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INTRODUCTION

People want safe, affordable, high quality animal-derived foods, produced in ways that protect
rural livelihoods and cultures and which are derived from animals that lived healthy and happy
lives. These aspirations must be set alongside the overarching need to seek advances that reduce
or eliminate the most negative environmental aspects of livestock production. It will be a truly
Grand Challenge for animal scientists to meet these intersecting desires whilst simultaneously
working with others to meet climate change goals and to conserve and restore wild habitats and
biodiversity. Set within this context three broad challenges for animal scientists are outlined. The
first will be to identify areas of work that have simultaneous and beneficial effects on the diverse
issues that concern people. It will not be easy to find research areas that contribute holistically, but
some positive examples are set out below (Challenge 1). Inevitably, however, there will be many
situations where the pursuit of one objective threatens progress in another. An obvious example is
how the on-farm benefits of using antimicrobials in terms of resource efficiency and farm income
are outweighed by the concomitant increased risk of antimicrobial resistance for human health.
The identification of this critical trade-off led the World Health Organization (2017) to call for a
substantial and urgent reduction in the routine use of antimicrobials in animal production systems.
In turn, this has stimulated a wealth of research into alternative methods of maintaining animal
health and production (though there remains much to do; Redweik et al., 2020). Within the field of
animal science, it is likely that many other unacknowledged more subtle trade-offs exist. A second
challenge for researchers is therefore to identify, analyse and quantify these points of opposition
and goal divergence (Challenge 2). A third challenge will be to understand better consumers’
desires, knowledge and motivations. Sometimes citizens hold contradictory views about animal
farming based on incomplete or inaccurate information, whilst scientists also lack insight into the
attitudinal basis for consumer concerns. Dialogue and education that builds trust between different
sectors of society, communities and stakeholders is needed to align goals for the future of animal
science (Challenge 3).

SETTING THE SCENE—THE ENVIRONMENTAL IMPACT OF
LIVESTOCK PRODUCTION

The adverse environmental effects of animal production can no longer responsibly be ignored,
dismissed or left to future generations. The FAO’s influential report, Livestock’s Long Shadow
(FAO, 2006), highlighted the effect of animal production on biodiversity loss and land use. Raising
livestock also contributes to environmental pollution and generates a significant proportion of
global greenhouse gas emissions. It is also inherently inefficient to transfer plant nutrients to
humans via animals. Globally, 36% of the calories produced by crops are used for animal feed
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(Cassidy et al., 2013). In the face of a growing world population,
many bodies now advocate that people in higher-income
countries should reduce or replace their use of animal products
to protect the environment. The International Panel on Climate
Change (IPCC, 2019), for example, advocates a shift toward
plant-based diets to reduce global warming. Scientific modeling
reveals that if people in Europe replaced just half of their animal-
based foods with plant-based foods (on a dietary energy basis)
this would reduce nitrogen emissions by 40% and greenhouse
gas emissions by 25–40% (Westhoek et al., 2014). Evidence of
this kind has led some scientists to suggest that red meat should
contribute no more than 5% to a normal diet (Machovina and
Feeley, 2014). Even large meat-processing companies, fully aware
of these trends, are investing heavily in plant-based alternatives
(New York Times, 2019). Human diets may increasingly include
protein from other resource-efficient sources, such as insects
(Bessa et al., 2020) or, with further technological advances, from
cultured animal cells.

However, farmed animals will not disappear from the planet
anytime soon. Some groups of people in low and middle-income
countries could benefit from consuming more animal-based
protein and animals play an important practical or cultural role
for many societies. There is much for the animal scientist to do,
whether to ease a transition to an Eat Less, Eat Better future
(RSPCA, 2018), or to improve access to high quality food for
those in food poverty.

One important principle that underpins the involvement of
animal science in debates about food policy and the environment,
is that approaches that consider entire supply chains and all
relevant environmental impacts must be employed. Debates can
become skewed when single aspects (e.g., resource efficiency)
are considered in isolation from others (e.g., land use), or when
the efficiency of a farm is considered without measuring the
origin and journey taken by the animal foodstuffs that may be
imported. Life Cycle Assessment (LCA) is one such approach
that allows scientists to consider animal management systems
in the round. Using this methodology, Weeks et al. (2016)
found that the main environmental burden associated with
increased levels of laying hen mortality was the need to rear more
replacement birds. Pelletier et al. (2010) used LCA to compare
the resource efficiency, ecological footprint and emissions arising
from different US beef production strategies. Environmental
impacts were highest for pasture-finished beef and lowest in a
system where calves were weaned to wheat pastures and then
finished in feedlots. These results are not immediately intuitive
and show the value of using an LCA approach to characterize
relative environmental impacts.

