in PAWS), about 60% of cattle land managers with major feral pig
problems reported impacts to livestock, infrastructure and water sources, while 66% reported that the risk
of spreading diseases was also a perceived impact. The impacts of feral pigs to beef farmers have not been
widely quantified. However, in the Whitsunday region it was estimated that between $1.7M and $4.2M
($2.09M and $5.16M inflation-adjusted to 2025) is lost annually from lost productivity, infrastructure damage,
feed replacement, and the need for vaccination against diseases that feral pigs could spread (Synergies
Economic Consulting 2020).

In 2022, 79% of beef farms that reported a major feral pig problem and 45% that reported a minor feral pig
problem spent money on feral pig management. More than 85% of beef farms reported spending money or
time on feral pig management in the Cape York, Burnett Mary, Central West, Fitzroy, and Southern Gulf
NRMs. However, the amount spent by beef farmers in 2022 differed greatly, with the mean expenditure per
farm ranging between $0.45/ha and $9/ha depending on the NRM and the perceived impact of feral pigs in
those NRMs. Across the |3 beef-raising NRM regions with major pig problems, 39% of beef farmers spent
an estimated $10.90/ha on average (median spend $1.80/ha), and total expenditure was estimated to be
$33.6M in 2022. This compares to an estimated median expenditure of $2.00/ha in 2019 and $5.50/ha in
2016, and an estimated total expenditure of $39.2M in 2019 and $48.2M in 2016. It should be noted that
average farm size differs between these NRM regions, with average farm sizes ranging between 200 ha and
160,000 ha.

Ground shooting was the most used management method for controlling feral pigs on beef farms where feral
pigs were considered a major problem (91% of land managers reported using this method). However, ground
shooting was not considered highly effective, with only 47% finding it very or moderately effective. Trapping
(70%) and ground baiting (65%) were also used frequently and were considered more effective than ground
shooting: 75% of land managers using ground baiting and 60% using trapping reported these methods were
very or moderately effective. Aerial shooting was used by 34% of land managers, and 80% of those using it
considered it very or moderately effective.

Land managers in the beef-growing NRMs with most pig problems considered that using a variety of control
methods was effective on their own properties, but local area management was considered less effective:
only 3% considered management to be very effective in their local area, while 37% considered it moderately
effective.
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Figure 2. Percentage of beef farms reporting major, minor and no problems with feral pigs in each of the beef growing NRM
regions, for the three years when the ABARES-PAWS was conducted. For the location of these regions, see Figure Al.[ in
Appendix [.

The absence of estimates for the economic impact of feral pigs on beef production, and some evidence in the
literature that feral pigs are not regarded as having a significant impact on the beef industry (Gong et al. 2009,
McLeod 2016, Hafi et al. 2023) means we have not estimated or incorporated these effects in this study. The
impact on the cattle industry arises mainly from competition for pasture and potential risks of disease
transmission. Choquenot et al (1996) referred to a long-term loss of pasture availability of less than 3% in
dry, arid zones but much greater (up to 98%) on rooted areas in wetter zones such as northern NSWV.
However, how this loss of pasture translates into reduced yields in terms of sale weight of cattle or delays in
cattle being ready to be sold has not been quantified.

5.1.4 Sheep production

Introduction

Australia is one of the world’s largest producers of wool, producing around 25% of greasy wool sold on the
world market (DAFF 2022). In 2025, the value of Australian wool exports was $2.5B (ABARES 2025a). Wool
is produced in all Australian states except the NT. NSW produces the greatest volume of wool, followed by
VIC, WA, and SA.

The gross value of Australian lamb and mutton production was $5.7B in 2025 (ABARES 2025a). As at June
2025, the national flock is estimated to be 74.2M head (Meat and Livestock Australia 2025). In 2023, most of
Australia’s sheep population was in NSW (36.6%), followed by WA (18.8%), VIC (14.9%), and SA (14.9%).
TAS and QLD accounted for 3% and 4%, respectively. In 2025, 25M lambs were slaughtered and processed
for meat, and 10M adult sheep were slaughtered (Meat and Livestock Australia 2025).

As noted in Section 3, feral pigs have a broad omnivorous diet (Ballari and Barrios-Garcia 2014). In the
context of livestock production, diet is important because pigs can directly impact (i.e. grazing and rooting)
pasture and forage crops grown as food for livestock and kill livestock (especially newborn lambs). We review
both of these impacts in this subsection on sheep production, but note that pasture offtake by feral pigs will
also affect livestock other than sheep.
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A loss of pasture, either due to grazing or rooting damage, can affect livestock production through
competition for pasture resulting in a reduction in the number of stock units that a farm can maintain and/or
lower weight gain yields for livestock, unless alternative feed can be affordably sourced (Latham et al. 2020).
Competition can occur when food (pasture) is limiting, but the additional grazing pressure and rooting from
feral pigs can potentially increase the length and frequency of future periods when food is limiting. An
increased and unmanaged stocking rate can also result in land degradation from overgrazing, where there are
longer term reductions in pasture composition and biomass (Freudenberger et al. 1997).

There are sparse empirical data from Australia or elsewhere demonstrating how pasture loss caused by feral
pigs affects stocking rates or weight gain yields. An observational study in NSW showed that plots rooted by
feral pigs had a lower biomass of edible pasture than unrooted plots (Hone 1980); however, the resultant
livestock production impacts were not examined. Conversely, a manipulative experimental study in a semi-
arid floodplain system showed that feral pigs had no detectable impact on pasture biomass at densities ranging
from about <I-7 pigs km? (Choquenot 1998). Choquenot et al. (1996) reported that rainfall is a more
important determinant of pasture availability than grazing pressure from feral pigs in highly climatically
variable, semi-arid floodplain environments. Conversely, competition for pasture among grazing herbivores
is likely to be greatest in the semi-arid zone during drought periods, when food is obviously limiting.
Moreover, the numerical response of feral pig populations in regions that suffer from highly variable amounts
of rainfall are in large part driven by rainfall, which is a proxy for food availability for large herbivores (Gentle
et al. 2019). In areas with comparatively high and stable rainfall, feral pigs may have a greater impact on
pasture consumption and livestock (Choquenot et al. 1996), but this will occur mainly when food (pasture)
is limiting and feral pig density is high enough to affect pasture biomass.

Despite feral pigs occurring at medium to high densities (c. 3.0 pigs per km2) on Flinders Island, minimal
damage to pasture was recorded in most agricultural areas (Statham and Middleton 1987). Strzelecki National
Park (TAS) was an exception, with localised damage occurring on some farms, especially in damp gullies. Most
damage to pasture occurred immediately adjacent to the national park, with feral pigs digging for dock (Rumex
spp.) and thistle (Cirsium spp.) roots and grass grubs (Statham and Middleton 1987). In the 1980s, the annual
total pasture area damaged was estimated to be <50 ha and, despite visiting paddocks with lambing ewes,
there were no reports of feral pigs killing lambs (Statham and Middleton 1987).

Latham et al. (2020) used an indirect method to estimate how many feral pigs are required to consume the
same amount of annual dry matter (550 kg) that is eaten by one New Zealand stock unit (i.e. one ewe). This
analysis is complicated by the proportion of pasture versus other food sources in the diet of feral pigs and
the average weight of individuals in the pig population. These caveats noted, if feral pigs obtain 100% of their
diet from pasture, as few as 1.2 adult pigs are equivalent to one stock unit. Conversely, if they receive about
a quarter of their diet from pasture, five adult pigs are equivalent to one stock unit (Latham et al. 2020). This
suggests that food still needs to be limiting for feral pigs to have an impact on sheep via competition. A
separate problem is overstocking, which can lead to longer term pasture damage and resultant reductions in
future carrying capacity or stocking rate.

The impact of predation by feral pigs on lambs, lambing ewes, and drought-affected livestock in Australia has
been widely studied (Tisdell 1977; Pavliov 1980; Pavlov et al. 1981; Pavlov and Hone 1982; Choquenot et al.
1997). For example, lamb losses due to feral pig depredation were estimated at 18.7% in central NSW (Pavlov
et al. 1981) and 32% in northwest NSW (Plant et al. 1978). Similarly, Benson (1980) estimated that
depredation by feral pigs caused a net decline in lambing percentage of approximately 7% in western NSW.
This equated to an estimated >10,000 lambs lost to feral pigs.

Additional lamb losses of approximately 1% of the annual gross value of wool and sheep production have
been attributed to feral pigs reducing the carrying capacity of properties through rooting and pasture
consumption (Tisdell 1982). In the 1980s, these combined estimates pro-rated to the semi-arid rangelands of
NSW and QLD resulted in a loss of approximately $6.0M per annum ($14.9M inflation-adjusted from 1990—
2025) (Johnston et al. 1990).

It is possible that some lamb losses from feral pigs may go unnoticed as many Australian sheep producers
have no knowledge of expected lambing percentage. For example, three surveys of sheep producers have
documented that approximately 40-50% of respondents scan their flocks, and approximately 30% of these
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farmers scan for foetal numbers (Howard and Beattie 2018; Sheep Sustainability Framework 2022, 2024;
Young et al. 2025). Consequently, about 70% of farmers may be unaware of how many lambs were born in a
given year and, in areas impacted by predatory feral pigs, how many were killed and eaten.

Depredation of lambs by feral pigs is spatiotemporally variable. For example, feral pigs lowered the number
of lambs per 100 ewes by 37.9 and 31.9 in autumn and spring 1978, respectively, but were an insignificant
cause of lamb loss in 1979 (Pavlov et al. 1981). Although individual variability in propensity to kill newborn
lambs occurs, Choquenot et al. (1996, 1997) attribute much of the variability in lamb depredation to the
density of feral pigs.

Research suggests that at low densities of feral pigs, there are probably sufficient young lambs that cannot
evade capture to satiate the intake of the pigs which are present and the relationship between reduction in
yield and pig density will be approximately linear (Caley 1993; Choquenot et al. 1996). Conversely, there are
probably too few accessible lambs to satiate the intake of all pigs present at higher feral pig densities and the
relationship between reduction in yield and feral pig density will reach a maximum level. Choquenot et al.
(1997) found that the rate of lamb depredation increased with feral pig density, reaching a maximum
proportional rate of 0.29 on the site where pig density was highest (5.8 pigs/km?2). Moreover, they suggest
that the availability of alternative foods did not influence the propensity of pigs to prey upon lambs and
depredation rates indicated that twin lambs were on average 5-6 times more likely to be preyed upon by
pigs than were single lambs.

Gong et al. (2009) estimated the annual losses (measured in terms of changes in economic surplus) caused
by feral pigs to lamb and wool industries in Australia at $1.0M and $2.32M, respectively (c. $1.53M and
$3.54M, respectively, inflation-adjusted from 2009 to 2025). The impacts to these two industries caused by
feral pigs were largely confined to NSW (lamb industry = 94.0%, wool industry = 98.3%). The QLD lamb and
wool industries were minimally impacted, whereas the remaining states were unaffected by feral pigs (Gong
et al. 2009).

Lethal control of feral pigs to mitigate depredation of lambs can be financially worthwhile for landowners.
For example, bioeconomic modelling has shown that helicopter shooting can be profitable when pasture
biomass is above 220 kg/ha, especially when feral pig densities are reduced to <1.5 pigs/km? (Choquenot and
Hone 2002). Conversely, below a pasture biomass of 220 kg/ha, 1080 poisoning was predicted to be more
profitable than helicopter shooting. Including logistic population growth for pigs in the models allowed control
to be simulated through time and resulted in a greater return on investment from both lethal control methods
(Choquenot and Hone 2002).

Pasture availability can negatively affect the uptake of lethal baits by feral pigs. For example, Choquenot and
Lukins (1996) found that as pasture biomass increased, fewer pigs consumed baits and/or the number of baits
each pig consumed declined. Assuming fewer pigs consume baits, the effect of increasing pasture biomass on
the relationship between percentage uptake of baits and pig density indicated that, for every increase in
pasture biomass of 100 kg/ha, the percentage of pigs consuming bait declined by about 10% (Choquenot and
Lukins 1996).

Results from ABARES’ data

In the analyses described below, we combine three ANZSIC categories (Sheep Farming (Specialised), Grain-
Sheep or Grain-Beef Cattle Farming, and Sheep-Beef Cattle Farming) and focus on regions where both sheep
meat and wool production occur.

Across the north-central-west NSW (including the Central Tablelands, Central West, North West NSW,
Northern Tablelands, and Western NRMs, hereafter referred to as C&W-NSW), 40% of sheep farms
considered feral pigs a major problem and a further 24% considered them a minor problem in 2022 (Figure
I3; Figure A1.5 in Appendix |). Further south in the Riverina NRM (NSW), 7% of sheep farmers considered
feral pigs a major problem, while 28% of sheep farmers in the South East NSW NRM (NSW) considered feral
pigs a major problem. Across the sheep growing regions of WA (including Northern Agricultural, Peel-
Harvey, and South West NRMs), 9% of sheep farmers considered feral pigs a major problem. In QLD
(including Border Rivers Maranoa-Balonne, Burdekin, Burnett Mary, Condamine, Desert Channels, Fitzroy,
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South East QLD, and South West QLD NRM:s), 35% of sheep farmers considered feral pigs a major problem.
The degree of problems with feral pigs grew between 2016 and 2022 in the C&W-NSW group and, if major
and minor problems are combined, in the Riverina NRM. Conversely, it remained reasonably constant in the
QLD and WA groups and was variable across years in South East NSW.

