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Preface

he science and practice of veterinary medicine continue

to grow increasingly more sophisticated, with tremen-

dous technological advances in clinical care and pre-
ventive medicine. Veterinarians generally do an excellent job
of keeping up with the technical advances in their profession
through continuing education efforts and by their general will-
ingness to change and adapt. However, a great many trends and
influences are at work outside the technical realm of veterinary
science that exert profound effects on how the veterinary pro-
fession serves society and how veterinarians themselves will
define their role as health professionals in a rapidly changing
world. These trends and influences are rarely discussed in text-
books aimed at the veterinary community, though their im-
portance to the veterinary profession is constantly growing.
This book represents an effort to address that deficiency. It at-
tempts to provide veterinary students, veterinarians, and other
interested readers with an introduction to the global trends
and international issues that are shaping the future of veteri-
nary medicine in this era of globalization.

The goal of this text is to provide a framework for under-
standing the diverse potentialities of veterinary medicine in a
global context. It offers an overview of the social, economic
and environmental forces that influence the relationship of an-
imals and society and which thereby create new challenges and
opportunities for veterinary medicine in an increasingly in-
terconnected world. The text is presented in ten chapters,
briefly described as follows.

Chapter 1, The Global Society and Veterinary Medicine, presents an in-
troductory summary of the major social, economic, and tech-
nological trends that are shaping contemporary global society
and suggests how these trends are affecting veterinary medi-
cine. Such trends include increased travel and improved com-
munication; advances in science and technology; human
population growth and its impact on the global food supply;
increasing affluence and heightened consumer demand; the
explosive growth in international trade; the spread of democ-
racy; increasing pressure on natural resources; growing con-
cerns about global environmental health; the degradation of
natural habitats and the loss of biodiversity; and the global
resurgence of infectious diseases.

Chapter 2, Animal Domestication and Human Society, provides a his-
torical perspective on the origins and evolving relationship of
domestic animals and human society. The various domestica-
tions are discussed in the context of the ecological, geograph-
ical, social, and economic conditions that surrounded the
domestication process at different points and places in human
social development. The chapter emphasizes that domestica-
tion is an ongoing process and points to the need for veteri-
narians to participate actively in the selection and

domestication of new species to address evolving societal
needs.

Chapter 3, Cultural Attitudes Concerning the Use of Animals, identifies
some key cultural differences among various peoples and re-
gions of the world regarding the use of particular animals and
animal products and discusses the factors that have led to the
emergence of these cultural differences. The general topics
include food preferences and prohibitions; keeping animals as
pets; and the influences of economic development and social
transformation on societal attitudes toward the human use of
animals. Perceptual differences between economically devel-
oped and developing countries are emphasized.

Chapter 4, Animal Agriculture and Food Production Worldwide, consid-
ers the important roles that animals play in global food pro-
duction. The chapter begins with a discussion of the factors
that influence the use of animals in agriculture and then pres-
ents information on the current distribution and use of vari-
ous livestock species around the world. This is followed by a
review of the different functions that animals perform in agri-
culture and daily life and a summary of the major systems of
animal management found in different regions of the world.
The geographical, cultural, and economic conditions that in-
fluence the selection of various animal management systems
are emphasized. In closing, the role of animals in promoting
sustainable agricultural practices is discussed, and various ap-
proaches to improving animal productivity are presented.
Challenges and opportunities for veterinarians to enhance the
sustainable contribution of livestock to the global food supply
are identified.

Chapter 5, Animals, Food Security, and Socioeconomic Development, ex-
plores the pressing global problems of rural poverty and un-
dernutrition and discusses the role that livestock can play in
improving the health, welfare, and quality of life for subsis-
tence farmers, pastoralists, and the landless poor in develop-
ing countries. The global situation relative to hunger is
reviewed, and the factors that contribute to the persistence of
poverty are examined. Then, the subject of international de-
velopment assistance is discussed, including an overview of the
organizations and mechanisms involved in providing such
assistance. The role of veterinarians in socioeconomic devel-
opment is emphasized, and examples of veterinary participa-
tion in international development are presented.

Chapter 6, Animals and the Environment, addresses growing global
concern about environmental degradation. These concerns are
examined from two perspectives: first, the role that animals
and animal agriculture may play in the various forms of envi-
ronmental degradation and, second, the impact that such
degradations may have on the health and productivity of ani-
mals and humans. Topics considered include issues of land
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transformation such as land degradation, desertification, and
deforestation; issues of climate change including global warm-
ing, the El Nifio phenomenon, and ozone depletion; and is-
sues of environmental contamination, including chemical
pollutants associated with endocrine disruption, radiation haz-
ards, and pollutants associated with livestock production. Chal-
lenges and opportunities for veterinary researchers,
practitioners, and policymakers to address by the various forms
of environmental degradation are presented throughout the
chapter.

Chapter 7, Preservation of Biodiversity, Wildlife, and Conservation Medi-
cine, examines the threats of accelerating biodiversity loss and
wildlife extinctions and their implications for human society.
Numerous causes are identified and reviewed including habi-
tat loss, overexploitation of wildlife resources, competition
from invasive species, and, of particular concern to veterinar-
ians, disease. Efforts to preserve biodiversity, promote wildlife
conservation, and protect endangered species are described
from a global perspective, and the opportunities for veterinary
participation in these in situ and ex situ efforts are discussed. Fi-
nally, the emerging field of conservation medicine is described,
wherein veterinarians, physicians, conservation biologists, and
other scientists can apply their skills and training to the pro-
motion and integration of animal, human, and environmental
health through interdisciplinary cooperation.

Chapter 8, Delivery of Animal Health Care ServicesWorldwide, describes
the various services that organized veterinary medicine pro-
vides to society, both in the public and private sectors, using
the United States structure of veterinary service delivery as a
frame of reference. This is followed by a discussion of the con-
straints on veterinary service delivery in developing countries
where, paradoxically, people depend most crucially on animals
for their livelihood, yet often have the least reliable access to
animal health care. In the final section of the chapter, oppor-
tunities to improve veterinary service delivery in developing
countries are identified and discussed, including cost recov-
ery; privatization of clinical veterinary services; development
of community-based paraprofessional animal health care de-
livery; an expanded role for ethnoveterinary medicine; and
curricular changes in veterinary education tailored to national
or regional animal health care situations. Opportunities for in-
volvement of veterinarians from developed countries in these
efforts are presented in the discussion.

Chapter 9, International Trade, Food Safety, and Animal Disease Control, ex-
amines the impact that globalization and the expansion of free
trade are having on the international trade of livestock and live-
stock products, particularly with regard to matters concerning
food safety and the control of foreign animal diseases. The
chapter begins with an overview of the process of globaliza-
tion and the movement toward free trade, with special refer-
ence to agriculture in general and animal agriculture in
particular. This is followed by consideration of the current chal-
lenges that veterinarians face in implementing effective animal
disease control worldwide, along with a review of some of the

newer tools available to better understand, track, and control
the spread of animal disease. Contemporary issues in food
safety are then examined. A global overview of food-borne ill-
ness is first provided, followed by a review of various food
safety concerns including food-borne pathogens, drug
residues and antibiotic resistance, genetically modified foods,
the welfare of animals raised for food, and the relationship of
international trade to food safety. New tools available for man-
aging food safety are also discussed. The chapter closes with a
consideration of foreign animal disease control in the United
States, emphasizing the role of veterinary practitioners as a crit-
ical element of the overall national disease control effort.

Chapter 10, Career Opportunities in International Veterinary Medicine, is
intended as a practical guide for readers interested in adding
an international dimension to their careers in veterinary med-
icine. The chapter begins with guidelines for conducting a self-
assessment to determine both the reader’s own suitability for
international work and the type of international work that
might best reflect the reader’s personality and interests. This
is followed by a discussion of how the reader can acquire rel-
evant skills, training, and experience during different stages of
his or her professional development. Suggestions are provided
for readers at the undergraduate, veterinary school, and post-
graduate level. Next, there is a presentation of the various types
of organizations that might employ veterinarians for interna-
tional work. The activities of various categories of agencies are
described, and specific examples of organizations in each cat-
egory are provided. The chapter closes with a discussion of
how to go about finding work that matches the reader’s in-
terests, skills, and experience.

At the end, the book has an appendix that provides contact
information for various organizations relevant to the subject
of international veterinary medicine. These are divided into
several categories, including biodiversity, wildlife, and envi-
ronmental groups; donor and lending institutions; interna-
tional development and aid agencies; international technical
organizations; nongovernmental organizations involved in
general relief and development; nongovernmental organiza-
tions focused on veterinary relief and development; pharma-
ceutical and animal nutrition firms; private consulting firms;
professional veterinary and related organizations; research and
policy institutions; training, fellowship, and grant opportuni-
ties; and United States government agencies.

Numerous, dramatic events in 2001 have made it indisputably
clear that veterinarians live and work in a global village. The
spread of bovine spongiform encephalopathy throughout Eu-
rope and into Japan, the emergence of that same disease as a
deadly zoonotic pathogen, the devastating outbreak of foot and
mouth disease in the United Kingdom, the specter of that same
disease entering the United States, the rapid spread of West Nile
virus through the eastern half of the United States, the horrific
terrorist attacks of September 11 in New York and Washington,
D.C., and the subsequent fear of bioterrorism, including agri-
cultural terrorism, all serve to underscore the global dimen-



sion of contemporary veterinary medicine and illustrate that
all veterinary medicine is becoming international veterinary
medicine. It is the author’s hope that this text will serve as an
informative and helpful guidebook that veterinarians can use
to navigate through the complex landscape of international
veterinary medicine, develop a greater knowledge of the ter-
rain, and better appreciate the expanded role they can play in
creating a safer, healthier, and more equitable world.

PREFACE ix

David M. Sherman
Newton, Massachusetts
January, 2002

If you see your neighbor’s ox or sheep gone astray, do not ignore it . . . you must
not remain indifferent.

Deuteronomy 22:1-3
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OBJECTIVES FOR THIS CHAPTER:

After completing this chapter, the reader should be able to
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* Identify the major global trends that are redefining how people and animals will live

on Earth in the coming years

* Recognize the effects that human transformation of the Earth has on the global
ecosystem and the implications for human, animal, and environmental health

* Begin to identify new challenges and opportunities for veterinarians to contribute
meaningfully as health professionals and as world citizens to the well-being of hu-

mans, animals, and Earth itself
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Introduction

Some of the most powerful visual images in history are the
photographs of Earth taken from space by moon-bound as-
tronauts on the Apollo missions of the late 1960s and early
1970s (Fig. 1-1).These photos of Earth, cradled in a thin wisp
of cottony atmosphere and suspended in limitless space, have
forever changed the way we look at life on our planet. The
unity of the global ecosystem is an undeniable reality when
Earth is viewed from space. The interdependence of humans,
animals, the land, the sea, and the air is readily apparent. The
fragility and beauty of the biosphere are made plain. The need
for balance, sharing, and peaceful coexistence is clear. Our
own, unique, earthly paradise is revealed to us, as is our re-
sponsibility for its stewardship.

Alas, back here on the ground, it is difficult to maintain this
perspective of unity. Daily life seems punctuated as much by
conflict as by consensus. In fact, we live in a time of great con-
tradiction and contrast. Consider, for example, the following:

¢ Remarkable advances have been made in recent years
in medicine and biotechnology, yet at the same time,
the threat of infectious disease has increased, with the
emergence of new infections and the resurgence of

old infections in more virulent forms. Large segments

This famous photograph of Earth, now identified as

Figure 1-~1.
the “Blue Marble,” was taken by the astronauts aboard the Apollo
17 spacecraft on their way to the moon in 1972.The Horn of
Africa and the Arabian Peninsula are clearly visible. NASA believes
this to be the most widely distributed image in human history.
(Used with permission from the National Space Science Data
Center, National Aeronautics and Space Administration.)

of the earth’s population still have little or no access to
reliable health care services for themselves or their
animals.

