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Dedication

This book is dedicated to the memory of Dr. Stanley E. Curtis, whose seminal contributions to the
advancement of the welfare and well-being of farm animals are legendary. The following excerpt
from an article* written by Dr. Curtis in 2007 provides insight into the impact of his long-time con-
tributions to the improvements of farm animal welfare. His lifetime efforts are an inspiration to all
who seek to ensure animal well-being everywhere.

An important issue in animal agriculture nowadays is the public demand for evidence that animals on
farms and ranches are being treated humanely, that animal state of being (ASB) is high most of the time.
But, right now, how should ASB be assessed in production settings?

Important as this question is, scientists have yet to reach consensus as to how to accomplish that
task. It is an unsettled area of knowledge that is seriously in need of more concerted attention. Animal-
welfare scientists represent several disciplines, and therefore approaches, guiding principles, and
vocabularies differ among them. These differences have led to confusion and misunderstanding among
interested stakeholders.

Many animal-welfare scientists, following the classic, pioneering contributions of observations and
thought by I.J.H. Duncan (Duncan and Wood-Gush, 1971; Duncan, 1996, 2001), have concluded that
assessing ASB should be based mostly on animal feelings (Dawkins, 1980; McMillan, 2005). This
ultimately may be the ideal methodology. But unfortunately, right now we are unable for certain to
measure animal feelings (e.g., anxiety, fear, frustration, and pain) directly, objectively, and scientifically
in the laboratory, let alone is it possible to do so in a production setting. (“Measure” herein is used in
the sense of “to ascertain the extent or quantity of by comparison with a standard.”) As Duncan (2002)
has pointed out, the measurement of the behavior patterns postulated to be correlated with negative
conscious feelings in animals can itself be objective and scientific. It is at the step of the interpretation
of such observations of behavior in terms of any associated ill feelings where the feelings approach is
still scientifically uninformed and wanting with respect to the practical usefulness of that approach on
farms and ranches today.

So, until such time as we do know how to interpret putative behavioral indicators of reduced animal
feelings, and how to quantitatively transform those indicators into valid measures of animal feelings,
some are instead advocating the use of objectively measurable animal-performance traits as indicators.
The bases of this performance-based approach include 1) the principle that what cannot be measured
cannot be managed; 2) the fact that we now can objectively measure productive and reproductive per-
formance traits but not animal feelings; and 3) the fact that reductions in performance traits are early,
sensitive indicators that ASB is being deleteriously affected.

Much of the impediment to answering the big question of how to assess ASB may reside in the
fact that many — probably most — animal-welfare scientists have virtuously dismissed an approach
based on animal functions and performance, favoring instead an approach based mostly or totally

* We are deeply grateful to Dr. Wayne Kellogg, Editor in-Chief, Professional Animal Scientist, for his efforts in grant-
ing permission to publish in this college textbook the “Introduction” to a manuscript titled “Commentary: Performance
Indicates Animal State of Being: A Cinderella Axiom,” written by Dr. Curtis and published in The Professional Animal
Scientist 23(2007): 573-583.



on animal feelings and mind. Some hold that “animal welfare is about how the animal feels” (e.g.,
Duncan, 1996) and others that “animal welfare is characterized by the absence of behavioral prob-
lems” (e.g., Ladewig, 2003). However, still others think that animal functions and performance also
are extremely relevant.

Mench (1998a) noted a “growing sense that animal-welfare science has reached an impasse,” and
this probably owes largely to disagreement over what constitutes farm-animal welfare. This dichotomy
epitomizes the spirit of scientific dialogue.

Wilson Pond, Fuller Bazer, and Bernard Rollin, Editors
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Forewords

ACADEMIC

Students in the twenty-first century are learning in an environment where science and tech-
nology advance at a rate that encourages rapid dissemination and implementation of ideas.
Deliberations on the morality and ethics of resulting changes occur at a much slower rate, and
generally not in the same courses that teach the science. Hence, many individuals have perspec-
tives on animal welfare that are largely influenced by public debate in the mass media, particu-
larly electronic media.

An understanding of animal welfare within the food system and of how and where changes in
production systems might need to be made requires the integration of knowledge from many fields,
the antithesis of the “pigeon-holing” that occurs so easily in academic programs and student minds.
Science and economics play critical roles, but must be seen within the context of how modern
production systems evolved. The “sound bite” approach to ethics leads to misconceptions such as
large-scale production systems being invariably careless of animal welfare and the idea that human-
ity “enslaved” other species for strictly selfish purposes.

Students need to be given opportunities to look at animal welfare in a context that includes the
historical development of animal domestication and of modern animal production systems. Animal
behavior played a critical role in the determination of which species were amenable to domestica-
tion, yet it has not had a recognized status alongside genetics, nutrition, and physiology in most
animal science curricula. Behavior is an essential monitor of animal welfare, especially in intensive
systems, and, as such, needs to be better integrated into curricula. The growth in size and intensity
of production units is in response to the explosive growth in the human population and its food
demands, with animal and human behavior and welfare intimately connected.

Academia changes with glacial speed in comparison to the world of applied science and technol-
ogy. Tradition and fiscal constraints mean that offered courses often fail to give students the training
and encouragement to integrate concepts across disciplines. The volume of factual material expands
constantly and conscious efforts must be made to offer course time that requires and encourages
students to think through the issues related to animal welfare. This ability to reflect and integrate
is essential if humans are to be capable of evaluating and improving animal welfare in modern
production systems.

Elizabeth Oltenacu, PhD
Emerita, Department of Animal Science
Cornell University, Ithaca, NY

Public policy regarding the welfare of livestock and other animal species must be based on sci-
ence and reason, not emotion. There is more need now for objective research and an informed
public than ever before. Academia has been described as being largely preoccupied with lofty,
remote, or intellectual pursuits, rather than those of practical application. In reality, academia is
highly responsive to changing public attitudes and concerns, and the public is becoming increas-
ingly interested in animal welfare. Academic institutions must compete for funding from public
and private sources. Competition is also keen for the best students and for the reputation of being
cutting-edge and relevant.

vii
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Colleges and universities originally taught the art of animal husbandry, but when public inter-
est in science increased after World War 11, the term husbandry was dropped in favor of the word
science. Recently, there has been renewed interest in changing the names of the courses that teach
husbandry back to husbandry, but as those courses are now based on the latest advances in science,
a name change is not likely.

At most colleges and universities, courses and extracurricular opportunities are reviewed regu-
larly by faculty peer groups and administrators. Input from students, alumni, and employers of grad-
uates are often solicited and may be directly incorporated into the review process. Although many
academic departments may wish to start new courses on farm animal welfare and related issues,
new courses and faculty have been difficult to add during periods of tight budgets. Many programs,
however, are responding by updating their existing courses. For example, many species-oriented
production (husbandry) courses, meats courses, applied ethology, ethics, and capstone courses are
adding modules on the audit process. Audits (Chapter 6) are a system to ensure that good husbandry
practices are being followed, so they are a natural fit into classes that already teach the latest hus-
bandry practices. These courses may also devote more time to the latest events affecting animal
welfare issues.

Extracurricular programs that provide additional opportunities for students to get involved in
animal welfare-related activities have greatly increased. In addition to the traditional judging teams,
students on many campuses have organized clubs that assist local shelters, or are otherwise involved
in animal rescue or similar projects. Quiz bowls in which students compete based on their knowl-
edge of animal husbandry have been popular for many decades. A particularly innovative pro-
gram is the annual Intercollegiate Animal Welfare and Assessment Judging Contest pioneered at
Michigan State University. Colleges and universities from Canada and the United States are invited
to send teams to two days of seminars and competition.

Interest in the field of animal welfare science has grown so much over the past 30 years that there
is a shortage of professionals with graduate training in the United States. For example, the USDA’s
Food and Agricultural Sciences National Needs Graduate and Postgraduate Fellowship Grants
Program for 2010 listed “animal well-being (ethologists; bioethicists)” as their highest priority-
targeted expertise shortage area.

One of the main goals of academia is to stimulate people to think critically and seek out alterna-
tive viewpoints. Most agricultural animal well-being issues are not simple, although special interest
groups on both sides of the issue often promote a simplistic version. With many electronic, print,
and other sources of information readily available, people can easily pick the news sound bites and
entertainment that come closest to their personal biases and avoid exposure to the other sides of
many issues.

Funding is the biggest single problem facing researchers in farm animal welfare science.
Producer and commodity groups have and continue to make significant contributions to animal wel-
fare research, although their resources are very limited. The USDA’s competitive grants programs
have been the largest source of funding in the United States, although the funds need to be greatly
increased and the success rates of receiving funding for proposals submitted to the program are
generally 20% or less. People often ask animal welfare and activist groups for assistance in funding
research projects, but the answer is almost always no. One problem is what is known in the business
as “the vegan police,” the more radical members who do not support any research.

Extension programs have been at the forefront of creating quality assurance and auditing pro-
grams that have had an industry-wide impact. Most major meetings of state and national producer
organizations include demonstrations of low-stress handling, and those demonstrations attract the
largest crowds. Educational programs on proper animal handling, best practices, auditing, and
emergency euthanasia of livestock are not only in demand at extension meetings with farmers
and ranchers, but are also requested by auction barns, slaughter plants, and livestock transport
companies.
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In conclusion, academia is needed more than ever to help policymakers and the public make
rational decisions regarding animal welfare, environmental, and ethical issues.

Ted H. Friend, PhD
Department of Animal Science
Texas A & M University, College Station, TX

In the past, welfare research has concentrated on prevention of negative welfare aspects such as
hunger, thirst, inadequate feed, injuries, disease, and fear or chronic stress. The current research is
more focused on stimulation of positive welfare aspects. Welfare is more than prevention of suffer-
ing. It also includes the satisfaction of desires and needs of animals.

Current modern housing systems are poorly designed when considering the behavioral and
adaptive needs of animals. Systems are often simple in design and boring to live in with no
distraction material other than the group mates of the animal. Routine treatments such as tail
docking and beak trimming have to be used to allow animals to survive and produce well in these
systems. This is part of the reason that welfare of farm animals is often so poorly perceived in
public opinion.

Animals like pigs and poultry prefer a rich environment because of their behavioral needs to play
(which is important to develop their social skills) and to root (to find feed).

Several recent developments in animal science and related disciplines show that environmental
enrichment can have significant effects on prevention of maladaptive behavior such as tail biting in
pigs and has stress-reducing effects, improves feed intake, and prevents diarrhea in piglets around
weaning. The enrichment material (e.g., long straw, wood branches, or peat) should be ingestible,
odorous, chewable, deformable, and destructible and should be replenished regularly.

Such enrichment measures result in satisfaction of desires and needs and therefore contribute
to positive welfare. Moreover, the animals also seem more robust when going though transitions
like weaning in piglets, suggesting that improved welfare and improved production go hand in
hand. From a welfare and production point of view, it is therefore important that experts in the field
of behavioral sciences join forces with system designers to design systems that are built based on
behavioral and adaptive needs of animals instead of breeding animals that will fit the current sys-
tems. The latter route will bring us to ethical discussion on whether animals’ intrinsic values may
be changed to fit our current systems. In addition, systems built on behavioral and adaptive needs of
animals must be realistic, ecologically sound, and economically viable to be successful.

Implementation of welfare in practice has become an interdisciplinary challenge where animal
scientists, system designers, ecologists, and economists must join forces. Is it realistic to think that
such systems will get a place in a world where low-cost prices for meat are so important? The public
concern about animal welfare is increasing and retailers and governments are well aware of this.
In Western Europe, cage housing for layer hens soon will be forbidden by law and retailers demand
pregnant sows to be non-tethered. A recently developed welfare-friendly system for laying hens
was supported by welfare organizations, and eggs from this system are sold by retailers. Animal
products from those new systems, which are perceived better by the public, may get a bigger share
of the market, thereby helping the producers of those products. Therefore, we think that the time is
here to meet the challenges by research using a multidisciplinary approach. This multidisciplinary
approach should also have a place in our teaching of undergraduate and graduate courses at univer-
sities and in training of students at other schools. First, students must gain knowledge of different
aspects of animal welfare, and then integrate this knowledge using system design and analyses.

Bas Kemp, PhD, and Martin Verstegen, PhD
Department of Animal Science
Wageningen University, Wageningen, the Netherlands
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COMMERCIAL OPERATIONS

Scientists studying animal behavior, pain perception, and other issues relevant to animal welfare
provide information that can be used to determine the effects of different production systems and
practices on animal welfare. Science provides information that can be used to make ethical deci-
sions, but it cannot provide all the answers. For example, a scientific experiment can provide data
indicating that a certain procedure causes pain, but it cannot provide an ethical judgment on how
much pain is acceptable. Furthermore, there may be differences of opinion on what is ethical. This
is one of the reasons there are so many different animal agricultural practices all over the world.
Economics is also a big factor. Practices detrimental to animal welfare may be used to lower costs.
For example, the productivity of each individual laying hen is decreased when too many hens are
jammed into a small cage. However, the overall cost for the eggs may be lower because fewer expen-
sive buildings are required. The individual hen may suffer in the process of lowering the cost of
eggs. Some of the main factors that compromise animal welfare include the following:

INADEQUATE MANAGEMENT AND LACK OF EMPLOYEE SUPERVISION

Some of the worst abusive treatment of animals occurs when overworked, poorly supervised employees
commit acts of abuse and cruelty. Some examples are beating animals, dragging a crippled animal,
throwing small animals, or jabbing them with sharp objects. Abusive practices can occur on both large
and small farms. Many people assume that big farms have more abuse problems, but size is not a deter-
mining factor. The most effective way to prevent abuse is through good management.

NEGLECT

Starvation or inadequate diets are examples of neglect. Allowing manure to build up in an animal’s stall
until the animal is covered in filth is also neglect. Neglect can happen on both large and small farms.

ANIMAL BEHAVIORAL PREFERENCES IN INTENSIVE SYSTEMS VERSUS EXTENSIVE SYSTEMS

Almost everyone who cares about animal welfare can agree that deliberate abuse of animals and
neglect are very detrimental to animal welfare. However, there is a much greater controversy and
disagreement on an animal’s behavioral needs. Scientists can measure, in an objective manner,
an animal’s motivation for an environmental enrichment such as straw for pigs to chew on or a
secluded nest box for a laying hen. Research shows very clearly that animals prefer specific ameni-
ties. Therefore, to provide an acceptable level of animal welfare in an intensive animal production
system, environmental enrichments are needed to satisfy what the animals “want” most.

Examples of extensive systems of animal production are grass-fed beef and free-range chickens.
Producers in this extensive segment will sell to high-end markets of affluent, concerned consumers.
Intensive segments of animal production will remain large-scale commercial producers who will
sell animal products at more affordable prices. This sector will need to eliminate some of the most
objectionable practices such as sow gestation stalls and small, cramped chicken cages. To provide
affordable animal products, these systems will have to be intensive, but must also provide for the
most highly motivated behavioral needs. One example that is already being implemented is colony
housing for hens that provides nest boxes, perches, and a place to scratch.

BiorLocicAL SYSTEM OVERLOAD

I predict that biological system overload will become one of the most serious animal welfare prob-
lems in the future. Animals have been pushed to produce more and more milk, meat, or eggs, and
problems with lameness and weakness have already increased since the 1980s and may get worse.
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Lameness in dairy cows has greatly increased and some pigs with heavy muscles are too weak to
walk through the stockyard at a meat plant. There is a point where animal productivity should no
longer be increased because the animal has difficulty functioning. Managers should strive for opti-
mal productivity rather than maximum productivity. A dairy cow that lasts for three or four years
of milking would probably be a good tradeoff between productivity, cost, and welfare compared to
a cow that lasts for only two years of milking.