Many of the sheep farms that reported feral pigs as a major problem also reported foxes as a major problem,
so it is difficult to quantify the exclusive impacts feral pigs have on sheep-producing farms. Foxes (Vulpes
vulpes) are a significant predator of lambs in Australia, with losses due to fox predation reported to be
between 3% and 10% (McLeod et al. 2010). Over 64% of those reporting feral pigs as a major problem
indicated that vertebrate pests (more generally) were affecting crops and infrastructure. Other significant
impacts for those claiming feral pigs as a major problem included risk of disease spread (55%), livestock
loss/depredation (51%), introduction and spread of seeds from weedy species (44%), and impacts to water
sources (44%).

In 2022, 84% of sheep farms that had a major feral pig problem and 50% that had a minor feral pig problem
spent money or labour managing them. More than 80% of sheep farms with major pig problems reported
spending money and/or time on feral pig management in the C&W-NSW, Riverina, and QLD, with this
percentage slightly lower (66%) in WA and South East NSW. However, the amount spent in 2022 differed
greatly across farms and regions, with the mean expenditure per farm suffering major pig problems ranging
from $0.45/ha to $9.37/ha depending on the region. Across the five sheep-raising regions with major pig
problems, 38% of sheep farmers spent an estimated $7.39/ha on average (median spend $1.28/ha), and total
expenditure was estimated to be $47.IM in 2022. This compares to an estimated median expenditure of
$1.37/ha in 2019 and $1.32/ha in 2016, and an estimated total expenditure of $25.8M in 2019 and $19.0M in
2016. It should be noted that median farm size differed between the regions, ranging between 1,200 ha and
6,300 ha.
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Figure |3. Percentage of sheep farms reporting major, minor and no problems with feral pigs in each of the sheep raising
regions, for the three years of the ABARES-PAWS. For the location of these regions, see Figure Al.l in Appendix I.

In the C&W-NSW group, 48% of all sheep farmers spent an average of about $7,282 per farm on feral pig
management in 2022. Of the subset with a major feral pig problem, 80% spent an average of $10,083 on feral
pig management, and the maximum reported spend for a single property was $132,194. In the Riverina NRM,
10% of all sheep farmers spent an average of $4,294 per farm on feral pig management, whereas 100% of
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those with major pig problems spent an average of $5,726 per farm. In the South East NSW NRM, 34% of all
sheep farmers spent an average of about $5,153 per farm on feral pig management, whereas 66% of those
with major pig problems spent an average of $7,618 per farm. In QLD, 60% of all sheep farmers spent an
average of about $8,223 per farm on feral pig management, whereas 97% of those with major feral pig
problems spent an average of $8,156 per farm. In WA, 3% of all sheep farmers spent an average of about
$3,835 per farm on feral pig management, whereas 66% of those with major feral pig problems spent on
average $15,326 per farm.

Almost all (93%) sheep producers that managed feral pigs used ground shooting as a management tool, with
74% finding it moderately or very effective. Ground baiting was also commonly used (83%), with 92% of land
managers reporting it as effective. Aerial shooting and aerial baiting (confined to specific council areas in
QLD) were less frequently used (40 and 34%, respectively) but both were considered effective by more than
72% of land managers using them. Only 12% of sheep land managers considered management in their local
area to be very effective, with 32% considering it to be moderately effective. Results from the 2019 survey
showed that 25% sheep land managers considered management in their local area to be very effective and
48% moderately effective. Similar to cotton growers, the perception of the effectiveness of local area
management has decreased between years among sheep farmers. For those land managers reporting major
pig problems, 18% considered that management in the local area was very effective.

Sample sizes were considered reasonable in the C&W-NSW and QLD groups, and responses were
reasonably consistent across these groups, so we focus on these groups in subsequent analyses. The analysis
of full residual impact was estimated based on work by AgEcon (Powell 2024), who estimated feral pigs caused
an average of 12% reduction in sheep farm yields (range = 6—19%), and state-level production receipt data
($/ha) from Ashton et al. (2024) and the Farm Data Portal (ABARES 2025b) for each of the years in the
PAWS data.

We estimated that 7% of sheep farms in the C&W-NSW region suffered the full residual impact and 18%
suffered half the residual impact in 2022 (see section 4.2 for detail on residual impact calculations). We
estimated full impact to be around $10.12/ha, and an average impact per farm that is suffering residual impact
of around $24,646. The estimated avoided impact for those that considered feral pigs a major problem, but
applied moderately or very effective management, averaged about $33,609 per farm in 2022, and those farms
reported an average expenditure on management of about $4,257 per farm. Estimated returns on
expenditure (impact avoided divided by expenditure) for these farms ranged widely, with 50% achieving at
least 2.5:1.

We estimated that 3% of sheep farms in the QLD region suffered the full residual impact and 13% suffered
half the residual impact in 2022. We estimated full impact to be around $5.38/ha, and an average impact per
farm that is suffering residual impact of around $41,787. The estimated avoided impact for those that
considered feral pigs a major problem, but applied moderately or very effective management, averaged about
$45,036 per farm in 2022, and those farms reported an average expenditure on management of about $8,626
per farm. Estimated returns on expenditure (impact avoided divided by expenditure) for these farms ranged
widely, with 50% achieving at least 2.5:1.

Extrapolating to the whole population of sheep farms in the C&W-NSW region, Riverina NRM and South
East NSW NRM, we estimated a residual impact of feral pigs of $42.46M in 2022, $46.04M in 2019 and
$50.75M in 2016. The decreasing trend in the estimated residual impact across the three periods suggests
that management has been increasingly effective at partially mitigating the feral pig problem for sheep farmers.
Alternatively, it could reflect a temporal reduction in the number of sheep farms operating, a trend that was
reported by Forsyth et al. (2014).

5.1.5 Horticulture

Introduction

Horticulture is Australia’s third largest agricultural industry. It includes fruit, vegetables, nuts, flowers, turf,
and nursery products. The local value of production of horticulture was $19.0B in 2025 (ABARES 2025a).
One of the most valuable horticultural crops in Australia is bananas, with a production value of almost $700M
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in 2023/24 (ABS 2024). Ninety-five percent of banana production occurs in the Wet Tropics NRM (State of
Queensland 2016).

Mitchell and Dorney (2002) conducted farm surveys to estimate the damage caused by feral pigs to banana
farms in Wet Tropics NRM (QLD). These authors estimated that the average direct economic cost of feral
pigs to banana farms was $1,824 (c. $3,385 inflation-adjusted from 2002 to 2025). This represents 0.08% of
the value of banana production of the sampled farms (Mitchell and Dorney 2002).

There are sparse or no data on the damage that feral pigs cause to most horticultural crops in Australia. One
exception is a study in NSW in a macadamia orchard (Bright and Kaddatz 2020), where the authors reported
that a moderate size pig consumed up to six kilograms of nuts in shell per hour, and ten pigs feeding in an
orchard for ten days could destroy nearly 300 kilograms of nuts in shell. Over a whole season (March to
September), it was estimated that feral pigs could cause a loss of up to $40,500 ($45,365 inflation-adjusted
to 2025) in a single orchard, compared to a one-off cost of $23,400 ($26,21 | inflation-adjusted to 2025) for
effective fencing.

Results from ABARES’ data

Our analysis of horticulture focuses on the ‘Other Fruit and Tree Nut Growing’ ANZSIC category, which
consists of tree nuts, tropical fruit, subtropical fruit, and other fruit not classified elsewhere. This category
does not easily allow analysis of specific horticultural commodities to the crop level as these are not explicitly
recorded.

Feral pigs are considered a major problem for horticulture, particularly in QLD but also in localised regions
in other states. Problems were reported for many different ANZSIC horticulture categories (e.g. citrus and
stone fruit; Figure 8), but we only had sufficiently large sample sizes to explore issues for the ‘Other Fruit
and Tree Nut Growing’ category in three NRM regions in QLD where the largest problems with feral pigs
occur: Wet Tropics, Burnett Mary, and South East QLD. Around 38%, 32%, and 27% of fruit and tree nut
growing land managers in the Wet Tropics, Burnett Mary, and South East QLD NRMs, respectively, report
that they have major feral pig problems (Figure 14; Figure Al.6 of Appendix |). The degree of reported
problems with feral pigs appears to have been reasonably stable in the Wet Tropics over the three periods,
but it seems to have increased in South East QLD and Burnett Mary NRMs.

Of those land managers with farms producing fruit and tree nuts that reported major problems with feral
pigs in 2022, 80% reported damage to crops and 51-60% reported damage to infrastructure, erosion, and
the introduction and spread of seeds of weedy species. Contamination of water sources (23%) and risk of
disease spread (37%) were also reported by land managers (although these percentages probably incorporate
the impacts of other pests, such as rodents, which we could not separate from those of feral pigs). Feral pigs,
rats, and mice were the most important vertebrate pests affecting fruit and nut growers, with 33% of growers
reporting problems with these vertebrate pests in 2022.

In 2022, 43% of fruit and tree nut growers reported spending time and/or money on feral pig management,
with this percentage increasing to 79% on farms where feral pigs were considered a major problem.
Management activities by fruit and tree nut growers reporting expenditure on feral pig management included
trapping (70%), ground shooting (67%), ground baiting (62%), and fencing (50%). The perceived effectiveness
of these control activities varied, e.g. 37% of respondents perceived ground baiting as very effective, whereas
only 7% thought the same for ground shooting or trapping, even though these methods were commonly
used. Ground baiting was considered either moderately or very effective by all land managers that used it.
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Figure 14. Percentage of fruit and tree nut growing farms reporting major, minor and no problems with feral pigs in each of the
NRM regions, for the three years of the ABARES-PAWS. For the location of these regions, see Figure Al.l in Appendix I.

While on-farm management was considered reasonably effective, management in the local area was
considered less effective. Nearly 60% of fruit and nut land managers reported that feral pig management in
the local area was not effective, 12% considered it somewhat effective, and 26% considered it to be
moderately effective. Only 4% of fruit and nut growers considered management in their local area to be very
effective. This suggests that most of the fruit and nut land managers do not consider management of feral pigs
in their local areas to be effective. These results are comparable to the perceived effectiveness of management
of feral pigs for sugarcane growers, which may be partly because of the substantial spatial overlap across the
two industries.

In the Wet Tropics NRM, 41% of fruit and tree nut farms spent an average of $268/ha (median $201/ha) on
feral pig management (equating to an average of about $8,626 per farm). In the Burnett Mary NRM, 36% of
fruit and tree nut farms spent an average of $261/ha (median spend $36/ha and an average of about $14,564
per farm). In South East QLD NRM, 54% of fruit and tree nut farms spent an average of $108/ha (median
spend $78/ha, equating to about $2,953 per farm). Across these three NRM regions with major pig problems,
43% of fruit and tree nut land managers spent an estimated $137/ha (median spend $78/ha), and total
expenditure on feral pig management was estimated to be $2.9M in 2022. This compares to an estimated
median expenditure of $39/ha in 2019 and $58/ha in 2016, and an estimated total expenditure of $4.4M in
2019 and $2.IM in 2016. The larger expenditure in 2019 is likely inflated by three of the 95 farms in the
sample reporting expenditures of >$74,335 in the 12 months to 2019. Large expenditures may reflect some
form of capital investment in feral pig management like fencing which would have benefits over longer
timeframes (if well maintained).

From the large number of different fruit and tree nut types included in the ‘Other Fruit and Tree Nut
Growing’ ANZSIC category, we only estimated residual impact to banana growers in the Wet Tropics NRM.
We limited the analysis to bananas because this commodity represents 81% of the total value of fruit and
tree nuts revenue in that NRM (so we assume that feral pig problems reported for fruit/tree nut farms in the
Wet Tropics apply mainly to bananas) and there are published estimates available for the impact of feral pigs
on banana growers. For the other two NRMs for which we have a sufficiently large sample of horticultural
growers (Burnett Mary and South East QLD), production data from ABS indicates that there are several fruit
and tree nut types that are of importance in these NRMs. For example, mandarins, pineapples, macadamias,
and avocadoes are all important fruit/tree nut types grown in Burnett Mary NRM, whereas pineapples,
strawberries, bananas and macadamias are all important in South East QLD NRM. Because the PAWS data
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do not provide details of the specific type of fruit or nut grown in each farm, we cannot determine the level
of damage or the costs of the damage to the fruit/tree nut category for these two NRMs.

Full residual impact to banana growers in the Wet Tropics NRM in 2022 was estimated based on work by
Mitchell and Dorney (2002), who estimated that feral pigs caused an average of 0.08% reduction in banana
yields (range: 0.04-0.22%), area cultivated in banana trees from the ABS ‘Agricultural Commodities 2021/22’
(ABS 2021/22a), and production data for bananas derived from the ABS ‘Value of Agricultural Commodities
2021/22’ (ABS 2021/22b). Unfortunately, ABS data from 2021/22 onwards stopped being published at the
NRM level and is now published at the state level, so we had to use banana production data for QLD for our
Wet Tropics NRM calculations, which is supported by the fact that 91-94% of banana production in QLD
comes from the Wet Tropics NRM.

