
REVIEW
published: 06 August 2021

doi: 10.3389/fvets.2021.674482

Frontiers in Veterinary Science | www.frontiersin.org 1 August 2021 | Volume 8 | Article 674482

Edited by:

Severiano Silva,

Universidade de Trás-os-Montes e

Alto, Portugal

Reviewed by:

Lena Maria Lidfors,

Swedish University of Agricultural

Sciences, Sweden

George Thomas Stilwell,

University of Lisbon, Portugal

*Correspondence:

Peter Andrew Windsor

peter.windsor@sydney.edu.au

orcid.org/0000-0001-5629-3517

Specialty section:

This article was submitted to

Animal Behavior and Welfare,

a section of the journal

Frontiers in Veterinary Science

Received: 01 March 2021

Accepted: 15 July 2021

Published: 06 August 2021

Citation:

Windsor PA (2021) Progress With

Livestock Welfare in Extensive

Production Systems: Lessons From

Australia. Front. Vet. Sci. 8:674482.

doi: 10.3389/fvets.2021.674482

Progress With Livestock Welfare in
Extensive Production Systems:
Lessons From Australia
Peter Andrew Windsor*

Sydney School of Veterinary Science, The University of Sydney, Camden, NSW, Australia

The extensive livestock production industries are vital to the national economy of

Australia. Continuing improvements to extensively-raised livestock welfare is desirable,

necessary and in some situations mandatory, if the social license for animal sourced

food and fiber production is to continue sustainably. However, meeting increasingly

high welfare standards is challenging. The changing climate in this millennium, has

seen the occurrence of two of the most severe drought periods on record in

Australia, resulting in complex welfare issues arising from unforeseen disease, trade

and environmental catastrophes. The onset of the first drought coincided with an

uncontrolled epidemic of ovine paratuberculosis. It ended just prior to a temporary

ban on live export of tropical cattle to Indonesia that induced a major market failure

and led to severe morbidity and mortality on some beef properties. The second

drought period progressed in severity and culminated in the most extreme bushfires

recorded, causing unprecedented levels of mortality, morbidity and suffering in farmed

animals and wildlife. Temperature extremes have also caused periodic heat-associated or

cold-induced hyopthermia losses, requiring increased vigilance and careful management

to reduce both temperature-induced stress during transport and the high ovine

peri-parturient losses traditionally observed in extensive sheep farming. Several issues

remain controversial, including surgical mulesing of wool sheep to manage flystrike, and

the continuing live export trade of sheep and cattle. However, in reviewing the increasingly

complex welfare challenges for the extensive livestock population industries that are

export trade dependent and remain vulnerable to welfare activism, it appears progress

has been made. These include development of prescribed livestock welfare Standards

and Guidelines and the introduction of the Exporter Supply Chain Assurance System

(ESCAS) to address export concerns. Further, the sheep mulesing crisis led to improved

producer welfare attitudes and practices, including pain management during aversive

husbandry procedures that is now occurring globally. Finally, innovations in animal welfare

surveillance and assessment, are additional encouraging signs that suggest improving

change management of extensive farm animal welfare is occurring that provides lessons

well-beyond Australian shores.
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INTRODUCTION

Livestock production accounts for ∼40% of agricultural output

in developed countries. Advanced genetics, feeding systems,

pasture improvements, animal health prevention and controls
including improved biosecurity, plus other animal production

management technologies, have reduced requirements for
livestock by about 20% yet doubled meat production in the

last 40 years (1). With global meat production projected to
increase another 19% by 2030 (2), improved adoption of
emerging “best practice” technologies is required (3). As large
ruminant production has now been associated with high outputs
of greenhouse gas emissions (GHGe), it has been estimated
that improved production efficiencies could potentially assist
the global livestock sector to reduce GHGs by as much
as 30% (1). Further, recent SARS (including Covid-19) and
MERS outbreaks indicate that zoonotic pathogen spillover
from livestock production (4) and wild animal populations is
occurring, especially where wildlife biodiversity is high and
land-use change is occurring (5). Further, there are increasing
concerns of emerging food insecurity and safety (6) including
antimicrobial resistance (AMR) from misuse of antibiotics,
including in food production (7). Finally, with uncontrolled
transboundary diseases emerging (e.g., African Swine Fever,
Lumpy Skin Disease in SE Asia), it has been suggested that our
food system is fragile, requiring radical change to build resilience
and ensure our food supply is safer, fairer, and healthier for
humans, animals and the environment in the future (8).