* Population growth rates in the most affluent countries
have stabilized or even declined, while population
growth rates in the poorest countries are among the
highest in the world.

* Globalization of the free market economy has created
economic opportunity for millions of people around
the world, but millions more remain on the margins,

with little prospect of climbing out of abject poverty.

* Science and technology have facilitated enormous
increases in agricultural productivity, yet as many as
800 million of the world’s people experience hunger

or malnutrition daily.

+ Citizens in developed countries are cutting back on
their meat consumption for medical and ethical
reasons while per capita meat consumption in the

developing world is skyrocketing.

* The risk of war between nations has diminished as
former enemies sign arms limitation and peace
agreements and become trading partners. At the same
time, armed conflict within nations has increased, as
more civil wars are fought over issues of ethnicity,
religion, lack of representation, or localized claims to
natural resources.

A love of, and fascination with, wild animals has
emerged as a major cultural force in developed
countries, yet worldwide, animal extinctions and
associated habitat destruction are accelerating at an

alarming rate.

Every day, the poorest among us struggle to survive, the com-
fortable among us, to be more comfortable, and the wealthy
among us, to be wealthier. These aspirations all represent a daily
competition for increased access to, and exploitation of, the fi-
nite resource base that is Earth. The collective strivings and com-
peting interests of human society reverberate through the planet
in many forms-civil war, deforestation, desertification, urban-
ization, emerging disease, air pollution, animal extinctions, and
loss of biodiversity. As the human population continues to in-
crease, our own collective human needs-for food, water, shel-
ter, transportation, jobs, entertainment-are placing additional
stresses on our global ecosystem and displacing its other, non-
human inhabitants. Human beings, through the power of sci-
ence and technology, have, in our time, achieved hegemony
over Earth and control over its destiny.

The long-term impact of our collective, cumulative, daily
human activity on the viability of Earth itself is only imper-
fectly understood. As the influence of human society expands,
new questions emerge, more quickly it seems than answers:



* Asan ecosystem, does the Earth have enough
resiliency and regenerative capacity to withstand the
relentless assault of human exploitation on its forests,

oceans, and atmosphere?

¢ Can human population growth exceed the carrying
capacity of Earth?

o Will advances in bictechnology and agricultural
science help us to succeed in feeding a human

population that doubles every 40 years?

» What effect will inexorable population growth have

on patterns of human and animal disease?

o What are the implications of dwindling biodiversity

on human society and on Earth itself?

s Is the inevitable consequence of the global market
economy that people of all nations will enjoy the
same standard of living currently enjoyed by people
in the prosperous nations of the West? If so, can the
Earth tolerate such a level of individual consumption

on a worldwide basis?

¢ What effects will it have on the world if most of the
world’s population owns automobiles at the rate that
people in the industrialized nations currently own
them?

¢+ What will be the impact on food production if most
of the world’s population consumes meat at a rate
equivalent to the current rate in industrialized

nations?

These questions are not simply rhetorical. They need to be
addressed to ensure that Earth can continue to sustain the in-
creasing material desires of an expanding human population
without damage to its own viability. Human society has
demonstrated an awesome ability to transform the Earth to suit
its own needs. However, it remains to be seen whether human
beings, having established de facto ownership of the Earth, can
demonstrate proper stewardship of the planet.

The fact is that human beings do not have much experience in
managing a planet. Earth itself is 5 billion years old. Verte-
brate life on the planet emerged about 450 million years ago.
The hominid ancestors of human beings evolved just 4.5 mil-
lion years ago. Agricultural society emerged only about 10,000
years ago, while industrialized society and the germ theory
of disease developed only within the last 200 years. Modern
communication and transportation technology are about 100
years old, and our modern experiment in cooperative world
governance, the United Nations, is just 50 years old.

We still have a lot to learn about our stewardship of the Earth.
As the noted biologist Dr. E. O. Wilson observed, at a recent lec-
ture on the loss of biodiversity, “We have no clue where we are
going, but we have incredible tools to get there.” We do indeed
require a clearer idea of where we are going and must begin
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to chart that course for the future, taking into account the in-
terdependency that defines life on Earth, which is so elo-
quently represented in the Apollo mission photographs.

Veterinarians have much to contribute to the health manage-
ment of our planet and its animal and human inhabitants. Vet-
erinary medicine, at its core, focuses on the interdependent
relationships of people, animals, and the environment and how
to maintain these components in a healthful equilibrium.
Whether at the kennel, the dairy barn, or the zoo, the veteri-
narian, as diagnostician and healer, must assess and manage
numerous aspects of the environment at hand. Ventilation,
water quality, general hygiene, food supply, and living space
are some of the factors that are routinely considered to man-
age disease effectively and promote health and productivity.
There is a tremendous need and opportunity for veterinari-
ans to expand their environmental frame of reference beyond
man-made structures and to apply their solid training, skills,
and perspective to managing the health and sustainability of
natural environments such as forests, savannas, rivers, and wet-
lands and their inhabitants. Ultimately, the health and well-
being of all creatures depends on a greater understanding of,
and respect for Earth—the global ecosystem we call home.

Important Global Trends for
Veterinary Medicine

Today, as in the past, the human use of animals and human
concern for animals remain as fundamental themes in human
society. However the human-animal relationship is a dynamic
relationship. It is being constantly redefined by the powerful
forces of rapid change that characterize modern, global soci-
ety. In the following sections of this chapter, key, contempo-
rary, global trends that are reshaping the practice and
perspective of modern veterinary medicine are presented, with
reference to the opportunities and challenges that these global
trends present for veterinarians and the animals and people
who rely on them.

Increased Travel and Improved
Communication

Clearly, nothing has caused our world to “shrink” or acceler-
ated the pace of life more than modern developments in trans-
portation and telecommunications. Nowadays, virtually
everywhere and everyone on the planet is potentially accessi-
ble on short notice (see sidebar “Doing Business in Asia: Then
and Now”). Those of the world’s citizens who can afford it
have taken exuberantly to traveling for business or simply for
pleasure. Tourism has become the fastest growing sector of the
global economy, currently providing over 100 million jobs
worldwide. In 2000, almost 700 million people left their own
countries to visit other countries as tourists and then return
home. The World Tourism Organization projects that interna-
tional tourism arrivals will exceed 1 billion by the year 2010
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and reach 1.5 billion by 2020. Millions more people travel on
business. In the United States alone, annual arrivals of inter-
national air passengers more than quintupled in the last quar-
ter of the 20th century, from 10.9 million in 1975 to 56.2
million in 1998, according to data reported by the United
States Department of Transportation.

This globe-trotting fervor has serious implications for veteri-
nary medicine. A key responsibility of veterinarians is to pro-
tect a nation’s animals from the introduction of diseases that
do not already occur within its borders. The speed, frequency,
and volume of modern jet travel make this an increasingly

challenging task. Travelers carry with them an astounding
array of souvenirs and artifacts when returning from trips
abroad, including many products of vegetable and animal ori-
gin that may harbor infectious agents or pests that threaten
vulnerable plant and animal life at home.

For instance, meat-based products, such as sausages, may
contain viable organisms capable of producing African swine
fever, classical swine fever, or foot and mouth disease. The
introduction of such organisms into countries presently free
of these agents could wreak economic havoc on indigenous
livestock industries, as such diseases may produce high mor-

Doing Business in Asia: Then and Now

ne of the dominant features of modern economic life is the robust trade that flourishes between Asia and the West.

While this trade did not always exist, its putative beginnings, over 700 years ago, are known. In the 13th century, Venice

was the mercantile capital of the world and embodied the entrepreneurial spirit of the time. Venetian businessmen sought

new business and trade opportunities wherever they might arise. Around Ap 1260, Ni-

colo and Maffeo Polo, two brothers and merchants of Venice, set out eastward on

a trading expedition to the Crimea and beyond. Early in their travels, they met

an ambassador of Kublai Khan, the emperor of the eastern Tartar Empire,

who proposed that the Polos visit the court of the Great Khan near what

is today Beijing, China. Curious about the business opportunities that

might develop, the brothers agreed to travel further east. Kublai Khan

warmly welcomed the Polo brothers, and after hearing their tales

of life in Europe, the Great Khan expressed interest in bringing Chris-

Pt tian teachings to his eastern empire. He asked the two Venetians to

serve as his emissaries and return to Europe to request that the pope

send 100 religious teachers to his kingdom. Thus, the linkage of
commerce with cultural exchange was clearly established.

It took Nicolo and Maffeo 3 years of grueling overland travel with horse,

donkey, and camel caravans to get back to Europe from Beijing, only to dis-

cover that Pope Clement IV had died a year before their arrival. They waited

in Venice for two more years while the College of Cardinals wrangled over the

election of a new pope. Finally, they left again for China, accompanied by two friars of ques-

tionable knowledge and talent, hastily assigned to their mission by the new pope, Gregory X. Both friars, terrified by the perils

and hardships of the overland journey, fled back to Europe, while Nicolo and Maffeo, accompanied now by Nicolo’s son, Marco,

continued slowly onward to China. Finally, after 31/2 years of return travel, including a year’s stay in the mountains of northern

Afghanistan to allow young Marco to recover from fever, they once again reached the court of the Great Khan, sans friars, but
with some sacred oil from the Holy Land, and a letter of greeting from the pope.

While trade between Europe and Asia has continued to increase following the return of the Polos to Venice, history tells us that
Christianity never did make very significant inroads into China. The trials and tribulations experienced by Nicolo, Maffeo, and
Marco Polo on their long and arduous journey help to explain why. The window of opportunity opened by Kublai Khan was shut
by delays in travel and communication. Clearly, modern travel has profoundly altered the way the world conducts business
across long distances, and modern telecommunication has virtually erased time as a constraint on human interaction.

Today, things might have turned out differently. A modern family Polo responding to the Great Khan’s proposal would have sched-
uled an audience at the Vatican by cellular phone while still in Beijing, hopped a flight from Beijing to Rome, arranged for a pro-
gram of religious instruction for the Tartar Empire via satellite teleconferencing using friars based in Italy, air freighted the sacred
oil of the Holy Land to Beijing by overnight express, emailed the Pope’s letter back to the Great Khan as an attachment, and had
the whole deal wrapped up in less than a week-in which case the communists’ Great Hall of the People in Beijing might today be
listed in tourist guide books instead as the Great Cathedral of China.




bidity and mortality in immunologically naive animal pop-
ulations and require the slaughter of large numbers of ex-
posed or at-risk animals to control further spread of the
disease. This was the case in the United Kingdom in 2001
when foot and mouth disease was introduced into the coun-
try and close to 4.0 million cattle, sheep, goats, and swine
were destroyed before the infection was stamped out. The
risk of rapid spread of introduced diseases may be exacer-
bated in countries where intensive animal production is
practiced and large numbers of animals are concentrated in
close proximity. This is a major concern in the United States,
where feedlot cattle, swine, and poultry are routinely raised
under intensive management conditions.

In the United States, the Animal and Plant Health Inspection
Service (APHIS) of the United States Department of Agricul-
ture (USDA) is the agency officially charged with excluding
foreign diseases and pests from the nation. Through its Plant
Protection and Quarantine Division, APHIS employs about
1300 inspectors, stationed at ports of entry into the United
States, including international airports, to screen passengers
and their baggage for potentially dangerous plant and animal
products. In the last decade, these inspectors have been joined
in their efforts by over 60 Beagle dogs at 21 ports of entry
around the country. These dogs are trained to sniff out vari-
ous meat and vegetable odors. In 2001, following the outbreak
of foot and mouth disease in the United Kingdom and else-
where, the US. secretary of Agriculture authorized $32 mil-
lion in spending to hire 350 new inspection personnel and
double the size of the USDA Beagle Brigade. This additional
help will be welcome, as APHIS inspectors (and their canine
colleagues) face a formidable challenge, given the ever in-
creasing flow of air traffic into the United States. In addition
to tourism, the expanding international trade in animals and
animal products is increasing the risk of new, foreign animal-
disease introductions, which pose potential threats to animal
and, sometimes, human health. A more detailed discussion of
issues in international disease control and international trade
is provided in Chapter 9.