We estimated that 6% of banana growers in the Wet Tropics NRM suffered the full residual impact and 18%
suffered half the residual impact in 2022. We estimated full impact to be around $53.60/ha, and an average
impact per farm that is suffering residual impact of around $2,689. The estimated avoided impact for those
that considered feral pigs a major problem, but have applied moderately or very effective management,
averages about $3,249 per farm in 2022, and those farms reported an average expenditure of about $2,465
per farm. Estimated returns on expenditure (impact avoided divided by expenditure) for these farms ranged
widely, with 50% achieving at least I:1I.

5.1.6 Grains and pulses

Introduction

Grains and pulses represent one of Australia’s largest agricultural industries, valued at $22.5B in 2024/25
(ABS 2025). In 2024/25, wheat, barley, and canola were the three largest crops in terms of value with a
combined local value of production of $18.7B ($10.1B + $3.7B + $4.9B, respectively), representing 83% of
the national winter crop total. Wheat comprised 70% of total winter crop production sold with 34.8M tonnes,
the highest of all winter crops.

Lockrey (2025) noted that although it is widely recognised that feral pigs damage grain crops, quantifying the
costs of the damage is difficult. Given landowners are usually responsible for controlling feral pigs on their
land, a greater understanding of the costs of the damage caused by pigs to grain crops is needed, especially
as this is a key driver for initiating lethal control (Lockrey 2025).

Gentle et al. (2015) assessed the diet composition of 196 feral pigs from agricultural properties in southern
QLD. They found that food consumed was almost entirely plant matter (>99%). Crops were consumed more
frequently than non-crop plant species. The dietary biomass of feral pigs comprised >60% crops, indicating a
clear potential for direct economic losses (Gentle et al. 2015). About 24% of the biomass of pig diet comprised
wheat, barley and oats, whereas chickpeas, cotton, and sorghum each constituted 10—11%. The authors also
note that consumption of pasture and forage species has the potential to create competition for pasture with
domestic stock (see ‘Beef cattle production’ and ‘Sheep production’ above). Seasonal differences in
consumption of crop, pasture or animal food groups probably reflect the changing availability of food items
(Gentle et al. 2015).

Based on landowner surveys, about 60% of grain growers in the Murray-Darling area of southern QLD
reported that feral pigs damage their crops (Gentle et al. 201 I). Damage (mean percentage loss) was notably
high (>10%) for pasture, lucerne and forage crops, barley, millet, and vegetables. The reported damage
equated to mean annual losses of, for example, >20 tonnes of wheat and barley, >30 tonnes of sorghum and
peanuts, and >200 tonnes of pasture, lucerne, and forage crops (Gentle et al. 201 ). For some landowners
the losses were substantially higher, e.g. 180 tonnes of sorghum and peanuts and 1,500 tonnes of pasture,
lucerne, and forage crops. These differences may have been affected by spatial and temporal variability in pig
population densities. Feral pig densities in the Murray-Darling area are usually c. 2.0 pigs/km?2, but can reach
comparatively high densities (4.4-6.3 pigs/km2) in some places when environmental conditions are favourable
(Gentle et al. 2011). The total estimated cost of damage to four agricultural commodities (sorghum, wheat,
barley, and lambs) in the QLD Murray-Darling area in 2011 was about $9.1M ($13.1M inflation-adjusted from
2011 to 2025; Gentle et al. 201 1).
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In addition to landowner surveys, Gentle et al. (201 1) attempted to directly quantify damage to agricultural
commodities (sorghum and wheat) in southern QLD and determine the relative contributions to damage of
multiple vertebrate species. The mean damage levels caused by feral pigs in surveyed paddocks were 1.3%
for sorghum and <0.4% for wheat. Most paddocks assessed had low levels of damage. The data from the
quantitative surveys of damage in southern QLD showed much lower levels of damage than suggested by the
landowner surveys.

While estimates of damage based on land managers’ perceptions typically overestimate unwanted impacts
(Benson 1980), the quantitative estimates from Gentle et al. (201 1) were substantially lower than those
previously estimated for sorghum (40%) by Caley (1993) and wheat (4-7%) by Pavlov (1980). We think the
estimates of damage and their associated costs based on landowner surveys in southern QLD should be
interpreted cautiously because of potential limitations associated with the representativeness of the survey
data, sample size of respondents, and subjective or qualitative nature of the data assessing the damage caused
by pigs (Gentle et al. 201 1). Furthermore, feral pig abundance fluctuates considerably over time (Gentle et
al. 2019), so damage estimates also need to be considered over multiple years.

Most landowners (>95%) in QLD conducted lethal control to mitigate damage to their crops. Shooting by
recreational and commercial hunters, trapping, and toxic baiting were the most frequently used tools for
controlling pig populations. Most control tools were considered ineffective to moderately effective, with the
exception of toxic baiting, which many landowners ranked as being an effective method for pig control.
Commercial harvesting is generally an ineffective tool for reducing the abundance of feral pigs (Gentle and
Pople 201 3; Bengsen et al. 2020). To maintain any gains associated with meaningful reductions in the numbers
of feral pigs, the higher rates of population growth generated following control (e.g. Giles 1980; Caley 1993;
Choquenot 1998; Hone 2002) must be stopped.

Benson (1980) estimated that the average decline in wheat production over two surveyed Pasture Protection
Boards in western NSW was 5.6% (or 906 tonnes). He contended that although some growers were losing
negligible amounts of wheat, other growers in areas with high feral pig numbers and preferred wheat varieties
were losing very large amounts of wheat. Benson (1980) also considered non-bearded wheat varieties to be
more susceptible to damage by feral pigs (13.2—-100% consumed) than bearded ones (2.0-11.6% consumed).
Most of the wheat grown in this part of NSW was bearded.

Caley (1993) estimated that feral pigs reduced the yield of Sorghum spp. and maize (Zea mays) crops at
properties in the NT by 7-50%, depending on the number of pigs present and the size of the crop. Cook
(2014) stated that when food is scarce in southern parts of the feral pig range in WA, the feeding activity of
pigs extends onto agricultural land where they damage crops and fences. Feral pigs can damage cereal, pulse
and oilseed crops in the south west of WA If left unmanaged, production losses in these parts of WA could
average $8.1M per annum (inflation-adjusted from 2014 to 2025) (Cook 2014). Recent evidence collected
across 7 years of aerial shooting operations of feral pigs in WA shows that cereal crops, primarily wheat,
were the most frequently consumed food items (S. Dawson, Western Australia Department of Primary
Industries and Regional Development, unpublished data).

Gong et al. (2009) estimated the annual losses (measured in terms of changes in economic surplus) caused
by feral pigs to all grain crops combined in Australia at $5.86M (c. $8.95M inflation-adjusted from 2009 to
2025). The impacts to grain crops by feral pigs were greatest in NSW, $5.10M, followed by QLD, $0.77M (c.
$7.79M and $1.18M, respectively, inflation-adjusted from 2009 to 2025). When the research was done in the
early-2000s by Gong et al. (2009), the costs of the damage to grain crops in Australia’s other states was nil
or negligible. However, since that time, feral pigs have expanded their geographic ranges and their unwanted
impacts in agricultural areas in previously unaffected areas has likely increased. For example, feral pigs have
become common to abundant in the north and west of WA and northeast SA, and they are present in the
east and south of VIC, with pockets having high reported abundance amidst areas of uncertainty in abundance
status (see Figure 30.1 in Bengsen et al. 2017).

A recurring pattern from studies attempting to quantify damage to crops caused by feral pigs is that the spatial

and temporal distribution of crop damage is highly uneven (Bengsen et al. 2014). The results from our analysis
of the ABARES’ data below show similar patterns of highly uneven crop damage.
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Results from ABARES’ data

Feral pigs are considered a major problem for grain growers, particularly in central NSW, southern QLD,
and some areas of WA. For our analyses on grain growers, we concentrated on the following NRMs for
which we had a sufficiently large sample of grain growers: Central West (NSW), North West NSW (NSW),
Riverina (NSW), Border Rivers Maranoa-Balonne (QLD), Condamine (QLD), Fitzroy (QLD), and Northern
Agricultural (WA). More than 50% of grain growers in Border Rivers, Central West, Condamine, Fitzroy and
North West NSW reported having problems with feral pigs in 2022, while less than 25% did so in Northern
Agricultural and Riverina (Figure 15; Figure Al.7 in Appendix |). The percentage of grain growers with
different degrees of problems with feral pigs (major, minor or none) was variable over the three years, which
may be related to the type of grain grown from year to year (i.e. grain crops are rotationally grown), spatial
and temporal variability in the abundance of feral pigs, variability in the availability of alternative foods, climatic
variability affecting grain growth (especially rainfall), and/or the level of management of feral pigs. We also
note that NSW experienced a severe drought in 2019, but not in 2016 or 2022, which could potentially
explain the lower percentage of land managers reporting problems with feral pigs in Central West and North
West NSW, the two main grain growing regions in that state.

Of those land managers with farms producing grain or pulses that reported having a major problem with feral
pigs in 2022, 100% reported suffering crop damage, 73% reported damage to infrastructure, 62% erosion,
and 44% risk of weed seed introduction. Disease risk (37%) and contamination of water sources (29%) were
also reported (these numbers could also include impacts from other pest species, such as rats). Feral pigs,
foxes, rats, and mice were the most important vertebrate pests impacting grain growers, with 45% of growers
reporting major problems with feral pigs, 22% with foxes, and 15% with rats and mice in 2022.

Fifty percent of grain growers in the NRMs we included reported spending time and/or money on feral pig
management in 2022, with this percentage increasing to 82% on farms where feral pigs were considered a
major problem. Management activities by grain growers reporting expenditure on feral pig management
included ground shooting (100%), ground baiting (90%), trapping (79%), aerial shooting (55%), aerial baiting
(32%), and fencing (30%). The perceived effectiveness of these control activities varied, e.g. 58% of
respondents perceived aerial shooting as very effective, whereas <5% thought the same for ground shooting
or trapping, even though these methods were extensively used. Ground baiting was considered either
moderately or very effective by 75% of those using it. While on-farm management was considered reasonably
effective, management in the local area was considered less so. Only 7% of grain growers considered local
area management to be very effective, while 33% considered it to be moderately effective and 32% somewhat
effective.

In 2022, 86% of grain growing farms in the North West NSW NRM spent an average of $4.03/ha (median
$2.09/ha) on feral pig management (equating to an average of about $8,693 per farm), 70% spent an average
of $5.38/ha in the Central West NRM (median spend $0.90/ha and an average of about $9,719 per farm), and
6% spent an average of $1.12/ha in the Riverina NRM (median spend $1.10/ha; equating to about $2,331 per
farm). In the Condamine NRM, 40% of grain farms spent an average of $4.48/ha (median $2.24/ha) on feral
pig management (equating to an average of about $3,457 per farm), while 10% spent an average of $1.34/ha
in the Northern Agricultural NRM (median spend $0.47/ha, equating to about $8,178 per farm). Sample sizes
were too small in the Border Rivers and Fitzroy NRMs in 2022 to assess expenditure on feral pig management.

Across these seven NRM regions with major feral pig problems, 50% of grain growers spent an estimated
average of $3.51/ha (median spend $2.08/ha), and total expenditure on feral pig management was estimated
to be $14.5M in 2022. This compares to an estimated median expenditure of $1.85/ha in 2019 and $2.40/ha
in 2016, and an estimated total expenditure of $15.2M in 2019 and $10.IM in 2016. The larger expenditure
in 2019 is probably inflated, with three of the farms in the sample reporting expenditure of >$61,946 in the
[2 months to 2019, while no farm reported such large expenditures in 2022 and only one did in 2016. Large
expenditure may reflect some form of capital investment in feral pig management like fencing, which would
have benefits over longer timeframes.
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Figure 15. Percentage of grain growers reporting major, minor and no problems with feral pigs in each of the NRM regions, for
the three years when the ABARES-PAWS were conducted. For the location of these regions, see Figure Al.l in Appendix I.

We estimated residual impact to grain growers in three NRMs (one from each of the states that have major
feral pig problems) for which we had a sufficiently large sample of farms: North West NSW (NSW),
Condamine (QLD) and Northen Agricultural (WA). Within North West NSW, wheat is the largest grain
crop produced (>50% of the area that grows crops), followed by barley (16—20%, depending on the year). In
Condamine, sorghum is the largest grain crop produced (34—61% of area of crops, depending on the year),
followed by barley and wheat (14-25% each, depending on the year). In Northern Agricultural, wheat is the
largest grain crop produced (>67% of the area that grows crops), followed by canola (1 1-20%, depending on
the year).

Residual impact was estimated based on work by AgEcon (Powell 2024), who estimated feral pigs caused an
average reduction of 1.3% in wheat yields (range = 0.07-3.56%) and of 3.44% in sorghum yields (range = |.3—
6.5%), area planted in each crop from the ABS ‘Agricultural Commodities’ (2020/21a), and production data
for wheat and sorghum derived from the ABS ‘Value of Agricultural Commaodities’ (2020/21b). Unfortunately,
ABS data from 2021/22 onwards stopped being published at the NRM level and is now published at the state
level, so we had to use data from the previous financial year (2020/21) to obtain production data for each
NRM. For North West NSW and Northern Agricultural NRMs, we assumed receipt data ($/ha) and yield
impact values derived for wheat, whereas for Condamine we assumed values derived for sorghum.