However, welfare challenges in livestock production are
also considered a major threat to the sustainability of the
production of animal-sourced foods (9). In Australia, it has
been estimated that 95% of people view farm animal welfare to
be a concern and 91% want at least some reform to address
this (9). There exists a perceived gap between expectations
and regulation, due to an increased focus on animals’ level of
sentience and related capabilities, with research indicating a
fundamental community belief that animals are entitled to the
protection of relevant rights and freedoms, closely aligning with
activist sentiment (9). The public appears to have an increasing
expectation for effective regulation to ensure highly transparent
practices in livestock production (9), although achieving this in
extensive production systems is challenging. Welfare challenges
in extensive husbandry systems in Australia are recognized as
mostly associated with: prolonged periods of food and/or water
scarcity; climate extremes; high predation risk environments;
issues of inadequate surveillance and management of diseases
including the monitoring of ill animals with minimal availability
of veterinary assistance for parturition, neonatal and other
disorders; animal transportation; and biosecurity issues. A
number of these challenges are likely to increase in complexity
because of climate change. Increased understanding of these
challenges and development of potential solutions requires
strategic research, particularly for welfare assessment of farm
animals in extensive systems and application of innovations that
mitigate the impact of these challenges.

Australia has a particular interest in the introduction of new
practices to mitigate welfare challenges of extensive livestock

production. Extensive livestock production industries are vital
to the national economy, and include 26.4 million beef cattle
valued at AUD19.6 billion in 2019, and 70.6 million sheep
valued at AUD6.6 billion for meat and AUD3.615 billion for
wool (in 2019 and 2017, respectively) (10). Due to a number
of welfare disaster events in the last two decades, Australian
livestock producers are increasingly recognizing that continuing
improvements to extensively-raised livestock welfare is desirable,
necessary and in some situations mandatory, if the social license
for animal sourced food production is to continue sustainably.
Australia is a vast country with many marginal soil areas more
suitable for extensive livestock grazing than intensive farming.
Most sheep occur in the temperate zones of southern Australia,
managed extensively in large flocks usually exceeding 3,000
individuals, especially the dominant Merino wool flocks. Some
flocks are managed with or adjacent to Bos taurus beef cattle,
with most enterprises successfully managing this proximity or
cohabitation. However, the huge areas of tropical northern
Australia are unsuitable for these animals. Livestock located
there are mainly Bos indicus infused cattle that are raised under
very extensive conditions, with climatic extremes, large distances
and low management inputs (11). Meeting the increasingly
high welfare standards expected is challenging, particularly in
northern Australia where animals are rarely mustered more than
once annually. Further, as demonstrated in the past two decades,
extensive livestock welfare risks are increasing in association with
the severity of climate change.

This millenium has seen the onset of two of the most
severe drought periods on record in Australia (12–14). That
were complicated by welfare issues arising from unforeseen
disease, trade and environmental catastrophes. The onset of
the first drought coincided with an uncontrolled epidemic
of ovine paratuberculosis (15–18). The end of the drought
coincided with a temporary ban on live export of tropical
cattle to Indonesia that induced market failure, leading to mass
morbidity and mortalities on some northern beef properties
where extensive management of the animals is sometimes too
remote for urgent remediation to prevent welfare issues (19,
20). The second drought period progressed in severity and
culminated in the most extreme bushfires recorded, causing high
levels of mortality, morbidity and suffering in farmed animals
and wildlife (21–26). Temperature extremes also cause periodic
heat-associated or cold-induced hyopthermia losses. Increased
vigilance and careful management is required to reduce both
temperature-induced stress during transport and the high ovine
peri-parturient losses traditionally observed in extensive sheep
farming. Further, an important issue affecting many extensively
grazed properties is control of invasive animal pests causing
challenging levels of livestock predation. Several issues remain
particularly controversial, including surgical mulesing of wool
sheep to manage flystrike, and the continuation of the live export
trade of sheep and cattle.