Ecotourism, whereby travelers specifically seek out holiday ex-
periences in natural settings to view fauna and flora in their
relatively undisturbed state, is one of the fastest growing seg-
ments of the tourist economy. Ecotourism results in increased
contacts between people and animals throughout the world,
with important implications for both human and animal
health. In some instances, ecotourism has been embraced as a
mechanism for promoting the conservation of threatened and
endangered species. The income generated by visiting tourists
is offered as an economic justification for preserving the
threatened or endangered species in its natural habitat. How-
ever, this rationale for ecotourism is a two-edged sword. The
pursuit of income puts pressure on site managers to allow in-
creased tourist numbers, which in turn can lead to degrada-
tion of the habitat and expose the animals to increased health
risks, an outcome contrary to the original intent. This is par-
ticularly true of endangered primates, who are susceptible to
many of the same disease organisms as humans. More infor-
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mation on ecotourism and the opportunities and challenges it
poses for veterinarians is presented in Chapter 8.

Modern satellite communication and the internet have turned
the world into a “global village,” a term coined in the 1960s by
communications theorist and educator Marshall MacLuhan to
describe the transforming effects of electronic media on human
society. In his book Understanding Media: The Extensions of Man,
MacLuhan® proposed that, “In the electric age, when our cen-
tral nervous system is technologically extended to involve us in
the whole of mankind and to incorporate the whole of
mankind in us, we necessarily participate, in depth, in the con-
sequences of our every action.” MacLuhan'’s observation was
prophetic. Today, modern communication allows us to experi-
ence world events directly as they take place, while modern jet
travel allows us to participate directly in such events almost im-
mediately. For example, when man-made or natural disasters
strike, veterinarians are increasingly becoming involved in pro-
viding support to victims, both animal and human at distant lo-
cations around the globe, sometimes within a matter of hours.

In the United States, veterinarians have formed the American
Academy of Veterinary Disaster Medicine to promote the wel-
fare of animals during and after disasters. In addition, the or-
ganization provides consultative services and professional advice
to agencies responsible for developing emergency response
procedures and tries to foster the inclusion in emergency
management plans of protocols specifically addressing the res-
cue and care of animals at risk. The World Society for the Pro-
tection of Animals, in the United Kingdom, is a nonprofit
agency that fields tearns worldwide to rescue livestock and
pets following natural disasters around the world (see
http://www.wspa.org.uk/). Another nonprofit organization,
Veterinaires Sans Frontieres-France (VSF), or Veterinarians With-
out Borders, provides veterinary services and training in diffi-
cult environments and situations in which people who depend
on animals for their livelihood are threatened by war, drought,
or other major calamities. VSF is currently working in 16 devel-
oping countries around the world (see http://www.vsf-
france.org/). Delivery of animal health care services worldwide
is discussed in more detail in Chapter 8, and the role of veteri-
nary assistance in developing countries is discussed further in
Chapter 5.

Advances in Science and Technology

Science and technology have reshaped our modern world in
such profound ways that a discussion of their total impact on
contemporary society is well beyond the scope of this book.
However, some specific scientific and technological develop-
ments bear directly on the future of veterinary medicine and
merit at least a brief introduction here. These developments in-
clude biotechnology, satellite sensing, and computer modeling.

Biotechnology
At the same time that space exploration has provided us
with metaphorical imagery for the unity of life, advances in
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molecular biology and genetics have provided the scientific
evidence for that unity. We now know that at the molecular
level the structure and function of all forms of life are defined
by their genetic code and that there is remarkable unifor-
mity and homology to the molecular composition of genes,
from single-celled organisms through complex mammalian
organisms, including humans. This basic knowledge and the
techniques developed to obtain this knowledge are now being
regularly applied throughout the rapidly expanding biotech-
nology industry, to develop new products and services in a va-
riety of areas of human activity. Many of these applications
have direct and indirect implications for veterinarians in a
global context.

Background on Biotechnology It was in 1953 that James
Watson and Francis Crick deduced the structure of deoxyri-
bonucleic acid (DNA), the fundamental molecule of genetic
expression. The structure they described is both simple and el-
egant. Simple in that it consists of only four basic nucleotides
linked in a double-stranded chain. Elegant in that the repeat-
ing structure of the chain allows for enormous variation in the
genetic expression of different proteins. The basic building
blocks of genes are the same for bacteria as they are for mam-
mals, but the sequence of nucleotides within genes permits
them to express different proteins and thereby regulate the
growth and differentiation of organisms, each according to its
own particular genetic blueprint. In this manner, bacteria are
destined to become more bacteria and mammals are destined
to beget mammals.

In 1967, Har Gobind Khorana and Marshall Nirenberg un-
locked the genetic code. They determined which specific se-
quence of three nucleotides (a codon) or set of codons in a
DNA molecule were responsible for expressing each of the
20 amino acids that serve as the basic constituents of all pro-
teins. With this knowledge, if the structure of a protein were
known, then it would be possible, with appropriate technol-
ogy and skill, to work backward to identify the gene respon-
sible for the production of that protein, study it, and even,
perhaps, manipulate it. Therein lies the basis for modern ge-
netic engineering and applied biotechnology.

Scientists now have taken advantage of this knowledge and have
developed techniques to manipulate genes in extraordinarily
ingenious ways. Early recombinant DNA techniques allowed,
for example, a mammalian gene to be introduced into a bac-
terium so that a culture of bacteria would produce the mam-
malian protein, say insulin, coded for by that gene. These
recombinant DNA techniques have become sufficiently ad-
vanced that now, transgenic mammals are being produced rou-
tinely. For example, human genes are being introduced into the
DNA of goat or sheep embryos, and their expression manipu-
lated so that when the transgenic sheep or goat matures, it will
produce the desired human protein, but only in the cells of the
sheep or goat’s mammary tissue. In this way, the protein can be
harvested from the animal’s milk as a pharmaceutical product,
while the gene and its product exert no apparent direct effect
on the sheep or goat itself, outside of the mammary gland.

Techniques for genetic manipulation have become so sophis-
ticated that the cloning of mammals, including sheep and cat-
tle, has been accomplished by transferring somatic cell nuclei
from an adult animal into unfertilized ova whose own nuclear
material has been removed. In this process, a cow muscle cell,
for example, with a full complement of cow genes but only
expressing those genes required for it to function as muscle,
reverts to full expression of all its genes. The manipulated ovum
is transferred to the uterus of a recipient cow that carries the
developing embryo through to term pregnancy. The embry-
onic maturation of the manipulated ova containing the mus-
cle cell nucleus leads to the development of a fully
differentiated, functioning calf. This calf is an identical clone
of the cow from which the muscle cell was taken.

Genetic engineering and biotechnology already have, and will
continue to have, much influence on the art, science, and prac-
tice of veterinary medicine. Three key areas can be identified
in which that influence will be felt, namely clinical medicine,
animal agriculture, and the environment. In all of these areas,
there are challenges and opportunities of a global nature for
interested veterinarians.

Biotechnology and Clinical Medicine In clinical medicine,
biotechnology is offering new prospects for the diagnosis,
treatment, and prevention of animal disease. In the area of di-
agnosis, monoclonal antibodies, produced by hybridoma tech-
nology are greatly improving the specificity and sensitivity of
diagnostic tests, such as the enzyme-linked immunosorbant
assay (ELISA), for the identification of antibody or antigen as-
sociated with infectious agents. DNA amplification techniques,
such as the polymerase chain reaction (PCR), are being used
to identify minute quantities of DNA associated with infectious
agents so that early or latent infections are more readily de-
tectable. Such advances are providing better opportunities to
manage individual cases in clinical practice, identify and con-
trol diseases in livestock herds, improve surveillance in regu-
latory disease control programs, and even improve
opportunities for international trade of livestock (see sidebar
“Goat Disease, Polymerase Chain Reactions, and International
Relations”).

Biotechnology is opening the door to new therapies and ther-
apeutic applications for animal disease as well. For example,
the tools of genetic engineering, in conjunction with advances
in computer science, are enabling researchers to identify the
specific, three-dimensional structure of microbial proteins and
their related receptor sites in host cells. Based on this knowl-
edge, antimicrobial drugs can be rationally designed to specif-
ically block entry, adherence, or metabolic expression of
important pathogens.

Perhaps the greatest potential of biotechnology in veterinary
medicine is in the area of disease prevention and disease re-
sistance. Recombinant DNA technology is facilitating novel ap-
proaches to immunization, with the potential to increase
immunogenicity, reduce the risk of reversion to virulence,
minimize vaccination stress on animals, permit new routes of



administration, allow discrimination of antibody responses
due to vaccination from responses due to natural infection, and
improve stability and ease of handling of vaccines in the field.

Improved stability and ease of handling in the field are par-
ticularly significant issues in the developing world, where live-
stock are important to local economies, but infectious disease
control through vaccination is difficult to achieve. In many
such places, rural infrastructure, in terms of roads, electricity,
and refrigeration, is not available to keep live vaccines cold for
extended periods of time under field conditions. With these
constraints in mind, some of the early vaccine development ef-
forts by veterinary researchers focused on the creation of ef-
fective, genetically engineered vaccines with suitable
characteristics for use in the field under adverse conditions.
Rinderpest, peste des petits ruminants, foot and mouth dis-
ease, and East Coast fever are some of the tropical diseases of
livestock targeted in these efforts.

Manipulation of natural disease resistance in animals, is an-
other opportunity facilitated by advances in biotechnology. It
is known that certain breeds of livestock in different locations
around the world show resistance to specific diseases. Some-
times this is the result of acquired immunity, but in other
cases, the disease resistance may have a genetic basis. One new
approach to manipulating disease resistance is to identify
breeds or families of animals that demonstrate natural resist-
ance to infection by certain pathogens, attempt to identify a
genetic basis for the resistance, isolate the responsible genes,
and introduce them into the germ cell line of nonresistant
breeds of animals that might have other superior production
characteristics but lack the disease resistance. Such investiga-
tions are already ongoing with regard to livestock diseases of
international significance, for example, the assessment of the
local N'Dama breed of cattle in west Africa for genetically
based resistance to the protozoal disease trypanosomiasis.

Another approach to promoting disease resistance is the in-
troduction into animals of nonmammalian genes that may
produce enzymes deleterious to parasites, but which are in-
nocuous to the host animal. For example, blowfly strike is an
important disease of sheep in which blowflies lay eggs in skin
wounds of sheep and the larvae develop by feeding on sheep
tissues. Blowfly larvae have a structural polysaccharide called
chitin in their outer cover, but mammals, including sheep, do
not possess chitin. Some plants, however, produce an enzyme,
chitinase, that breaks down chitin, as a defense against insect
predators. Currently, veterinary scientists in the animal pro-
duction branch of the Commonwealth Scientific and Industrial
Research Organization (CSIRO) in Australia are working on the
introduction of a plant gene coded for the production of chiti-
nase into sheep, which would be expressed in the animal’s
sweat glands. The hope is that sweat containing chitinase, se-
creted onto the sheep’s skin, will inhibit the development of
blowfly larvae.