We estimated that 5% of grain growers in the North West NSW NRM suffered the full residual impact
($16.20/ha) and 28% suffered half the residual impact in 2022, and an average impact per farm that is suffering
residual impact of around $44,812. The estimated avoided impact for those that considered feral pigs a major
problem, but have applied moderately or very effective management, averaged about $90,743 per farm in
2022, and those farms reported an average expenditure of about $10,419 per farm. Estimated returns on
expenditure (impact avoided divided by expenditure) for these farms ranged widely, with 50% achieving at
least 5:1.
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We estimated that 25% of grain growers in the Condamine NRM suffered the full residual impact ($50.40/ha)
and 12% suffered half the residual impact in 2022, and an average impact per farm that suffered residual impact
of around $34,729. The estimated avoided impact for those that considered feral pigs a major problem, but
have applied moderately or very effective management, averaged about $47,052 per farm in 2022, and those
farms reported an average expenditure of about $3,921 per farm. Estimated returns on expenditure for these
farms ranged widely, with 50% achieving at least | I:1.

We estimated that 2.5% of grain growers in the Northern Agricultural NRM suffered the full residual impact
($11.20/ha) and 2.5% suffered half the residual impact in 2022, and an average impact per farm that is suffering
residual impact of around $61,392. The estimated avoided impact for those that considered feral pigs a major
problem, but have applied moderately or very effective management, averaged about $119,871 per farm in
2022, and those farms reported an average expenditure of about $15,684 per farm. Estimated returns on
expenditure (impact avoided divided by expenditure) for these farms ranged widely, with 50% achieving at
least 10:1.

5.2 Risks from disease transmission

Australian feral pig populations harbour a diverse range of endemic and emerging pathogens, including viruses,
bacteria, and parasites, which can have important direct and indirect effects on livestock production and
human health (Pavlov 1988; Henderson 2009; Pearson et al. 2014). Feral pigs are sympatric with different
livestock production systems throughout much of their range, including beef and dairy cattle production,
sheep wool and meat production, and intensive and free-range piggeries. Feral pigs and livestock often come
into direct or indirect contact by sharing resources, such as feed, water, and shelter (e.g. Figure 16). This
creates opportunities for the transfer or spillover of pathogens and associated diseases in both directions.
Some of the most economically important pathogens hosted by feral pigs in Australia include Leptospira spp.,
Brucella suis, and Japanese encephalitis virus (JEV) (Table 1). However, the role of feral pigs as a source of
infection for many other important pathogens, such as bovine diarrhoea virus and Clostridium spp., remains
unclear in Australia. Some pathogens hosted by feral pigs are zoonotic and have important costs associated
with human health; however, human health impacts are only noted here in the context that they can result
in lost farm labour.

Yer LA N N
Figure 16. A feral pig running through a feed bunk at a cattle feedlot in northern NSW (Image credit: Andrew Bengsen, NSW
Department of Primary Industries & Regional Development).
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Table 1. A selective overview of some diseases and disease agents likely to occur in Australian feral pigs, summarising
transmission routes, economic impacts, and evidence for their distribution in feral pigs.

Disease Disease agent and Economic impacts Evidence for pathogen
transmission route presence in feral pigs?

Japanese Bites from mosquitoes Reproductive losses and Confirmed recent outbreaks

encephalitis carrying Japanese encephalitis  encephalitis in domestic pigs; in northern and south-eastern

Leptospirosis

Porcine
brucellosis

Q fever

Gastrointestinal
diseases

Mycoplasmal
pnuemonia

Porcine
proliferative
enteropathy

Sarcocystis

Panama disease
Tropical race 4,
fusarium wilt

virus. Feral pigs are likely to
act as amplifying hosts.

Ingestion of environmental
material contaminated with
pathogenic leptospires by feral

pigs

Direct contact with pigs
infected with Brucella suis

Contact with tissues or fluids
of in pigs infected with Coxiella
burnetii; inhalation of
contaminated aerosols
Ingestion of water or feed
contaminated with pathogens
such as Giardia,
Cryptosporidium, and
Salmonella by feral pigs
Contact with pigs infected
with Mycoplasma
hypopneumoniae

Contact with environmental
material contaminated with
Lawsonia intracellularis by feral
pigs

Consumption of feed
contaminated with Sarcocystis
spp. by a carnivorous
definitive host (pigs can be
intermediate hosts)
Exozoochory: transport of
soil contaminated with
Fusarium oxysporum f. sp.
cubense by feral pigs

increased biosecurity costs;
debilitating illness and death in
horses and humans

Reproductive losses in cattle
and domestic pigs; vaccination
costs; zoonotic risk to farm
workers

Infertility and abortions in
pigs; zoonotic risk to humans
from direct contact with
infected pigs

Reproductive losses in cattle,
sheep, and goats; debilitating
illness in humans, especially
farm workers

lIl thrift in cattle, sheep, pigs
and goats; reproductive
losses; debilitating illness in
human

Increased susceptibility of
domestic pigs to secondary
respiratory infections, causing
high mortality

Reduced weight gain and feed
conversion efficiency in
domestic pigs

Trimming and condemnation
of pig, sheep and goat
carcasses

Severe banana crop losses;
increased biosecurity costs

Australia with major
production and human health
impacts (Moore et al. 2024;
Richards et al. 2025).
Confirmed widespread in feral
pigs in eastern Australia
(Mason et al. 1998; Pavlov and
Edwards 1995; Pearson et al.
2014; Ridoutt et al. 2014).
Confirmed endemic in parts
of QLD and NSW (Ridoutt et
al. 2014; Kneipp et al. 2025).

Exposure detected in feral
pigs in parts of QLD and
NSW (Keast and Littlejohns
1963; Cooper et al. 2012;)
Exposure detected in feral
pigs at multiple sites in WA
(Hampton et al. 2006; Ward
etal. 2013)

Exposure detected in feral
pigs at one site in QLD
(Pearson et al. 2014)

Exposure detected in feral
pigs at one site in QLD
(Pearson et al. 2014)

Sarcocystis miescheriana
detected in feral pigs at one
site (Shamsi et al. 2024)

Present in NT and north QLD
soils. Pigs spread similar soil-
borne pathogens; their role in
spreading TR4 is assumed
rather than evidence-based
(Pegg et al. 2021)

5.2.1 Disease costs at the farm level

At the farm level, the economic costs of livestock diseases can be viewed as the difference in production
efficiency between an ideal disease-free system and a system burdened by the disease (Hogeveen and Van
Der Voort 2017). These costs can be disaggregated in several ways. Using a loss-expenditure framework, the
costs (C) of disease represent the sum of production losses (L) and expenditures (E) arising from the presence
of the disease (C = L + E; Mclnerney et al. 1992). Losses are incurred from reduced outputs due to animal
morbidity or death, whereas expenditures arise from increased inputs such as vaccines, biosecurity measures,
or veterinary services that aim to prevent or alleviate disease. Rational producers are expected to adopt
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management strategies that balance losses and expenditures, thereby minimising the total cost of the disease
to their enterprises. However, achieving this balance is challenging in practice and since diseases rarely respect
property boundaries there are wider risks and costs that also need to be considered (see Section 5.2.2).

The loss-expenditure framework is conceptually simple: farm-level costs can be estimated by monitoring
production losses from disease and expenditures to prevent or manage disease (Mclnerney et al. 1992).
However, most of the economically important pathogens hosted by feral pigs either circulate within domestic
populations or can be maintained and transmitted by other wild species that commonly interact with livestock
(Emanuel et al. 1964; Pearson et al. 2014). This makes it difficult to isolate the likely contribution of feral pigs
to the overall disease burden and cost. For example, an assessment of the risks of different wild animals
transmitting several pathogens to domestic pigs concluded that rats (Rattus rattus, R. norvegicus) posed the
greatest risk of disease transmission to domestic pigs, followed by European starlings (Sturnus vulgaris) and
feral pigs (Pearson et al. 2016). That study concluded that feral pigs posed the greatest risk of Mycoplasma
hypopneumoniae transmission to domestic pigs; however, another study (Pearson et al. 2014) found greater
seroprevalence in domestic pigs (100%) than in feral pigs close to a piggery (42%), suggesting that the domestic
population may have been a source of infection rather than a recipient. We also note that the costs associated
with disease prevention or management are often shared across multiple pathogens, which might be
associated with different hosts. To accurately determine the impact of feral pigs on disease-related losses and
expenditures, it would be necessary to separate their specific contribution from those of other potential
sources of infection.

We were unable to find robust analyses of the economic impact of diseases associated with feral pigs at the
farm level. Most farm-level examinations of diseases associated with feral pigs have been ad hoc disease
investigations. For example, mass reproductive failures in unvaccinated cattle have been attributed to infection
with Leptospira interrogans (serovar Pomona), ultimately acquired from feral pigs (e.g. Anonymous 2000, 2011,
2012). It is difficult to retrospectively estimate the economic losses associated with these specific cases, but

similar failures could be expected to incur losses of between $1,796 and $53,866 at the time of writing (Table
2).

Regional investigations into the costs associated with feral pigs provide another source of farm-level
information. One such assessment in northern NSW specifically excluded disease costs due to high
uncertainty and variability (Powell 2024). Another assessment that extrapolated across approximately 400
livestock producers in the Whitsunday Regional Council local government area estimated a total annual
expenditure of $27,799 for vaccination against leptospirosis ($34,383 adjusted for inflation in 2025) based on
self-reports from 10 producers (Synergies Economic Consulting 2020). However, leptospiral vaccines are
commonly packaged in combination with vaccines against clostridial diseases (e.g. Ultravac 7 in |, Zoetis) so
the proportion of expenditure that should be attributed to protection against leptospirosis acquired from
feral pigs is unclear. The same study assumed a 2% reduction in potential weaning rates due to combined
disease (presumably leptospirosis) and predation, resulting in an average expected total annual loss of $1,981
per herd or $780,493 across the region ($2,433 and $958,704, adjusted for inflation). Again, it is difficult to
isolate the proportion of estimated losses that should be attributed to disease acquired from feral pigs, but
the large difference between vaccine expenditure and potential losses implies that routine vaccination of
cattle exposed to leptospirosis is justified.

Table 2. Potential losses derived from five mass reproductive failures attributed to infection of cattle with Leptospira
interrogans via feral pigs in NSW.

Year Region Reproductive failures Herd size Estimated loss (2025%)*
2000 North West NSW 60 150 53,866
2011 Central West NSW 28 80 25,138
2012 North West NSW I 42 9,875
2012 North West NSW 2 31 1,796
2012 North West NSW 10 12 8,978

* Losses were estimated using an average young cattle sale price of 388 cents per kg liveweight (Meat and Livestock
Australia 2025) for 225 kg weaners.
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The 2022 JEV outbreak had significant impacts on pork production in Australia, including losses incurred due
to the outbreak itself and expenditure to reduce the risk of further major impacts in future outbreaks. Feral
pigs are effective maintenance hosts of JEV and might play an important role in its persistence in the
environment, although mosquitoes are the primary vector for transmission from wild hosts, such as
waterbirds and feral pigs, to domestic animals (Moore et al. 2024). Preliminary information provided by the
Australian pork industry indicates that businesses representing approximately 60% of the industry were
affected by the 2022 outbreak. The types and extent of impacts varied greatly, but disease-induced
reproductive failure and juvenile mortality were estimated to have reduced annual production by between
3% and 6% on affected farms. The cost of these losses was estimated to be $35,000 to $40,000 per 100 sows
(Richards et al. 2025). An ongoing farm-level consequence of the outbreak has been the need for increased
biosecurity measures. The Australian Pork Industry Quality Assurance Program (APIQ) specifies standards
for different aspects of production and covers 90% of pork production in Australia. Since the 2022 JEV
outbreak, APIQ-certified producers have been required to include mosquito management and monitoring in
their approved pest management plans (Australian Pork Limited 2022). However, given that feral pigs are
likely to be an enabling or exacerbating factor in JEV transmission to domestic pigs (rather than a crucial link
in the transmission cycle) it is not yet possible to determine the proportion of losses or expenditure that
should be attributed to the presence of feral pigs.

5.2.2 Wider costs

Costs incurred at the farm level often have flow-on impacts to economic sectors linked to livestock
production such as feed suppliers, livestock transporters and food or fibre processors. The presence of some
diseases in livestock or horticultural production can also have ramifications for international trade or
consumer preferences, which can result in a reduced demand for specific products. However, while the
macroeconomic costs of diseases often outweigh private costs, they are rarely quantified because they
require a model of the entire economic system (Mclnerney et al. 1992).

Producers in private markets generally have few incentives or mechanisms to invest in disease management
strategies that provide benefits beyond their own enterprises (McCarthy et al. 2003). Consequently,
government or industry investment is often required to deliver programs that reduce the economic and
social costs of diseases or pest animals across the wider economy. These programs commonly include
landscape-scale management and research and development projects. However, they generally address a
variety of threats and risks, making it difficult to pinpoint the specific portions of expenditure attributable to
a single threat, such as the maintenance and spread of disease in feral pigs. For example, the Australian
government allocated $69M to address the agricultural and human health impacts of the 2022 JEV outbreak
in northern and southeastern Australia. More than half of this expenditure was specifically dedicated to
protecting human health rather than agriculture, and in the absence of detailed information on the role of
feral pigs in disease maintenance, amplification, and transmission, it is impossible to allocate a proportion of
the remaining investment to feral pigs. Similarly, feral pigs are thought to be important contributors to the
spread of Fusarium oxysporum, the soil-borne fungus that causes Panama disease Tropical race 4 (TR4) in
bananas (Pegg et al. 2021). Following its detection in north QLD in 2015, the QLD government invested
nearly $24M ($31.8M if adjusted to 2025) in response measures (AEC 2017), including fence construction
and active feral pig control around infected properties, to reduce the risk of pigs spreading the pathogen
(Mitchell-Whittington 2015). A 2020 cost-sharing agreement between the QLD government and banana
growers committed a further $16.8M ($20.6M adjusted to 2025) over five years to manage and prevent its
further spread (ABGC 2022). Fencing works and pig control programs conducted under these programs are
thought to have helped slow the spread of TR4 by feral pigs (Pegg et al. 2021), but the proportion of the total
government and industry costs that might be allocated to feral pigs is inestimable.