CHALLENGE 1—MULTIPLE,
CONVERGENT, AND BENEFICIAL GOALS

A positive example of the way that multiple goals are now being
considered within animal science comes from the increasing use
of breeding goals that encompass diverse and multi-faceted traits
alongside the more traditional trait selection. A few selected
examples will suffice to illustrate this point. By selecting animals

for improved disease resistance (e.g., bovine TB, Tsairidou et al.,
2018) productivity, environmental, and welfare goals are all
simultaneously addressed. The realistic potential that Merino
sheep could be selected for reduced susceptibility to flystrike
(Brien et al., 2020) raises the possibility of ending the painful
practice of “mulesing” (skin removal and scar formation around
the breech area) and the widespread use of insecticides. Another
promising, and less immediately obvious, trait for selection may
be rumen microbial gene abundance, which could result in cattle
that emit fewer greenhouse gases (Roehe et al., 2016). Genetic
selection is also being used to increase animal lifespan, with
the productive cycle of laying hens set to increase from 70 to
100 weeks (Fernyhough et al., 2019). Conjoint benefits of this
strategy include the reduced environmental burden of raising
replacement animals and avoidance of poor welfare associated
with practices such as forced molting.

Animal geneticists are also developing increasingly
imaginative approaches to address management problems
such as injurious pecking in poultry. For example, quantifying
natural variation in the beak shape of turkeys (Dalton et al.,
2017) is the first step toward perhaps selecting birds with
naturally blunter beaks that could be kept without the need
for invasive beak-trimming procedures. The development of
selection methodologies that include the social effects of one
individual animal on the phenotypes of its companions will also
become increasingly important as many countries move toward
cage-free housing systems. An animal that is individually highly
productive may nonetheless outcompete or show aggression to
its companions reducing their welfare and overall group-level
productivity (Ellen et al., 2014). A key challenge will be to ensure
that selection does not lead to unintended negative consequences
in any domain that has not been identified as a selection target
and that animals remain in robust health.

Animal breeding is far from the only field where multiple,
convergent goals can be identified. The use of ever more
advanced technologies in disease surveillance and diagnosis can
also produce holistic and synergistic benefits. Nano-, molecular
and engineering technologies will increasingly be deployed in
rapid and non-invasive farm-side detection and diagnosis of
animal diseases (e.g., Bannerjee and Jaiswal, 2018; Gupta et al.,
2019). The increasing application of advanced technology in
automatedmonitoring platforms will also provide early warnings
of health or welfare problems arising at a flock or herd level,
for instance shifts in broiler flock movement patterns detected
using optical flow patterns can signal early signs of flock
infection with campylobacter (Colles et al., 2016). Alongside
enhanced surveillance comes the opportunity to prevent or
even eradicate disease threats from whole populations through
the development and use of effective vaccinations. An ultimate
challenge might be an accelerated programme of animal disease
eradication. To date, the only animal disease that has been
globally eradicated is rinderpest, but the International Task
Force for Disease Eradication (ITFDE) has identifiedCysticercosis
as a potentially eradicable foodborne disease. The ITFDE
postulated that vaccination could play a role, but profound
challenges arise when designing vaccines that are effective for
parasites with complex lifecycles (Sander et al., 2020) and
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FIGURE 1 | A curved function illustrates a proposed relationship between

livestock productivity and animal welfare (from McInerney, 2004).

so surveillance and a better understanding of transmission
pathways may turn out to be more effective strategies to counter
this disease.

CHALLENGE 2—DIVERGENT GOALS AND
TRADE-OFFS

A critical role for animal science will be to provide the evidence
to quantify areas where trade-offs exist to enable policy makers to
make decisions, sometimes drastic (phasing out antimicrobials)
but sometimes nuanced. An area where further work is needed
is in assessing real and perceived trade-offs between livestock
productivity and animal welfare (see Figure 1).

Point A is considered as an initial reference where no specific
management effort is invested (e.g., backyard chicken keeping).
As improved animal management and disease control measures
are implemented, joint gains in productivity and welfare are
usually observed, taking us toward point B. But beyond this
point, efforts to increase productivity (for example by increasing
stocking density or selecting for more rapid growth) occur at the
expense of individual animal welfare (e.g., Ahmed et al., 2020).
This model has been influential but intuitions about the effects
of different management interventions are not always correct
and animal science is needed to identify the real interactions
between productivity, health and animal welfare. For example,
improved animal health is not always associated with improved
efficiency of production. In a study of dairy farm efficiency in
Denmark, it was found that the most efficient dairy farms had
higher levels of lameness, ketosis and digestive disorders (Lawson
et al., 2004). These farms tended to resort to early culling, high
replacement rates, and enrolling heifers in production at an
earlier age with shorter calving intervals, placing high demands
on young cows, who experience high disease levels and a short
life expectancy. In this case, more efficient production was