Biotechnology and Animal Agriculture In the realm of an-
imal agriculture, biotechnology offers tools to improve the
productivity of livestock in various ways. One opportunity is
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to improve adaptability of animals to adverse environments by
improving, for example, heat tolerance in the tropics or, as just
described above, disease resistance through the use of trans-
genic animals. Another approach is to improve growth rates of
animals through the use of growth promoters, including so-
matotropin. The growth hormones may be produced exoge-
nously for parenteral administration to animals, or genes
regulating increased production of growth hormones may be
introduced into germ cell lines to produce transgenic animals.
This has already been done with genetically engineered, farm-
fished Atlantic salmon." The genetically modified salmon can
reach market weight in 18 months compared with 24 to 30
months for conventional fish.

The quantity or quality of a product produced by animals may
also be manipulated, as has already been done with bovine so-
matotropin, or BST, to increase milk production in dairy cows.
Other applications under consideration or development in-
clude manipulation of carcass characteristics in pigs and poul-
try to increase muscle mass and reduce fat, reduction of the fat
content of cow’s milk, transgenic alteration of fiber quality in
sheep and goats to produce finer grades of wool and cashmere,
and reduction of cholesterol content of eggs, to name but a
few. Using biotechnology, it might someday be possible to
carry out mass cultivation of animal muscle cells in vitro to pro-
duce a meat-type, animal protein product that could be har-
vested, processed, and then packaged much like sausage is
today, without the exploitation of live animals.

Plants used as feed for animals may also be genetically altered
to improve animal production by increasing overall protein
content, altering the production ratios of essential amino acids,
or including immunizing antigens against animal diseases into
plants so that animals eating those plants have their enteric
mucosal immunity stimulated continuously against specific in-
fections.

Biotechnology and the Environment Bioremediation is the
branch of biotechnology that addresses the reduction of en-
vironmental pollution through the use of plants and microor-
ganisms with the ability to capture or degrade toxins and
pollutants and thereby remove them from the environment.
Genetic engineering offers the opportunity to improve the
efficiency and broaden the spectrum of microorganisms and
plants that can be used in bioremediation. Bioremediation is
already finding application in the cleanup of oil spills by use
of oil-digesting bacteria, the clearance of heavy metals such as
lead from contaminated soils by use of plants of the mustard
family, and the removal of uranium from water by pumping it
through filters containing uranium-binding bacteria bound to
polymer beads.

There is increasing awareness of the potential adverse impacts
that modern agricultural practices can have on the environ-
ment. This includes management practices in animal agricul-
ture. Bioremediation offers opportunities to alleviate the
environmental stresses of farming. For example, intensification
of animal production in large-scale confinement units has led
to the concentration and storage of vast quantities of animal
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Goat Disease, Polymerase Chain Reactions (PCR), and International Relations

n 1982, | attended the Third International Conference on Goat Production and Disease, held in Tucson, Arizona. At one ses-
sion, a Kenyan official in attendance stood up and angrily accused the U.S. government of trying to undermine the well-being
and development of his country by willfully and knowingly encouraging the exportation to Kenya of American purebred dairy
goats infected with the virus that causes CAE, thus putting millions of Kenyan goats at risk

for a disease which previously did not occur in that country. The goats in question

had been sent as part of a USAID-funded livestock development project. More
than a few eyebrows were raised by this spontaneous and public accusation

at a scientific meeting.

In truth, it is quite likely that dairy goats exported from the United States
prior to 1982 may have been infected with CAE virus. However, the
Kenyan's position that the export of infected goats was the purposefully
malevolent act of a hostile government had no merit. The problem had
less to do with politics and international intrigue than with the state of our
knowledge about CAE and the tools available to detect infection at that
point in time. Nevertheless, the story does serve to emphasize how interna-
tional livestock trade can become a contentious matter and how important an-
imal health and disease issues are in maintaining harmonious international trading
relations. Since that conference, biotechnological applications in veterinary medicine
have led to a better understanding of the pathogenesis of CAE infection and resulted in the de-
velopment of new diagnostic approaches that would have effectively detected infected goats well before they were shipped to
Kenya.

CAE is caused by a retrovirus. The disease affects primarily goats and has a neurological and an arthritic form. The neurological
form was first recognized in 1974, and the virus was first isolated from the arthritic form of the disease in 1980, so at the time of
the Tucson conference, CAE was still a relatively new and incompletely understood disease. It is now known, thanks to modern

manure, leading to associated problems of waste disposal, as
discussed further in Chapter 6. In the United States, concerns
about the contamination of water supplies, adverse impacts
on wildlife, and possible effects on human health from ani-
mal manure in the environment led the Environmental Pro-
tection Agency (EPA) to introduce stricter regulations on
animal manure treatment and disposal in 1998. New ap-
proaches to the problems of animal waste management and
new opportunities for waste utilization must be developed.
Bioremediation is likely to provide useful methods to reduce
harmful chemical and microbial constituents in animal waste,
speed the process of waste degradation, and increase the pro-
duction of byproducts from animal manure usable, for exam-
ple, as fuel, fertilizer, or feed. Transgenic science may also offer
solutions to waste management. In 1999, scientists at the Uni-
versity of Guelph, in Canada, developed the “Enviropig,” a ge-
netically engineered hog that contains a mouse/Escherichia coli
transgene that promotes secretion of salivary phytase. This en-
ables the pig to absorb the phosphorus in cereal feeds more
efficiently, which thus reduces the amount of phosphorus in
manure. Contamination of groundwater with phosphorus
from livestock manure runoff is recognized as a significant
contributor to reduced water quality.

Public Concerns about Biotechnology The preceding dis-

cussion highlights some of the opportunities that scientific
advances in molecular biology and genetic engineering offer
to improve animal health, food production and human nu-
trition, and environmental quality. It reflects the enormous
sense of scientific power and potential that the biotechnol-
ogy industry itself promotes to society at large. There are con-
siderable segments of society, however, that voice a healthy
skepticism concerning the power and promise of biotech-
nology and who see it, rather, as a potentially dangerous and
disruptive force threatening our future well-being. Eric
Grace,® in his informative book Biotechnology Unzipped, offers a
useful summary of the main concerns commonly expressed
about biotechnology and discusses their significance. He
identifies the issues as follows:

* Altering genes is unnatural.

s Swapping genes between species is unnatural.

+ Genetic engineering breaches fundamental species
boundaries.

s New combinations of genes in microbes are likely to
produce dangerous and uncontrollable mutant germs.

¢ We are altering evolution by creating new

combinations of genes.
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techniques of molecular biology, that the causative retrovirus has a predilection for host cells of the monocyte-macrophage line.
In the infected goat, the virus enters host mononuclear cells, and the viral genome is integrated into the host cell DNA where it
may reside in latent form for extended periods of time.

In 1982, the only diagnostic test routinely available for the detection of CAE infection was the agar gel im-
munadiffusion (AGID) test, which identified the presence of circulating antibody to the CAE virus in the serum
of infected goats. However, antibody tests are actually indirect tests of infection, identifying not the infec-
tion itself, but only the host’s reaction to it. Unknown in 1982, but known now, is the fact that there may be
a considerable lag time between the introduction of the CAE virus into the host’s mononuclear cells and
the subsequent development of an antibody response by the infected host. One study reported this delay to
be as long as 8 months. That means that serum taken from an infected goat might give false-negative re-
sponses on an AGID test for as long as 8 months following infection. So even if the goats shipped to Kenya
had been tested and found negative on the AGID test and identified, in good faith, as disease free, they might
still in fact have been infected, with the virus present in the host cell genome, but not yet stimulating an an-
tibody response.

Advances in biotechnology have now enabled veterinary scientists to eliminate these false-negative test re-
sults by direct identification of the viral DNA. Polymerase chain reaction (PCR) is a technique, first developed
in 1985, that allows minute quantities of DNA to be amplified from small samples. Using PCR, DNA from the
CAE virus could be directly identified from cells of an infected goat, and by 1993, PCR was being applied to the diagnosis of CAE
infection. A blood sample is taken from the goat. Peripheral blood mononuclear cells are separated from whole blood and dis-
rupted, and the PCR procedure is applied to the prepared sample. The amplified quantity of DNA fragments are separated by gel
electrophoresis and then transferred by blotting to nitrocellulose paper. Then, CAE-specific DNA probes are applied to detect the
presence of proviral DNA from the monocyte samples to confirm retroviral infection. Unlike the situation in 1982, countries im-
porting goats today can avoid the risk of accepting CAE-infected goats with false-negative diagnostic test results by requiring a neg-

ative PCR test result as a condition of shipment.

* Biotechnology brings unprecedented new power to

humanity, with new ethical dilemmas.

Some of the skepticism concerning biotechnology is a di-
rect reaction to the assertive optimism of the biotechnology
industry itself in promoting the development and applica-
tion of biotechnology. Many critics perceive that the indus-
try is driven essentially by the goal of corporate profit, not
social progress, and therefore, believe that industry makes
claims about the promise of biotechnology that overstate its
benefits and understate its risks. This perception has led to
a variety of societal responses including organized protests
against individual biotechnology firms, academic forums
on the role of biotechnology in society, the creation of in-
dependent oversight groups to monitor industry develop-
ments, and increasing calls for government regulation of
the biotechnology industry, particularly with regard to
safety testing of new products before they are released for
market.

It is probably fair to say that biotechnology is neither a total
panacea nor a total pariah. The situation today with regard to
biotechnology is analogous to the situation presented to so-
ciety in the 1940s with the discovery of organochlorine pes-
ticides. When DDT was first introduced in 1942, it was

heralded as a gift from God, revolutionizing public health ef-
forts to control vector-borne diseases.” In the early 1940s,
malaria was still present in the American South, the Caribbean,
and Burope and killed over 800,000 people a year in India
alone. DDT appeared miraculously effective in eliminating the
vectors for this and other dreaded diseases such as typhus. Yet,
it was not until two decades later, with the publication of Silent
Spring by Rachel Carson* that the profound, adverse environ-
mental effects of widespread organochlorine pesticide appli-
cation were recognized. As a result, the use of organochlorine
pesticides today has been severely restricted and has become
heavily regulated.

Again, with biotechnology, as with organochlorine pesticides,
society is being offered new and powerful technology that
promises new benefits, but which also may carry new risks. It
is reasonable for society to expect that the risks will be vigor-
ously identified and evaluated at the same time that the op-
portunities are being pursued and that the general public
safety is not being compromised. It is also reasonable to ex-
pect that the products developed by the biotechnology in-
dustry truly reflect the goals, needs, and values of the societies
and cultures in which the products are to be marketed. Vig-
orous, informed debate is essential to this exercise, as is re-
sponsible leadership.
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Biotechnology Challenges for Veterinarians Veterinarians have
a tremendous potential to assume a leadership role in guiding the
socially responsible development and application of biotechnol-
ogy. Veterinarians receive training in comparative medicine, ani-
mal agriculture, food safety, and public health and increasingly in
ethics, animal welfare, and environmental science. Furthermore,
veterinary medicine has always been a service profession, re-
ceptive to, and responsive to, public need and expectation. This
unique mix of training and experience is most relevant in the
biotechnology arena. It enables veterinarians to understand the
science of biotechnology, grasp the potential scope of its appli-
cation, evaluate its safety and utility, and assess the social and eco-
nomic implications of many new products and processes.

Veterinarians interested in biotechnology and its role in soci-
ety can become engaged in many important ways. They can be
directly involved in basic genetic research, product identifica-
tion and development, design and implementation of field tri-
als, safety and efficacy testing, regulatory oversight and as
responsible, informed critics. Whether veterinarians work in
industry, government, or academia or with public interest
groups, the voice of veterinary medicine needs to be heard
more clearly in the biotechnology arena.