The examples discussed above relate to government and industry efforts to address market failures related
to emerging diseases in which feral pigs play an important role. Governments must also invest in the
prevention of incursions or the establishment of important exotic diseases that could become established in
feral pigs, such as foot and mouth disease (FMD) and African swine fever (ASF). An outbreak of either of
these diseases would have severe economic and reputational consequences to Australia.
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Buetre et al. (2013) estimated that the cost of a widespread, multi-state incursion of foot and mouth disease
(across the beef, sheep meat, pork, wool, and dairy industries) could exceed $80B (c. $1 | I B inflation-adjusted
from 2013 to 2025) to the Australian economy over ten years. Even a relatively small, isolated outbreak was
expected to incur between $5.6B and $6.3B in lost revenue and control costs ($7.8—-$8.7B inflation-adjusted
from 2013 to 2025). For ASF, the cost of eradicating a small-scale outbreak in feral pigs was recently estimated
to range between $10IM and $127M over 5 years, at a 3% discount rate (c. $107.2M-$134.7M inflation-
adjusted from 2023 to 2025, respectively; Slatyer et al. 2023). Assuming eradication of ASF is not economically
or technically feasible, the long-term cost of ASF was estimated to be between $439M and $2.54B over 30
years at a 3% discount rate (c. $465.8M-$2.69B inflation-adjusted from 2023 to 2025, respectively). These
long-term costs highlight the benefit of eradication as a management strategy, if it is achievable.

In 2022-23, the NSW government invested $22.8M ($24.2M adjusted to 2025) in prevention and
preparedness measures for FMD as part of a wider emergency animal disease investment package. The FMD
investment was delivered through three key project areas, including a major project to increase feral pig
management capabilities across the state and to reduce feral pig densities through intensive control
operations at several sites (New South Wales LLS 2022, 2023).

5.3 Pilot methods for better quantifying impacts and costs
5.3.1 Damage assessment methods

Unmanned aerial vehicle surveys

Nine paddocks across six properties were surveyed by UAV to collect RGB and LiDAR imagery for assessing
methods for quantifying crop damage by feral pigs in the future (Table 3, Figures 17 and 18). Three paddocks
(two canola, one wheat) across two properties were surveyed by UAV in October 2025. In January 2026,
imagery in four sorghum paddocks were captured. Additionally, a small area of one chickpea paddock and
one cotton paddock were also opportunistically surveyed in October 2025 and January 2026 (respectively),
although little evidence of pig damage was apparent after on-foot field inspection. A total of |,| 16 ha unique
crop area was surveyed, although the application of multiple sensors/repeat surveys across these areas
resulted in collection of a total of 2,628 ha of imagery data.

Yield mapping

Yield mapping was collated for the wheat paddock surveyed (Table 3). Landholders have committed to
provide remaining yield maps from harvesters for the canola and sorghum paddocks surveyed, but those data
were not available for this report.

Ground-truthing

A total of 333 patches in crops with missing or damaged plants were examined across the six surveyed
paddocks by an observer on the ground. The remaining paddocks (Moreton Plains 2 [canola], Deer Park 2
[sorghum] and Deer Park 3 [cotton], Table 3) were not assessed due to limited pig activity/damage or time
constraints. Across all paddocks, the majority of assessed patches (n = 230, 69%) showed indicative signs of
pig activity and damage. Feral pig sign in damage patches usually included a combination of prints, scats or
chewed and trampled plant material (see Figure 19 d—f). However, areas of crop damage were often not
exclusive to feral pigs, with c. [1% (n = 38) of these patches coinciding with other damage, including that
from other animals (particularly macropods). The remaining damaged or missing crop patches were a result
of other causes (e.g. poor crop seeding or germination, waterlogging).

Stomach sampling

A small sample of || feral pig stomachs were collected from pigs shot near sorghum crops at Boomerang,
KaySix and Melburra on 20-21 January 2026 (Figure 20). These samples have been sent to a commercial
provider for dietary analysis but this was not available in time for this report.
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Table 3. Details of UAV crop surveys completed in spring 2025 (October 2025) and summer 2025/26 (January 2026) growing seasons in Moree district, northern NSW. Crop type, number of
ground truthed datapoints [n] per site, sensor used (RGB, LiDAR, Multi-spectral), image type (orthographic, smart oblique), flight height above ground level (AGL) in m, ground sampling distance

(GSD), PCD (point cloud), flight speed (m/s), image overlap (as % side and % front overlap), and area surveyed (hectares) are indicated.

Site ﬁ;\(:,lp Date Sensor Image type A':;:g('::) ?can) PCD S(f's‘:;i (;vg:cllzp f’/z‘;:er'::: Hectares
5/10/2025 Pl + 35mm Ortho 50 0.63 NA 6.8 70 80 35
Carrington Chickpeas 5/10/2025 Pl + 35mm Ortho 120 151 NA 14.5 70 80 332
5/10/2025 LI - LIDAR Ortho 50 1.36 351 55 40 70 36.9
22/01/2026 LI - LIDAR Ortho 80 2.18 241 5 40 70 34.6
4/10/2025 Multi-spectral Smart Oblique 30 1.37 NA 4 70 80 25.6
4/10/2025 Pl + 35mm Smart Oblique 50 0.63 NA 5 70 80 312
4/10/2025 LI - LIDAR Ortho 50 1.36 327 55 40 70 242
4/10/2025 Pl + 35mm Ortho 50 0.63 NA 6.8 70 80 90.8
Carroll V\[/fgft 4/10/2025 Pl + 35mm Ortho 50 063  NA 6.8 70 80 468
4/10/2025 LI - LIDAR Ortho 50 1.36 327 55 40 70 5.03
22/01/2026 LI - LIDAR Ortho 80 2.18 127 9.5 40 70 235
22/01/2026 LI - LIDAR Ortho 80 2.18 145 8.3 40 70 122.1
22/01/2026 LI - LIDAR Ortho 80 2.18 127 9.5 40 70 56.8
2/10/2025 Pl + 35mm Ortho 50 0.63 NA 6.8 70 80 97.3
2/10/2025 Multi- spectral Ortho 14 0.65 NA 4 70 80 12.5
2/10/2025 LI - LIDAR Ortho 50 1.36 327 7 40 70 110
2/10/2025 Pl + 35mm Ortho 120 1.5 NA 14.5 70 80 89.6
Moreton Canola .
Plains | 1] 3/10/2025 LI - LIDAR Ortho 50 1.3 327 7 40 70 91.2
3/10/2025 Multi- spectral Ortho 14 0.65 NA 7 70 80 I
3/10/2025 Pl + 35mm Ortho 120 .4 NA 14.5 70 80 89.1
3/10/2025 Pl + 35mm Ortho 50 0.63 NA 6.8 70 80 929
22/01/2026 LI - LIDAR Ortho 70 1.9 241 5 40 70 65.7
::’i::t;" Canola 3/10/2025 PI + 35mm Ortho 120 | .4 NA 14.5 70 80 172
KaySix Sorghum 21/01/2026 LI - LIDAR Ortho 50 1.36 327 55 40 70 82.9
[47] 21/01/2026 Pl + 35mm Ortho 70 0.88 NA 7.5 70 80 98.4
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Sorghum  21/01/2026 LI - LIDAR Ortho 50 1.2 327 55 40 70 116

Boomerang
[60] 21/01/2026 Pl + 35mm Ortho 70 0.88 NA 82 70 80 119
Sorghum  20/01/2026 Pl + 35mm Ortho 70 0.88 NA 75 70 80 165

Deer Park |
[171] 20/01/2026 LI - LIDAR Ortho 50 .1 088 75 40 70 172
20/01/2026 Pl + 35mm Ortho 70 0.88 NA 75 70 80 117

Deer Park 2 Sorghum

21/01/2026 LI - LIDAR Ortho 50 1.3 327 75 40 70 120
Deer Park 3 Cotton 21/01/2026 Pl + 35mm Ortho 70 0.88 NA 7.5 70 80 72.2
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Figure 17. Crops surveyed by UAV in the Moree district, northern NSW, in October 2025: (a) canola, Moreton Plains |;
(b) canola, Moreton Plains 2; (c) wheat, Carroll; (d) chickpeas, Carrington. See Table 3 for details.
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Figure 18. Crops surveyed by UAV in the Moree district, northern NSW, in January 2026: (a) sorghum, Deer Park | and
2; (b) sorghum, Boomerang; (c) sorghum, KaySix; (d) cotton, Deer Park 3. See Table 3 for details.
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Figure 19. Feral pig damage to (a) canola, (b) wheat and (c) sorghum fields surveyed in the Moree district, northern
NSW. (d—f) Indicative signs of pig activity present in damage patches includes plant disturbance as combinations of
chewed or knocked down plant material, prints or scats.

Figure 20. Feral pig culled (as indicated with arrow) in a sorghum crop during an aerial shooting program, January
2026.
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Table 4. Damage patch statistics in the assessed area of a canola paddock (79.2 ha). Severity is the relative
contribution of feral pig damage to each damage patch.

Severity Count (n) Total (m?) % Assessed area
High (>80%) 233 4,140 0.52
Medium (>50 to 80%) 457 14,119 1.78
Low (<50%) 284 13,040 1.64
Other (0%) 188 2,014 0.25
Total 1162 33,313 4.19

5.3.2 Damage assessments in canola

The location, extent and severity of crop damage in a 79.2 ha section of one canola paddock (Moreton
Plains I, Figures 21 and 22) was delineated using a combination of elevation contours and manual
refinement. The area of patches with identified feral pig damage (n = 974) totalled 3.12 ha, or 3.9% of
the entire assessed area in the paddock. Most (n = 690, 59%) of these patches suffered medium to
high levels of pig damage and represented 2.3% of the assessed area. Pig damage in the remaining
patches (n = 284) were considered a secondary cause of lost yield (1.6% of assessed area). Damage
from other causes represented only 0.3% of all patches (Table 4).

Figure 2 1. Section of canola paddock (Moreton Plains |, see Figure | 7a) showing the extent of the damage patches
delineated in yellow.
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Figure 22. The spatial distribution of feral pig damage (low, medium and high intensity) and other damage (other)
within the assessed area of a canola paddock in Moreton Plains |.
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6. Discussion
6.1 Impacts and costs of feral pigs on agriculture

We estimated that the costs of feral pigs to agriculture (including horticulture) in Australia was
$190.8M ($170.IM-$212.6M) in 2022, $179.4M ($153.8M-$205.2M) in 2019, and $186.3M ($153.4M-
$219.5M) in 2016. Our estimates include private expenditure on feral pig management as well as
residual agricultural losses incurred despite control efforts. The estimates exclude public sector
research and management costs, as well as costs related to damage to farm infrastructure, increased
soil erosion, introduction of diseases, and spread of invasive weeds. Our key assumptions were: (1)
land managers that reported minor problems with feral pigs did not incur any residual losses; (2) land
managers’ perceived effectiveness of their control efforts determined how much residual damage was
incurred on the commodity they produced; (3) proportional yield losses (as extracted from the
literature) did not vary in space and time. Moreover, our approach could not properly address impacts
to some commodities in some areas (e.g. grain growers), or to some commodities as a whole (i.e. fruit
and nut and rice growers), due to the resolution of PAWS, or the sample sizes of respondents in some
of the ANZSIC categories. Despite this, we were able to derive consistent estimates across three time
periods which include all the major industries that are affected by feral pigs in Australia. The temporal
analysis shows an increase in management expenditure from 2016 to 2022, an increasing trend in the
estimated agricultural losses avoided by such management, and a decreasing trend in the estimated
residual agricultural losses, all three trends consistent with increased management reducing feral pig
impacts.

6.1.1 Comparison with previous national estimates

Several previous studies have tried to estimate the total costs of feral pig damage to agriculture
(including horticulture) in Australia. These estimates vary in terms of how quantitative they are, how
they were computed, and which commodities were included.

Feral pigs were estimated to cause approximately $106.5M (c. $187.9M inflation-adjusted from 2004
to 2025) in agricultural damage in Australia each year (McLeod 2004). These costs (which include
depredation of livestock, destruction of grain and other crops, and population control costs) place
them as the second worst mammalian pest (after European rabbits, Oryctolagus cuniculus, which caused
c. $199.6M inflation-adjusted from 2004 to 2025) to the agricultural industry (McLeod 2004).

Gong et al. (2009) estimated the costs of feral pigs in Australia as $11.4M in the year 2007-2008
($17.4M inflation-adjusted to 2025), including an overall loss in agriculture (including horticulture) of
$9.2M (c. $14.05M inflation-adjusted from 2009 to 2025) and $2.2M (c. $3.36M inflation-adjusted from
2009 to 2025) in expenditure on feral pig control (excluding QLD and NT, see Table 4.4 in Gong et
al. 2009). Expenditure on feral pig control in agricultural areas was notably high in WA ($0.99M; c.
$1.51M inflation-adjusted from 2009 to 2025).