This paper reviews the increasingly complex welfare
challenges for the extensive livestock industries that are export
trade dependent in Australia and are increasingly vulnerable
to both welfare activism and the impacts of a changing
climate (Figure 1). The review includes examples of improved
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FIGURE 1 | Timeline of key recent livestock adverse welfare events in Australia.

producer welfare attitudes and practices through application
of research innovations, including pain management during
aversive husbandry procedures now occurring globally. Further,
it describes new innovations in animal welfare assessment
and surveillance and increasing adoption of prescribed
welfare standards and guidelines to improve livestock welfare
compliance. It concludes that these are encouraging signposts of
improved change management of extensive farm animal welfare
in Australia that provide lessons relevant to global considerations
for the food security system.

THE CHANGING CLIMATE

Australia’s climate has warmed on average by 1.44± 0.24◦C since
national records began in 1910, with an increase in the frequency
of extreme heat events, accompanied by declines of∼16% (April
to October) and ∼20% (May to July) in rainfall, respectively,
since 1970 (12, 13). Similarly, in the southeast of Australia,
a decline of ∼12% (April to October) rainfall since the late
1990s, with decreasing streamflow at the majority of streamflow
gauges across southern Australia since 1975, although rainfall
and streamflow have increased across parts of northern Australia
since the 1970s. These changes are recognized as increasing
the impacts of temperature extremes, causing periodic heat-
associated or cold-induced hyopthermia losses, plus increased
vigilance and careful management required to reduce both
temperature-induced and nutritional-deficiency stress during
drought, plus the risk of extreme fire weather and the length of
the fire season, across large parts of the country since the 1950s,
especially in southern Australia (12, 13). This millenium has seen
the onset of two of the most severe drought periods on record
in Australia that were complicated by welfare issues arising from
unforeseen disease, trade and environmental catastrophes.

The onset of the first and most prolonged so-called
“millennium drought” occurred in the southeast of Australia
from 1996 to 2010 (14), coinciding with emergence in the late
1990’s of an uncontrolled epidemic of ovine paratuberculosis, or
Johne’s Disease (OJD), causing substantial on farm sheep losses,
associated with mortalities exceeding 20% per annum on some
farms (15, 16). Necropsy studies identified the mortalities as

due to the combined impact of both OJD and drought (17, 18).
Paratuberculosis caused about two thirds of the total estimated
financial losses (17), with malnutrition accounting for 18% of
the annual cost of all deaths among adult sheep (18). This
indicated the importance of improving nutritional and disease
management practices plus closer flock supervision to reduce
the significant biological and financial impacts of OJD on sheep
flocks during drought. Drought continues to negatively impact
the welfare of both sheep and farming families in Australia,
although the severe ovine morbidity associated with OJD and
the widespread depression of sheep graziers following precipitous
declines in values of affected farms due to OJD in the early
millennium years, remains unprecedented (15–17).

In southern and eastern Australia, the recent droughts have
been found to be the worst in the past 400 years and expectations
are they will become more prevalent in the future (19). The
second drought period in eastern Australia was from 2017 to
2020 and led to the entire state of New South Wales (NSW)
and more than half of the neighboring state of Queensland to
be declared drought-affected. Many described it as the worst
drought in living memory, with numerous farmers choosing to
cull their cattle due to welfare concerns (20). “Drought Planning”
has been intensely promoted by the relevant state agricultural
authorities in Australia for over three decades (21, 22). This
process includes emergency response planning for “exceptional
droughts” that encourage producers to be aware of the need
for proactive drought “preparedness, prevention, response, and
recovery,” involving systematic: identification of enterprise risks;
analysis of climate records; monitoring for trigger points; action
planning for when triggers occur; financial analysis and building
of cash, feed and water reserves; then regular review and updating
of the drought plan. Despite these efforts, it appears that some
welfare disasters appear almost impossible to manage effectively.
These occur both during and immediately following the drought
where there may be precipitous rain causing mass flooding
events and even greater losses, both immediate and later disease-
induced losses than were associated with the dry period of the
drought (23, 24).