This is particularly true in the international context. Consid-
erable differences in public attitude about biotechnology exist
around the globe. European nations were much quicker to im-
pose regulatory constraints on the biotechnology industry than
was the United States, and some developing nations have
shown a high degree of suspicion about biotechnology, lead-
ing to outright refusal to allow genetically engineered agri-
cultural and medical products into their countries. Yet, the
biotechnology industry has consistently identified the devel-
oping world as a major potential beneficiary of the promise of
biotechnology, particularly in the areas of human health and
agricultural productivity. Veterinarians with first-hand experi-
ence working in the developing world on issues of health and
food production can help to resolve misunderstandings about
the promise and the reality of biotechnology and can help to
bridge the communications gap between government, indus-
try, and the public in numerous ways: Veterinarians can carry
out needs assessments, help to set product priorities, anticipate
or identify adverse consequences, establish guidelines for co-
operation and regulation, and help to develop marketing, ed-
ucational, and outreach campaigns to gain acceptance for safe
and worthwhile products that are eventually produced.

Nevertheless, the complexity of issues that will require con-
sideration when introducing biotechnology into the devel-
oping world should not be underestimated. Biotechnology is
a powerful tool of transformation. Applying it wisely and ap-
propriately will require great sensitivity, insight, patience, trust,
mutual respect, open lines of communication, and, most of all,
a strong sense of the interdependence of all things.

Other Relevant Technologies

Two other powerful technologies merit brief discussion in
terms of their impact on global veterinary medicine. These are

remote sensing and computer modeling. Space-based satellite
photography and computer-based geographic information sys-
tems (GIS) allow the integration of animal population and dis-
ease data with mapping data on terrain, vegetation,
temperature, and other agricultural and environmental pa-
rameters that can affect animal disease patterns and animal
productivity around the globe. Veterinary epidemiologists are
increasingly using these tools to analyze complex animal-en-
vironmental interactions so as monitor disease outbreaks and
to model improved disease control strategies.

For instance, the optimal timing of vaccinations or an-
thelmintic treatments, the adjustment of animal stocking rates,
or the manipulation of reproductive schedules can be modeled
on the basis of historical climate and vegetation patterns
recorded by satellite and be subsequently stored and analyzed
by computer. The distribution of disease vectors, such as mos-
quitoes, tsetse flies, or snails, may be correlated with satellite-
derived geographic and climatic data to help model disease
outbreaks and plan disease control efforts."'*"* During conta-
gious disease outbreaks, such as foot and mouth disease, satel-
lite data are now being used to map farm locations in
conjunction with topographic features and water source in-
formation. This allows a more accurate and rational determi-
nation of the shape and size of effective quarantine zones and
also, when large-scale carcass disposal is necessary, reduces the
risk of potential environmental contamination. Such tools also
have application in wildlife conservation to map and monitor
patterns of habitat transformation that could adversely affect
resident endangered species. These tools can also help wildlife
conservationists to identify and protect contiguous habitat on
wildlife corridor routes, to ensure the undisrupted movement
of migratory animals to distant feeding and nesting sites, as
discussed further in Chapter 7.

Human Population Growth
and Food Needs

About 10,000 years ago, humans began the transition from
food procurement to food production, switching their survival
strategy from gathering and hunting to the cultivation of crops
and domestication of animals. The advance of agriculture al-
lowed people to adopt sedentary living patterns and produce
and store surpluses of food. In turn, reliable food stores facil-
itated an acceleration of human population growth that has
continued unabated to the present day. Increases in agricultural
productivity have historically kept ahead of human population
growth, thus allowing, through access to adequate food, fur-
ther increases in human population. Whether or not agricul-
tural productivity can continue to outpace population growth
in contemporary society to provide an adequate food supply
for all the world’s citizens is perhaps the most critical question
of our time.

Various estimates put the total human population of Earth at the
time of the development of agriculture in the Neolithic era at
about 10 million people. Today the human population of Earth
is very close to 6 billion people. Each and every day, there is a



net increase of 230,000 human beings added to the world’s
population, or 84 million more people per year. The rate of
population growth has accelerated over time as well. In the Ne-
olithic era, when the population growth rate was estimated to
be less than 0.5% per year, a doubling of the total human pop-
ulation required 140 or more years. Today, with population
growth rates in some parts of the world reaching as high as
3.0%, a doubling of the world population may take only 35 to
45 years. By 2050, within the lifetime of many readers of this
book, the United Nations projects that the human population
will reach 11 billion people. Just like you and me, each of these
people will expect to eat sufficient food to maintain a healthy
and productive life every single day of their lives.

The amount of land available on Earth for production of food
is more or less fixed. While there has been replacement of for-
est by farmland and the use of otherwise unusable land
through irrigation or terracing, the major increases in food
production that have supported human population growth
have come primarily by increasing the productivity of land,
not by increasing the quantity of land itself. This increased pro-
ductivity has come primarily through periodic technological
advances in agriculture. Major advances include: improved
labor efficiency through the use of animals and machinery; soil
conservation and enrichment practices including manuring
and fertilization; improved plant and animal genetics for in-
creased growth and yield and adaptation to harsh environ-
ment; chemical control of weeds and pests; and, improved
techniques for food storage and preservation.

However, the technological advances of agriculture have been
neither universally available nor universally applied. Agricul-
tural inputs in the form of machinery, fuel, chemicals, irriga-
tion pumps, and improved seeds cost money and require a
well-developed supporting infrastructure. As such, the great-
est gains in agricultural productivity have occurred in the de-
veloped, industrialized nations of Europe and North America.
With some notable exceptions, such as India and China, gains
in the developing world have been less substantial, and recently
there have been actual losses in per capita agricultural pro-
duction among the least developed nations, particularly in
Africa, as discussed in Chapter 5.

This is not to say that all the technological advances developed
primarily for temperate zone agriculture are necessarily ap-
propriate for, or transferable to, tropical agricultural systems.
Nevertheless, efforts to improve agricultural output in the trop-
ics have never received the level of economic and scientific in-
vestment that has been afforded agriculture in the temperate
regions. Today, largely as a result of mechanization and inten-
sification, countries such as the United States, with less than
3% of the workforce directly engaged in agriculture, produce
consistent food surpluses, while many of the least developed
countries, where more than 50% of the workforce may be di-
rectly involved in agriculture are unable to maintain self suf-
ficiency in food production.

The disparity in food production is exacerbated by parallel
disparities in population growth. The highest rates of popu-
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lation growth (>>2.0% per annum) in the world occur among
the least developed nations of Central America, Africa, and
South Asia, where increases in agricultural productivity have
been limited. Thus, even if agricultural output remains stable
in these countries, per capita food production may decrease.
In contrast, the United States, Canada, Japan, and most of Eu-
rope have population growth rates less than 0.9% per annum.
Several Furopean countries are actually experiencing popula-
tion loss.

Continued population growth in poor countries coupled with
inadequate production of food will have dire consequences.
Food insecurity constrains economic growth and is politi-
cally destabilizing. Chronic undernutrition undermines phys-
ical and intellectual growth and predisposes to disease. Low
agricultural productivity coupled with expanding population
puts additional pressure on natural resources, leading to envi-
ronmental degradation and habitat destruction. Countries that
could be active participants in the global economy instead are
sidelined because of inadequate food production or distribu-
tion. The relationship of food security and population growth
is discussed further in Chapter 5.

Animals continue to play diverse and vital roles in agriculture
and daily life in much of the developing world. They are an in-
tegral part of small farming systems, providing fertilizer, agri-
cultural power, food, income, transportation, and risk
diversification, as discussed further in Chapter 4.There is much
still to be learned about how to improve the health and pro-
ductivity of animals in developing countries and how to inte-
grate them more efficiently, profitably, and sustainably into
traditional farming systems. As discussed in Chapter 5, effec-
tive interventions in rural development require experience
with, and an understanding of, local conditions and con-
straints. Local experience increases the likelihood that appro-
priate technologies will be developed and applied to
strengthen and sustain productive agricultural systems around
the world. Feeding the world’s people will be one of the major
challenges of the next century. Given the continued importance
of animals in agriculture, it is clear that veterinarians have an
important role to play, at home and abroad (see sidebar “Try-
panosomiasis Control in Africa: A Debate Among the Well-
Meaning™).

Increasing Affluence and
Consumer Demand

The last two decades have been characterized by a dramatic
transformation of the global economy. Expansion of interna-
tional trade and the movement of foreign capital investment
into developing countries, especially in Asia and South Amer-
ica, have stimulated substantial economic and social develop-
ment. Major outcomes include increased industrialization,
increased urbanization, and an improved standard of living for
countless millions of people. Modern India, for example, with
its burgeoning economy, now has a largely urban middle class
numbering about 250 million people, a number approaching
the entire population of the United States.
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Trypanosomiasis Control in Africa: A Debate Among the Well-Meaning

frica is a continent of great beauty and diversity, with tremendous human, animal, and natural resources. However, the con-

tinent faces many challenges. Africa has had more than its fair share of political instability and military conflict in recent

years. Economic development in general lags behind that of other world regions. Population growth rates are among the

highest in the world, exceeding 2.5% per year in most countries on the continent, while the world mean is 1.4%. Food produc-

tion, per capita, in Africa has been decreasing, with a 16% drop recorded between 1980 and 1993. As many as 35% of Africa’s

people experience chronic malnourishment. Improving the prospects for future food production in Africa is a major priority. One
important constraint to such improvement is the disease trypanosomiasis.

African trypanosomiasis is a hemoparasitic infection of humans, domestic mammals,
and wild mammals caused by various flagellated protozoa of the genus Trypanosoma.
Trypanosomes are transmitted to susceptible hosts by blood-feeding tsetse fly vectors
of the genus Glossing, for example, G. morsitans. Infection is usually subclinical in wild
mammals. In humans, the disease produced is known as sleeping sickness, and in
domestic animals, Nagana. Itis characterized by fever, cyclic parasitemia, anemia,
enlarged lymph nodes, loss of body condition, lethargy, and high mortality. Acute
and chronic forms of the disease occur. Though all types of domesticated mammals
are susceptible to varying degrees, cattle are most commonly and most severely af-
fected.

Glossina morsitans, one of the several Glossina

As such, trypanosomiasis is a major constraint on ruminant livestock production in
Africa. The distribution and intensity of animal trypanosomiasis in sub-Saharan Africa
follows the distribution and in-
tensity of the various species of
the tsetse fly vectors, as shown
on the accompanying map. An
estimated 10 million km?, or
37% of the African continent, is
tsetse infested, much of it savanna and forest. This area includes at least 37
countries, covering most of West and Central Africa and parts of East Africa
and listed in the accompanying table. Various estimates suggest that the live-
stock-carrying capacity of tsetse-infested areas of sub-Saharan Africa could be
increased five- to sevenfold by eliminating or controlling animal trypanoso-
miasis.

species of blood-sucking tsetse fly vectors of
Africa responsible for transmitting
trypanosomiasis in humans and animals.
{Reproduced with permission from Soulsby
FJL. Helminths, Arthropods and Protozoa of
Domesticated Animals, 7th Ed. Philadelphia:
Lea & Febiger, 1982.)

Efforts to control trypanosomiasis began in 1910, and significant progress was
made over the following 50 or so years, largely through the control of tsetse
fly populations through heavy application of insecticides and destruction of
known tsetse fly habitats. Though effective, these approaches had negative en-
vironmental and ecological impacts.™ Following the African independence
movement of the 1960s, trypanosomiasis control efforts declined. Newly in-
dependent governments lacked the economic resources or management ex-
perience to maintain existing control programs, or wars and civil unrest
disrupted these activities. As a result, there has been a dramatic resurgence
of clinical trypanosomiasis in people and animals in recent times. Currently,
however, improved knowledge has created new opportunities for control.
There is greater understanding of the natural history of the disease and the bi-

L iTsetse Infested
| Areas

General distribution of tsetse flies in Africa.