EcoNomic FACTORS

Economic pressures can cause producers to cut corners and compromise animal welfare, but
economic factors can also be forces to improve animal welfare. The treatment of animals at
slaughter plants greatly improved after McDonald’s Corporation and other restaurant compa-
nies started auditing slaughter plants. Large buyers are in a position to drive positive change.
Handling and transport practices will improve when people are held financially accountable
for death losses and injuries. When I worked with the restaurant companies to implement ani-
mal welfare audits, I saw huge improvements. Large buyers have the economic clout to enforce
standards. This is why I spend large portions of my time working with large buyers of animal
products to develop standards and conduct audits. The need for grocery stores and restaurants
to audit animal welfare is equally important for both conventional agriculture and the organic/
natural sectors.

MEASURING WELFARE Is ESSENTIAL

People are able to manage the things that they can measure. To maintain high standards, manag-
ers need to measure welfare indicators such as the percentage of lame animals, skinny animals,
animals with sores, animals with abnormal behavior, or dirty animals. In organic operations, coat
condition should also be evaluated because lice treatments are often not used and bald spots on
untreated cattle are not acceptable. Measuring is essential to prevent “bad from becoming normal.”
If a producer gets used to seeing a high percentage of lame cows, he or she may start to think that is
normal. Animal handling should also be measured to prevent handling practices from reverting to
being rough and inappropriate. Variables such as the percentage of immobile animals falling down
or the percentage of those vocalizing during handling can be measured. Measurement enables a
producer to determine if welfare is getting better or getting worse. Productivity is routinely mea-
sured. Welfare indicators should also be measured.

Temple Grandin, PhD

Department of Animal Science

Colorado State University, Fort Collins, CO
Grandin Livestock Handling Systems, Inc.






Preface

Animal welfare is a topic of great interest and importance to society. Animals are used for
companionship, service, research, food, fiber, and by-products. Ongoing efforts to ensure the
well-being and comfort of food animals are imperative for fulfillment of sustainable agricul-
ture. Animal source foods provide important nutrients in the diets of humans and animals. A
major challenge for society is the maintenance of a stable environment to support human and
animal needs. Our intent is to link the societal challenge of sustaining animal and human wel-
fare with a strong and viable food system ensured by stewardship of land, crops, animals, and
natural resources.

The book is presented in three parts: Section 1: Roles of Animals in Society, Chapters 1-3;
Section 2: Treatment of Animals and Societal Concerns, Chapters 4—8; and Section 3: Sustainable
Plant and Animal Agriculture for Animal Welfare, Chapters 9—14. The Forewords, written by indi-
viduals representing academia and industry, underscore the need for the animal welfare discussion
in this textbook. Increases in food production have occurred because of scientific, technological, and
global marketing advances. New knowledge in soil, water, crop, and animal science has increased
concurrently with advances in transportation and communication. This industrialization of agricul-
ture has created urban societies in which the vast majority have little awareness and understanding
of agriculture and food production. For example, during the 1950s, approximately 20% of the U.S.
workforce was in farming; in 2011, the figure is approximately 1%.

A major challenge for society in the coming decades is to provide sufficient global food to meet
the needs of an increasing human population. Demand for animal source foods is growing, espe-
cially in developing countries, to counter widespread malnutrition that continues to be a major insult
to infants and children.

During the past 40 years, economics improved and per capita consumption of milk, meat, and
eggs in developing countries has increased. In contrast, during the same period in the developed
countries, average per capita animal source food consumption has declined slightly.

The care and welfare of all animals is a high priority for society. A prominent milestone in this
movement began with the exposure a century ago of questionable practices used in animal slaughter
plants. Progress in animal welfare reforms and oversight is an ongoing effort by those engaged in
food animal production and laboratory animal care.

Concurrent with these ongoing efforts in animal welfare reform, several small but well-funded
organizations are active in promoting efforts to curtail or eradicate food animal production and
the use of laboratory animals in biomedical research. Such efforts may affect animal source food
production and the use of animals in biomedical and agricultural research. Consequently, the nutri-
tional and physiological well-being of infants, children, and other vulnerable humans is at risk,
particularly in developing countries. However, it is important to distinguish between abolitionists,
who accept no legitimate animal use, and those who seek to improve the treatment and well-being
of food animals as well as animals used in biomedical and agricultural research.

This book is intended to provide a framework for open discussions related to those issues that
embrace the concepts of nutrition, animal welfare, and freedom of food choices. Chapter authors
are highly qualified and recognized experts in their respective fields of teaching, research, and
public service. The book is primarily written for undergraduate college students in varying fields
of study: animal sciences, animal behavior, animal welfare, plant sciences, environmental sus-
tainability, sociology, economics, and nutrition. The subject of animal welfare reaches across
society in general, both urban and rural, and has a significant impact on consumer attitudes and
choices.

xiii
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The domestication of animals occurred some 10,000 years ago and represented a milestone for the
history of human civilization. The origin and sequence of domestication is a hotly debated topic
among anthropologists and historians. Richard Bulliet (2005) argues that animals were probably
first kept in captivity for use in sacrificial rites. This practice allowed ancient civilizations to observe
which species were tame enough for use as work animals. Animals, notably cattle, provided labor
and locomotion when they were harnessed to plows, sledges, and wagons beginning in about 4000
BC. Thus, animal agriculture was indispensable to accelerating the development of crop agriculture.
The flesh and hides of sacrificial animals were routinely consumed by those in the royal house or the
priesthood. Eventually, the habit of having the animals under human control at all times provided a
constant and consistent food supply ready at hand. It also thereby created the leisure time necessary
to societal progress.

However domestication actually occurred, humans selected among animals congenial to human
management, and further shaped them in terms of temperament and production traits by breeding
and artificial selection. These animals included cattle—dubbed by Calvin Schwabe the “mother of
the human race”—sheep, goats, horses, dogs, poultry and other birds, swine, ungulates, and other
animals capable of domestication. The animals provided food and fiber (meat, milk, wool, and
leather); power to haul and plow; transportation; and served as weaponry (horses and elephants).
As people grew more effective at breeding and managing the animals, productivity increased. As
humans benefited, so arguably did the animals. They were provided with the necessities of life in a
predictable way. Thus was born the concept of husbandry—the remarkable practice and articulation
of the symbiotic contract humans made with farm animals.

“Husbandry” is derived from the Old Norse words “hus” and “bond”; the animals were bonded
to one’s household. The essence of husbandry was care. Humans put animals into the most ideal
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environment possible for the animals to survive and thrive, the environment for which they had
evolved and been selected. In addition, humans provided them with sustenance, water, shelter, pro-
tection from predation, medical attention (as was available), help in birthing, food during famine,
water during drought, safe surroundings, and comfortable appointments. Eventually, what was born
of necessity and common sense became articulated in terms of a moral obligation inextricably bound
up with self-interest. In the biblical story of Noah, we learn that even as God preserves humans,
humans preserve animals. The ethic of husbandry is, in fact, taught throughout the Bible—animals
must rest on the Sabbath even as we do; one is not to seethe a calf in its mother’s milk (so we do not
grow insensitive to animals needs and natures); and we can violate the Sabbath to save an animal.
Proverbs tells us “the wise man cares for his animals.” The Old Testament is replete with injunctions
against inflicting unnecessary pain and suffering on animals, as exemplified in the strange story of
Balaam who beats his ass, and is reprimanded by the animal’s speaking through the grace of God.
The true power of the husbandry ethic is best expressed in the 23rd Psalm. There, in searching for
an apt metaphor for God’s ideal relationship to humans, the Psalmist invokes the good shepherd:

The Lord is My shepherd; I shall not want.
He maketh me to lie down in green pastures:
He leadeth me beside the still waters.

He restoreth my soul.

We want no more from God than what the good shepherd provides to his animals. Indeed,
consider a lamb in ancient Judaea. Without a shepherd, the animal would not easily find forage
or water, would not survive the multitude of predators the Bible tells us prowled the land—Ilions,
jackals, hyenas, birds of prey, and wild dogs. Under the aegis of the shepherd, the lamb lives well
and safely. In return, the animals provide their products and sometimes their lives, but while they
live, they live well. Even slaughter, the taking of the animal’s life, must be as painless as possible,
performed with a sharp knife by a trained person to avoid unnecessary pain. Ritual slaughter was, in
antiquity, a far kinder death than bludgeoning; most importantly, it was the most humane modality
available at the time (despite its questionable status today).

The metaphor of the good shepherd is emblazoned in the Western mind. Jesus is depicted as
both shepherd and lamb from the origin of Christianity until the present in paintings, literature,
song, statuary, and poetry as well as in sermons. To this day, ministers are called shepherds of their
congregation, and the word “pastor” is derived from “pastoral.” In addition, when Plato discusses
the ideal political ruler in the Republic, he deploys the shepherd—sheep metaphor: The ruler is to
his people as the shepherd is to his flock. Qua shepherd, the shepherd exists to protect, preserve,
and improve the sheep; any payment tendered to him is in his capacity as wage earner. So too the
ruler again illustrates the power of the concept of husbandry on our psyches. Because of its close
connection to God’s putative relation to humans, husbandry has traditionally been a favored topic
for sermons and homilies in the Judeo-Christian tradition. The concept of husbandry was regularly
emphasized in the education of the young, both as a foundation for agriculture and as an exemplary
value to reflect upon. Viewed from the perspective of agricultural ethics, the singular beauty of
husbandry is that it was both an ethical and prudential doctrine. It was prudential in that failure
to observe husbandry inexorably led to ruination of the person keeping animals. Not feeding, not
watering, not protecting from predators, not respecting the animals’ physical, biological, and physi-
ological needs and natures, what Aristotle called their felos—the “cowness of the cow,” the “sheep-
ness of the sheep”—meant your animals did not survive and thrive, and thus neither did you. Failure
to know and respect the animal’s needs and natures had the same effect. Indeed, even Aristotle,
whose worldview was fully hierarchical with humans at the top, implicitly recognized the contrac-
tual nature of husbandry when he off-handedly affirmed that although the natural role of animals is
to serve man, domestic animals are “preserved” through so doing. The ultimate sanction of failing
at husbandry—erosion of self-interest—obviated the need for any detailed ethical exposition of
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moral rules for husbandry. Anyone unmoved by self-interest is unlikely to be moved by moral or
legal injunctions! Yet although one finds little written about animal ethics and little codification of
that ethic in law before the twentieth century, there is no reason to suppose that husbandry was not
also conceived in ethical terms. Indeed, the religious tradition discussed previously suggests just
the opposite. If the shepherd did not tend his flock from a perspective of ethical compassion (along
with self-interest), how could the metaphor of God as “my shepherd” have attained the resonance
and meaning that it evidently has?

Given the overlap between ethics and self-interest in traditional husbandry, the bulk of what was
articulated in animal ethics aimed at identifying overt, deliberate, sadistic cruelty, hurting an ani-
mal for no purpose or for perverse pleasure, or not providing food or water. The biblical prohibition
against animal cruelty was continued and augmented in the rabbinical tradition as Tsaar Baalei
Chaim—the suffering of living things. The prohibition against yoking an ox and an ass to the same
plow arises out of concern of stress on the weaker animal. At the same time, of course, the Bible is
replete with commandments that encourage good husbandry. Concern for cruelty to animals arises
in the Catholic tradition in the writings of St. Thomas Aquinas. Despite the fact that animals enjoy
no moral status in Catholic theology, Aquinas strictly forbids cruelty on the grounds (buttressed by
modern psychology) that cruelty to animals leads inexorably to cruelty to humans.

Despite the sound and Solomonic basis for husbandry and its long history, this simple ethic was
dealt a serious blow in the twentieth century. It is essential to stress that the widespread loss of hus-
bandry among some producers was not the result of malice or thoughtlessness. It occurred through
the eventual maturation of change processes that had long been at work in agricultural systems
of European origin, ushered along by a series of technological innovations that were themselves
accelerated in the years following World War II. By the closing decades of the twentieth century in
some environments, these change processes had supplanted the ideas that had supported a relatively
benign on-farm relationship between livestock and their human caregivers over the preceding cen-
turies. By 1980, the philosophical vision of farming that held sway throughout the United States
and other nations of European settlement had been swept away by a new understanding. In this new
way of seeing things, agriculture is just another sector in the industrial economy. Like the energy
or manufacturing sectors, the role of agriculture is to bring forth commodities for consumption in
the marketplace, and to do so at the least possible cost. These changes were not brought about by
a lack of concern for animals. The forces that created this philosophical revolution in the way that
scientists, policymakers, and opinion leaders thought of agriculture are not uniquely or even primar-
ily focused on the livestock sector.

Industrial agriculture is the inevitable result of unconstrained technological innovation on the one
hand, combined with a singular neglect of the food system’s unique contributions to quality of life on
the other. The technology piece of the change process gave us industrial agriculture as a simple result
of agricultural economics. Farm productivity is the ratio of farm output over input. Inputs include
land, labor, and purchased goods such as seed, feed, fertilizer, and equipment. Outputs include sal-
able farm products: in the animal sector, meat, milk, eggs, and animal by-products such as hides. A
change in technology increases productivity when the new tools or techniques being used increase
the outputs in the form of salable products while keeping the inputs in the form of land, labor, and
other purchased goods constant. For an individual farm, an increase in productivity means that the
farmer has more to sell. This is a good thing for the farmer as long as the price received for those
commodity goods stays the same. With more to sell, the farmer has more income. The hitch is that as
the new technology is widely adopted by other farmers, the entire farm sector has more to sell, and
this creates a problem in agriculture that fuels the process of industrialization.

According to Economics 101, when supply goes up, prices must come down. Thus, as farm
productivity grows, the total supply of farm commodities grows with it and prices fall. Eventually
the farmer is back where he started. The ultimate benefit of an increase in productivity is passed
on to consumers, who enjoy lower prices for food. However, something important has gone on
in the meantime. Those farmers that adopted the new tools and techniques early made windfall
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profits before prices fell, while farmers who were late to adopt them were stuck with the problem of
having to sell their meat, milk, and eggs for less than it cost to produce them. This, as any student
of economics knows, leads to bankruptcy. When the bankrupt farms go up for auction, the early
adopters are sitting there with windfall profits in their pockets, anxious to buy up the bankrupt
farms. Agricultural economists call this the “technology treadmill.” An individual farmer is run-
ning harder (producing more) to stay in the same place (maintain the same income). At the same
time, less productive (and usually smaller) producers are constantly going bankrupt and leaving
farming, while the ones still on the treadmill are getting bigger and bigger. When still newer tools
and techniques come along, this process repeats itself all over again.

There are several ethical points to learn from the technology treadmill. The first point is that no
farmer can afford not to adopt the most productive, state-of-the-art tools and techniques, and the
smart ones are always the first to do so. If other farmers are producing for less, market prices will
eventually adjust to reflect that fact, and the “laggard” (this is actually the term that rural sociolo-
gists once used to describe late adopters) will be forced to go out of business. From the individual
farmer’s perspective, there is no ethical choice to be made. Either you use the most productive
technology or you are not a farmer at all. There is no point in trying to blame producers for this as a
matter of ethics. They literally have no choice. The second point is if this were all that there was to
say about the economics of farming, then there would be strong ethical arguments for thinking that
the technology treadmill is a good thing. It is obviously not a good thing for the smaller, less pro-
ductive farmers who are losing their farms, but it is important to remember that the cost of food is
constantly coming down with every turn of the treadmill. This decline in the cost of food is a good
thing for people who buy food. It is an especially good thing for people who spend a comparatively
large portion of their income on food (i.e., the poor). Several generations of agricultural economists
and policymakers were so impressed by this logic during the twentieth century that urging farmers
to “get big or get out” was official U.S. government policy (Thompson, 2010).

However, there is more to the story.