Unfortunately, an even more catastrophic post-drought event
occurred during this period when in December 2019 through
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January 2020, eastern Australia experienced its worst ever
recorded extreme bushfire season. This culminated in more than
33 people killed, thousands of properties destroyed, at least 18
million hectares of once-green bushland becoming blackened
and desolate, with billions of animals dead and injured (25). A
new study is currently attempting to improve farmer bushfire
preparedness by providing a comprehensive “Livestock Bushfire
Preparation and Recovery Manual.” The aim is for farmers to
address the physical and financial effects of bushfires that could
reduce stock and financial losses incurred by bushfire (26). The
study is surveying herd and flock managers affected in the 2019–
2020 fire season, assessing animal health and welfare issues, the
effects on carcass damage and meat product quality and the
financial strain on affected farmers. Further, patterns of burnt
areas and livestock losses across landscapes is being assessed to
identify a fire risk index that can determine the safest paddocks
for stock to be placed in as part of their fire plan (26).

LIVESTOCK TRANSPORTATION WELFARE

The majority of Australian livestock producers and industry
personnel, are well aware that to continue their access to domestic
and overseas markets, they have important responsibilities for
livestock welfare during the large distances required for the
transport of animals by road, rail and vehicle onboard ships
within and beyond Australia. This has led to the development
of the national “Australian Animal Welfare Standards and
Guidelines (S&G’s) - Land Transport of Livestock” (27) to
guide the processes from: the time that animals are mustered
and assembled; their handling before and during loading; their
journey duration and travel conditions with spelling periods
and access to water; then the unloading and holding times.
The Land Transport S&G’s contain: (i) Objectives describing
the intended outcome(s) for each section of the standards; (ii)
Standards or minimum requirements that must be met under
animal welfare law; and (iii) Guidelines for the recommended
practices to achieve desirable animal welfare outcomes to guide
and describe higher animal welfare outcomes compared to the
minimum requirements of the Standards. This variation in
acceptable practices reflects the vast differences in husbandry
conditions between different agricultural regions, particularly in
the extensive rangelands and tropical northern Australia where
livestock farming is more often described as animal “harvesting.”
Here, the climatic extremes, large areas and distances within and
between holdings (stations or farms) and lowmanagement inputs
are necessary, ensuring that the extensive tropical cattle industry
continues to face significant challenges to assure high standards
of animal welfare (11).

However, it is the live export industry (LEI), where more
than 2.7 million animals are shipped from Australian ports to
nearly 20 countries around the globe annually, that faces themost
scrutiny (28), with extensive research indicating that issues posed
before, during and after live export results in the cumulative
effects of combined stresses on the welfare of the animals (29).
This has required the Australian Government assuming animal
welfare responsibilities for export abattoirs and the live export

trade, despite these issues being difficult to address through
regulation and increasingly documented in the media, leading
many Australians supporting an end to live export (30). Although
welfare incidents in the sheep LEI had occurred sporadically prior
to 2003, it was in that year that the “Cormo Express” captured
international attention following refusal of entry of the ship and
the 57,000 sheep on-board to Saudi Arabia following a claim that
some had signs of a vesicular disease, presumably contagious
ecthyma or scabby mouth from orf virus infection. The ship
spent 2 months moving around the Persian Gulf, with animals
exposed to high risk of heat stress, until the animals could be
donated to the people of Eritrea (31). Then in 2011, an incident
occurred that captured public attention on welfare in the cattle
LEI, with the televised filming of disturbing slaughter practices
of Australian cattle in Indonesian abattoirs. The exposed animal
handling and operational techniques causing pain and injury,
led the Federal Government to suspend the trade to Indonesia
for a month. The sudden cessation of this AUD1.4 billion LEI
of tropical beef cattle caused a precipitous market failure, with
the domestic market unable to cope with the sheers numbers
of cattle that were now in the supply chain. The impacts of
this rapid yet controversial decision created difficult diplomatic,
policy and industry issues, that are still debated (32–34) due to
the negative impacts on economic returns, community attitudes
and international socio-political relations.