Middle-class status implies that families and individuals have izens in a variety of countries in recent years, notably China,
disposable income beyond that necessary for subsistence and Taiwan, South Korea, Hong Kong, Singapore, Malaysia, and In-
are able to enter the marketplace to purchase goods and serv- donesia in Asia and Chile and Brazil in South America. Col-
ices that enhance their own quality of life. In addition to India, lectively, this represents enormous new global consumer

increased purchasing power has become a reality for many cit- demand.
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ology of trypanosomes and tsetse flies. There have also been advances in integrated pest management, epidemiological monitor-
ing, and the prospect of new approaches to control made possible through biotechnology, such as the development of novel vac-
cines or the possibility of developing transgenic livestock resistant to trypanosome infection. Thus, interest in trypanosomiasis
control efforts in Africa has been revived in recent years. This new
interest, however, has stimulated significant debate.

African Countries with Animal Trypanosomiasis

Central African Republic

Chana

Equatorial Guinea

Burundi

South Africa

Advocates of vigorously renewed control efforts view the control

* Epidemic of animal trypanosomiasis as an opportunity to expand cattle pro-
Angola _ Kenya duction in savanna regions, to make greater use of the grasslands
Democratic Republic of Mal.‘awi for the production of animal protein that will help to improve the

Congo Mali food supply and nutritional standard of millions of Africans. Oth-
Uganda Niger ers, however, see the expansion of extensive cattle raising as ill
Su'dan ) Togo advised, claiming it will produce poor economic returns and im-

* Highly Endemic Zambia prove the food situation only minimally. Conservationists raise
Cameroon Zimbabwe concerns that it will accelerate the degradation of grasslands, lead
Chad Sporadic, At Risk, or to the displacement and destruction of indigenous flora and fauna,
Congo Status Poorly Defined and further contribute to the general loss of biodiversity. It is fur-

ther argued that the attraction of the famous African savannas to

Guinea Bost%lna ecotourists will be diminished, thus damaging national economies
Ivory Coast Ethiopia dependent on tourism.
Mozambique Gambia
Tanzania Liberia Encompassed within these points of view are the seeds of a
e Endemic Namibia healthy debate, which must be informed by solid scientific re-
Benin Rwanda search and which must lead to a thorough, critical analysis by pol-
Burkina Faso Senegal icymakers in each affected country before aggressive
Eritrea Sierra Leone trypanosomiasis control is undertaken. Clearly, veterinarians,
Gabon Somalia through research, informed advocacy, technical consultation, and
innovative thinking, have a critical role to play in guiding the de-

bate on the issue of trypanosomiasis control in Africa.

In our complex, fast-moving world, even the noblest impulses can create conflict. What right-minded person would oppose feed-
ing the hungry? And what right-minded person would oppose protecting the great treasure that is African wildlife? Not many on
either count. Yet, how many right-minded people want to feed the hungry at the expense of wildlife? And how many right-minded
people want to protect wildlife at the expense of the hungry? Now the answer is not so clear, as these choices carry unwanted con-
sequences. Veterinarians, with professional credibility in the areas of livestock health and production, wildlife medicine, public
health, and, increasingly, environmental health, can serve as bridge builders between the different constituencies in this debate
and provide an important leadership role in developing solutions that yield the maximum of intended benefits and the fewest un-

desired consequences.

A wide range of organizations will be involved in the ongoing debate and decision-making process concerning policies for try-
panosomiasis control in Africa. Many of these organizations already employ veterinarians in some capacity and could use veteri-
nary expertise to address the issue of trypanosomiasis control. Examples of relevant organizations include multinational agencies
such as the World Bank and the Food and Agriculture Organization of the United Nations, research institutions such as the Inter-
national Livestock Research Institute, government development agencies such as USAID, conservation groups such as the World
wildlife Fund, and private voluntary organizations involved in agricultural and rural development, such as FARM Africa. Oppor-
tunities for veterinarians to work with these and other organizations in different areas of international veterinary medicine are dis-

cussed in Chapter 10.

choice of animal protein will vary according to cultural pref-
erences and proscriptions as discussed in Chapter 3. Most In-
dians, for example, as Hindus, will not eat beef, but prize
dairy products. Muslims will not eat pork, but eat consider-
able amounts of lamb and goat. Religious preferences

For most people climbing out of poverty, the first choice
they make with increased income is to diversify their diet
and eat higher on the food chain. This usually means the ad-
dition of animal products to a previously monotonous ce-
real-based diet augmented with fruits and vegetables. The
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notwithstanding, the overall demand for meat, fish, dairy
products, and eggs around the world has increased dramat-
ically. Over the 20-year period from 1977 to 1997, world
meat production increased from 117 million tons to 206
million tons, representing a global per capita increase from
27.6 to 35.7 kg per person. The International Food Policy Re-
search Institute (IFPRI) estimates that for the period 1993 to
2020, global meat demand will increase in developing coun-
tries at a rate of between 2.8 and 3.3% per year. This means
that by 2020, these countries will consume 100 million met-
ric tons more meat and 223 million metric tons more milk
than in 1993.°

In some countries, notably in Asia, economic development has
already led to tremendous increases in meat consumption. In
China, for example, per capita meat consumption, which was
10.3 kg per person in 1977, reached 41.2 kg per person by
1996, a 400% increase. As China is a nation of 1.25 billion
people, this increase in demand for meat, mainly in the form
of pork and poultry products, is enormous. It has created
major new opportunities for increased international trade in
livestock and livestock products and is challenging China’s ca-
pacity to be self-sufficient in food production.

The skyrocketing global demand for animal protein presents
some serious challenges. If increased demand for poultry and
pork continues at present rates, demand will be met mainly by
further intensification of the swine and poultry industries,
both of which are based on the feeding of grain. Some analysts
are deeply concerned that the expanding world demand for
meat, milk, and eggs will result in more grain being produced
specifically to feed animals, with less grain, at higher prices,
being available for direct consumption by humans. Some ex-
pect demand for cereal grains for use as animal feed in devel-
oping countries to double between now and 2020. Other
observers express concern about animal welfare, as increased
numbers of animals are raised in confinement under inten-
sively managed conditions in countries without adequate an-
imal welfare legislation or enforcement.

In response to the increasing world demand for animal prod-
ucts in the human diet, veterinarians have many roles to play
as researchers, practitioners, industry consultants, and inter-
national development workers. They must actively participate
to improve production efficiency of livestock, reduce losses
through stress and disease, help to develop production systems
that are sustainable and appropriate to local conditions, and
work to promote the welfare of food-producing animals.

Another result of increased affluence is growth in the num-
ber of companion animals worldwide. The emergence of the
middle class, coupled with urbanization in many newly pros-
perous nations, has led to an increase in the keeping of dogs
and cats. Even in the poorest countries, the urban elite in the
capital cities maintain dogs either as companion animals or for
household security and are willing to pay for veterinary serv-
ices when such services are available. The direct provision of
companion animal veterinary services or the provision of con-
tinuing education services for indigenous veterinarians on cur-

rent developments in companion animal practice are poten-
tial opportunities for international veterinary work.

While pet ownership has increased worldwide, there are still
many less-fortunate, uncared-for dogs and cats frequently ob-
served in developing countries. These animals are often mai-
nourished and diseased, act as a dangerous reservoir for
human rabies and other zoonotic diseases, and often have no
one to advocate for their care (Fig. 1-2).There is tremendous
need and opportunity for humane societies in developed
countries to assume a greater active role in providing techni-
cal and financial support for the establishment or expansion
of humane services in the developing world. This is clearly
an area of international activity in which veterinarians can play
a leadership role. The Massachusetts Society for the Prevention
of Cruelty to Animals, for example, has supported a veterinary
clinic, the American Fondouk, in Fez, Morocco, for decades to
provide clinical and preventive care for animals whose own-
ers would otherwise not be able to afford veterinary services
(see http://www.mspca.org/).

Growth in International Trade

The widespread economic growth and increased global pros-
perity of the last two decades has been fueled in large part by
a tremendous expansion in international trade. According to
statistics available from the World Trade Organization (WTO),
the total value of merchandise and commercial services ex-
ported globally more than tripled between 1980 and 2000,
from US$2.40 trillion to US$7.77 willion. The United States
remains the world’s Jeading importer and exporter. In 2000,
the U.S. share of the world’s imported goods and services was
18.1% and valued at US$1.46 trillion. The same year, the U.S.
generated 13.6% of global exports, valued at US$1.06 trillion.

This street dog is severely affected with mange and,

Figure 1-2.
probably, gastrointestinal parasites, judging by the distended belly.
This particular dog was photographed in Trinidad, though sadly,
the world is full of such neglected animals. While working in
Pakistan, the author literally peeled a half-dead puppy about this
size off the top of a rotting trash heap in an empty lot. The puppy
responded well to subcutaneous fluids, anthelmintics, and a new
home, only to die 2 months later from complications of
postdistemper encephalitis. (Photo by Dr. David M. Sherman)



This growth in trade has been spurred by cooperative efforts
between nations to encourage and facilitate nonrestrictive, or
free, trade. The General Agreement on Tariffs and Trade (GATT),
agreed upon by 92 nations, calls for lowering a variety of tar-
iffs on a wide spectrum of commodities and manufactured
goods, eliminating import quotas, and protecting copyrights
and patents. The GATT agreement, signed in 1994, also estab-
lished the WTO, a permanent institution based in Geneva,
Switzerland, that has the power, backed by international law, to
monitor trade agreements, enforce trade rules, and settle dis-
putes. By the middle of 2001, 142 countries had become
members of the WTO, thereby agreeing to abide by its trade
rules and arbitration decisions (see http://www.wto.org/).

In addition to GATT, many regional trading partnerships have
been created in recent years to stimulate fair and free trade
among neighbors. Most notable among these are the European
Union (EU) and the North American Free Trade Agreement
(NAFTA). Other, similar regional trade agreements exist for
South American nations (MERCO-SUR), Central American na-
tions (CACM), Caribbean nations (CARICOM), African nations
(ECOWAS, COMESA), and Asian nations (APEC, ASEAN) (see
Table 1-1).

Trade in agricultural commodities and food products has been
stimulated by free trade agreements and facilitated by advances
in modern transportation. A leg of lamb purchased in Boston
is just as likely to come from Australia as from Colorado, and a
chicken wing consumed in Beijing is just as likely to come from
Arkansas as from Sichuan. The increased world trade in livestock
and livestock products and the new rules that regulate it have
important consequences for veterinary medicine and present a
wide range of new opportunities for veterinarians.

Outbreaks of animal disease, or even the perceived threat of
animal disease, can adversely affect world markets in livestock
products and even affect diplomatic relations. If zoonotic dis-

ble 1-1 Major Regional Trading Groups Around the World
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cases are involved, posing a risk to human health, the effects
on trade can be catastrophic. There have been a number of
instances in recent years in which animal disease has signifi-
cantly disrupted trade:

* In Japan, food-borne E. coli outbreaks in school children

in 1996 resulted in a sharp reduction in beef imports.

* An outbreak of avian influenza in Hong Kong in
1997, with the suggestion that the disease might be
transmissible to humans, resulted in destruction of
the entire national poultry flock and a loss of
consumer confidence in the wholesomeness of

poultry products throughout Asia.

* An extensive outbreak of foot and mouth disease in
the swine industry in Taiwan in 1997 led to an
overall 20% drop in production in that major pork-
exporting nation and resulted in the loss of a
significant share of Taiwan’s lucrative Japanese pork

export market to other international competitors.

» Classical swine fever outbreaks in the Netherlands in
1997 reduced swine inventories in that country and
created a boon in swine exports for nearby Denmark.
Disease eradication costs alone exceeded US$2
billion.