Between the two World Wars, agricultural scientists and government officials became extremely
concerned about supplying the U.S. public with enough cheap and plentiful food. First, after the Dust
Bowl and the Great Depression, many people in agriculture had soured on farming. Agriculture was
always subject to the vagaries of weather and economics, but never in U.S. history to the staggering
extremes experienced in the unpredictable and incomprehensible events over which the individual
was powerless. Second, reasonable predictions of urban and suburban encroachment on agricultural
land were being made, with a resultant loss of land for food production. This tendency has in fact
continued through the present. Today, rural property that was formerly used for dryland farming
of winter wheat now can sell for $60,000 per acre for development use. Moreover, as farmland is
developed into housing, homeowners do not wish to live next to animal production units that create
odor and dust. Third, many farm people had been sent to both foreign and domestic urban centers as
military personnel during both World Wars, thereby creating in them a reluctance to return to rural
areas lacking in excitement and amenities. This problem is well illustrated by the post-World War 1
song, “How "Ya Gonna Keep "Em Down on the Farm (After They’ve Seen Paree)?”” Fourth, having
experienced the specter of literal starvation during the Great Depression, the American consumer
was, for the first time in our history, fearful of an insufficient food supply. Fifth, projection of major
population increases (that in fact happened) further fueled concern. Sixth, promises of better jobs in
cities, for example in the automotive industry in Detroit, lured farm workers out of agricultural areas
into urban areas by the promise of higher income than could be made on farms.

When the considerations of loss of land and diminution of agricultural labor are coupled with
the rapid development of a variety of technological modalities relevant to agriculture during and
after World War II and with the burgeoning belief in technologically based economics of scale, it
was probably inevitable that animal agriculture would become subject to industrialization. This was
a major departure from traditional agriculture and a fundamental change in agricultural core val-
ues—industrial values of efficiency and productivity replaced and eclipsed the traditional values of
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“way of life” and husbandry. Husbandry-based animal agriculture was about putting square pegs in
square holes, round pegs in round holes, and creating as little friction as possible doing so. Animal
welfare was linked conceptually to productivity—harming the animal’s welfare diminished its pro-
ductivity. To be sure, people did not always pursue their own interest and could be sloppy or abrasive
in animal care despite the concomitant loss of productivity. However, the key point was that the two
were closely tied together. As industrial agriculture began to take hold, academic departments of
animal husbandry changed their names to departments of animal science, symbolically betokening
a move to industry. Animal science, in fact, is defined in textbooks as the application of industrial
methods to the production of animals. No husbandry person would ever dream of keeping animals
evolved for extensive grazing confined in small cages. No husbandry person would ever dream of
feeding blood and bone meal, poultry waste, or cement dust to farm animals, but such “innovations”
are entailed by industrial/efficiency mindset and applied research.

With the industrialization of agriculture, people no longer needed to put square pegs in square
holes, round pegs in round holes, but by using “technological sanders,” could force square pegs
into round holes and round pegs into square holes. In other words, animals could be placed into
environments and housing systems that violated their biological and psychological natures without
harming their productivity. Antibiotics, vaccines, bacterins, hormones, air-handling systems, and
other technological innovations allowed us to put animals where their needs and natures were not
met, where suffering in fact occurred. In a traditional husbandry system, these practices could have
reduced farm productivity, but in the industrial system, they increased farm productivity from the
economic standpoint. Using technology, productivity was severed from animal welfare. For exam-
ple, the economically most efficient way to produce eggs maximizes the number of eggs produced
per barn, rather than per bird. A modern poultry barn costs hundreds of thousands of dollars, while
a chicken costs only a few cents. Stocking densities that maximize productivity sacrifice animal
health in order to get the best return on the total investment.* Whereas, in husbandry agriculture,
productivity and animal welfare went hand-in-hand, they were disconnected under an industrial
approach, with animals suffering, but in ways irrelevant to productivity. However, small husbandry
farms, operating on smaller profit margins, still exist today in the United States and worldwide.

By the last quarter of the twentieth century, a significant portion of animal agriculture had been
channeled into industrialized confinement in the United States, Europe, Latin America, and Asia.
Machines replaced human skilled labor, and industrialized agriculturalists boasted that agricultural
intelligence was in the systems, not in husbandry-trained workers. Husbandry was often supplanted
by industry in many areas of animal agriculture except for extensive sheep and cattle ranching. In
these cases, not only was animal welfare adversely affected, but also new problems for agriculture
arose. One issue was sustainability: in extensive cattle ranching, environmental sustainability was
assured because if a cattle rancher overgrazed his pasture land, he essentially lost his livelihood.
Industrial agriculture, on the other hand, did not represent a self-sustaining balanced equilibrium. A
detailed account of the problems created by the industrialization of animal agriculture is presented
in Chapter 4, but they are worth a brief summary here.

1. Environmental—Inexpensive fossil fuels are one of the main drivers for industrialization
in all of agriculture, including animal production. Furthermore, such operations generate
enormous amounts of manure. Unlike the valuable role of manure in pastoral agriculture,
where it nourishes the soil, in confinement manure becomes a potential pollutant. Excess
manure leaches into ground water and pours into surface water under conditions of high
rain, as famously occurred in North Carolina. The wastes in turn produce significant odor,
and eutrophication of streams, rivers, and lakes, that is, growth of undesirable algae and
bacteria. In the central valley of California between San Francisco and Los Angeles, many

*1In 2000, the Producer Committee for the United Egg Producers acknowledged this, increasing recommended space
allocations from an industry average of 48 sq. in. per bird to 72 sq. in. per bird.
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giant dairies have generated unprecedented air pollution consisting of organic volatile
compounds, nitrous oxide, ammonia, and methane, eliciting unprecedented environmental
regulations. Industrial operations also consume vast amounts of precious water.

2. Human health issues—Closely connected to environmental contamination are human
health issues. Two-thirds of human infectious diseases are zoonotic, and close confine-
ment allows infectious microorganisms to burn through populations, much like a cold
in a dormitory. In addition, crowded conditions may be conducive to rapid mutation and
development of new pathogens. When antibiotics or other drugs are used as a technological
sander to compensate for unhealthy conditions or as a growth promotant at low levels, sur-
face water from runoff of industrial animal production facilities can become polluted with
pharmaceuticals. Many scientists believe that feeding antibiotics to livestock for growth
promotion encourages resistance to antibiotic agents in important human pathogens and
thus an end to such use of antibiotics in agriculture should be legislated. Others (De Haven,
2010) deny this claim. Worker health may also become a problem, both because of patho-
gens and because of bad air. In some swine barns, workers must wear respirators, although
the animals do not! The air pollution mentioned earlier in the central valley of California
is responsible for marked increased incidence of respiratory disease, cardiovascular prob-
lems, and pre-natal and neonatal health problems, as California health authorities told the
Pew Commission on which one of us (BR) served.

3. Loss of small agriculture and destruction of rural communities—As mentioned, in some 26
years the United States had lost 87.8% of the swine producers operating in 1980 (Vansickle,
2002) with the hogs now produced by large companies. From over one million producers
in the 1960s, by 2005 the number had fallen to 67,000 (USDA/NASS, 2005). As the small
hog farmers have gone out of business, the once thriving communities they nurtured have
become ghost towns. This in turn kills the communities. Moreover, in rural areas where
large operators have become established, major cultural conflicts occur between traditional
inhabitants and the migratory workers. In the face of these considerations, we must again
recall Jefferson’s admonition that small farms and farmers are the backbone of democracy;
no one wishes to see major corporations monopolizing the food supply.

4. “Externalized costs”—What helped drive industrialized agriculture’s evolution is the
desire for “cheap food.” Americans spend only 9% of their income on food, as opposed
to the 20% spent by Europeans. However, it should be clear from our discussion that what
one pays in the supermarket does not represent the true cost of animal products created by
industrial methods. The Pew Commission was told by California state health officials that
human health costs (in addition to the suffering associated with illness), for example, from
pollution from dairies in the central valley of California cost every man, woman, and child
in that area an estimated $3 billion, or $1000 per year in direct medical costs. The costs
of environmental pollution and the cleanup it will eventually require are inestimable, and
how does one cost-account the animals’ suffering?

It has often been asked if those who developed industrial animal production methods were callous
or oblivious to animal welfare. Most certainly not! They are, however, guilty of a major conceptual
error. Since most of the developers come from experience and training in husbandry agriculture,
they may have assumed that the same logic that governed husbandry would remain in industrial
systems. That is, they thought that the new agriculture would preserve the close connection between
productivity and animal welfare that one found in traditional agriculture. Hence, as we shall see
in Chapter 5, industrial agriculturalists were disposed to treat productivity as definitive of welfare,
forgetting the role of what we have called “technological sanders” in preserving productivity even
while welfare is severely compromised.

Industrial agriculture created major welfare problems for farm animals that did not arise, or were
insignificant, under husbandry agriculture.
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In general, all animals in confinement agriculture (with the exception of beef cattle who live
most of their lives on pasture, and are “finished” on grain in dirt feed lots, where they can actualize
much of their nature) suffer from the same generic set of affronts to their welfare absent in hus-
bandry agriculture.

1. Production diseases—By definition, a production disease is a disease that would not exist
or would not be of serious epidemic import were it not for the method of production.
Examples are liver and rumenal abscesses resulting from feeding cattle too much grain,
rather than roughage. The animals that get sick are more than balanced out economically
by the remaining animals’ weight gain. Other examples are confinement-induced envi-
ronmental mastitis in dairy cattle and “shipping fever.” There are textbooks of production
diseases, and well over 90% of what farm animal veterinarians treat is production diseases
(Rollin, 2009).

2. Loss of workers who are “animal smart”—In large industrial operations such as swine
factories, the workers are minimum wage, sometimes illegal, often migratory, with little
animal knowledge. Confinement agriculturalists will boast that “the intelligence is in the
system” and thus the historically collective wisdom of husbandry is lost, as is the concept
of the historical shepherd, now transmuted into rote, cheap labor.

3. Lack of individual attention—Under husbandry systems, each animal is valuable. In inten-
sive swine operations, the individuals are worth little. When this is coupled with the fact
that workers are no longer caretakers, the result is obvious.

4. The lack of attention to animal needs determined by their physiological and psychological
natures—As mentioned earlier, “technological sanders” allow us to keep animals under
conditions violative of their natures, thus severing productivity from assured well being.

THE EGG INDUSTRY

Let us briefly examine some representative industrial systems to understand in specific terms the
problems of animal welfare generated by industrialization of animal agriculture. Consider, for
example, the egg industry, one of the first areas of agriculture to experience industrialization. On
a typical nineteenth-century American farm, chickens ran free in barnyards, able to express their
natural behaviors of moving freely, nest-building, dust-bathing, escaping from more aggressive ani-
mals, defecating away from their nests and, in general, fulfilling their natures as chickens. They
fed on a combination of natural forage and waste products (table scraps, generally) from the farm
household. Chickens were typically kept near the house and tended by women and children, who
were not paid for their labor. “Egg money” is a phrase that refers to the income that a household
would make by selling a few excess eggs off the farm. During this era, eggs were typically avail-
able only seasonally, as these free-ranging hens would turn their energies elsewhere as spring gave
way to summer. This farmstead practice was first supplemented and then eventually often displaced
by operations in which hundreds and eventually thousands of egg-laying hens were kept on litter
in low buildings. Eggs were still gathered by hand, although now increasingly by low-wage work-
ers, who also distributed milled feeds, collected dead birds, and were responsible for hygiene. The
key technologies in this transition were in breeding, on the one hand, as the genetically diverse but
broody flocks of yesteryear were displaced by leghorns that would lay eggs constantly, and electric
lights, on the other, which regularized light cycles and broke the seasonal nature of egg production.
Although still free ranging, birds in these systems were also beak trimmed to minimize cannibal-
ism (Friedberg, 2008). This middle system, already well in place by the 1930s, was supplanted by
the caged layer systems of the 1960s and 1970s in which hens were kept on wire and methods of
egg collection and manure removal were completely automated. In its most economically efficient
configuration, hens were stocked so densely in small cages so that some must stand on others. The
trade association for the shell egg industry (i.e., eggs sold in shells) no longer recommends these
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stocking densities, although many producers who sell liquefied eggs to the food industry, as well
as a minority of shell egg producers, still use them. Putting chickens in cages and putting the cages
in environmentally controlled buildings requires large amounts of capital, energy, and technologi-
cal “fixes.” For example, it is necessary to run exhaust fans to prevent lethal build-up of ammonia.
The value of each chicken is negligible so more chickens are needed; chickens are cheap, cages
are expensive so as many chickens as is physically possible are crowded into cages. The vast con-
centration of chickens requires antibiotics, vaccines, and other drugs to prevent wildfire spread of
disease in crowded conditions. Breeding of animals is oriented solely toward productivity; genetic
diversity—a safety net allowing response to unforeseen change— is lost.

THE DAIRY INDUSTRY

Consider another example, the dairy industry, once viewed as the paradigm case of bucolic, sustain-
able animal agriculture, with grazing animals giving milk and fertilizing the soil with their manure
for continued pasture. Although the industry wishes consumers to believe that this situation still
exists—the California dairy industry ran advertisements proclaiming that California cheese comes
from “happy cows,” showing the cows in pastures—the truth is radically different. The vast major-
ity of California dairy cattle spend their lives on dirt and concrete, and in fact never see a blade of
pasture grass, let alone consume it.

Ubiquitous across contemporary agriculture, animals have been single-mindedly bred for pro-
ductivity—in the case of dairy cattle, for milk production. Today’s dairy cow produces three to four
times more milk than 60 years ago. In 1957, the average dairy cow produced between 500 and 600
pounds of milk per lactation. Fifty years later, it is close to 20,000 pounds (The Colorado Dairy
Industry, 2005; USDA/NASS, 2006). From 1995 to 2004 alone, milk production per cow increased
16%. A high percentage of the U.S. dairy herd is chronically lame (Nordlund, 2004; some estimates
range as high as 30%), and these cows suffer serious reproductive problems. Whereas in traditional
agriculture, a milk cow could remain productive for 10 or even 15 years, today’s cow lasts slightly
longer than two lactations, a result of metabolic burnout and the quest for ever-increasingly pro-
ductive animals, hastened in the United States by the use of bovine somatotropin (BST) to further
increase production. Such unnaturally productive animals naturally suffer from mastitis, and the
industry’s response to mastitis in portions of the United States has created a new welfare problem by
docking of cow tails without anesthesia in a futile effort to minimize teat contamination by manure.
(No husbandry person would so mutilate a cow, leaving her with an open wound and no way to
chase flies.) Still practiced, this procedure has been definitively demonstrated not to be relevant to
mastitis control (see Bagley, 2003). Arguably, the stress and pain of tail amputation coupled with the
concomitant inability to chase away flies may well dispose cows to more mastitis. In a dairy, calves
are removed from mothers shortly after birth, before receiving colostrum, creating significant dis-
tress in both mothers and infants. Bull calves may be shipped to slaughter or a feedlot immediately
after birth, generating stress and fear. (Under husbandry, these animals would have been eaten as
veal or sold locally.)

THE SWINE INDUSTRY

The intensive swine industry, which through a handful of companies is responsible for 85% of the
pork produced in the United States, is also responsible for significant suffering that did not affect
husbandry-reared swine. Certainly the most egregious practice in the confinement swine industry
and possibly, given the intelligence of pigs, in all of animal agriculture is the housing of pregnant
sows in gestation crates or stalls—essentially small cages. The recommended size for such stalls, in
which the sow spends her entire productive life of about four years, with a brief exception we will
detail shortly, according to the industry is 3 feet high x2 feet wide x7 feet long—this for an animal
that may weigh 600 pounds or more. (In reality, many stalls are smaller.) The sow cannot stand up,
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turn around, walk, or even scratch her rump. In the case of large sows, they cannot even lie flat,
but must remain arched. The exception alluded to is the period of farrowing—approximately three
weeks—when the sow is transferred to a “farrowing crate” to give birth and nurse her piglets. The
space for her is no greater, but there is a “creep rail” surrounding her so the piglets can nurse without
being crushed by her postural adjustments.