The Australian Government in 2011, implemented the
Exporter Supply Chain Assurance System (ESCAS) in an attempt
to improve control and traceability throughout the LEI supply
chain, requiring that transport, handling and slaughter complies
with OIE welfare standards (35). However, in August 2012
an Australian ship carrying ∼22,000 sheep was blocked from
unloading in Kuwait and Bahrain after local authorities also
claimed that the animals had orf infection. The sheep had
been at sea for 33 days and were left on board for almost a
further 2 weeks until they were unloaded in Pakistan, where
it was later reported that around 9,000 of the sheep had been
killed on suspicion that they were diseased (36). Despite regular
vaccination programs, it appears orf infection remains one of
the numerous but important threats to the viability of small
ruminant LEI’s (37). Similar incidents have continued to recur
and investigations reveal failures of monitoring and enforcement
of ESCAS in destination countries, in both approved and non-
approved facilities, most often revealed by the efforts of the
various welfare agencies (38). The ongoing concerns have also
led to a recent research review of 71 potential animal welfare
indicators, categorized as animal, environmental and resource-
based measures that would be appropriate for use throughout the
LEI for feeder and slaughter livestock species in the 3 LEI sectors:
(1) Australian facilities; (2) vessel; and (3) destination country
facilities (39). The review identified 38 (sector 1), 35 (sector 2),
and 26 (sector 3) measures currently being collected plus 20, 25,
and 28 measures that are relevant to each LEI sector (sectors 1,
2, 3, respectively), and that could be developed and integrated
into a future benchmarking system (39) should the LEI’s
continue, presumably as a transition industry until importing
countries agree that processed meat is a preferred product to
live animals.
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PROGRESS WITH PAIN AND WOUND
MANAGEMENT FOR AVERSIVE
HUSBANDRY PROCEDURES

Perhaps as controversial as the LEI in extensive sheep welfare in
Australia, is the “mulesing operation,” a routine procedure with
removal of skin from the breech and tail of lambs to create a bare
area, providing lifetime prevention against myiasis (flystrike) in
susceptible sheep (40). This mostly involves Merino lambs at
high risk of the condition because of their breech conformation
(wrinkle) that readily retains urine and feces and provides an
attractive environment for deposition of the eggs of the sheep
blowfly Lucilia cuprina. Following hatching, the blowfly larvae
burrow deeply into adjacent tissues to the penetrating wounds in
afflicted animals, rapidly causing the animal to becomemoribund
because of blowfly strike and if untreated, death. Myiasis remains
a serious cause of morbidity and mortality in Australian sheep
despite long-term genetic improvement to reduce “blowfly-
susceptibility” (41).

Until 2005, mulesing was performed without analgesia,
resulting in welfare concerns for the lambs at and following
surgery. Then a product designed to be readily used by producers,
comprising a “stay and spray” approach for open wounds using
a topical anesthetic formulation (TAF) to alleviate pain, plus
components to minimize hemorrhage and provide antiseptic
cover, was introduced (Tri-Solfen R©, Medical Ethics, Australia).
On application, it forms a long-lasting biocompatible barrier
over the wound, creating its own intrinsic analgesic properties
and acting as a slow-release carrier for the actives, including
the two local anesthetics, lidocaine hydrochloride (5% w/w)
and bupivacaine hydrochloride (0.5% w/w), in addition to the
vasoconstrictor adrenaline acid tartrate (0.00451% w/w) and the
antiseptic cetrimide (0.5% w/w). The combined synergies create
prolonged analgesia extending to at least 24 h and well beyond
the expected duration of the actives, plus enhanced healing of
open wounds (41, 42). The TAF product has been researched
extensively prior to and since it was registered for commercial
use in 2012 and has been widely adopted by farmers in Australia,
enabling the sale of wool classified as “PR” (pain relief) and
improved welfare of sheep susceptible to flystrike during the
extended period required until genetic alterations of Australian
Merino sheep phenotypes can progress sufficiently to successfully
address the risk of myiasis. It is estimated that 6–7 million lambs
are treated annually, with well over 100million sheep having now
received treatment since the product was first registered.