* The association of human variant Creutzfeldt-Jakob
disease (vCJD) with bovine spongiform
encephalopathy (BSE) in the United Kingdom in
1994 added a horrible new dimension to a cattle
disease that had already devastated the cattle

industry in that country through mass destruction of

3, PN

ull Name erﬁérs ip
EU European Union 16 European nations
NAFTA North American Free Trade Association 3 North American nations
COMESA Common Market for Eastern and Southern Africa 20 East and South African nations
. ECOWAS Economic Community of West Africa 16 West African nations
| APEC Asia Pacific Economic Cooperation 19 Nations bordering the Pacific Ocean
ASEAN Association of South East Asian Nations 9 South East Asian nations
MERCO-SUR | Mercado Comun del Cono Sur 4 South American nations
] {(Southern Cone Common Market)
' CACM Central American Common Market 5 Central American nations
CARICOM Caribbean Community and Common Market 14 Caribbean nations
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cattle and loss of export markets. When BSE was
diagnosed in a native-born cow in Germany in
November, 2000, beef consumption among Germans
dropped as much as 75% according to some media
reports, largely due to consumer fears of contracting
vCJD.

Clearly, competitiveness in the world marketplace for livestock
and livestock products will depend increasingly on improving
and maintaining animal health, a critical responsibility and
vigorous challenge for veterinarians worldwide. The impact of
livestock disease on international trade is discussed further in
Chapter 9.

There is a growing concern that animal health issues will
themselves be used to block international trade in livestock and
livestock products. As tariffs and quotas disappear as a result of
GATT, some countries, whose own livestock industries feel
threatened by competing imports, may seek to exploit health
regulations as nontariff barriers to trade. In such cases alleged
concerns about animal health and safety are used as a smoke-
screen for trade protectionism. A relevant example of this sur-
faced in 1996 when Russia banned the import of U.S. poultry
meat, ostensibly because of the risk of salmonellosis. In real-
ity, there was no more risk of salmonellosis from imported U.S.
poultry than from domestic Russian poultry, and the ban was
imposed primarily to protect the domestic Russian poultry in-
dustry, fragile from reorganization into the private sector. In
the year preceding the ban, U.S. poultry exports to Russia were
worth US $500 million, so the ban was not a trivial matter to
U.S. poultry producers.

The WTO is alert to issues such as protectionism and nontar-
iff barriers to trade. The WTO also recognizes the real need to
protect animal health and ensure food safety. In response, the
WTO has developed, through consultation with member na-
tions, a set of standardized sanitary and phytosanitary (SPS)
measures to ensure that importing and exporting nations are
reasonably and rightfully protected from disease risks associ-
ated with agricultural products. Members of the WTO agree to
abide by these SPS measures. The WTO has assigned responsi-
bility for international SPS animal health standards to the Of-
fice International des Epizooties (OIE) in Paris, France. The OIE
is a cooperative international body that provides technical sup-
port and disease-reporting services to the national veterinary
services of member nations. This important organization is de-
scribed further in Chapter 9.

In support of the WTO initiative, the OIE identifies specific di-
agnostic tests and test protocols acceptable as official screen-
ing tests and sets standards for disease surveillance and
monitoring within countries to ensure disease-free status for
countries and regions with regard to specific diseases. As there
is tremendous variation around the world in the technical ca-
pacity of different countries to carry out diagnostic testing and
disease monitoring, the establishment of international testing
and monitoring standards is essential. This variability offers
significant challenges and opportunities for well-trained vet-

erinary diagnosticians and epidemiologists to assist in estab-
lishing world-class diagnostic and surveillance capabilities in
many countries around the world.

The Spread of Democracy

Over the last 20 years there has been enormous and significant
movement toward democratic government for nations in many
parts of the world. The most notable event in this regard was
the demise of the Soviet Union and its client states in Eastern
Europe. This effectively ended the Cold War and, at the same
time, created a host of newly independent states in central Asia
and Eastern Europe. Most of these new nations are experi-
menting, with varying degrees of success, with democratic
government. In addition, there have also been many important
political changes in nations of Latin America and Asia, where
military dictatorships or despotic oligarchies have been re-
placed by democratically elected governments with new con-
stitutions. Brazil, Chile, Argentina, Taiwan, and South Korea are
good examples.

This positive trend is encouraged and assisted by the power
and pervasiveness of modern telecommunications, which
helps bring to light social inequities and injustice anywhere in
the world and exposes the perpetrators to international
scrutiny and potential sanction. Arbitrary arrests and torture,
the exploitation of child labor, the lack of equal rights for
women, and genocidal activities in warfare are examples of
unacceptable behavior that are being increasingly subjected
to the spotlight of public opinion and being more vigorously
addressed by United Nations agencies, public advocacy groups
such as Amnesty International, and ordinary citizens who ex-
press their disapproval through economic boycotts and other
forms of political activism.

Participatory, democratic government changes the landscape
of human society. It empowers ordinary citizens, gives them
a voice in their own future, keeps government accountable to
the people, facilitates change, and tends to redistribute wealth,
resources, and opportunity more equitably. Yet people who
have lived in fear of authority, who have been consistently
deprived of freedom of expression, and who have not had
the opportunity to define their own goals and ambitions do
not, overnight, create thriving, fully actualized democratic
societies. There are growing pains, as the present economic and
political turmoil in Russia makes clear. There is a need, in-
deed an obligation, for experienced democracies to provide
education, encouragement, and material support.

One healthy and vigorous response to this need has been the
emergence of a new generation of international and national
private voluntary organizations with the mission of providing
direct support to the citizens of newly democratic nations at the
grassroots level. These private voluntary organizations (PVOs),
also known as nongovernmental organizations (NGOs), vary
in their stated goals or areas of interest but share a common
goal of working “people-to-people,” rather than “top-down”
through government bureaucracies. Areas of focus for dif-
ferent NGOs include strengthening democratic institutions,



monitoring and improving human rights, encouraging com-
munity organization, stimulating local economic development,
implementing the appropriate transfer of technology, fostering
private initiative and enterprise, and establishing lending
schemes geared toward individual, small-scale entrepreneurs at
the village level, a process known as microcredit.

A number of NGOs focus primarily on issues of agriculture
and food production. While these are fundamental matters in
any country regardless of the type of government, agricultural
issues are particularly important in emerging democracies, be-
cause the democratizing process has frequently resulted in
major transformations in agricultural production. For exam-
ple, collectivized farms in the former Soviet Union have largely
been divided and privatized, and there is considerable need for
advice and guidance on the technical and financial manage-
ment of smaller, privately owned farms to keep them both pro-
ductive and competitive in the global marketplace for
agricultural products. This applies to livestock enterprises as
well as crop enterprises. Similarly, as changes in governance
and economic structure are instituted, many veterinarians,
especially in developing countries, have been released from
government service and encouraged to enter the private sec-
tor. Yet these veterinarians may have little experience with, or
understanding of how to succeed in, private clinical practice.
As such, there are increased opportunities for veterinarians
from developed countries with experience in livestock health
and production to serve as consultants and/or volunteers with
NGOs working in agricultural development and veterinary
service delivery as discussed further in Chapter 5. In addi-
tion, corporations and businesses in the private sector that
are seeking agricultural investment opportunities and partner-
ships in the new democracies sometimes require the services
of veterinarians and other agricultural specialists.

The governments of established democracies, such as the
United States and various western European countries, have
recognized the importance of strengthening fledgling democ-
racies around the world and ensuring that they remain capa-
ble of feeding themselves. These western governments are
increasingly providing financial support to NGOs as a way of
carrying out their foreign aid goals. The United States Agency
for International Development (USAID), for example, provides
funds for the American farmers’ cooperative Land O’ Lakes to
provide technical and marketing assistance, including veteri-
nary expertise, to newly privatized dairy farmers in former So-
viet republics. Similarly the USAID supports international
programs of the NGO known as ACDI/VOCA, which places
volunteers with expertise in all phases of agriculture, includ-
ing livestock disease control, in developing countries and
emerging democracies (see http://www.acdivoca.org/).

Ownership of their own land is a dream of poor farmers every-
where, and the process of democratization has made this
dream a reality for many, since democratically elected gov-
ernments are much more likely to respond to calls for land re-
form than are dictatorships. However, land reform is not always
carried out in ideal ways. Politicians may find themselves hav-
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ing to please several competing constituencies and may come
up with compromise plans that contain undesirable outcomes.
In a number of Latin American countries, for example, gov-
ernment land reform policies have addressed the desire for
land among the landless and poor largely by opening up the
rainforests to agricultural exploitation rather than by redis-
tributing large tracts of existing agricultural land held by rel-
atively few, but influential landholders. Thus, to fulfill the
aspirations of their disenfranchised citizens, without alienat-
ing the well-to-do, these governments risk trading away their
unique ecological heritage and abundant biodiversity.

Veterinarians interested in environmental issues, wildlife con-
servation, and livestock health and production all can find pro-
fessional challenges and opportunities in such situations. They
can work in the areas of research and policy to document the
impacts of habitat destruction; assist in the protection of en-
dangered species; develop animal production systems that in-
tegrate with, rather than replace, forests; or help to improve
agricultural productivity of subsistence farmers and herders so
that existing land resources are used as efficiently and wisely
as possible.

Increasing Pressure on Natural Resources

Lester R. Brown’ of the Worldwatch Institute has characterized
the period of 1950 to 1990 as the economic era in modern de-
velopment. In contrast, he describes the period from 1991
through 2030 as the environmental era. He suggests by this char-
acterization that during the economic era, social growth and
development were constrained only by human ambition and
imagination, technological innovation and adaptation, the ex-
ercise of political will, and the investment of capital. Oppor-
tunities for growth seemed limitless. Relatively little attention
was paid to Earth’s ability to accommodate or withstand the
accelerating transformation of natural landscapes and the con-
sumption of natural resources that has come to characterize
the contemporary advance of human civilization.

However, in the current environmental era, ambition, imagi-
nation, technology, political will, and capital investment may
not suffice to ensure further growth and prosperity. Brown be-
lieves that human society is on a “collision course™ between
economic growth and Earth’s many natural limits. The growth
of population and human aspirations for a better material life
may be exceeding Earth’s carrying capacity.

The challenge of expanding food production illustrates the
limits imposed by natural resources in the environmental era.
Nothing is more fundamental to the ongoing growth, devel-
opment, and prosperity of human society than an adequate
and nutritious food supply. Today, however, there are growing
concerns about an adequate resource base to support agricul-
ture. The best farmland on the planet has long been under cul-
tivation, and as food production requirements increase,
marginal lands are increasingly being brought under cultiva-
tion. Making marginal land productive often requires irri-
gation. Presently, over 80% of the water consumed annually
in the world is consumed by agricultural use, and demand
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continues to increase. As a result, the expanded use of deep-
well irrigation is depleting aquifers, lowering water tables, and
overall straining water supplies. Even irrigation itself can, over
time, reduce the usefulness of land for agricultural purposes
by salinizing topsoil and waterlogging subsoils. Expansion of
livestock production in response to increased world demand
for meat may further exacerbate the water supply problem. It
can take 100 times more water to produce 1 kg of animal pro-
tein than 1 kg of vegetable protein.

Pressure for agricultural land also encourages deforestation. In
turn, the loss of trees reduces the water retention capacity of
the land. The resultant increase in water runoff contributes to
flooding in regions of heavy rainfall and leads to excessive soil
erosion and further degradation of farmland. This is only one
of the many adverse consequences of widespread deforesta-
tion. It also results in the acceleration of global warming, as
discussed in Chapter 6, and the loss of biodiversity, as discussed
in Chapter 7.

Paradoxically, even as new, suboptimal farmland is created and
brought under cultivation at the expense of forests and grass-
lands, some of the world’s finest farmland is disappearing as
a result of industrialization, urbanization, and the development
of transportation infrastructure. In the United States, for ex-
ample, during the 30 years following the end of World War
11, an area of prime agricultural land, approximately equal in
size to the state of Ohio was lost, just as a result of blacktop-
ping for roads, driveways, and parking lots. In Japan, the total
area of land available for grain production decreased by half
between 1955 and 1995 because of the industrialization and
urbanization that occurred during Japan’s extraordinary rise as
a global economic power.