The comparatively high expenditure on control of feral pigs in WA may have contributed to the low
reported costs of damage to the grain industry in that state (Gong et al. 2009), assuming population
reductions were sufficient to mitigate damage. However, significant population reduction can result in
compensatory population growth, whereby a resultant increase in fecundity and juvenile survival
and/or recruitment occurs (Caughley 1980). Several studies of Australian feral pig demographics in a

range of different environments have recorded high estimates for annual maximum rates of population
growth (rma): Giles (1980) 0.6-0.7; Caley (1993) 0.78; Choquenot (1998) 0.69; Hone (2002) 0.74 (also
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see review by Bengsen et al. 2014). At the high end of the range of rm« values, Saunders (1993)
estimated an annual growth rate of 1.34 after an aerial shooting program, but noted that this may have
been inflated by immigration. Adams et al. (2019) suggested that similar demographic outcomes may
be happening in some parts of WA following lethal control. If true, this could result in reductions in
damage in the short-term (i.e. after lethal control) and an increase in damage in the mid-term if
compensatory growth occurs and is not prevented by additional lethal control.

The pest animal survey data collected by ABARES have previously been analysed to estimate the costs
of pest animals and weeds using responses to the 2019 PAWS (Hafi et al. 2023). This study estimated
that private annual expenditure on feral pig management was $ 1 |0M whilst the average annual residual
agricultural losses to major production systems averaged over five years was $46M (c. $131.4M and
$54.9M inflation-adjusted from 2021 to 2025, respectively). Hafi et al.s (2023) 202l estimate of
$186.3M is lower than Choquenot et al.’s (1996; also used in Bomford and Hart 2002) 1996 estimate
of $100M ($213.9M inflation-adjusted from 1996 to 2025), but their estimate of $54.9M in production
losses (low end scenario: $21.5M; high end scenario: $89.6M) is much higher than the estimates of
Gong et al. (2009; $14.05M) and McLeod (2016; $18.83M; range: $16.7M-$20.5M) (all estimates are
inflation-adjusted to 2025). Hafi et al.’s (2023) estimates are more in line with our 2022 estimates
($154.6M in management expenditure and $36.2M residual agricultural losses) quite likely because the
methodology used was similar between the two studies (albeit we assumed some land managers
incurred half the damage by feral pigs, which was not the case in Hafi et al. 2023).

The data associated with the costs of feral pig management are likely to be relatively robust, though
data on control effort are likely to be more variable. However, Channon et al. (2024) urged caution
in adopting any of the values reported above because of different assumptions applied by different
authors in their models and the significant lack of reliable data that are available for computing the
estimates. There are, for example, inconsistent temporal trends in the national annual costs of feral
pig damage estimates. Choquenot et al. (1996) estimated that the annual losses to agricultural
production were $203.1M (in 2025 dollars) in the mid-1990s (this value excludes the contingent cost
of insuring against the outbreak of exotic diseases of livestock). This estimate is much higher than the
subsequent national estimates by Gong et al. (2009), McLeod (2016), Hafi et al. (2023), and this study.

As feral pigs have recently expanded their geographic ranges and increased in abundance in some parts
of Australia (West 2008; Cowled et al. 2009; Bengsen et al. 2017; Channon 2021; New South Wales
(NSW) Government 2023 showing changes in state-wide distribution of feral pigs), one would predict
a substantial increase in the costs associated with feral pig damage in newly invaded areas and regions
where their numbers have increased. However, this trend is not apparent in national annual estimates
of the costs of their damage. Given the comparatively small government and landowner expenditure
on feral pig control (c. $10.70M inflation-adjusted from 1996 to 2025) reported by Choquenot et al.
(1996) in the mid-1990s, it seems unlikely that the agricultural damage caused by feral pigs was
effectively reduced by management efforts. The inherent annual variability in Australian agricultural
production systems and pest populations (Hone 1995; Choquenot 1998) might have contributed to
some of the variability between national estimates of the costs of pig damage. However, as Choquenot
etal. (1996) and Channon et al. (2024) have suggested, a more plausible explanation is that the available
data are inadequate to accurately capture the full spatial and temporal costs associated with the
damage that feral pigs cause at a national scale, especially when different assumptions and analytical
methods are applied and used.
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6.1.2 National versus regional estimates

We note similar disparities between national annual estimates of the costs of feral pig damage and
management versus regional estimates. For example, out of 58 Pasture Protection Boards in NSWV,
Benson (1980) states that only 19 had estimated the costs of the damage caused by feral pigs in the
late-1970s. A total annual cost of damages of $5.5M (c. $29.77M inflation-adjusted from 1980 to 2025)
was reported for these |9 districts. The total estimated cost of the damage caused to agriculture
(lambs, grain crops, water infrastructure, and fences) in the most impacted Pasture Protection Board
(Walgett) was $2.5M annually (c. $13.53M inflation-adjusted from 1980 to 2025) (Benson 1980).

Similarly, the annual costs of lost agricultural production due to feral pigs from just two regions, North
West NSW and Whitsunday Regional Council, have been estimated at a total of $81.6M ($66.2M and
$15.5M, respectively; Synergies Economic Consulting 2020; Powell 2024; all estimates are inflation-
adjusted to 2025). Our estimated national annual residual loss to agricultural production was $36.2M
(range: $15.1M to $57.1M) in 2022 (estimated following the methods of Hafi et al. 2023). Therefore,
the total annual costs of feral pig damage to agriculture from just two regions are larger than our
national estimate.

Even if we use the upper estimate from our range ($57.1M), it is probable that all regional estimates
combined would dwarf our national estimate. We also report one regional estimate for the residual
impact of feral pigs on sheep farming for NSW ($42.46M in 2022, $46.04M in 2019 and $50.75M in
2016). These estimates were derived using an average impact per farm (within each survey strata)
multiplied by the proportion of farms that suffered residual impacts and the number of businesses in
each stratum. These estimates alone are very close to our nationwide estimate, suggesting that the
high-level approach to estimate impacts for the whole of Australia might provide estimates that are
too conservative.

Although the annual national estimates of the cost of feral pig damage reported by Gong et al. (2009)
and McLeod (2016) were substantially lower than Choquenot et al’s (1996) estimate, the national
trend since the 1990s and early-2000s has shown an increase in the estimated costs associated with
feral pig damage (see Gong et al. 2009; McLeod 2016; Hafi et al. 2023; this study). Although their study
was only conducted at a regional level and over a relatively short time frame, Powell (2024) estimated
that costs associated with feral pig damage had increased by 32% in North West NSW in 2022/23
compared with the 2020/21 financial year ($47M in 2020/2021, $56M in 2021/2022, and $62M in
2022/2023; values not inflation-adjusted from Powell 2024; also see Powell and Revell 2021).
Compared with 2021/22 (Powell and Revell 2021), the estimated costs of damage by feral pigs (as a
percentage of yield) were higher in 2022/23 for barley, chickpeas, faba beans, maize, sorghum, sheep
and wheat (Powell 2024).

While feral pig distribution and abundance increased substantially in North West NSW from 2020 to
2023 (Powell 2024), it does not explain the discrepancy between the large regional estimate relative
to our national estimates (also see Gong et al. 2009; McLeod 2016; Hafi et al. 2023). Although it is
desirable to collect empirical data that enable robust national estimates of the costs of feral pig damage
to be computed, differences between regional and national estimates may remain difficult to reconcile.
It is probable that national estimates will be more conservative than regional estimates due to a
comparative lack of data, a greater number of spatial and temporal assumptions, and inherent
nationwide variability in production systems. This may not matter if the goal is to compare national
estimates longitudinally, so long as data collection, assumptions, and analyses are standardised. As
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management occurs at a regional level, it may be more important that regional estimates have greater
accuracy and precision.

In their paper, Didero et al. (2023) suggested improvements for estimating the costs of the impacts of
wild pigs on agriculture in the United States. Didero et al. (2023) argued that the two most widely
cited nationwide estimates of the costs of the damage caused by wild pigs in the United States
(Pimentel et al. 2000; Pimentel 2007) are too simplistic and not based on systematic research
methodologies. For example, Pimentel’s (2007) estimate of US$1.5B, which includes the costs of the
damage to agriculture and control of wild pigs, is based on a nationwide population estimate of 5M
wild pigs multiplied by an estimated US$300 in crop damages and control costs per pig (Didero et al.
2023). The parameter estimates from Pimentel et al. (2000) and Pimentel (2007) were primarily
derived from expert opinion rather than empirical data and they lacked scientific rigour. Didero et al.
(2023) argued that the estimated costs of the damage that wild pigs cause to agriculture in the United
States (Pimentel et al. 2000; Pimentel 2007) functioned as a good starting point for understanding the
magnitude of the problem, but consistent and scientifically rigorous estimates are now required.

Channon et al. (2024) similarly called for consistency and an increase in data-based decision-making
and scientific rigour for quantifying the economic costs caused by feral pigs and managing their
populations. The true cost of the damage caused by feral pigs is unknown and varies temporally and
spatially (Hone 1995; Choquenot 1998; Gentle et al. 201 ). However, perceptions of the potential
costs of damage can trigger lethal control as land managers attempt to mitigate the unwanted impacts
caused by pigs. The cost of the sum of control operations should be allocated relative to the benefit
that it accrues. Our analyses on individual commodities suggest that at least half of land managers
achieved a I:I or higher return on control expenditure (range: |:1-11:I). Likewise, Hafi et al (2023)
estimated that $30M ($35.8M inflation-adjusted to 2025) expenditure in feral pig control avoided an
estimated $44M ($52.6M inflation-adjusted to 2025) in agricultural losses (i.e. as 1.5:1 return on
investment). Improving our knowledge of the costs of feral pig damage is therefore crucial to
developing an understanding of the value of feral pig control. The relationship between the damage
caused by feral pigs and pig density needs to be quantified (e.g. density—impact functions; Hone 1994;
Norbury et al. 2015; Fleming et al. 2017). This would not be an easy task, because of the climate driven
nature of both the pest and the production systems. However, paired with knowledge of the costs of
control, this would enable robust cost-benefit analyses to be conducted, which would help optimise
expenditure for the management of feral pigs.

6.1.3 Feral pig impact on different commodities

Our analysis of individual commodities highlights the spatial and temporal variation in feral pig impacts
and expenditures that are incurred by agricultural land managers across Australia. Over 25% of land
managers in QLD and over 20% in NSWV considered feral pigs a major problem in 2022 and a further
25% and 15% considered them a minor problem, with most of these numbers up from those reported
in previous years. However, in some local areas in both states, over 75% of landholders considered
feral pigs a major and/or minor problem. Problems in other states were more localised, where
between 6% and 25% of landholders considered feral pigs a major and/or minor problem in some
areas. Across all industries, more than 60% of land managers that reported having a major problem
with feral pigs reported impacts on their commodity (crop or livestock), although this percentage
increased to more than 97% for sugarcane, cotton and grain producers. Depending on the production
system, around 20-73% also reported impacts on infrastructure and water sources, and that pests
cause erosion, and introduce weed seeds and diseases.
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Across all industries assessed, more than 79% of land managers that reported having major problems
with feral pigs in 2022 also reported spending money or labour managing them, although the amount
spent varied widely depending on the industry: from an estimated $2.9M spent by fruit and tree nut
land managers across Wet Tropics, Burnett Mary and South East QLD NRMs, to $47.1M spent by
sheep farmers across the five sheep-raising regions with major feral pig problems. Estimated residual
impact was also highly variable. Across all the commodities we assessed, we estimated that more than
25% of land managers suffered some residual impact. Estimated residual impact varied from an average
impact per farm of $2,690 for banana growers in Wet Tropics NRM to $109,800 for cotton growers
in Border Rivers Maranoa-Balonne, Central West or North West NSW NRMs.

6.1.4 Limitations

The availability of data on agricultural land managers’ perspectives on feral pig damage and management
obtained through PAWS was an important part of our work. This data set provides rigorous estimates
of private management expenditure, and quantitative information on which to base estimates of
residual agricultural losses caused by pest animals, albeit with assumptions. It also provides consistent
data across time, which allows monitoring of evolving trends resulting from changes in species
distribution and control efforts. There were a few commodities where the resolution of PAWVS limited
the insights that we could gain. For example, the ‘Other Fruit and Tree Nut Growing’ and the ‘Other
Grain Growing’ ANZSIC categories include several different types of products, some of which are
highly impacted by feral pigs whereas others are not. Yet we could not discern which land managers
grew what type of product, so we were limited in the depth of analyses we could apply to these
specific commodities.

Another limitation was the spatial resolution of the data that was available to us, which restricted our
analyses to the NRM-level. Feral pig distribution and abundance can be highly variable within an NRM,
but we had to assume that farmer-reported perspectives on how much of a problem they had with
feral pigs reflected the impacts pigs had on the commodity produced. At a more general level, we used
published estimates of the reductions that feral pigs cause on commodity yields. These estimates will
not only be site-specific but also dependent on the density of feral pigs at the place and time where
they were measured and on surrounding landscape context (e.g. availability of alternative food). For
example, Mitchell and Dorney (2002) reported banana production lost to feral pigs in QLD farms
ranged between 0.04% to 0.22% depending on the farm where it was measured. Likewise, Powell
(2024) found that damage by feral pigs in North West NSW reduced chickpea yields by 2.86% in
2021/22 but only by 1.25% in 2022/23. We constructed low and high feral pig impact scenarios, as well
as a most likely impact scenario, to reflect the uncertainty inherent in these values. Although it would
be impossible to measure feral pig impacts everywhere they occur, a good starting point would be to
derive density—impact relations for those commodities that are known to be most impacted by this
pest.