This innovation has the potential to complement the various
approaches to human wound debridement (43, 44). Further,
TAF has been demonstrated to be safe and efficacious in
managing pain and improving healing of acute surgical wounds
incurred during surgical castration and tail docking of lambs
(45, 46), surgical castration and dehorning of calves (47–49), and
debridement of hoof lesions in cattle to reduce lameness (50).
Effective pain relief at marking has been recognized as important
in the northern beef industry. Herd musters commonly occur
only annually, resulting in a broad range of ages of calves
submitted to dehorning and castration, and variable degrees of

restraint stress. Additional findings from recent studies with this
product, include confirmation of rapid onset of surgical wound
analgesia with positive welfare outcomes for an extended period,
improved pain management when used with a non-steroidal
anti-inflammatory drug (NSAID, especially meloxicam) or other
products for pain relief (51–55), plus on occasions, improved
productivity (56). More recently, the TAF has been successfully
applied to lesions resulting from viral infection of themucosa and
epidermis, including Foot-and-Mouth Disease (57, 58).

The inclusion of an NSAID in the pain management research
in animals is aimed at developing “best practice” options
for multimodal pain management, where practical delivery of
both the blockage of nociception and amelioration of wound
sensitization is achieved. A method for oral delivery of NSAIDs
(meloxicam as Ilium Buccalgesic R©, Troy Laboratories, Australia)
was developed in Australia and has been shown to be efficacious
for procedures in both lambs and calves (52, 53). Although the
widespread adoption by farmers of the addition of an oral NSAID
to surgical procedures in sheep currently remains uncertain,
the use of TAF accompanied by intramuscular injections of an
NSAID, administered by beef farmers under veterinary advice
for castration and dehorning, appears to be rapidly increasing in
northern Australia. Recent research has confirmed both efficacy
and productivity improvements with this multimodal approach
when used in routine husbandry procedures on extensive beef
cattle properties (56). In the Australian sheep industry, despite
demonstration of the efficacy of an intra-scrotal and tail-docking
wound spray of the TAF (45, 46), the convenient use of
elastrator bands to cause ischaemic necrosis of the tail and
scrotal tissues by producers, remains popular. An instrument
recently developed (Numnuts R©, Senesino Pty Ltd, Australia)
that assists intravenous administration of lignocaine to the neck
of the scrotum or tail, prior to application of the band(s), has
been shown to reduce pain avoidance behaviors post-procedure
(59). As with previous studies with the TAF, use of a multi-
modal approach with an NSAID is likely to provide superior
pain management.

PROGRESS WITH SURVEILLANCE,
ASSESSMENT AND NEW TECHNOLOGIES

With the vast distances occurring on many Australian properties,
addressing surveillance challenges for improved welfare in the
extensive livestock industries has been recognized as an issue
for many years. This is of particular concern with the demands
and costs of managing endemic myiasis (Lucilia cuprina) and
sheep lice (Bovicola ovis, Lignognathus ovillus and Linognathus
pedalis) infestations in southern wool sheep flocks, and cattle tick
(Boophilus microplus) and buffalo fly (Haematobia irritans) in
the northern beef cattle herds. For both industries, the impacts
of prolonged drought have proven to be extremely challenging,
particularly with the recent example of the slow recognition of
the moderate to high mortality rates emerging in adult sheep
flocks with OJD that were only measurable when wool sheep
were mustered for their annual shearing and required on-farm
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necropsy studies for definitive data (15–18). Similarly, the high
background of lamb mortality in many flocks is not as well-
recognized by producers as could be expected. This is because
in many locations, dead lambs are rarely observed as they
may be scavenged by wild canids and in some locations, feral
pigs. High lamb mortality potentially reduces profitability and
is increasingly perceived as an animal welfare issue for the
sheep industry. Yet under extensive sheep production systems,
especially in Merino flocks where the disturbance of lambing
is to be avoided to minimize mis-mothering, data on mortality
rates is usually only available when the flock is mustered
for lamb marking and weaning. These interventions usually
occurs ∼6–8 and 12–14 weeks after the commencement of
lambing, respectively. A recent study of producer knowledge
of lamb mortality rates, causes of lamb mortality, perceptions
and practices that may contribute to lamb deaths, identified
that ∼50% of producers estimated the mortality rate of lambs
between birth andmarking was 10%. This compared to published
estimates of 20–25% (60). These perceptions impact negatively
on the benefits of management strategies, including vaccination.
Improved surveillance and extension services are necessary to
ensure producers understand the causes of mortality and the key
messages required. The generally low predation of live lambs in
most cases and the high total costs to farm economics of lamb
mortality from failures in disease prevention and management of
climatic extremes (60), needs to be addressed.