Under extensive conditions, a sow will build a nest on a hillside so excrement runs off; forage an
area covering a mile a day; and take turns with other sows watching piglets and allowing all sows
to forage (Rollin, 1995). With the animal’s nature thus aborted, she may exhibit bizarre and deviant
behavior such as compulsively chewing on the bars of the cage, and endure foot and leg problems
and lesions from lying on concrete in her own excrement. Keeping the sow confined is seen as more
efficient, as she uses less feed and less labor is required to manage the animals.

Jim and Pamela Braun (1998), now activists opposing industrial pork production, explain how
such changes seemed entirely rational to them when they were involved in installing a confinement
system on their own farm. Their family-farm system of raising pigs outdoors in a barnyard began
to fail in the late 1960s when they encountered difficulties in managing a porcine disease called
MMA.

The only treatment was a series of shots strategically timed immediately after farrowing. If the
sequence was missed, the piglets died. Even the tamest sows became very leery after receiving the
first shot, and thousands of field-farrowed piglets died.

In order to solve this and other problems in hog production, ...[a] concrete pit was built, and concrete
slats were installed to service a 144 foot by 44 foot farrowing house that was totally enclosed. ... Each
stall was its own self-contained sow hotel, with an automatic feeder, waterer, and manure removal
system. We farrowed year round and the sows could not run from their shots, thereby helping to ensure
the health and safety of the piglets. By the fall of 1974, six more buildings were added, and all of my
father’s hogs were on slatted floors and under aluminum roofs. ... Confinement solved many problems
associated with hog production. The pigs were protected from the elements, which increased their feed
efficiency and their rate of gain. Sow productivity was increased because they could be weaned and
rebred to farrow no matter the season or weather. Also, left on their own outside, hogs develop a social
structure and a pecking order that is rigidly enforced. Only those at the top of the hierarchy thrive.
They receive the larger portions of feed by bullying the smaller and weaker hogs. Stronger and more
dominant pigs mutilate and often kill weaker and smaller pigs. Grouping hogs into smaller, protected
numbers inside helped to reduce the “Boss Hog” syndrome. (Braun and Braun, 1998, pp. 40—41)

They go on to acknowledge weaknesses in these systems (such as antibiotic use), but the main
thrust of their indictment of industrial pig production emphasizes unfair and illegal pricing
structures, unfair credit practices, and state and federal tax credits that corporations (seeking
to integrate pig production) use to put the squeeze on independent producers (Braun and Braun,
1998, p. 50).

Two striking anecdotes tellingly underscore the difference between husbandry agriculture and
its practitioners and industrial agriculture and its practitioners with regard to animal welfare. A few
years ago, we observed some sharply contrasting incidents that dramatically highlight the moral dif-
ference between intensive and extensive agriculture. That particular year, Colorado cattle ranches,
paradigmatic exemplars of husbandry, were afflicted by a significant amount of scours. Over two
months, I (BR) talked to a half dozen rancher friends of mine. Every single one had experienced
trouble with scours, and every one had spent more on treating the disease than was economically
justified by the calves’ monetary value. When these men were asked why they were being what an
economist would term ‘“economically irrational,” they were quite adamant in their response: “It’s
part of my bargain with the animal; part of caring for them,” one of them said. It is, of course, the
same ethical outlook that leads ranch wives to sit up all night with sick marginal calves, sometimes
for days in a row. If the issues were strictly economic, these people would hardly be valuing their
time at 50 cents per hour—including their sleep time!
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Now, in contrast to these uplifting moral attitudes, consider the following: One animal science
colleague related that his son-in-law, who was raised on a ranch, was an employee in a large, total
confinement swine operation. As a young man, he had raised and shown pigs, keeping them semi-
extensively. One day he detected a disease among the feeder pigs in the confinement facility where
he works, which would necessitate killing them because this operation did not treat individual
animals, their profit margin being allegedly too low. Out of his long established husbandry ethic, he
came in on his own time with his own medicine to treat the animals. He cured them. Management’s
response was to fire him on the spot for violating company policy! He kept his job and escaped with
a reprimand only when he was able to prove that he had expended his own—not the company’s—
resources. He continued to work for them, but felt that his health had suffered by virtue of what I
(BR) have called the “moral stress” he experienced every day; the stress growing out of the conflict
between what he was told to do and how he morally believed he should be treating the animals.
Eventually, he left agriculture altogether. These contrasting incidents, better than anything else we
know, eloquently illustrate the large gap between the ethics of husbandry and industry.

This chapter has detailed the historical/conceptual basis for recent societal demands regarding
farm animal welfare. Chapter 5 will interpret what form the social demand is currently taking.
Viewpoints and approaches from a multidisciplinary group of educators and scientists are offered.
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INTRODUCTION

Wilson G. Pond

Animals in agriculture live on farms of all sizes ranging from a few animals per farm to several
thousand. Farm animal welfare is of concern in enterprises varying widely in size and in environ-
mental conditions. In this chapter, we describe the many contributions of farm animals in a global
society representing the economic spectrum from d eveloped countries to developing countries.

The dominant role of farm animals in the global economy is centered on animal source food
production. Foods of animal origin (fish, meat, milk, and eggs) provide an array of required nutri-
ents that are not always present in adequate amounts in plant source foods. Consumption of animal
products helps ensure sufficient intake of essential nutrients, including essential amino acids (par-
ticularly lysine, tryptophan, and threonine), essential fatty acids (omega-3 and omega 6), as well as
numerous vitamins and essential mineral elements (Carnagey and Beitz, 2011; Knight and Beitz,
2011). In addition to these conventional food nutrients, a group of foods known as functional foods
has been identified, most of which are unique to animal source foods. Several bioactive components
of proteins and lipids in milk, fish, meat, and eggs (Austic, Hsu, and Larrtey, 2011) from animals
have unique properties that provide enhanced physiological benefits to humans. An example of a
functional food component from ruminant animals is conjugated linoleic acid (CLA). Research
indicates it is anti-carcinogenic and may reduce cardiovascular disease (Santos, O’Donnell, and
Bauman, 2011).

Also, evidence shows that some amino acids have functional roles in regulating key metabolic
pathways in non-ruminant animals, for example, swine (Wu and Kim, 2011). The improved nutri-
tional status of human populations is also associated with improved animal well-being as nutritional
status of food animals improves.

In developing countries, demand for animal source foods is increasing as income rises. This
increase in availability of animal source foods improves human nutrition, particularly in infants.

In addition, other important economic and cultural contributions of farm animals to society
worldwide include production of animal fibers, leather, and pharmaceutical and biomedical prod-
ucts, as well as draft power and utilization of food processing wastes. Additional benefits include the
enrichment of youth development through programs that enhance appreciation of the importance of
animal care and well-being in food animal production, and an array of service functions, including
companionship between humans and animals (addressed in Chapter 3).
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FARM ANIMALS IN DRAUGHT AND TRANSPORT
R. Anne Pearson

INTRODUCTION

Animals have been used for agricultural work throughout the centuries, starting soon after cultivation
began. They have been used to carry loads, cultivate fields, and pull carts as well as more specific tasks in
harvesting and processing crops and trees and in water lifting and irrigation. As such, they make signifi-
cant, but often ignored contributions to society. Despite the increase in mechanization and use of motor-
ized forms of power throughout the world during the twentieth and twenty-first centuries, many people
today continue to rely on animal power to complement human labor in agriculture and transport.

Use oF ANIMALS FOR WORK

Cattle are the most commonly used animals for work throughout the world. Water buffalo are also used
in the humid tropics, and donkeys, horses, mules, and camels in the drier and temperate areas. Camels,
yaks, llamas, dogs, and elephants are used in specific tasks in specific environments and even small rumi-
nants have been used to transport agricultural goods in mountainous areas where flocks move locations
with the seasons. Hence, working animals are maintained over a wide range of agro-ecological zones,
but are particularly common on small mixe d farms where rain-fed crops are grown mainly for food pro-
duction. On 70% of farms in developing countries, draught animals and humans provide the only power
input. This is largely because on farms where size and scale of enterprise rule out mechanical power,
animal power is the only means the farmers have of cultivating land, other than use of family labor.

Although draught animals make their greatest contribution in agriculture, they also have an
important role in transport. It has been estimated that about 20% of the population of the world
relies largely on animal transport of goods. Animal carts and sledges are used to transport goods and
people in rural areas, especially where roads are unsuitable for motor vehicles. Animal power reduces
the drudgery of many of the household activities such as water and fuel collection. Where wheeled
vehicles cannot be used, such as in mountainous areas where roads are absent or poorly developed,
pack animals may be used to transport goods. Working animals, particularly in North Africa and
Asia, make a considerable and important contribution to the urban economy, being used to transport
produce within urban areas. Many of the people owning and using these animals are landless people
for whom the animal represents the main way of earning a living (see Pritchard, 2010).

Draught animals are also used in the timber industry and to power stationary equipment such as
water pumps, sugar cane crushers, and grinding mills. Less widespread is their use in the movement
of materials in small-scale building projects and road, dam, and reservoir construction. Working
animals can also be found in certain niche operations in industrial enterprises—transporting fruits
and sugar cane to road heads in plantations and moving bricks in brick factories, for example.



16 Animal Welfare in Animal Agriculture

NuMBERS OF ANIMALS USED FOR WORK

It is impossible to obtain precise information on the number of animals used for work purposes in
the world. Most countries maintain statistics on livestock numbers, but for ruminants, they do not
identify use for work separately from use for beef or milk. In many places, large ruminants are
multipurpose, being used for work, calf production, and ultimately beef as farmers try to make the
best use of the feed resources available on their farms. Most donkeys and mules kept in developing
countries can be assumed to be kept mainly for work. At least 60% of the horses kept in the trop-
ics are kept for draught work. In recent years, mules have become more popular—farmers in Latin
America are tending to replace their work oxen with mules and horses, and in North Africa, mules
are increasingly being favored over donkeys and horses where available. Speed, stamina, longev-
ity, and an ability to maintain body condition on low protein, high fiber diets have always made
mules popular but expensive to purchase. A review commissioned by the Food and Agriculture
Organization (FAO) gives details of recent trends in the use of livestock for work around the world
(Starkey, 2010).

SkiLLs IN SocieTies UsING ANIMAL POWER

In some areas of the world, draught animals are part of the traditional way of cultivating the land.
For instance, in Asia, North Africa, Ethiopia, Somalia, and in most of Latin America, people are
accustomed to training and managing their work animals. Implements are readily available locally,
usually made from local materials, with a local system to repair and replace them.

In other areas of the world, draught animal power is a more recent technology in cultivation
and crop production. For instance, until recently in West Africa and much of Sub-Saharan Africa,
animal diseases prevented the keeping of animals in many areas, and the traditional methods of
cultivating the land used manual labor only. It is only within the twentieth century that many people
have made use of draught animals on their farms in these areas. This follows the reduction in dis-
ease vector habitat and increased availability of veterinary treatments for the diseases. Because of
the relative newness of the animal power technology in these areas, the support infrastructure is not
always available locally. As a result, the animals and implements for purchase are expensive, and
they involve considerable investment by the farmers before the farmers can see the benefits and the
drawbacks for themselves. Often, implements are imported or manufactured by companies selling
arange of agricultural equipment. Although spares may be available, the manufacturers or retailers
can be some distance from the farm, and so repairs cannot be done in situ in the fields, as they often
can be in systems that are more traditional.

A lack of skill can often be seen where farm animals are used in transport enterprises in more
urban areas. In these operations, while some users have a long experience of working with animals,
others have little experience in livestock keeping. Equids tend to be favored over ruminants for their
greater speed in transport. The horse, mule, or donkey is used to provide a daily income, rather
as a vehicle would be used, and may be regarded as an expendable item by some, with little care
given to working practices or to the animal’s management and health. Cattle, buffalo, and camels
generally fare better, largely due to their resale value for meat. Thus, it is not surprising that the
nongovernmental organizations (NGOs) and animal charities operating to improve working animal
welfare and health more often voice welfare concerns for the working horse and donkey than for
the ruminant.

PrODUCTION FROM WORKING ANIMALS

The output from work animals as a contribution to the community is more difficult to assess than
that from beef or dairy animals. Draught force, speed, work, and power have all been used to assess
output of working animals. Area ploughed or cultivated and distance traveled or load carried in
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transport are outputs that can be measured easily. Less immediate, perhaps, but important to the
farmer, is the yield of the crop their working animals have helped to produce. Manure is an impor-
tant by-product and one many small-scale farmers rely on to help maintain soil fertility, particularly
as the costs of chemical fertilizers continue to rise, putting them out of reach of many small-scale
farmers.

The amount of work an animal can do depends on the speed at which it works and the draught
force generated. For a particular draught force, the speed determines the power output of the ani-
mal, that is, the rate at which the animal does the work. Therefore, these parameters are all closely
related. Various aspects of the animal, the implement, the environment, and the operator all interact
to determine the amount of work done in a day.

NUTRIENT REQUIREMENTS OF WORKING ANIMALS

Researchers have determined the nutrient requirements of working animals. Ruminants have
received the most attention (Lawrence and Pearson, 1991). However, interest in the performance
of working horses and donkeys has increased in recent years and their requirements are now more
fully understood (Perez, Valenzuela, and Merino, 1996; Pearson, 2005). The main requirement for
work is energy. Extra requirements for protein, minerals, and vitamins for work are not as large and
can usually be met by the increase in food given to meet the additional energy requirements. Energy
requirement during a working day is more closely related to distance covered than to the draught
force required to pull the implement or cart. Hence, animals doing light work such as pulling a cart
can expend more energy in a day than animals doing heavy work such as plowing. Even when oxen
are working for six to seven hours a day, their total energy expenditure in a working day is rarely
more than two times maintenance requirements. Horses and donkeys can exceed a requirement of
two times maintenance in a working day, but this is usually only when they are working steadily for
six or more hours per day.

CONSTRAINTS TO PERFORMANCE

Many studies of the husbandry and use of working animals have been undertaken over the last 30
years (e.g., Copeland, 1985; EAAP, 2003; Pearson, Muir, and Farrow, 2008). As well as determin-
ing their capabilities, it is important to examine the constraints that can limit the contribution that
working animals can make. High ambient temperature and disease (e.g., Jaafar-Furo, Mshelia, and
Suleiman, 2008; Pritchard, Burn, Barr, and Whay, 2008) are well-known constraints to perfor-
mance. However, the constraint most often identified by working animal owners is nutrition. The
main problem is how best to meet the nutritional requirements for work with the feed resources
available. Location and season determine which feeds are given to work animals.

For most of the year, work animals consume poor-quality forage diets that have a high cell-wall
content, low nitrogen content, and poor digestibility. The metabolizable energy (ME) content of
these diets is rarely more than 9 MJ ME/kg and crude protein of 90 g/kg dry matter (DM). Research
studies have shown that any increase in rate of eating or improvement in digestibility on working
days, which results from increased energy demand during working periods, is not sufficient to meet
the additional energy requirement for most types of work when animals are fed such diets. In prac-
tice, most farmers working with animals expect their animals to lose weight during the work season
unless the diet is supplemented with better-quality feed. The start of the cropping season, when
animals are required to do the most work, is usually the time when food stocks are at their lowest,
particularly in areas that have a long dry or cold season. This further exacerbates the problem of
feeding for work.

The need for supplementation is greatest when animals are multipurpose, also being required to
maintain weight (if ultimately they are to be sold for meat), or if they are cows used for work and
are required to produce a calf.
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Various strategies are available to improve feed supply to work animals, dependent upon the
financial resources of the owner. The benefits of these techniques are well researched and widely
reported (e.g., Pearson, 1995; FAO, 2010), but adoption by draught animal farmers is often poor.