6.1.5 General conclusions

Our estimates help to quantify the magnitude of the feral pig problem for Australian agricultural
producers. Across states, the cost as a percentage of the local value of production varied from 0%
(TAS) to 3% (QLD), with QLD and NSW having the largest costs as a percentage of the LVP (Table
5). This is probably due to feral pigs being very abundant in these states and imposing significant damage
to crops (grain, cotton and sugarcane) as well as these states having the largest expenditures on
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control measures. While our high-level estimates can help to identify broad problem areas (state,
NRMs within a state, industry), analyses at regional scales are still needed to identify more nuanced
impacts that are generalised in the high-level analysis. Our temporal analysis of the PAWS data
suggested that, from 2016 to 2022, agricultural land managers spent more on managing feral pigs and
consequently incurred lower residual agricultural losses, a pattern that was also identified by Hafi et
al. (2023) across multiple pest animals and weeds. The estimated avoided losses also showed an
increasing trend (from 2016 to 2022), suggesting that more land managers were implementing
management, and that this management was perceived as being more effective at reducing the impacts
of feral pigs. Established pest animals such as feral pigs occur in landscapes where they cause
agricultural, environmental, and social costs. Our study focused solely on the agricultural impacts.
However, future studies that consider returns on investment and how benefits are distributed across
productive and natural systems would provide valuable information that would help inform future
investment decisions.

Table 5. Estimated costs to agricultural land managers by jurisdiction in 2022 (inflation-adjusted to 2025).

State Cost of control Residual damage Total

o, b
(SM) (SM) (SM) % of LVP

NSW 67.7 19.4 87.0 1.21
QLD 754 15.5 90.9 2.98
SA 0.2 0 0.2 0.0l
TAS 0 0 0 0

VIC 1.8 0.1 1.9 0.03
WA 7.6 1.3 8.9 0.13
Total 154.6 36.2 190.8 0.74

* There are no feral pigs in mainland TAS, but they do inhabit Flinders Island in the Furneaux Group.

® Local Value of Production (LVP) of affected sheep meat, wool and crop industries (including oats, barley,
sorghum, cotton, sugarcane). LVP was estimated as the average over the five years to 2021/22 (2017/18,2018/19,
2019/20, 2020/21, 2021/22).

6.2 Risks from disease transmission

Reliable estimation of economic costs resulting from disease spillover from feral pigs to livestock is
hindered by many interacting factors. These include: a scarcity of detailed data on the prevalence of
different pathogens in feral pig populations; a poor understanding of transmission pathways between
feral pigs and livestock or other susceptible assets; difficulty in isolating the costs associated with one
disease from those of other diseases that are managed concurrently; a scarcity of transparent data on
costs reported by producers; and the complexities of estimating indirect costs beyond those incurred
by producers.

Cost estimation is also prone to over-simplification and contamination with biased data sources, which
can lead to unreliable inferences. Consequently, although several studies have investigated the
presence or prevalence of pathogens in feral pigs and livestock, few have attempted to quantify the
economic consequences of feral pigs as hosts and spillover sources. Interestingly, we found no studies
on the role of feral pigs in the spillover of poultry diseases, even though they can host important
pathogens such as avian influenza viruses (Miller et al. 2017).

Addressing these knowledge gaps to provide robust estimates of the economic impacts caused by
disease in feral pigs will require targeted, comprehensive studies on factors including: estimation of
disease prevalence in feral pigs at wide spatial scales; characterisation of disease transmission pathways
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between feral pigs, other wild hosts, and livestock; robust and transparent farm-level studies of losses
and expenditures incurred as a result of disease in feral pigs; longitudinal studies to assess changes in
prevalence and spillover in response to disease management efforts; and macroeconomic studies to
investigate economic impacts beyond the farm. These studies would provide valuable insights for
developing effective strategies to mitigate the agricultural costs associated with diseases in feral pig
populations.

6.3 Pilot methods for better quantifying impacts and costs

Initial assessments using canola as a model crop are promising and support UAV imagery being used
to accurately delineate damage to crop areas that is not available from any other methodology. The
ready availability of commercial UAVs with RGB sensors suggest that data capture over cropping areas
offers a flexible and potentially attractive option for growers. Such assessments will be likely to require
ground truthing to help identify causes of crop loss, or at least recognition of other causes of damage,
to correct for yield losses that do not result from feral pigs. However, improved education of growers
or agronomists to identify pig damage to a range of crops is needed (Lockrey 2025). Relying on two-
dimensional RGB imagery to quantify damage will require caution; these data can assist to delineate
the extent of pig damage but the amount of damage within patches may vary markedly. Accurate
measurements of lost crop yield within a patch will require more refinement, such as volumetric
measurements of lost plant biomass using LiDAR.

Another approach that requires assessment is the application of object-based classifiers (e.g. Feature
Analyst, Textron Systems Ltd.) in proprietary software (e.g. ARCGIS, ESRI). Where unique damage
attributes exist, this may classify objects based on associated spatial criteria. This approach has been
successfully used to delineate areas of pig damage to corn, cotton and peanut crops (Fischer et al.
2019; Smith et al. 2025), and may have application to cereal and other crop types. This approach
requires both positive and negative training samples (i.e. damaged or undamaged areas for each crop),
which are available in the current data set. RGB (i.e. visible spectrum bands), NDVI (or potentially
LIiDAR) could be assessed through object-based classifiers. Further research is needed and
recommended on these approaches.

UAV or satellite imagery are recognised as potentially suitable sources to identify and quantify pig
damage in crops in Australia (Lockrey 2025). Satellite imagery, in conjunction with yield mapping, is
likely to offer the best potential for determining damage at regional scales for a reasonable cost.
However, available resolution satellite imagery (30 cm GSD) may be insufficient, and high-resolution
UAYV imagery will, at least initially, be required to develop and validate such approaches for a broader
application. Regardless of the imagery source, the level of resolution required to accurately delineate
pig damage in the model crops examined here (canola, wheat and sorghum) needs to be investigated
before recommendations on satellite imagery capture can be made.

Further assessments of the crop (canola, wheat and sorghum) damage data collected during the pilot
trials to investigate methods to quantify feral pig damage are planned and needed. Improved, reliable
damage assessment methods for use by producers or pest managers at scale would provide the ability
to determine region or industry wide impacts from feral pigs, economic losses, and the outcomes
(benefits) of pig management.
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7.

Recommendations

Develop reliable density—-damage impact functions for specific high value commodities.

o These relationships are likely to vary regionally and temporally but are key to support robust
agroeconomic analyses and to determine appropriate minimum and maximum levels of
investment in feral pig control. To achieve this, improved and scalable assessment methods
will need to be developed for quantifying feral pig damage. This information remains crucial
for estimating and monitoring economic losses caused by feral pigs and the need for, and
effectiveness of, management practices to reduce such damage.

Quantify feral pig damage to pasture in beef and sheep raising areas based on robust data.
o There is probably little to no competition between livestock and feral pigs during high pasture
availability, but this is likely not the case under extreme conditions such as during droughts.

Update lamb predation rates by feral pigs across NSW and QLD sheep regions.

o Feral pig predation of lambs is frequently raised as a concern, but most of our knowledge
comes from old studies with limited geographic scope. Lambing and feral pig control practices
have changed, and better technology is available to collect the necessary data to test this.
Alternatively, data could be collected by interviewing land managers.

Assess whether specific fruit and nut crops incur economically important damage by feral pig (e.g.
macadamia nuts in south-east QLD).
o How much damage is incurred? At what stage of development does most damage occur? How
is damage spatially distributed in fruit and nut growing regions?

Increase the resolution of PAWS to include more information about the specific commodities produced at
each farm.
o In particular, the horticulture and grain growing ANZSIC (Australian and New Zealand
Standard Industrial Classification) categories include very different crops, some of which are
of high value and can suffer significant losses.

Assess the reliability of self-reporting of perceived feral pig damage in PAWS.

o Land managers’ reporting of feral pig damage could be highly subjective. Validation of this
perceived damage against actual measured damage caused by feral pigs would be desirable but
logistically challenging, as this could not be assessed for every PAWS participant. Alternatively,
future iterations of the survey could include a question requesting a more descriptive measure
of feral pig damage (e.g., to report the estimated percent damage caused by feral pigs to the
commodity) rather than the three generic categories (none, minor, major).

Continue investment in surveillance, biosecurity, and coordinated feral pig management to reduce the
likelihood and harm from potential future disease outbreaks.

Further investigate data from our 2025 and 2026 pilot field trials to develop refined methodologies.

o Pilot field trials conducted in cereal crops in northern NSWV in Spring 2025 and Summer 2026
provide a significant ground truthed data set on pig damage in canola, wheat, and sorghum
crops. These spatial data should be further examined using the methods initiated in this study
and additional spatial classification tools (e.g. using modelling approaches that incorporate
machine learning and artificial intelligence). This analysis should aim to deliver refined,
automated methods to quantify losses to a range of crops and identify potential applications
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to other land systems (i.e. pasture, wetlands). However, significant resources are required to
develop and validate spatial classification methods, and further support to deliver such
outcomes is likely needed.

Future research questions
o Determine the positive economic and social impacts of feral pigs (e.g. commercial, recreational)
and include these in future economic valuations.

o Investigate what mix of public and private investment in feral pig research and management is
appropriate. What are the real market failures where public investment is appropriate, and under
what circumstances are management costs being socialised while profits are privatised?

e Conduct a detailed agroeconomic analysis to determine why national level cost estimates are much
lower than the sum of regional studies. How should national methods be recalibrated to avoid
systematic underestimation? How reliable are regional studies?
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10. Publications Arising

None at this time.
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I 1. Appendix | — Maps of NRM regions and proportion of land managers reporting
problems with feral pigs by NRM region and agricultural commodity
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Figure Al.2. Percentage of sugar farms reporting major or minor problems with feral pigs in each of the NRM regions in
2022. Alinytjara Wilurara NRM (SA) and Cooperative Management Area NRM (QLD) were excluded from the
ABARES-PAWS due to an insufficient sample of farms. Note: the grey category ‘Low samples (N < 5)’ are NRM regions
where there was an adequate number of survey samples, but a very low number of sugar farms who reported a feral
pig problem.
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Figure A1.3. Percentage of cotton farms reporting major or minor problems with feral pigs in each of the NRM regions
in 2022. Alinytjara Wilurara NRM (SA) and Cooperative Management Area NRM (QLD) were excluded from the
ABARES-PAWS due to an insufficient sample of farms. Note: the grey category ‘Low samples (N < 5)’ are NRM regions
where there was an adequate number of survey samples, but a very low number of cotton farms who reported a feral
pig problem.
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Figure Al.4. Percentage of beef farms reporting major or minor problems with feral pigs in each of the NRM regions in
2022. Alinytjara Wilurara NRM (SA) and Cooperative Management Area NRM (QLD) were excluded from the
ABARES-PAWS due to an insufficient sample of farms. Note: the grey category ‘Low samples (N < 5)’ are NRM regions
where there was an adequate number of survey samples, but a very low number of beef farms who reported a feral pig
problem.
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Figure Al.5. Percentage of sheep farms reporting major or minor problems with feral pigs in each of the NRM regions
in 2022. Alinytjara Wilurara NRM (SA) and Cooperative Management Area NRM (QLD) were excluded from the
ABARES-PAWS due to an insufficient sample of farms. Note: the grey category ‘Low samples (N < 5)’ are NRM regions
where there was an adequate number of survey samples, but a very low number of sheep farms who reported a feral
pig problem.
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Figure Al.6. Percentage of horticultural farms reporting major or minor problems with feral pigs in each of the NRM

regions in 2022. Alinytjara Wilurara NRM (SA) and Cooperative Management Area NRM (QLD) were excluded from

the ABARES-PAWS due to an insufficient sample of farms. Note: the grey category ‘Low samples (N < 5)’ are NRM

regions where there was an adequate number of survey samples, but a very low number of horticultural farms who
reported a feral pig problem.
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Figure Al.7. Percentage of grain growing farms reporting major or minor problems with feral pigs in each of the NRM

regions in 2022. Alinytjara Wilurara NRM (SA) and Cooperative Management Area NRM (QLD) were excluded from

the ABARES-PAWS due to an insufficient sample of farms. Note: the grey category ‘Low samples (N < 5)’ are NRM

regions where there was an adequate number of survey samples, but a very low number of grain growing farms who
reported a feral pig problem.
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12. Appendix 2 - Detailed description of the methods used to estimate
agricultural residual impact, total losses and avoided losses due to feral pigs

We calculated residual agricultural losses assuming that these were suffered by those land managers
who indicated pigs were a major problem for them and that their control of pigs was not highly or
moderately effective. Residual agricultural losses were estimated at national and state levels, as well as
for the three periods covered by PAWS. We applied a slight modification to Hafi et al. (2023)’s
methods by assuming:

(i) Full residual impact is suffered by those land managers experiencing a major problem with
feral pigs if they do not report that any form of management is moderately or very effective.

(ii) Half of the residual impact is suffered by those land managers experiencing a major problem
with feral pigs but reporting that any form of management is moderately effective.