Similarly, mismanagement of common cattle diseases is
potentially a severe and prolonged animal welfare concern (61),
with disease prevention almost invariably producing financial
benefits that exceed the high costs of disease morbidity and
mortality. As in extensive sheep flocks, in very extensive
cattle systems, data on reproductive performance and mortality
rate is usually only obtained at annual calf marking and
weaning. Improving the accuracy of health and productivity
records is an important area requiring improvement, with
automated technology including drones to regularly visualize
the herd, potentially enabling more effective syndromic disease
surveillance. This approach remains an inadequately utilized tool
that could greatly assist the recognition and diagnosis of welfare
issues and disease (61) in extensive production systems. In
tropical beef production, there is also the challenge of removing
unrequired females from the herd in a suitable condition for
sale. This requires that the ovarian function of these females
is ablated, usually by spaying to prevent pregnancy and enable
fattening (62, 63). The failure of a chemical spaying approach to
be effective in the field and the delayed availability of immuno-
spaying currently under investigation, has led to continuation of
the reasonably common practice of surgical cattle spaying. This
is now mostly performed by the Willis Dropped Ovary technique
that has a low but recognized mortality rate.

Improving producer knowledge that the potential suffering
of disease-affected animals is a welfare issue that needs to
be avoided, is important, with timely and humane on-farm
euthanasia required when necessary (61). Traditionally, a major
driver for improved welfare has been the risk of prosecution via
regulatory agencies with statutory responsibilities for ensuring
animal welfare compliance. It is anticipated that improved

awareness of the Australian Livestock Welfare S&G’s could
reduce this traditional reliance on regulatory action (27). The
traditional reliance on enforcement of current animal welfare
legislation in livestock systems in Australia is now being
replaced by promotion of self-audits for accreditation schemes.
This suggests that objective measurement of animal welfare
by appropriate welfare assessment protocols is increasingly
important in accompanying efforts to improve surveillance.
The welfare relevance of animal health and the relative ease
of recording has led to most approaches focusing on clinical
measures and physical appearance, with inclusion of behavioral
and mental state aspects of welfare suggested as requiring
a more comprehensive approach (64). In extensive cow-calf
operations, more research is required to develop robust and
feasible indicators of positive welfare states for on-farm use.
These include objective measures of behavior and the affective
state of animals, enabling comparison and contrast of welfare
implications of husbandry procedures that are versatile, relevant,
reliable, affordable, and broadly acceptable by stakeholders
(65). Qualitative Behavioral Assessment (QBA) is an integrated
measure that describes behavior as a dynamic, expressive body
language, enabling comparative, hypothesis-driven evaluation of
various industry-relevant practices. Although most other welfare
assessment methods record “problems” such as lameness or
injury scores, QBA also captures positive aspects of animal
welfare that occur when animals engage with their environment.
As QBA is increasingly used in animal welfare assessments in
Europe, it may have application in combination with other
methods as a welfare assessment tool for the Australian livestock
industries (65).