THE FUTURE

Continued mechanization of agricultural practices will occur where it is economically feasible, and
work animals will be replaced or used to complement mechanization on those farms that can justify
hire or maintenance of two- or four-wheeled tractor power. On steep, inaccessible, or terraced hill-
sides, and on mixed farms where farm size and scale of crop production are small, animal power
is still a better option than motorized power to supplement manual labor. On small farms of less
than 3 ha, animal power can compete economically with gasoline-fueled tractors. Farmers using
animal power will have to cope with competition for their land from a growing human population
and increasing pressure on natural resources. This is likely to lead to the cultivation of more mar-
ginal land and greater use of animals for multiple purposes (e.g., manure, work, and milk, or work
and calf production, or meat). Cropping of marginal land will require more attention to soil and
water conservation and animal-drawn tillage techniques. Reduction of grazing land may require
more farmers to move to a cut-and-carry system of managing their work animals. With the need to
use resources more efficiently, it is important to recognize that animal energy can be harnessed to
provide several income-generating activities for the smallholder farmer outside of their use in the
production of food and cash crops and their role in manure production. More versatile, and there-
fore more frequent, use of animal power is an ideal way to spread the maintenance costs. A resting
draught animal still uses resources, unlike a resting tractor. Hence, broader use of animal power
in the areas where it is found should also be encouraged. However, despite the value farmers put
on work animals in reducing their drudgery and supporting their food production and trade within
communities, as Starkey (2010) points out, animal power continues to have a “poor out-moded
image” within governments and many of the organizations and other institutions helping to improve
the livelihoods of their farming populations and those people supporting them. This is disappoint-
ing in view of the continuing contribution of animal power to food security and farm income on
many small farms around the world.

SUMMARY

The use of animals for work and the general contribution that they can make to alleviating drudgery
in the livelihoods of the people who use them are discussed in this section. Cattle are the most com-
monly used animals for work, followed by water buffalo and donkeys, but many other domesticated
animals are also worked in suitable environments where the need arises. In some areas, use of work-
ing animals goes back many centuries; in other areas, use is more recent commencing within the
twentieth century. Outputs, feed requirements, and constraints to performance are also discussed.
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CROP AND ANIMAL PROCESSING WASTES
Wilson G. Pond and Kevin R. Pond

The human population is expected to increase from the current 6 billion to 8 to 9 billion by 2030.
Land available for food production is finite. The dramatic increases in food production resulting
from agricultural research and technology and other contributing advances have provided increased,
although not adequate, food for a growing world population. A major challenge to society now is to
continue to meet the demand for food and other products of agriculture within the constraints of a
finite land area and limited natural resources. One factor contributing to a solution is the improved
utilization of crop and animal processing wastes. Recycling of wastes from an array of animal and
plant sources is used effectively and widely in animal and crop production.
Uses of processing wastes are described as follows:

... food processing waste generally is either a potential feed ingredient for farm animal or pet food
or a potential nutrient source for crops. For example, in cereal processing firms such as breweries,
distilleries, and feed mills, by-products are not wasted but marketed as livestock feed ingredients.
Similarly, in meat processing firms, poor-quality meat by-products can be converted to better-quality
human food-products by means of breakdown and recombination of by-product components. Other by-
products such as stomachs, intestines, and fish wastes are converted to pet foods. Finally, poor-quality
effluent may be used on cropland as a nutrient source. (CAST, 1995)

In addition to animal feed constituents, inedible animal fats and other animal food processing
wastes are used to produce soap, lubricants, cosmetics, candles, floor waxes, paints, varnishes, and
other products of value to society.

Crop residues can be utilized in several ways: fuel, animal feed, bulking agents in manure and
sewage sludge composting systems to produce organic wastes that are safe, stable, and unobjection-
able for land application as fertilizer (CAST, 1995). These and other approaches are being used to
reduce crop-processing losses. These advances include the following:

1. Composting of manure, bedding, dead animals, and hatchery wastes for land application.
2. Production of methane and other biogas fuels from the above-composted products by
anaerobic fermentation.
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3. Improving the digestibility of nutrients in common feedstuffs to reduce levels of carbon (C);
nitrogen (N) and phosphorus (P) lost in manure by using new technology (e.g., use of the
enzyme phytase to improve utilization of P bound in plant feedstuffs).

4. Developing methods to reduce water volumes used in animal source food production.

5. Continuing pursuit of innovative, safe, and cost-effective ways of utilizing food-processing
wastes in food animal production (CAST, 1995) to enhance sustainable agriculture through
improved resource utilization. In addition, a worthwhile goal (CAST, 1995) for animal
agriculture is to reduce wastes during food processing that currently occur between harvest
and delivery to the consumer. Meeting this goal will improve the welfare of food animals
on a global basis by enhancing efficiency of utilization and improved nutrition of food
animals.

SUMMARY

A major challenge to society in the twenty-first century is the rate of increase in the global popu-
lation in a finite space on the planet. Large quantities of processing wastes are generated from
crop and animal production. These wastes are used to produce soap, cosmetics, candles, paints,
methane, ethanol, and many other products that improve the welfare of food animals globally by
enhancing efficiency of feed utilization and total food and feed production for a burgeoning human
population.
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ANIMAL FIBERS, HIDES AND PELTS, AND LEATHER
Wilson G. Pond and Kevin R. Pond

Wide genetic variation exists in mature size and other traits among animals native to different
regions and climates in which they are raised. This variation offers an opportunity for breed-
ers to tailor the genetic base of animals to the local environment for improved performance
and efficiency. This concept has been adopted for use in temperate and tropical environments.
There are now more than 250 registries and associations in the United States and Canada that
promote particular species or breeds and that maintain breeding records (Bixby, Christman,
Ehrman, and Sponenberg, 1994). Some are concerned with the common breeds of farm ani-
mals. Others focus on uncommon breeds of domestic animals and their crosses and on wild
species. Worldwide, there is interest in dozens of other species, hybrids, and breeds and their
crosses that have potential for commercial or subsistence level of food, hide, and fiber pro-
duction. The U.S. National Research Council (1991) published a paper on micro-livestock, a
term used for species within which some individuals are phenotypically and genetically small
compared with the breed average. Such micro-livestock are found in cattle, sheep, goats, pigs,
and poultry in which some individuals are less than half the mature sizes of average repre-
sentatives of the breed. Because of a survey of many animal scientists in 80 countries, it was
determined that about 40 breeds and species have sufficient genetic diversity to select for
small size to expand micro-livestock populations for use in developing countries. This would
allow taking advantage of the ecological interdependence of animal, plant, and human life, the
limited amount of the earth’s surface that can be safely cultivated, and the innate advantages
of small animals to the subsistence family with no refrigeration, and with limited cash, space,
and animal feed. Animal well-being would be expected to improve because of a better match
of feed supply with animal needs.
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Several species of mammals and birds contribute to society through production of wool, hair,
feathers, leather, pelts, and other inedible by-products used in the manufacture of clothing, uphol-
stery, carpets, bedding, and other products of the livestock industry. Here we describe briefly exam-
ples of the importance of many domesticated mammals and birds in providing leather, fibers, and
other by-products of the food animal industry.

MAMMALS

Cattle (beef cattle, dairy cattle, and swine), in addition to their production of meat and milk for food,
contribute significantly to the economic value of the animal by yielding hides for leather and hair
used in clothing, accounting for approximately 50% of the total by-product value of cattle. Similarly,
sheep and goats produce wool and mohair, respectively, widely used in the clothing industry and
representing a significant fraction of the total value of the products of the sheep and goat industry,
including meat and milk production.

Other mammals used in some cultures for both food and fiber or hides include rabbits, camels,
Ilamas, alpacas, and vicunas (Ullrey and Bernard, 2000). Collectively, camels and llamas are known
as camelids, with an even number of toes on each foot and anatomical characteristics that distinguish
them from true ruminants. For example, the muscle attachments in the hind legs allow them to rest
on their knees when lying down. The Old World camelids include the two-humped Bactrian camel
and the one-humped Arabian or dromedary camel. The Bactrian camel is found in the cool desert
regions of Central Asia, while the dromedary is found in the hot deserts of North Africa. Both are
used for transport, draft, meat, milk, fiber, and hides. The New World camelids include the guanaco,
vicuna, and domestic llama and alpaca. The guanaco ranges from the Andean highlands in Ecuador
and Peru to the plains of Patagonia. Vicunas live near the snow line of the Andes and have a highly
prized fine wool fleece. Alpacas are bred primarily for their wool (Nowak, 1991). Llamas are used
mostly as beasts of burden, but their meat may be used for food, fleece for clothing, hair for rope,
and hide for leather. The four South American camelids (llamas, alpacas, guanacos, and vicuna)
have the same chromosome number (Clutton-Brock, 1987) and will interbreed. Llamas and alpacas
have become increasingly numerous in the United States as pets and for production of fibers.

BirDS

Chickens, Ducks, Geese, and Turkeys

Commercial production of poultry and eggs in the United States began in the early 1800s and
gradually evolved into a massive industry in the United States and globally. The poultry industry in
the United States involves specialized production units devoted to broilers for meat and layer hens
for egg production. Animal welfare concerns are of paramount interest for both industries. Ongoing
changes in regulations regarding animal care and welfare of chickens (both broilers and layers) and
other poultry continue to receive attention.

Vertically integrated production systems involving thousands of birds have been so success-
ful that today nearly all broilers in the United States are produced under some type of contract
arrangement. The system is less frequently used in turkey production; however, if a contract is not
used, production is coordinated by some other arrangement between the processor and the growers.
Modern chicken meat strains have been developed by cross-breeding layer lines with meat lines.

Turkey growing is similar to growing of broiler chickens, but involves a two-stage system in
which day-old turkey poults are started in a brooder house and transferred to a larger growing house
at about six weeks of age and marketed weighing 10 to 40 pounds.

Ducks and geese can be raised successfully in confinement on litter floors and do not require
swimming water for growth, health, or reproduction. Young ducklings are sometimes started on slat-
ted floors or raised wire. Commercial houses often provide an indoor litter area and an outside run.
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Geese are excellent grazers and can be grown on pasture with limited supplemental feeding,
although many geese are raised indoors without pasture.

Ostriches

Ostriches are large, flightless birds that are 2 to 2.4 m tall and weigh between 110 and 150 kg. Along
with emus and several other large bird species, they are known as ratites. Ostrich feathers were used
widely by the fashion industry nearly a century ago, and ostrich leather has been used in boots, shoes,
and other leather goods for many years. The commercial ostrich industry began in the mid-nineteenth
century in Africa, where the ostrich is indigenous. Ostrich breeding in the United States began in the
1980s. More than one-half of ostrich breeding in the United States is in Texas, California, Arizona,
and Oklahoma. Some ostrich meat is imported from South Africa, but most is produced in the United
States. A marketing system for ostrich leather is developing in the United States.

Emus

Emus are indigenous to Australia. Emus are 1.5 to 1.8 m tall and weigh between 50 and 65 kg at
maturity. Emu production in the United States is relatively new, but is growing steadily. Products
include garment leather, plumage, and meat for gourmet restaurants.

SUMMARY

Animals that produce food for people also provide a wide range of non-food products, including
wool, mohair, and feathers, as well as hides and pelts used in clothing, shoes, and other leather
products. A wide genetic variation within and between breeds and crosses results in opportunities to
increase quantity and quality of animal products available for human populations everywhere and
also offers new opportunities to enhance the welfare of both humans and animals.
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USE OF ANIMALS IN NUTRITIONAL AND PHYSIOLOGICAL RESEARCH
Wilson G. Pond and Kevin R. Pond

The use of farm animals and other animals as surrogates for humans, and animals in agricul-
tural and biomedical research has a long history. Virtually every advance in human and veterinary
medicine over the past century has a foundation in animal research. Nutrients, including vitamins,
mineral elements, protein, amino acids, fat, and fatty acids known to be required by humans were
discovered to a large degree by research in animals, including pigs and other farm animals, along
with laboratory animals such as rats, mice, and other small animals and birds. Metabolic processes
were defined, and the safety and effectiveness of consumer products, drugs, medical devices, and
medical procedures were established.

Continuing research on techniques to repair congenital heart defects, control cancer, cure diabe-
tes, reverse Alzheimer’s disease, treat cystic fibrosis and muscular sclerosis, and control HIV and
many other diseases requires the use of animals.
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Diagnostic tools such as electrocardiography, angiograms, endoscopy, and cataract removal, as
well as surgical procedures, organ transplantation (e.g., heart and heart valves), and artificial joint
replacement continue to be developed because of animal model research as a vehicle for improved
human health and well-being. Major advances have been made in the use of allotransplantation
(human-to-human replacement) of kidneys and heart valves. Transplantation of animal organs in
human patients (xenotransplantation) is complicated by tissue rejection of the xenograft. The use of
pig hearts for xenotransplantation in humans offers promise (Platt, 2005). These well-established
approaches for the benefit of humans raise legitimate concerns and questions related to animal
welfare. The ethical and social implications of the use of animals as surrogates for humans in
biotechnology and biomedical research have been and continue to be addressed by the scientific
community. (CAST, 1995; Clutton-Block, 1991; Crawford, 1996; National Research Council, 1996;
Pond and Pond, 2000).

Worldwide, it is estimated that 50 to 100 million vertebrate animals are used annually (from
zebra fish to nonhuman primates). Invertebrates and vertebrates, including mice, rats, fish, frogs,
and animals not yet weaned are not included in the figures. One estimate of mice and rats used in
the United States alone in 2001 was 80 million.

SUMMARY

Agricultural and laboratory animals have contributed to major advances in knowledge of human and
animal health and progress in knowledge of nutrition and physiology. Most advances in human and
veterinary medicine had a foundation in animal research. Metabolic processes were defined and the
safety of consumer products was established with animals. The ethical and social implications of the
use of animals as surrogates for humans in biotechnology and biomedical research continue to be
addressed by scientists and palicymakers. See Chapter 14 for detailed accounts of these advances. Also,
see sections titled ‘“Pharmaceutical and Biomedical Products,” “Laws, Regulations, and Oversight
Mechanisms for Research Studies with Agricultural Animals in the United States,” and “The Role of
Animal Agriculture in Enrichment of Youth Development Through Organized Hands-On Exposure to
High standards of Animal Welfare in Food Animal Production” for additional related information.
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PHARMACEUTICAL AND BIOMEDICAL PRODUCTS
Christian E. Newcomer

HistoricAL HIGHLIGHTS OF PROGRESS IN THE USE OF FARM ANIMALS IN BIOSCIENCES

The use of farm animals for scientific advances in the development of pharmaceutical products
and in biomedical research has a long historical precedent dating to the antiquities and several
important contemporary medical practices had their origins in farm animal studies. Regrettably,
animal welfare considerations were not featured in those early studies. Galen, the famous physician
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(of Greek origin) in Rome during the second century vivisected pigs and goats in an effort to for-
mulate an understanding of the circulatory system, concluding erroneously that there were two
separate and unlinked systems. Avenzoar (also known as Ibn Zhur), a Spanish Muslim surgeon
and physician of the twelfth century rejected Galen’s views and established the general concept of
experimental surgery and that the principles of surgery should be proven in animal subjects before
being applied to humans (Abdel-Halim, 2005). Among his many other contributions, Avenzoar
performed a tracheotomy in a goat to demonstrate the safety of this procedure for use in humans.
During the late nineteenth and early twentieth centuries, drawing on the work investigating electri-
cal conductivity of animal tissues, Dutch physiologist Willem Einthoven developed a more sensi-
tive string galvanometer than had previously been used for recording heart muscle conductivity
and also successfully imaged and identified the different wave formations of the electrocardiogram
(ECQG), assigning the letters P, Q, R, S, and T to the various deflections. He later commercialized
the first electrocardiograph and described the electrocardiographic features of a number of car-
diovascular disorders. Using Einthoven’s device, Thomas Lewis, who is credited with introducing
cardiology into clinical practice, published a paper detailing his careful clinical and electrocar-
diographic observations of atrial fibrillation (Lewis, 1912). Lewis had worked with a veterinarian
to identify a horse with this condition. Using the string galvanometer’s ECG recording, and then
following the horse to the slaughterhouse, he could visually confirm the fibrillating atrium. The
use of the ECG as a basic medical parameter has now been practiced for decades, and large ani-
mal models continue to contribute to the development of new measures for cardiovascular health
in humans and animals through the collaborations of physicians, veterinarians, and scientists in
various disciplines.