(iii) No residual impact is suffered by land managers experiencing a major problem with feral pigs
but reporting that at least one form of management is very effective.

We also estimated total losses due to feral pigs by assuming full residual impact for all land managers
who indicated pigs were a major problem (including those conducting very or moderately effective
management) and derive avoided losses as the difference between total losses and residual impacts.
For those land managers suffering residual impacts, the estimated magnitude of the impact was based
on studies reported previously and the value of the commodities they produce (extracted from the
Australia Bureau of Statistics (ABS) ‘Value of Agricultural Commodities’ data series). We provide
estimates for a most-likely feral pig impact scenario, as well as low and high impact scenarios using the
percentage impact values presented in Tables A2.] and A2.2.

The ABS reports the state-level yearly Local Value of Production (LVP) for a large number of
agricultural commodities that are produced in Australia. The LVP is measured after a pest animal, such
as feral pigs, has inflicted damage on the commodity, depending on their local density and the degree
of the damage. The LVP of industry [ in state S after damage has been caused by feral pigs with severity
D (denoted LVPassp), can be expressed in terms of the corresponding LVP in the absence of damage
from feral pigs (denoted LVPOisp), the production loss fraction (ZZip , given in Tables A2.]1 and A2.2)
and the estimate of the proportion of land managers incurring full (PFis) or half (PHs) residual impact
(Table A3):

PL,D)

LVPa;sp = LVPO;sp * (1 — PF;g — PHjg) + LVPOgp * PF;g * (1 — PL;p) + LVPO;sp * PH g * (1 -

And rearranging this equation to estimate the LVP lost to feral pigs:

1-—x
ALVPISD = LVPOISD - LVPaISD = LVPaISD * ( X )

Where:

PL;p
)

x = (11— PFg—PH;5) + PF;g * (1 — PL;p) + PHjg * (1 -
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Because we did not have state-specific feral pig densities, we assumed the same production loss
fraction (PLp) for a given commodity for all states, which was then adjusted by the proportion of land
managers reporting major problems with feral pig in each state. We did, however, estimate residual
impact under three different values of PLp, to provide low-impact, most-likely impact, and high-impact
estimates.

We used the above equations to estimate residual agricultural losses to grain crops, sugarcane and
cotton. LVP for each of these industries for each year of the PAVWS series were estimated as the
average over the previous five years (e.g. for 2022 we used datasets from 2017/18, 2018/19, 2019/20,
2020/21, 2021/22) using data obtained from ABS (2022).

To estimate residual stock losses from pig predation on livestock, we treated young and adult livestock
differently, to take account of their different mortality rates from feral pig predation (as was done by
Hafi et al. 2023; Table A2.2). The livestock numbers slaughtered belonging to different age groups
reported by ABS have been measured after feral pigs have caused deaths, if any, depending on their
density and the associated degree of predation. The equation below expresses the total number of
animals slaughtered (TNAairsp) of livestock type I, age group T, in state S, after being subject to feral
pig predation with severity D, as a function of the total number of animals in the absence of feral pig
predation (TNAOssp), the production loss fraction (ZZmp, given in Table A2.2) and the estimate of the
fraction of land managers incurring full (PFis) or half (PH;s) residual impact (Table A2.3):

PL
TNAayrsp = TNAOsp * (1 — PFg — PHs) + TNAOrsp * PFis * (1 — PLyrp) + TNAO sp * PHis * (1 - %)

And rearranging this equation to estimate the residual impact as the number of livestock killed due to
feral pig predation:

1—xT
ATNA;rsp = TNAO;rsp — TNAarsp = TNAarsp * < o7 )

Where:

T _ PLirp
xT = (1 — PF;s — PHs) + PFys * (1 — PLy7p) + PHg * (1 - T)
The value of livestock lost (VLLisp) due to feral pig predation is calculated from the replacement value
of an animal of age T of livestock type [ in state S (#VAs, in $/head), where $ are AUD:

T

VLLISD = Z ATNAITSD * RVAITS
T=1

For sheep meat production, TNAarsp was defined as state-level and age-specific livestock slaughtered.
These were obtained from the ABS ‘Table 17 Annual livestock slaughtered’ (ABS 2025) while
appropriate stock replacement values (#/Ayrs) were extracted from sheep and cattle transaction data
time series published by Meat and Livestock Australia (Meat and Livestock Australia 2025). For sheep,
average price paid for animals weighing up to 12 kg and those weighing more than 12 kg were used as
the replacement value of young and adult animals, respectively.
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To estimate the VLLsp for wool production, we defined TNAaisp as the state-level numbers of sheep
shorn (in this case we only considered adult sheep). These were obtained from the Australian Wool
Innovation Limited Wool Production Forecast Reports (AWI 2025). The replacement value of wool
obtained per adult sheep shorn (RVAis) was estimated as the average weight of greasy wool obtained
per sheep (kg) % the assumed yield (%) * price of clean wool ($/kg). State-level weight of greasy wool
obtained per sheep and assumed yield was obtained from the Wool Production Forecast Reports
(AWI 2025), whereas the price per kg of clean wool was obtained from indexmundi (2025).

LVP and TNA for each period covered by PAWS were calculated as the average over the previous 5
years, as done by Hafi et al. (2023).

The total agricultural losses were also estimated assuming that all land managers who report feral pigs
as a major problem, including those who consider their management approach is very or moderately
effective, will suffer full agricultural losses. The difference between the total agricultural losses and the
residual agricultural losses (assuming some benefit of management) approximates the revenue losses
avoided by effective management.

Table A2.1. Percentage of residual agricultural losses due to feral pigs’ impacts (PZID), by crop type and impact
scenario (Table 17 from Hdfi et al. 2023).

Crop Low impact Most-likely impact High impact
Barley 0.05 1.28 2.50
Chickpeas 3.00 6.40 9.80
Cotton 0.30 1.00 1.70
Maize 0.50 1.40 2.30
Sorghum 1.70 335 5.00
Wheat 0.80 3.20 5.60
Sugarcane 1.40 4.10 6.80
Bananas 0.00 0.10 0.20
Oats 1.70 3.10 4.50

Source: Slatyer et al. (2023), who compiled the information from Tisdell (1982), Choquenot et al. (1996), Mitchell
& Dorney (2002), Tanger et al. (2015), and Powell et al. (2020).

Table A2.2. Percentage of residual adult and young livestock losses to feral pigs (#Lmp) by livestock type and impact
scenario (Table 18 from Hdfi et al. 2023).

Livestock Age category Low impact Most likely impact High impact
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Beef Adult 0 0 0
Young 0 0 0
Sheep meat Adult | 1.5 2
Young 2 35 5
Sheep wool Adult | 1.5 2
Young 2 35 5

Source: Gong et al. (2009) and McLeod (2016).

Table A2.3. Percentage of land managers assumed to suffer full (PFIS) and half (PHIS) residual impact from feral pig
damage, by industry, state, and year of PAWS. State names abbreviated to standard formats.

Yr Industry* NSW NT QLD SA TAS VIC WA

PF PH PF PH PF PH PF PH PF PH PF PH PF PH

Cotton 13 14 0 0 14 12 0 0 0 0 0 0 0 0

Grain crops 6 9 0 0 19 19 0 0 0 0 0 0 0 |

E Sheep meat 5 7 0 0 7 29 0 0 0 0 0 0 2 2
- Sheep wool 5 7 0 0 7 29 0 0 0 0 0 0 2 2
Sugarcane 0 0 0 0 33 9 0 0 0 0 0 0 0 0
Cotton 22 24 O 0 I 10 0 0 0 0 0 0 0 0

Grain crops 4 5 0 0 17 14 0 0 0 0 0 0 0 |

E Sheep meat 3 5 0 0 7 21 0 0 0 0 0 0 3 0
A Sheep wool 3 5 0 0 7 21 0 0 0 0 0 0 3 0
Sugarcane 0 0 0 0 25 6 0 0 0 0 0 0 0 0
Cotton 14 28 0 0 0 10 0 0 0 0 0 0 0 0

Grain crops 7 9 0 0 5 I 0 0 0 0 0 0 0 |

§ Sheep meat 4 9 0 0 4 14 0 0 0 0 0 0 0 2
- Sheep wool 4 9 0 0 4 14 0 0 0 0 0 0 0 2
Sugarcane 0 10 0 0 17 5 0 0 0 0 0 0 0 0

* The ANZSIC categories considered for each industry are: Cotton = ‘Cotton Growing’; Grain crops = ‘Other
Grain Growing’ and ‘Grain-Sheep or Grain-Beef Cattle Farming’; Sheep meat and sheep wool = ‘Sheep Farming
(Specialised)’, ‘Sheep-Beef Cattle Farming’, and ‘Grain-Sheep or Grain-Beef Cattle Farming’; sugarcane = ‘Sugar
Cane Growing’.
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13. Appendix 3 — ANZSIC categories

Table A3.1. ANZSIC names, simplified names used in the current report (Industry name), and description of the types of industries included in each category

(Description).

ANZSIC name

Industry name

Description

0193 Beekeeping
0152 Cotton Growing

0159 Other Crop Growing
n.e.c.

0151 Sugar Cane Growing

0139 Other Fruit and Tree
Nut Growing

0134 Apple and Pear Growing
0133 Berry Fruit Growing
0136 Citrus Fruit Growing
0131 Grape Growing

0132 Kiwifruit Growing

0137 Olive Growing

0135 Stone Fruit Growing
0149 Other Grain Growing

0146 Rice Growing

0142 Beef Cattle Farming
(Specialised)

0160 Dairy Cattle Farming

0180 Deer Farming

Beekeeping
Crop: Cotton
Crop: Other

Crop: Sugar Cane

Fruit&nuts: Other

Fruit: Apple&Pear
Fruit: Berries
Fruit: Citrus
Fruit: Grapes
Fruit: Kiwifruit
Fruit: Olives
Fruit: Stone fruit

Grain: Other

Grain: Rice

Livestock: Beef

Livestock: Dairy

Livestock: Deer

Units mainly engaged in raising bees, including collecting honey, royal jelly, bees’ wax, or other bee products.
Units mainly engaged in growing cotton.

Units mainly engaged in growing horticultural crops and plants not elsewhere classified, including animal fodder crops
such as hay, sudan grass and silage.

Units mainly engaged in growing sugarcane.

Units mainly engaged in growing tree nuts, tropical fruit, subtropical fruit, and other fruit not elsewhere classified.

Units mainly engaged in growing apples, pears or other pome fruit such as nashi pears or quinces
Units mainly engaged in growing berry fruit.

Units mainly engaged in growing citrus fruit.

Units mainly engaged in growing table or wine grapes; or sun drying grapes.

Units mainly engaged in growing kiwifruit.

Units mainly engaged in growing olives.

Units mainly engaged in growing stone fruit such as apricots, cherries, nectarines, peaches and plums.

Units mainly engaged in growing cereal or coarse grains or other cereal crops (except rice). Also included are units
mainly engaged in growing oilseeds, pasture seeds, lupins, field peas or beans

Units mainly engaged in growing rice.

Units mainly engaged in farming beef cattle.

Units mainly engaged in farming dairy cattle. Also included are units mainly engaged in sharemilking i.e. where the unit is
contracted to milk the herd and/or perform other farm duties for a share of the milk income.

Units mainly engaged in farming deer.
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0191 Horse Farming

0199 Other Livestock
Farming n.e.c.

0192 Pig Farming

0144 Sheep-Beef Cattle
Farming

0145 Grain-Sheep or Grain-
Beef Cattle Farming

0141 Sheep Farming
(Specialised)

0172 Poultry Farming (Eggs)
0171 Poultry Farming (Meat)

0122 Vegetable Growing
(Under Cover)

0121 mushroom Growing

0123 Vegetable Growing
(Outdoors)

Livestock: Horses

Livestock: Other

Livestock: Pigs
Livestock: S&B

Livestock:
S&B&Grain

Livestock: Sheep

Poultry: eggs
Poultry: Meat

Vegetable: Indoors

Vegetable:
Mushroom

Vegetable:
Outdoors

Units mainly engaged in farming horses.

Units mainly engaged in breeding or raising farm or domestic animals not elsewhere classified.

Units mainly engaged in farming pigs.

Units mainly engaged in farming both sheep and beef cattle.
Units mainly engaged in growing grain in conjunction with sheep farming or beef cattle farming.
Units mainly engaged in farming sheep.

Units mainly engaged in farming poultry for production of eggs or in hatching egg breed chicks.

Units mainly engaged in raising poultry for production of meat or in hatching meat breed chicks. This class also includes
the raising of game birds for meat or in hatching game birds for raising for meat.

Units mainly engaged in growing vegetable crops under cover (including hydroponic systems). 'Under cover' is generally
defined as greenhouses, cold frames, cloth houses and lath houses.

Units mainly engaged in growing cultivated mushrooms in climate-controlled environments.

Units mainly engaged in growing vegetable crops outdoors in open fields. Units mainly engaged in growing fresh herbs,
melons, and tomatoes (outdoors) are also included in this class.
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14. Appendix 4 - Farm expenditure on feral pig management
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Figure A4.1. Distribution of per farm expenditure on feral pig management in 2022 in New South Wales, Queensland,
Victoria, and Western Australia. Only states with more than 30 agricultural land managers reporting some amount of
expenditure are included. Note that scales on both axes differ between panels. Each bar represents AU$ 1,000

increments.
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