associated with reduced animal health (and welfare), visualized
in Figure 1 as a move from point B to C. Another counter-
intuitive example is that adherence to strict welfare guidelines
does not always lead to a reduction in productivity. Danish
pig producers that met all animal regulations (assessed during
unannounced visits) also achieved a (slightly) higher overall
farm efficiency than farms where regulations were sometimes
breached (Henningsen et al., 2018). Scientific analysis may also
show that assumptions about apparently inevitable trade-offs
may be misplaced. For example, the high prevalence of leg
disorders in broiler chickens (Knowles et al., 2008) has led to
calls for the use of slower-growing breeds to improve animal
welfare, but such a move would (perhaps greatly) lower the
efficiency of chicken production. This appears at first sight to
be an irrefutable conflict but Dawkins and Layton (2012) argue
that although there are correlations between rapid growth and
lameness in current commercial strains of chicken, this is not
an inevitable correlation. They point out that many wild birds
have very high juvenile growth rates without negative health
effects and suggest that selection that targets improved skeletal
health could allow the development of fast-growing birds with
good welfare.

Another area where potential trade-offs abound relates to
the impact of animals on land use and biodiversity. Balmford
et al. (2012) have argued that farming, and particularly livestock
production, is more damaging to wild nature than any other
human activity and they have set out a clear policy direction to
address this, strongly advocating a Land Sparing approach. This
would encourage the intensification of food production per unit
area to ensure that pristine areas are protected and designated
for habitat conservation or restoration, predicated on the idea
that many wild species simply cannot exist within human-
managed agricultural systems (Phalan et al., 2016). However,
a fundamentally opposing Land Sharing model proposes that
biodiversity should be encouraged within less-intensive eco-
agricultural systems that better protect animal welfare and rural
communities. There are multiple trade-offs that require further
study to solve this conundrum. Even the apparently sensible
suggestion that ruminants should be produced primarily in
areas where they can make use of grass, hay or forage of
little direct use to humans to improve livestock sustainability
(Eisler et al., 2014) has been challenged. The very inefficiency
of forage-based systems means that, under this approach, a
high proportion of land would be allocated to livestock, to the
detriment of efforts to restore true biodiversity (zu Ermgassen
et al., 2014). Balmford et al. (2012) entitled their paper “What
Conservationists need to know about farming” which prompts
the suggestion that future animal scientists will need to know
more about conservation. Together we need to establish which
wild species can co-exist with livestock, and whether truly
biodiverse managed environments can be created. Animal
scientists have a role to play in facilitating a transition that
lowers overall global consumption of animal products, enables
sustainable land sharing and ensures more equitable distribution
of animal-based foods. One solution will not fit all circumstances
and in certain regions of the world, animal scientists may need
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to work out how to intensify production without detriment to
animal welfare.

CHALLENGE 3—SHARING KNOWLEDGE
AND ALIGNING GOALS BETWEEN
SECTORS OF SOCIETY

A third challenge is that animal scientists will need to research,
understand, and address the knowledge gap that can exist
between consumers, producers, and scientists. Citizens in high-
income countries tend to have a negative view of industrial
agriculture and an all-encompassing positive view of farming
systems that are perceived as natural (Bray and Ankeny, 2017;
Ochs et al., 2019). For example, consumers have very positive
views about free-range systems for laying hens, not just in relation
to the behavioral freedom they incontrovertibly provide for
birds, but also for attributes that they patently do not possess,
such as a lower risk of disease. Some consumers view free-
range systems as posing a lower risk of avian influenza, even
though the science shows this disease is primarily transmitted
via outdoor contact with wild birds (van Asselt et al., 2018).
Misunderstandings can produce paradoxical demands e.g., for
high welfare food from systems that pose high health risks

to animals. The need for further dialogue comes from studies
showing that many consumers rate access to outdoor air as
more important for laying hens than space allowance (Pettersson
et al., 2016) and that negative views about farming practices
sometimes sit alongside a lack of awareness of animal welfare
advances that have been achieved (Sonntag et al., 2019). Healthy
animals can be housed in large numbers in high welfare systems
with low environmental impact (e.g., the Windstreek broiler
farm; https://www.windstreek.eu/) but such developments must
appeal to consumers. Automated production systems using
novel technical monitoring and robotic handling procedures
also have the potential to improve farming efficiency and
animal welfare but may be negatively perceived by people who
are already skeptical about industrialized agriculture. Greater
understanding of how cultural background and media exposure
influence the development of attitudes toward animals and
food production will be needed to align scientific progress with
consumer acceptance.
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