In addition to the role farm animal species have played historically in anatomical and physi-
ological studies of import to the concepts of medicine and surgery, the observations of parallels and
associations of contagious diseases in farm animals with humans has stimulated many important
medical discoveries. In 1796, William Jenner conclusively documented that material in the crusts
of cowpox lesions was capable of inducing protective immunity against smallpox, and introduced
the concept of vaccination. Louis Pasteur, along with Robert Koch, is credited with the establish-
ment of the germ theory. They used sheep to demonstrate the role of anthrax bacteria in disease and
later to develop a protective vaccine for treatment of anthrax. Pasteur’s studies on the elimination
of bacterial contamination in fluids, or pasteurization, brought us safe milk products and served as
the stimulus for Joseph Lister to develop the principles of aseptic surgery. In the late 1800s in the
United States, Theobold Smith, a veterinarian studying cholera in swine, was the first to discover,
isolate, and describe organisms in the genus Salmonella, a major group of pathogens in humans and
animals although not the causative agent of hog cholera.

The speed with which we could identify the retrovirus HIV as the causative agent of AIDS
has its origins in studies with farm animals. Retroviruses were detected in solid tumors of chick-
ens in the early twentieth century and have been studied extensively since that time (Medawar,
1997). Scientific efforts to understand the biology of bovine leukemia virus since the 1970s have
aided in the identification of HTLV-1 and HTLV-2 retroviruses that cause human cancer. There
are many examples of human health improvement resulting from product development for farm
animals. For example, ivermectin, an anthelmintic compound, was developed primarily for the
elimination of parasites in livestock. However, due to the positive therapeutic effect of ivermec-
tin in equine parasitic (Onchocerca) eye infections, the agent was used in human clinical trials
for the treatment of river blindness caused by the human parasite Onchocerca volvulus. When
this program was launched, 1 million people in West Africa alone (and 18 million worldwide)
suffered from this parasitic infection; 100,000 of these had serious eye problems (including
35,000 who were blind). Because of this intervention, ocular Onchocerca infection has largely
been eliminated as a public health problem and as an obstacle to socioeconomic development
globally.
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CURRENT ADVANCES IN THE USE OF FARM ANIMALS IN THE DEVELOPMENT
oF PHARMACEUTICAL AND BioMepicAL ProbucTs

Farm animals continue to play a significant role in pharmaceutical and biomedical product develop-
ment, both as an extension of the inherent characteristics that made them valuable models initially
and now increasingly as a result of the fact that they can be genetically engineered to express novel
products of medical and commercial importance (e.g., in the mammary gland to be harvested from
milk). Farm animals also have been recognized for several decades to be useful models for spon-
taneous animal and human disease, many of which have a clear genetic underpinning, and these
animal models are invaluable for the elucidation of the basic disease mechanisms (Andrews, Ward,
and Altman, 1979). In the era of modern molecular biology and genetic engineering, genetically
engineered rodent models have become the favored models for understanding molecular mecha-
nisms and developing therapeutic interventions such as new pharmacological compounds, biophar-
maceuticals, small interfering RNAs, and gene therapy. However, once the proof of principle for
these compounds is met in small animal models, a resurgence in the use of the larger farm animal
models for the demonstration of their clinical efficacy is very likely if relevant animal models are
available. A few representative examples of the use of farm animals for the development of pharma-
ceutical and biomedical products are presented in the following paragraphs.

Birds

Chickens and, to a lesser degree, quail are used for the generation of polyclonal antibodies (the active
component in antiserum), which can be simply extracted from the yolk of the immunized bird. The
immunization of hens represents an excellent alternative for the generation of polyclonal antibodies
and affords a substantial animal welfare benefit because egg collection is noninvasive compared to
the usual method of collection of serum for isolation of antibodies that requires repeated blood with-
drawal (Hau and Hendriksen, 2005). Moreover, chickens are inexpensive to maintain and produce
abundant numbers of eggs. These antibodies can be used as experimental or diagnostic reagents and
are showing promise as therapeutic agents in animal and human diseases, particularly for infectious
diseases of the gastrointestinal tract. Chickens with ovarian cancer have molecular markers of dis-
ease similar enough to those in humans to define a model for predicting the stage of progression of
human ovarian cancer (Gonzalez Bosquet et al., 2010). In addition, genetically modified chickens
have been developed that fail to propagate avian influenza virus and, therefore, do not perpetuate
the cycle of contagion (Lyall et al., 2011). This approach could be used in commercial flocks and
thereby eliminate their contribution to the spread of pandemic flu and the emergence of new strains
of influenza through interspecies transmission of viral infections.

Mammals

Equine species are used for the production of equine estrogens, which are useful therapeutic agents
in the management of some of the conditions and symptoms of the postmenopausal period in women
(Stovall, 2010). In addition, the horse has been used historically for the development of antiserum to
toxins (e.g., tetanus antitoxin) and to snake and other venoms. Although horse antiserum has been
replaced in many instances, especially since its use is highly associated with “serum sickness,”
which is an immune complex disorder, there are still many types of venom for which it remains the
sole therapeutic agent. In many regions of the world, purified horse antiserum is also the primary
therapeutic agent for botulism.

Small Ruminants

Sheep and goats are also used in the production of antiserums (antibodies) for use as experimen-
tal and diagnostic reagents and, to a lesser degree, as therapeutic antitoxin agents for enveno-
mations (Seger and Krenzelok, 2005). Sheep and goats are also occasionally used as models to



26 Animal Welfare in Animal Agriculture

train personnel in the techniques of minimally invasive surgery involving the urogenital tract
and as models for the study and treatment of urologic conditions. Sheep and goats have been used
extensively for the development and testing of artificial joints, bone cements, bone and cartilage
replacement products, and therapeutic approaches to osteoarthritis (Martini, Fini, Giavaresi, and
Giardino, 2001). Sheep and goats also have been used for the development and testing of various
types of cardiac assist devices (Weiss, 2005) and for materials used in vessel surgery and repair.
Genetically modified goats have been created to produce valuable novel proteins in their milk,
allowing ease of collection and an abundant supply following purification of the desired product.
One product reportedly nearing approval by the Food and Drug Administration is produced from
goats genetically modified to produce the human form of the protein antithrombin, which prevents
blood clotting (http://www.gtc-bio.com/). One in 5000 individuals produces insufficient amounts
of antithrombin, and patients prone to clotting following coronary bypass surgery may also benefit
from this product to prevent excessive clotting and complications such as stroke. Another geneti-
cally modified goat model developed at the University of California-Davis produces lysozyme in
its milk; this molecule is important for the destruction of harmful bacteria in the digestive tract,
offering some hope of a convenient means for protecting infants in the developing world where
diarrheal disease kills 2 million infants annually (Maga et al., 2005). A goat also has been devel-
oped that produces the soluble components of spider silk (the material of the spider’s web). This
material is stronger and more flexible than steel and is a lightweight alternative to carbon fiber
(Boyle, 2010). It is important to note that in each of these genetically manipulated goat lines,
the animals are behaviorally, clinically, and reproductively normal, which limits the ethical and
practical issues related to the expansion and maintenance of their populations (Fahrenkrug et al.,
2010).

Cattle

Genetically modified cattle that are otherwise normal in phenotype have been generated using vari-
ous types of transgenic technology. One genetically modified bovine developed by the USDA secretes
the antimicrobial protein lysostaphin in the milk, which confers greater resistance to the develop-
ment of mastitis in the cow from staphylococcal infection. This achievement marks a significant
step toward the development of disease-resistant livestock. Using a different transgenic approach,
scientists inserted a human artificial chromosome containing the entire human immunoglobulin
loci into the germ line of cows (Robl, 2007). These cattle generate human antibodies in their blood,
creating the potential for the generation of a variety of valuable medical therapeutic products. The
products have application to the management of antibiotic-resistant infections, immune deficiency,
biodefense, and many other immune-mediated conditions simply through immunization of the ani-
mal with the agent of interest followed by the collection and purification of the antibodies from
the blood of the cattle (http://www.hematech.com/). Bovine calves also have been used extensively
since the mid-1960s for the development and testing of artificial hearts, cardiac assist devices, other
cardiovascular instruments, and materials to overcome disease conditions of the heart (Delano,
Mischler, and Underwood, 2002).

Swine

Swine have been an especially prominent animal model for the investigation of cardiovascular
diseases of humans and for the development of apparatus, materials, and approaches used in the
medical and surgical management of human cardiovascular diseases. The cardiovascular system of
swine has unique anatomical and physiological parallels with that of humans. Swine are omnivores
and readily susceptible to dietary-induced atherosclerosis, a major contributing factor to human
heart and vascular disease (Swindle, 1998). This has facilitated their extensive use for the develop-
ment of techniques to treat atherosclerosis and its complications. The skin of pigs also has char-
acteristics very similar to those of humans, making them extremely valuable models for plastic
surgery and studies of skin injury and repair and associated therapeutic agents. Swine are proven to
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be valuable in many other clinical research applications (Laber et al., 2002). Due to their abdomi-
nal size and overall comparability of the anatomy of their abdominal organs to those of humans,
swine have served as the primary model for surgical training in laparoscopic and endoscopic tech-
niques and the development of new surgical instruments and surgical procedures (Srinivasan, Turs,
Conrad, and Scarbrough, 1999; van Velthoven and Hoffmann, 2006). Approximately 1000 articles
have been published on the use of swine in this area alone. Pigs also have been genetically modified
for various research and future commercial applications. In one of the genetically modified models,
the cellular surface marker responsible for the acute rejection of pig organs by humans and other
primates has been removed, which offers the prospect that pig organs might one day be available
for xenotransplantion into humans (Platt, 2001, 2011a,b). Organs from these pigs have a markedly
prolonged survival rate compared to that for normal pig organs transplanted into nonhuman pri-
mates (Ekser et al., 2010). Through additional genetic modification to further protect graft survival
via modulation of the immune response in the graft recipient (i.e., nonhuman primate or human),
these pigs may solve the problem of the critical shortage of human-compatible donor tissues, cells,
and organs (http://www.revivicor.com/index.html).

SUMMARY

Farm animals have filled an important niche in our efforts in biological discovery, product and
technique development, and product testing historically and into the current era. The use of farm
animal species as animal models will likely intensify as cellular and molecular biology advances
yield new approaches to disease therapy and leaps in technology provide new products that must be
tested in animal models deemed clinically relevant to humans. In addition, the husbandry, manage-
ment systems, and veterinary care of farm animals are already well established, of high quality,
and subject to continuous review and improvement efforts. With due consideration of satisfactory
ethical review and outcomes, this facilitates an easy transition from our humane use of farm ani-
mals for the natural characteristics we value (i.e., food and fiber) to the pursuit of newly introduced
characteristics by transgenic technology that benefit the advancement of medicine and improve
patient care.
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LAWS, REGULATIONS, AND OVERSIGHT MECHANISMS FOR RESEARCH
STUDIES WITH AGRICULTURAL ANIMALS IN THE UNITED STATES

Christian E. Newcomer

INTRODUCTION

The legal and regulatory framework for the oversight of research using laboratory animals in the
United States is now approaching its 50-year landmark, and the use of agriculturally important
mammalian species as animal models pertaining to the exploration of the biology and diseases
of humans has fallen under the purview of these regulations for most of that period. The regula-
tory framework has strengthened over time and has become considerably more focused with the
significant and convergent changes that occurred during the mid-1980s. In 1985, working under
independent statutory authorities, the Animal Welfare Act Regulations (AWAR) (AWA, 1990) and
the Public Health Service Policy on the Humane Care and Use of Laboratory Animals (PHS Policy)
(PHS 2002) adopted new progressive provisions emphasizing institutional accountability. The poli-
cies and regulations worked together to harmonize the approach and expectations for federal over-
sight of the care and use of animals used for research in the United States. The convergent interest
of these regulations was the manifold considerations of and attention to the promotion of animal
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welfare and the controls that needed to be in effect to detect and impede potential points of failure in
assuring animal welfare within institutions. The key regulatory advancement was the requirement
that an organization conducting animal research that fell under regulatory jurisdiction must develop
an institutional animal care and use committee (IACUC). The IACUC serves to foster, review,
and monitor an institution’s program of animal care and use to ensure ongoing regulatory compli-
ance and to provide a thoughtful and deliberative platform for the institution to address emerging
needs of animal models and scientists as scientific knowledge advances and new requirements and
opportunities become evident. Two excellent professional guidance documents used in conjunction
with the regulatory oversight of research in the United States and abroad also re-emphasize the
importance of the TACUC in meeting the institution’s requirements for the care and use of research
animals. These are The Guide for the Care and Use of Agricultural Animals in Research and
Teaching, 3rd edition (Ag Guide) (FASS, 2010) and The Guide for the Care and Use of Laboratory
Animals, 8th edition (Guide) (ILAR, 2011). These two important guidance documents are also used
as primary standards for the independent, voluntary, peer-review accreditation program performed
by the Association for Assessment and Accreditation of Laboratory Animal Care International. The
balance of this section briefly explains the interrelationships and key features of the regulatory and
oversight entities, mechanisms, and guidance documents mentioned.

DEFINING THE REGULATORY FRAMEWORK AND GUIDANCE DOCUMENTS

Congress enacted the original legislation in the United States governing research animal care in
1966 under Public Law (P.L.) 89-544 as the Laboratory Animal Welfare Act (LAWA). At that
time, the LAWA regulated animal dealers that handled dogs and cats and laboratories that used
dogs, cats, rabbits, guinea pigs, hamsters, and nonhuman primates. During the 1970s’ amendments
under P.L. 91-579, Congress changed the name of the law to the Animal Welfare Act (AWA, 1990)
and authorized the Secretary of Agriculture to regulate other warm-blooded animals when used
in research, exhibition, or the wholesale pet trade. This was the first time that agricultural animals
used in some research applications were included in the regulatory framework. The basis for cover-
age under the AWA regulations rests with its definition of the term “animal’” and there are important
exclusions. Specifically, quoting from the section on definitions in the AWAR,

This term (animal) excludes birds, rats of the genus Rattus, and mice of the genus Mus, bred for use
in research; horses not used for research purposes; and other farm animals, such as, but not limited to,
livestock or poultry used or intended for use as food or fiber, or livestock or poultry used or intended for
use for improving animal nutrition, breeding, management, or production efficiency, or for improving
the quality of food or fiber.

Thus, a vast majority of the research activities currently conducted in agricultural species is not
covered today by the AWAR, but with the growth of agriculturally important animal models in a
wide variety of facets of biomedical research and product development, the coverage of agricultural
animals is increasing. The Research Facility Inspection Guide (APHIS, 2001) provides the crite-
ria and examples used by the Veterinary Medical Officers (VMO) from APHIS’s (APHIS, 2006)
Animal Care (AC) program to determine whether the farm animals in particular studies at an insti-
tution should be included in the inspection process.