Continuous measurement and monitoring of the behavioral
state of animals by using on-animal sensors to identify
movements and locations that reflect the well-being of the
animals, has potential for extensive livestock systems (66). With
increasingly reliable animal welfare measures and decreasing
costs of on-animal sensors, technology adoption will very
likely increase, particularly if the value proposition for farm
businesses and algorithm development, ensures validity and
reliability (66). The application of new technologies to improve
livestock management systems for improved animal welfare,
should complement the learning abilities of the animals (67).
Examination of virtual fencing identified that successful learning
occurs when the animal perceives cues to be predictable (e.g., an
audio warning always precedes a shock) and controllable (e.g.,
operant response to the audio cue prevents receiving the shock),
with an acceptable management also ensuring that welfare is not
compromised (67).

DISCUSSION AND CONCLUSION

Although animal welfare issues facing the extensive southern
Australian sheep and beef cattle industries have some similarities
to those faced by extensive livestock production industries in
many other countries, management of external parasitism from
myiasis and lice in wool sheep flocks and the impacts of
prolonged drought have proven to be extremely challenging.
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However, whilst the extensive tropical Australian beef cattle
industry in northern Australia is also characterized by climatic
extremes and external parasitism from cattle tick and buffalo
fly, the large property sizes and distances requiring prolonged
transport, plus the necessary low management inputs, ensure
the industry still has significant challenges in meeting increasing
standards for animal welfare. Issues remain with the mustering
and moving of cattle, the timing and frequency of handling;
transportation including live export, predation and aversive
surgical husbandry procedures (11). With conversion of the
northern herd to Bos indicus animals better adapted to the
northern Australian environment, many of the previous livestock
welfare problems have been ameliorated to some degree.
Increasing implementation of management changes, including
adoption of pain management for surgical procedures, improved
planning for extended dry periods and drought, with wider
use of supplementary feeding; and broader implementation
of vaccination and weaner management programs, suggests
dramatic improvement for large numbers of cattle is in progress.
Research continues for less-invasive alternatives to cow spaying,
and the calf marking procedure could be improved by increasing
the adoption of polled genotypes to reduce dehorning plus the
earlier castration of males, requiring more frequent mustering
of herds.

The LEI’s also continue to be problematic. It would appear
that patience of many Australians is exhausted with the sheep
LEI that sends temperate woolled animals on prolonged sea
journeys to countries with harsh tropical environments. This
presumably remains an industry in transition.With the exception
of variable recipient country slaughter processes and despite
some challenges with implementing ESCAS, the issues with
the beef LEI, where tropically adapted animals experience far
shorter journeys to neighboring tropical countries, appear more
defensible. In northern Australia, a considerable number of
livestock farming operations are geared for servicing the beef LEI
and there is considerable resistance to cessation of this industry.
With demand from importing countries likely to increasingly
switch to processed meat as a preferred product to live animals,
as refrigeration and supermarket sales become more established
in regional developing countries, it is envisaged that eventually
the northern beef LEI will transition to in-country processing and
carcass exports.

Millions of global farm animals experience painful livestock
management procedures annually and there is an increased

requirement for producers to implement pain management
protocols on farms, although in many countries, options for
on-farm analgesia are limited (68). Whilst further research is
needed on objectivemeasurement of pain in food animals, the use
of multimodal analgesia using local anesthetics and particularly
TAF, with an NSAID and in particular meloxicam, are currently
considered the best options for on-farm analgesia in Australia
(44, 69). Further research on pain assessment and amelioration,
including applications for inflammatory (57, 58) and neuropathic
conditions are necessary to achieve best practice in livestock pain
management (68, 69).

There are encouraging signs suggesting improving change
management of extensive farm animal welfare is occurring in
Australia. These include the adoption of prescribed livestock
welfare Standards and Guidelines, introduction of ESCAS
to address export concerns (70), improved producer welfare
attitudes and practices including pain management during
aversive husbandry procedures now occurring globally, plus new
innovations in animal welfare surveillance and assessment. With
exception of the continuation of the LEI, evidence suggests that
a new paradigm has emerged on-farm, capable of sustainably
addressing the complex welfare concerns arising in extensive
livestock husbandry systems in Australia. Global consumers
of extensively-raised livestock products likely need greater
awareness of the quality of product raised under improving
attitudes and practices of animal welfare on many Australian
livestock farms. These lessons may provide valuable insights for
producers in and advisors to, the extensive livestock industries in
other countries.
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