An AC VMO inspects institutions registered and licensed as research animal facilities at least
annually, and their findings are the basis for evaluating the institution’s regulatory compliance.
Institutions are expected to have effective IACUCs, personnel training efforts, and programs of vet-
erinary care to ensure ongoing compliance with the AWAR. With regard to compliance with stan-
dards, institutions are expected to adhere to Part 3 of the AWAR (Standards), which covers facilities
and operating standards, animal health and husbandry standards, and transportation standards.
Although the standards are specific and even prescriptive for many of the covered species, the
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standards in the AWAR for farm animals are written in general terms. In instances where the insti-
tution’s provisions of oversight are deemed ineffectual, regulatory enforcement is achieved through
increased inspections, the opportunity for prompt corrective action in many instances, the issuance
of fines for serious or repetitive noncompliance, or the suspension or revocation of licensure.

Institutions that receive funding from the Public Health Service are required to comply with the
Public Health Service Policy on the Humane Care and Use of Laboratory Animals (PHS Policy).
As authorized by the Health Research Extension Act of 1985, the PHS Policy requires institutions
to establish and maintain measures to ensure the appropriate care and use of all vertebrate animals
involved in research, research training, and biological testing activities conducted or supported by
PHS. Some other federal agencies also expect the programs operating under their jurisdiction to
follow PHS Policy standards (e.g., the Veterans Administration Policy requires compliance with the
PHS Policy even if PHS funds are not received by the research unit in question). The PHS Policy
requires compliance with the Guide and the American Veterinary Medical Association Guidelines
for Euthanasia. Institutions are required to have an approved Assurance on file with the Office of
Laboratory Animal Welfare within the PHS. The Assurance document explains the institution’s
provisions for compliance with the Guide. It is permissible for an institution to delimit the scope of
PHS coverage in its Assurance extending compliance with the provisions of the Guide only to those
studies required by the source of funding, but excluding all other studies. Institutions that choose to
take this approach, therefore, could make the claim that many studies conducted in farm animals for
the purpose of improving food and fiber production are required to comply with Guide standards.
On the other hand, if the institution states that all vertebrate animals at the institution are covered
by the Assurance, then the PHS will expect the institution to comply with either the Guide or the Ag
Guide when agricultural species are used in research or teaching depending on the source of fund-
ing for the activity and other discriminating criteria provided by the institution.

ReceNnT REVISION OF EXISTING GUIDES

The Guide for the Care and Use of Laboratory Animals has recently been revised, and the release
of the Guide, 8th edition (ILAR, 2011) has already generated considerable interest and discussion.
It is a very comprehensive document that expands the discussion of many issues in animal care and
use significantly in comparison to the previous edition published in 1996, and it offers an institu-
tion a roadmap to establishing a sound program for the success of biomedical research, testing, and
teaching in research animal models. The Guide describes the essential components of an institu-
tion’s overall animal care and use program; considerations and provisions for the animals’ environ-
ment, housing, and management; multiple facets of a competent program of veterinary care; and
the requirements for an adequate physical plant. The Guide also addresses the issue of dichotomous
treatment of agricultural animals in research depending upon whether their use is aligned with a
biomedical inquiry versus an agricultural inquiry. It also notes that the institutions occasionally find
that the categorization of research animal studies presents a dilemma. It suggests, therefore, that
TACUCs should make the decisions concerning the standards of care for the agricultural animals
used in research studies based upon the researcher’s goal and the concern for well-being of the ani-
mals. The Guide also acknowledges that the Ag Guide is a useful resource for agricultural animals
maintained within typical farm settings.

The Ag Guide, 3rd edition, is a scholarly and authoritative professional guidance document pub-
lished by the Federated Animal Science Societies (FASS) in 2010. Although the document lacks
regulatory standing, it carries enormous credibility by virtue of its expert authorship and the careful
consideration and extensive review of scientific literature on many topics. As noted previously in
this section, there are many circumstances in which agricultural animals could be used in research
without any regulatory oversight if neither the funding source for the research nor the category of the
research (as non-food and fiber related) dictated. The voluntary adoption of the recommendations of
the Ag Guide by institutions conducting studies under these circumstances would be an ideal solution
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for the protection of the quality and integrity of the scientific research, as well as an effective tool
in assuaging public concerns about the use of agricultural animals in research. Although it seems
fair to speculate that most institutions subscribe to the Ag Guide in these situations, the number of
outliers is unknown. The Ag Guide has many parallels with the Guide, especially pertaining to the
expectations of an institution’s essential policies and provisions for the program of animal care and
use. For example, it identifies the need for a properly structured and functioning IACUC with writ-
ten operating procedures for animal health care, biosecurity, personnel qualifications and training,
occupational health, and special considerations. Individual chapters are dedicated to animal health
care including husbandry, housing and biosecurity, environmental enrichment, animal handling,
and transport, as well as six key animal species areas. There are also several key inconsistencies
between the Ag Guide and the Guide in the areas of space recommendations, sanitation schedules,
and environmental conditions, which will require reconciliation by the ITACUC through the review
of scientific literature and expert opinion or by prevailing regulatory mandates.

Since 1985 when IACUCs were established by U.S. Public Law as noted previously, they have
been recognized as a seminal development for the improvement of the welfare of animals used in
research. The regulators, the regulatory community, and the professional scientific societies who
produce guidance documents have acknowledged the importance of strong internal institutional
oversight provisions embodied in the IACUC. In addition, the guidelines or national legislation
for animal care and use in research in many other countries mimics this general approach, which
further validates its value. There are variations in the committee structure and function of TACUCs
across the United States with respect to regulations and the non-regulatory guidelines offered by
nongovernmental agencies or professional societies, which are beyond the scope of this discussion.
However, the central features are very similar. Committee members should have appropriate train-
ing and expertise and represent a variety of perspectives to achieve an appropriate balance in their
oversight of the program and the approval of research activities. For example, the Ag Guide, which
has enhanced membership requirements, specifies that committee members should include an agri-
cultural scientist with teaching or research experience; an animal, dairy, or poultry scientist who
has agricultural animal management experience; a veterinarian knowledgeable about agricultural
animal medicine; a member whose primary concerns are in an area outside of science; and a person
who is not affiliated with the institution and who represents general community interests in the
proper care and treatment of animals. The IACUC is required to review and approve, when appro-
priate, animal use protocols for research and teaching at the institution to ensure that it is justified,
scientifically sound, prudent, and conducted under conditions that consider and preserve animal
welfare throughout all phases of the activity. In addition to the information in the regulations, the
Guide and the Ag Guide aid IACUCs in conducting a conscientious and competent protocol review
process. There are other sources of extensive information on this subject (Silverman, 2007). The
IACUC is also empowered to disapprove inappropriate proposals and suspend ongoing activities
that prove to compromise animal welfare. In addition to the vital function of protocol review and
approval, IACUCs are responsible for evaluating the facilities available for research animal stud-
ies and the entire program of animal care and use at the institution. Programmatic review entails
knowing and critically assessing the institution’s resources pertaining to the following require-
ments for acceptable animal care and use: Conditions of the physical plant in animal facilities and
animal study areas; expertise, training, and staffing levels of personnel supporting or conducting
research with animals; occupational health and safety concerns related to animal care and use and
experimental conditions; provisions for veterinary care to ensure the health, welfare, experimental
reliability, and robustness of animals used in research in accordance with prevailing standards; and
assurance that the operations provide the appropriate environment, housing, husbandry, and man-
agement of research animals. Through the IACUC’s rigorous process of facility and programmatic
review, the institution, at a minimum, is afforded the opportunity to plan and take timely, effective,
self-corrective actions to correct weaknesses or deficiencies in the institution’s resources dedicated
to the care and use of animals in research and teaching. Under optimal conditions, the TACUC can
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play a helpful role in encouraging the institution to be forward thinking in initiatives to meet emerg-
ing scientific and educational needs in a contemporary manner.

VOLUNTARY PARTICIPATION OF INsTITUTIONS IN AAALAC

Many institutions choose to participate in a voluntary, confidential, expert peer-review accreditation
program developed by the Association for Assessment and Accreditation of Laboratory Animal
Care International (AAALAC International). This includes institutions that fall under regulatory
mandates in the United States or other regions of the globe, as well as programs that operate in
unregulated environments. AAALAC International is a non-profit, nongovernmental organization
that has operated its accreditation program for more than 45 years and now accredits more than 830
organizations in 33 nations around the globe. Within the United States, more than 600 organiza-
tions are accredited and these include university, pharmaceutical, governmental, commercial, and
contract research programs with substantial agricultural components. Among those accredited in
the United States are 19 Land Grant Institutions and other universities emphasizing agricultural
research and teaching programs. AAALAC International accreditation relies upon three primary
standards. These are The Guide, The Ag Guide, and the new European Directive 2010/63/EU on
the Protection of Animals Used for Scientific Purposes, which contains accommodation and care
standards from the European Treaty Series 123. The peer-review process is comprehensive and
entails the thorough review of an institution’s facilities, policies, programs, procedures, and person-
nel qualifications in support of animal care and use programs. Institutions must meet all regulatory
requirements that pertain to activities with research animals in their environment as well as relevant
portions of the standards identified previously. The experts chosen to conduct the site visit are
selected with due regard to the type of institution, the animal models used in research and teach-
ing, the scientific areas emphasized in the institution’s research, and the avoidance of any conflicts
of interest. Subsequently, the experts on the site visit team must engage a much larger delibera-
tive body, the Council on Accreditation, who determines whether accreditation should be granted.
Organizations that attain accreditation must meet or exceed applicable standards and maintain
quality programs that ensure animal health, well-being, and welfare as the platform for productive
scientific inquiry using animal models for research.

SUMMARY

The regulatory standards and framework governing the use of farm animals in research have
improved significantly since the mid-1980s, and many organizations are required to comply with
these regulations. In addition to the mandated regulatory standards that are selectively applied, the
number of organizations electing to adopt and adhere to the guidelines proposed in the authoritative
reference, The Ag Guide, and participate in the voluntary, peer-review accreditation program of
AAALAC International is increasing. The combination of the mandated and voluntary provisions
for the oversight of the use of farm animals in research, teaching, and testing appears to be work-
ing well and increases our prospects of ethical and successful outcomes in these endeavors. These
measures also help build the public’s support and confidence in our use of farm animals in research
applications. However, they do not comprise an impervious system of farm animal research over-
sight sufficient to detect and correct problem areas in every instance.
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ROLE OF ANIMAL AGRICULTURE IN ENRICHMENT OF YOUTH
DEVELOPMENT THROUGH ORGANIZED HANDS-ON EXPOSURE TO HIGH
STANDARDS OF ANIMAL WELFARE IN FOOD ANIMAL PRODUCTION
Christopher Boleman, Aaron Alejandro, and Cherie Carrabba

Youth involvement and engagement through organized hands-on experience in animal agriculture
has been recognized for many years. A unique interaction takes place between youth and livestock
and poultry. This relationship is sometimes challenging to define to the general public, but the life
skills, especially an increased sense of responsibility and discipline in youth, gained through this
interaction are well documented, and the impact on animal welfare and husbandry practices sus-
tained (Boleman, Cummings, and Briers, 2004).

Before discussing these life skills, we first delve into the history of the relationship between
youth and animals. This history can be documented most effectively through the evolution of 4-H
and Future Farmers of America (FFA) programs.

4-H Cruss AND FFA CHAPTERS

The 4-H clubs were beginning to form at the turn of the twentieth century. According to Wessel and
Wessel (1982), Cornell University’s Liberty Hyde Bailey developed and disseminated educational
leaflets on agriculture for youth interested in a career in agriculture as early as 1896. During the
early 1900s, several other states developed similar educational pamphlets and distributed them to
potential future farmers because of the impact that Bailey’s work was having on youth in New York.
During this same time, other states began hosting youth corn contests. Illinois, Georgia, Oregon,
Missouri, Nebraska, and Indiana were all hosting some type of corn or agricultural exhibit. Not
only did these exhibits reveal the highest quality and prize-winning products, but also exhibitors
were able to discuss their crops and answer questions concerning farming their crops (Wessel and
Wessel, 1982). In 1914, the Smith-Lever Act was passed. The passing of this act provided the finan-
cial support for the Cooperative Extension Service to be successful (Wessel and Wessel, 1982). This
also allowed the 4-H program to be housed under the Cooperative Extension Service.

According to Reck (1951), World War I was a key contributor to the growth of 4-H. This growth
in membership was directly related to the fact that America was at war and needed more food and
fiber to sustain itself during that time. In order to ensure that adult farmers were using the best, most
effective production practices, County Extension Agents in the field seized the opportunity to work
with youth and teach them practices for production of food and fiber. These youth took their knowl-
edge home and helped convince their parents to adopt these new farming practices. As a result, farm
production levels increased (Wessel and Wessel, 1982).



34 Animal Welfare in Animal Agriculture

During this same period, FFA was being established through the Smith-Hughes Vocational
Education Act in 1917. Similar to the origins of 4-H, the idea for what would be known as FFA was
initiated with the introduction of agricultural clubs in schools with Virginia being the first to estab-
lish such a club. The actual formation of the FFA was in 1928. In terms of membership growth, the
trends were the same for FFA as for 4-H. The FFA program experienced tremendous growth during
the late 1920s and into the 1930s.

It is also worth pointing out that high school students learned about animal agriculture through
agriculture science courses offered in middle and high school. This is separate from 4-H club and
FFA chapter experiences. These classes demonstrated academic rigor and relevance related to ani-
mal welfare. More than a “club,” classroom instruction afforded a focused opportunity of learning
and it was then complemented by the “hands-on” aspects of supervised programs for agriculture
experience.

Since 1930, both 4-H and FFA have evolved to include even more members and a wide variety
of programs and projects. However, the pledges and mottos remain the same. The 4-H motto and
pledge are as follows:

In support of the 4-H club motto, to make the best better, I pledge my head to clearer thinking, my heart
to greater loyalty, my hands to larger service, and my health to better living, for my club, my commu-
nity, my country, and my world.

The FFA motto is as follows:
Learning to do, doing to learn, earning to live, and living to serve.

Obviously, these mottos help to reveal the relevance of these organizations in the past, the present,
and into the future. In addition, they help to recognize the fact that these youth members who exhibit
livestock projects at county, state, and national livestock shows and rodeos are indeed “learning by
doing” and “making the best better.”

THe GROWTH OF Livestock PROJECTS

Calf, swine, and dairy clubs increased significantly during World War 1. Reck (1951) said that these
projects increased because private donors supported these efforts by donating livestock to the youth
for their projects. By 1917, states began to have youth shows. According to Wessel and Wessel
(1982), the Minnesota State Livestock Breeders Association was the first show to offer youth cash
prizes and to help counties hold calf and colt shows. By 1917, two men, T.A. Erickson and W.A.
McKerrow, joined this livestock breeders association to establish Minnesota’s first junior livestock
show (Reck, 1951).

Livestock shows have grown since 1918 and become a symbol of the 4-H and FFA youth organi-
zations. Although it is very challenging to determine the total number of livestock projects exhibited
by youth across the nation, a study in Texas in 2000 revealed that Texas 4-H and FFA members
accounted for over 70,000 entries for cattle, swine, meat goats, and sheep across the state (Boleman,
Howard, Smith, and Couch, 2001).

Stubpies SpeciFic TO YOUuTH Livestock PrROJECTS

According to Boyd, Herring, and Briers (1992), the development of life skills through experiential
learning is the cornerstone of the 4-H program and the same can be said for FFA. More specifically,
livestock projects are an extremely valuable vehicle for developing life skills.

A study conducted by Ward (1996) asked 4-H alumni to reflect on the impact that exhibiting
livestock projects had on their development of life skills. According to respondents, the meaningful
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life skill impacts were accepting responsibility, relating to others, spirit of inquiry, decision-making,
public speaking, maintaining records, and building positive self-esteem.

Rusk, Martin, Talbert, and Balshweid (2002) came to similar conclusions from their study of
Indiana 4-H youth that judged livestock. For this study, the most meaningful results noted were that
youth learned how to defend a decision, gained knowledge of the livestock industry, and developed
oral communication skills, as well as decision-making skills, self-confidence, problem solving,
teamwork, self-motivation, self-discipline, and organizational skills.

Finally, Boleman, Cumming, and Briers (2004) ascertained the life skills gained from youth
exhibiting beef, swine, sheep, or goat livestock projects. They concluded that the five highest life
skills gained were accepting responsibility, setting goals, developing self-discipline, self-motiva-
tion, and knowledge of the livestock industry.

THE RoLe oF 4-H AND FFA YouTH IN ENHANCING WELFARE OF
ANIMAL AGRICULTURE AND COMPANION ANIMALS

The learning process about animal care responsibilities begins with the careful example and influ-
ence of adult leaders and advisors responsible for training and guiding youth. This influence is fun-
damental to the continuance of animal-friendly husbandry practices that ensure animal health and
well-being. Animal welfare is indeed one of the fundamental educational priorities within youth
and animal projects. Over the past 10 years, many state 4-H and FFA programs have implemented
quality assurance programs that ensure youth are learning and applying the appropriate quality
assurance practices. These include Pork Quality Assurance and Quality Counts (Boleman, Chilek,
Coufal, Kieth, and Sterle, 2003).

SUMMARY AND CONCLUSIONS

Youth development is definitely enhanced by hands-on experience gained through interactions with
animals. Many people hear testimonials from adults who once raised livestock as youth to learn
about their positive experiences and the impact raising these livestock had on their lives. In many
instances, the livestock project enhanced the child’s relationships with his or her family and friends.
The livestock project requires the help and cooperation of family members. Parents, siblings, and
grandparents often become involved in the project. It helps the family unit develop common goals
and an understanding of the financial side of agriculture. Quite simply, the farm animals they raised
helped shape who they are, the character attributes they possess, and the positive life skills they
develop and use every day of their lives.
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EDITORS’ NOTE TO THIS CHAPTER SECTION

The book editors commend the authors of this chapter section for the historical overview of the
important role that 4-H and FFA programs have in youth development and in animal welfare
improvements in farm animals.

Not included in this chapter section is a brief account of a major challenge to the ideals and mis-
sion of leaders of 4-H and FFA. In the last decade of the twentieth century and extending into the
early years of the twenty-first century, episodes of cheating to alter animal appearance or weight
have been documented. These cases of animal abuse and unethical behavior among adult and youth
exhibitors in show rings have been chronicled in the popular press and consequently the issues and
remedies have been addressed by youth leaders, show managers, and judges. A strict code of eth-
ics is required in the show ring. 4-H and FFA are primarily youth development organizations. As
emphasized by the authors of this chapter section, the exhibition of projects is only the final stage of
a process intended to develop responsibility, goal-setting, and leadership skills. A major role of 4-H
and FFA in livestock projects is to advance the concept of improving farm and companion animal
welfare as well as personal integrity in future leaders in our society.
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Temple Grandin has said, “Animals make us human,” and used those words in the title of her latest
book (Grandin and Johnson, 2009). One might question this opinion when viewing the questionable
care and cruelty sometimes visited upon animals by humans, but there is little doubt that animals
helped us become—thousands of years ago—warriors, hunters, and farmers. However, have they
made us...or will they make us...human?

If to be human is to be humane, let us hope. The Merriam-Webster dictionary defines humane
as “marked by compassion, sympathy, or consideration for other human beings or animals.” To the
extent that animals can help us merit that description, let us, by all means, increase our interac-
tions with them. Most humans who love animals report a personal benefit from those associations.
For some, it may be a chance to escape the stress of modern life and revel in the joys of play. For
those with special needs, the benefits may be more specific. Guide dogs steer their human masters
safely around sidewalk obstacles and across streets. The hearing impaired may be alerted to ring-
ing telephones by trained dogs or cats. For those seeking safety from home invasion, barking dogs
can frighten off intruders. These and other benefits help explain why Americans own 93.6 million
cats, 77.5 million dogs, 13.3 million horses, ponies, donkeys, and mules, and additional millions of
birds, fish, reptiles, and small mammals (2009/2010 National Pet Owners Survey; www.american-
petproducts.org).

The human-animal bond has a long history (Walsh, 2009a), and animals have been respected
partners in human survival, health, and healing in cultures worldwide since ancient times.
Archeological evidence indicates that domesticated wolves, ancestors of the dog, were being used
as guardians, guides, and partners in hunting and fishing over 14,000 years ago (Price, 2002).
Both dogs and cats were assuming crucial roles in agriculture 5000 years later—dogs in herding,
as livestock guardians, and in pulling carts and sleds, and cats in protecting grain stocks from
rodents. Some American Indians and indigenous people of Asia and Africa still draw symbolic
meaning and teachings from animals. Their historical importance as pets is illustrated by the
discovery, in the ruins of Pompeii, of the bones of a dog named Delta—identified by his engraved
silver collar—Ilying next to the bones of a child. Over 63% of U.S. households, and over 75% of
those with children, currently have at least one pet (Walsh, 2009b). Some of these pets are highly
pampered, receiving presents on holidays, special savory meals, and time off work by their masters
to tend them when they are ill.

Pet ownership has been shown to correlate with lower blood pressure, serum triglycerides, and
cholesterol levels, and may be more effective in ameliorating the cardiovascular effects of stress

37
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than the presence of a spouse or friend (Allen, Blascovich, and Mendes, 2002). Following a heart
attack, patients with pets had a significantly higher one-year survival rate than those without, and
if the pets were dogs, the patients were 8.6 times more likely to be alive (Friedman and Thomas,
1995). Interactions with companion animals increase blood neurochemical concentrations associ-
ated with relaxation and improve function of the human immune system (Charnetsky, Riggers, and
Brennan, 2004). A broad range of studies has found that these interactions tend to reduce anxiety,
depression, and loneliness among humans in hospitals, eldercare environments, schools, and pris-
ons. Walsh (2009a,b) has summarized these and other positive effects.

Although most dogs are now kept as pets, many have performed—or still perform—duties
in addition to those mentioned previously. In the past, some have turned a treadmill connected
to a roasting spit or butter churn. Dogs with herding instincts are still used by the stockman in
the management of cattle and sheep, and some are used to discourage the presence of geese and
seagulls on beaches, park lawns, and airfields. Sled dogs, although now used mostly in sporting
competition, still transport supplies and people in arctic regions. Circus and actor dogs pro-
vide entertainment by performing for human audiences in person, in movies, or on television.
The American Humane Association, founded in 1877, believes that “dogs, books, and kids go
together like peanut butter, jelly, and bread” (www.americanhumane.org), and sponsors a chil-
dren’s literacy program that addresses problems of low confidence and poor reading skills by
encouraging children to read to their dogs.

Service animals are not legally considered pets, and most undergo extensive training to live and
work as partners with humans in specialized roles. Police dogs are trained specifically to assist in
law enforcement or military duty, and are often referred to (when using a homophone of canine) as
members of a K9 Corp. These dogs fulfill several roles, including officer protection, chasing and
detaining suspects, search and rescue of missing persons during natural or man-made disasters,
finding cadavers, and detection of drugs and explosives. They may even wear a ballistic vest on
dangerous missions and have their own police badge. Popular breeds, with identifiable special-
ties, include the Argentine Dogo, German Shepherd, Dutch Shepherd, Belgian Malinois, Boxer,
Labrador Retriever, Doberman Pinscher, Springer Spaniel, Bloodhound, Beagle, Rottweiler, and
Giant Schnauzer. Police dogs were first assigned official responsibilities in Europe in 1859 when
the Belgian police force in Ghent began using them to patrol with night-shift personnel. An excerpt
from the January 15, 1938, London Times quotes Colonel Hoel Llewellyn, Constable of Wiltshire,
as follows:

A good dog with a night duty man is as sound a proposition as you can get. The dog hears what the
constable does not, gives him notice of anyone in the vicinity, guards his master’s bicycle to the death,
and remains mute unless roused. He is easily trained and will go home when told to do so with a mes-
sage in his collar.

In the United States, the Codes of Federal Regulation for the Americans with Disabilities Act of
1990 (www.ada.gov) defines a service animal as

any guide dog, signal dog, or other animal individually trained to do work or perform tasks for the ben-
efit of an individual with a disability, including, but not limited to, guiding individuals with impaired
vision, alerting individuals with impaired hearing to intruders or sounds, providing minimal protection
or rescue work, pulling a wheelchair, or fetching dropped items.

Dogs of many breeds (or crossbreeds) have been used to aid the autistic, the visually or hearing
impaired, those requiring mobility assistance, or to alert others of a condition requiring a medical
response. However, these services have not been limited to dogs.

Capuchin monkeys have been trained to perform various manual tasks for the seriously handi-
capped such as retrieving dropped items, microwaving food, opening drink bottles, washing a quad-
riplegic’s face, and turning the pages of a book (www.helpinghandsmonkeys.org). Miniature horses
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have been trained to guide the blind, pull wheelchairs, and to provide secure walking support for
persons with severe Parkinson’s disease (www.guidehorse.org). “Comfort animals” may be used
as a specific part of therapy designed to improve motivation and the physical, social, emotional, or
cognitive function of human patients. This is termed animal-assisted therapy (AAT) and may be
provided by a therapist on an individual or group basis. Many animal species have been used in
AAT, including dogs, cats, horses, elephants, dolphins, rabbits, birds, lizards, and other small ani-
mals. The Dolphin Research Center in Grassy Key, Florida, offers a five-day program for children
and adults with special needs, including dockside contact with dolphins and an opportunity to swim
with them. Even exotic fish tanks, found frequently in physician waiting rooms, may serve to lessen
patient anxiety.

When Liz Hartel, who ordinarily used a wheelchair because of polio, won the silver medal in
dressage at the 1952 Olympics, the potential of horses in rehabilitation of human patients began
receiving serious attention. In 1969, the North American Riding for the Handicapped Association
was founded as a federally registered nonprofit organization. There are now over 3500 certified
handicapped riding instructors and 800 member centers around the globe, helping more than 42,000
children and adults face physical, mental, and emotional challenges (www.narha.org).

Therapeutic horse riding has been shown to encourage responsibility and development of new
skills, to provide companionship, nonjudgmental acceptance of disabilities, and a variety of physi-
cal and neuromuscular benefits (All, Loving, and Crane, 1999; Benda, McGibbon, and Grant, 2003).
Kaiser, Smith, Heleski, and Spence (2006b) studied the effects of a therapeutic riding program on
psychosocial measurements among children considered at risk of failure or poor performance in
school or life because of family circumstances, and among children in special education programs
due to emotional impairment or learning disabilities. None of the psychosocial measures for at-risk
children was different after completion of the riding program, although three of sixteen measures
of motor coordination were significantly improved. Total anger score was significantly reduced by
therapeutic riding among special education children, but the greatest psychosocial benefit was seen
in boys whose expressions of anger were significantly reduced and whose mothers perceived signifi-
cant improvements in behavior. It is interesting that the horses used in this riding program exhibited
a significant increase in stress-related behaviors when ridden by at-risk children, particularly girls
(Kaiser, Heleski, Siegford, and Smith, 2006a). These authors suggested that these children appeared
to transfer some of their anger from their family situation to their horses, but because girls tend to
repress anger more than boys do, they may have expressed more of that repressed anger or expressed
it more intensely.

Finally, if animals make us human, then humans surely have an ethical responsibility for the
welfare of those animals. That obligation is particularly clear for the animal companions providing
the benefits just described. However, in this writer’s view, that obligation extends to the myriad ani-
mal and plant species with which we share the earth. Nature’s ecosystems nourished our evolution
and provided for our needs. If we want that beneficial relationship to continue, we must care for our
environment and the creatures that live there, as though our lives depend upon it.

SUMMARY

The historical association of humans with companion animals was discussed, but their contribu-
tions to humans in modern times received greatest emphasis. Special attention was given to service
animals that assist police and military personnel, the visually and hearing impaired, and those who
have severe physical disabilities. Notable are dogs, cats, monkeys, and horses. These and other listed
species also play significant roles in decreasing human anxiety and loneliness, and in improving
health status, cognitive function, and feelings of self-worth. These benefits for humans warrant
reciprocal effort to ensure appropriate care for the animals that provide them. Thus, we have an
obligation to understand and meet companion animal needs, just as we expect them to understand
and assist us with ours.
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Endnotes

Every year, between 9 and 10 billion animals are raised and slaughtered in the United States for
food. Within the space of only a few decades, the livestock system in the United States has been
transformed from one in which most animals were raised in relatively small numbers on small- to
mid-size farms, to one in which incredibly large numbers of animals are now produced in concen-
trated animal feeding operations (CAFOs), or factory farms, that are owned or controlled by large
corporations. The impact of these industrial facilities has only recently been realized. Problems
associated with CAFOs include air pollution; the contamination of both inland and coastal waters
from animal waste; the development of antibiotic-resistant bacteria, stemming from the massive
nontherapeutic application of antibiotics to livestock; and the inhumane treatment of many farm
animals, which raises ethical considerations for the American public.

The Pew Charitable Trusts (Trusts), a Philadelphia-based public charity and its Pew Environment
Group, have a specific interest in how this industrial transformation has affected the environment,
public health, and ethics. After nearly a decade of internal planning, the Trusts established the
Pew Commission on Industrial Farm Animal Production (PCIFAP) through a $2.6 million grant
to Johns Hopkins Bloomberg School of Public Health’s Center for a Livable Future to inform and
guide the debate over the future of animal production in America.

Recognizing the interrelationship between how animals are raised and the impact on public health,
the environment, rural communities, and the actual treatment of the animals, the Commission’s
purpose was to conduct a comprehensive assessment of the costs, benefits, and issues related to
CAFOs in America and to issue a set of thoughtful, consensus-based recommendations on mitigat-
ing the negative impacts of factory farms while simultaneously providing quality food products
at reasonable prices to American consumers. Its principal product was a final report to the nation
released in April 2008 that incorporated 24 basic recommendations, supported by sound research
and analysis.

The Commission was comprised of individuals from diverse backgrounds. The chair of the
Commission was former Kansas Governor and Archivist of the United States, John Carlin. The vice
chair was the Dean of the College of Veterinary Medicine at the University of Tennessee/Knoxville,
Dr. Michael Blackwell. Other members of the Commission included representatives of the medical
profession, and experts in nutrition, ethics, religion, production agriculture, public health, and the
meat industry.!

During the first 18 months, the Commission focused primarily on fact-finding and assessment,
including conducting site visits to farms and industrial animal production facilities, conducting
hearings in various parts of the country, and contracting with scientists and other technical experts
to produce up to eight specialized reports that helped inform the commissioners as well as the pub-
lic. Within the four primary areas of inquiry, the commission determined the critical issues deserv-
ing greater scrutiny and analysis, including those that required a specialized report.

The commission determined that separate reports authored by academic experts working as
teams would be needed in the areas of antibiotic resistance, animal welfare, environmental
impacts of large animal operations, the impact on human health, the impact on animal health, the
impact on rural communities, and the economics of industrial swine production to supplement our
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investigations. In addition, the Commission and staff reviewed hundreds of pages of material sub-
mitted by a wide variety of stakeholders, received statements submitted by more than 500 people
who attended the two public meetings, and reviewed more than 170 peer-reviewed reports in the
areas of the Commission’s investigation.

In the final six months, the Commission refined its findings, and discussed and finalized policy
recommendations.

COMMISSION FINDINGS

The general finding of the Pew Commission was that the present model of industrial farm animal
production is not sustainable and presents an unacceptable level of risk to public health, an unac-
ceptable level of damage to the environment, is harmful to the animals housed in the most restric-
tive systems, and deters long-term economic activity in the nearby communities.

To solve the problems created by industrial farm animal production, 24 consensus recommenda-
tions were developed—12 on public