Currently, in China, cropland is being lost at the rate of 1.4%
a year, equal to the rate of loss in Japan over the last 40 years.
As was the case earlier in Japan, the cropland loss in China is
associated with rapid industrialization and urbanization. If the
Chinese population continues to grow and become more af-
fluent, with expectations of a more diverse diet containing in-
creased amounts of meat derived from grain-fed livestock,
there is serious question as to whether China will be able to
continue to feed itself in the coming decades. This prospect
of food scarcity in China and its implications for world agri-
culture and food supplies are discussed in the book Whe Will
Feed China? by Lester Brown.* Though not everyone agrees about
the inevitability of the food scarcity scenario in China, Brown’s
book nonetheless makes compelling reading and underscores
the potential limits on economic growth imposed by such
basic resources as land and water in the so-called environ-
mental era.

Of course, it is not only in the realm of agriculture that natu-
ral resource constraints may impose limits on future economic
growth. Our major transportation systems, power-generating
stations, and many of our key industries, including mecha-
nized agriculture, are fueled largely with fossil fuel derivatives,
which are essentially nonrenewable resources. Experts differ
on the total world reserve of crude oil. However, disagreements

about when projected world demand for oil is likely to exceed
known world supplies are now being debated not in terms of
millennia or even centuries, but rather in decades; in other
words, possibly within our lifetimes.

Despite active exploration, somme 80% of the oil produced today
comes from oil fields identified before 1973, and many of these
older fields are experiencing decline. It is hard to imagine the
full adverse impact that severe oil shortages will have on the
current structure of world trade, transportation, economic
growth, and agricultural productivity. It is equally hard to imag-
ine why the development of alternative energy sources did not
become a higher priority in the advanced industrialized nations
following the oil shortage dress rehearsal of the 1970s. A gen-
erous explanation is the unwillingness of the human spirit to
accept limits, but less generous explanations abound.

The most confident advocates of continued industrial growth
and broader prosperity suggest that science and technology
will continue to find ways to meet the future needs and chal-
lenges of continued human population growth and the in-
creased demand for material comforts. Recent advances in the
life sciences do encourage this perspective, and indeed,
biotechnology will likely help to improve agricultural outputs.
Yet biotechnology is unlikely to produce new soil or fresh
water, to stem the inexorable chopping down of trees, or to
lessen the increasing global appetite for more meat in the diet
or additional private motor vehicles.

More cautious voices suggest that further advances in science
and technology are not the whole answer. In addition, human
society needs to embrace a conservation ethic with regard to
nonrenewable resources, to improve the efficiency and sus-
tainability of existing agricultural, industrial, and transporta-
tion systems, and, most of all, to rethink the relationship of
human beings to the natural world. Through the power of
human intellect and the technological achievement it allows,
human beings have gained dominion over Farth and its non-
human inhabitants. This dominion has encouraged a sense of
invincibility that may be dangerously misplaced. Despite our
achievements, we are still part of Earth, and our intrinsic bio-
logical nature cannot be denied. Our viability as a species still
depends on the viability of the global ecosystem and its natu-
ral resource base. We must find ways to strike a balance be-
tween our desire for the continued advance of material culture
and our biological need for responsible management of Earth’s
resources. Ultimately, our own survival depends on it.

Veterinarians can make important contributions in helping to
strike this balance. As practitioners at home or as advisors
abroad, veterinarians can work with farmers to improve pro-
duction efficiency in existing animal management systems and
introduce, where appropriate, new and improved sustainable
livestock management practices, including even new forms
of livestock. Veterinarians with interests in both animal pro-
duction and wildlife conservation can help to develop land-
use management schemes that accommodate wild animals and
livestock in compatible, rather than competitive, ways. Veteri-
narians committed to the protection of endangered species and



their habitats can help, through their professional activities, to
promote a conservation ethic and cultivate new societal per-
spectives for sharing resources with nonhuman life forms on
the planet.

Global Environmental Health Concerns

The human transformation of Earth not only consumes finite
resources. Human activity also generates wastes and pollu-
tants that foul the air, water, and soil; damage the health of
people, animals, and plants; and even disrupt the normal
function of the global ecosystem itself. Some of these pollu-
tion-associated problems have been recognized for a long
time. Some have even been addressed in effective ways. Ob-
vious examples include reduction of environmental contam-
ination with lead by mandating the use of lead-free gasoline
in motor vehicles, limitations on the use of chlorofluorocar-
bons to slow atmospheric ozone depletion, and prohibitions
on the use of DDT to rectify its deleterious effects on wildlife
and aquatic ecosystems.

Today, new environmental threats are emerging that are more
complex, more pervasive, and less completely understood.
They represent truly global problems. Most notable and dra-
matic among them are global warming and global climate
change. The International Panel for Climate Change (IPCC), a
group of 2500 atmospheric, biological, and physical scientists
working through the auspices of the United Nations, believes
that the Earth’s atmosphere is warming and that the change
is affecting global climatic patterns. These changes have pro-
found implications for the human use of Barth, and indeed,
for Earth itself. Numerous potential impacts of global warm-
ing have been identified, most notably

* Melting of the polar ice caps,

* Higher sea level, with widespread coastal flooding
and submersion,

* Changes in planetary rainfall and temperature
patterns,

+ Shifts in growing seasons and geographic
redistribution of prime agricultural lands, .

* Changing patterns of arthropod vector distribution,
helminth parasite survival, and microbial pathogen
proliferation resulting in new patterns of animal and
human disease and the possible emergence of
previously unknown diseases,

* Deep ocean warming leading to more intense El Nino
events and the redistribution of fishing stocks, and

* More unpredictable and violent weather patterns
leading to economic losses, social disruption, and

environmental degradation.

While the increase in carbon dioxide and other greenhouse
gases that contribute to global warming is well documented,
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the source of these greenhouse gases remains a disputed and
contentious issue. Most climate scientists believe that the
major source of increased carbon dioxide in the atmosphere
is the burning of fossil fuels. Representatives of the fossil fuel
industries and allied interests resist this notion and down-
play the contributory role of man-made gases to global warm-
ing. Livestock have also been implicated as contributors to the
increase in greenhouse gases, a situation that should be of
concern to veterinarians.

Whether man-made or not, global warming and climate
change are real phenomena, and their implications are too se-
rious to ignore. There is growing recognition that such prob-
lems transcend national boundaries and that cooperative,
international efforts are required to better understand the
source of these problems and to effect appropriate solutions.
Veterinarians will have a key role to play in the coming years
to monitor, document, explain, and alleviate the effects that
global warming will have on agroecosystems, livestock pro-
ductivity, and the changing patterns of diseases in domestic
animals, wildlife, and humans around the globe. Atmospheric
warming, climate change, and other global environmental
problems that present professional challenges and opportuni-
ties for veterinarians are summarized in Table 1-2 and dis-
cussed further in Chapter 6.

Degradation of Natural Habitats

Perhaps the most serious challenge of the environmental era,
beyond the consumption of nonrenewable resources and en-
vironmental contamination with man-made pollutants, is the
widespread destruction of natural habitat. Best-publicized is
the rapid destruction of tropical rainforests of Central and
South America and Asia and the related loss of biodiversity.
Worldwide, the net loss of forest converted to other uses is ap-
proximately 161,200 km’® per year. This is an area roughly
equal in size to all of New England. Only eight countries in
the world-Canada, Russia, Brazil, Colombia, Venezuela, Suri-
name, Guyana, and French Guiana-currently possess large
tracts of undisturbed, original forest that remain ecologically
intact, and many of these are threatened.

Yet it is not only tropical rainforests that are being lost. The coral
reefs of the world’s oceans, the African savanna, the old-growth
temperate forests and wetlands of North America, and count-
less small ecological niches around the world are threatened
with obliteration or sufficient reduction in size that they cease
to function as viable ecosystems. Most habitat destruction can
be linked directly, or indirectly, to human activity, though the
driving forces behind the destruction of habitat are complex
and sometimes contradictory. For exainple, extreme poverty and
extreme affluence both drive the destruction of tropical rain-
forests. The most distressing aspect of this accelerated disman-
tling of the world’s natural landscape is that major ecosystems
may be completely destroyed before we even begin to fully
understand the ultimate consequences of such destruction.

One major consequence may be the destabilization of the
planetary biosphere. Scientists are beginning to elaborate the
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Global warmlng'and
climate change

| Table 1 2 Global Enwronmental Problems and Thelr Impllcatlons for Veterlnary Medlcme

Changlng patterns of arthropod vector dlstrlbutlon helmmth para5|te survwal and mlcroblal
pathogen proliferation resulting in new patterns of animal and human disease; the contribution of
livestock to greenhouse gas emissions needs to be addressed

Ozone depletion

Increases in ocular and mucocutaneous neoplasias of animals, associated with increased
ultraviolet radiation; increased genetic mutations in organisms exposed to light

Land degradation/
desertification

Decreased productivity of agricultural and grazing lands; often associated with overgrazing by
ruminant livestock; requires improved animal management

Deforestation

Contributes to global warming; increased loss of biodiversity; increased extinction rates of wild
animals; forest clearing often associated in the public mind with cattle raising; requires new
approaches to sustainable, multipurpose use of forest resources

Chemical pollution

Multiple sources and types from industrial, agricultural and consumer use; adverse affects on
animal health and/or contamination of foods derived from animal sources; ecosystem perturbation,
especially aquatic ecosystems, with adverse impacts on biodiversity and commercial fisheries

Endocrine disruptors

Special class of chemical pollutants; these are breakdown products of pesticides and other
chemicals in the environment that mimic hormones; disruption of normal reproductive patterns in
wildlife, domestic animals, and possibly humans

Livestock wastes

disease

Intensive livestock production systems producing excessive amounts of manure; runoffs into water
supplies causing eutrophication, disruption of aquatic ecosystems, fish kills, and possibly human

Nuclear radiation

important roles that various ecosystems such as wetlands and
forests play in the regulation and maintenance of global envi-
ronmental health and the impact that disruption of these
processes may have not only on human society, but also on the
ability of the planet itself to support life. The world’s wetlands,
for example, play an important role in fresh water purification
and help to stem the loss of soil into the oceans. Forests too,
play multiple roles. They retain water from rainfall and thus aid
in recharging aquifers; they help to reduce flooding following
heavy rainfall or snow melt, thus controlling soil erosion. Trees
also consume carbon dioxide, and collectively, the world’s
forests act as a sink to regulate the excessive accumulation of
carbon dioxide in the atmosphere, a key factor in the control
of global warming.

Still, there is much that is not fully understood about the in-
tricacies of global ecology. The limits of our knowledge about
how ecosystems function was made clear by the Biosphere 2
project in Oracle, Arizona, carried out from 1991 t01993.The
project was designed to assess the feasibility of creating a self-
sustaining habitat for human occupancy as a model for possi-
ble future space colonies. Eight people were sealed into a
3.15-acre structure near Tucson, Arizona, with over 3500 dif-
ferent plants and animals selected to reproduce five ecosys-
tems-desert, grassland, marsh, ocean, and rainforest. The
human inhabitants were to grow their own food, recycle their
wastes, and maintain their own stable and viable living envi-

Nuclear tests, terrorist acts, and accidents, such as Chernobyl, releasing radiation into the
atmosphere; acute and chronic effects on animal and human health; contamination of animal-
derived food, especially milk

ronment. From the outset they were permitted electricity from
external sources, and the experiment was to last 2 years. Nev-
ertheless, before the intended completion date, carbon diox-
ide levels in the system’s atmosphere began to rise, and it was
necessary to pump external oxygen into the structure to keep
the experiment and its participants alive.

The Biosphere 2 experience is a valuable one. It informs us
about the limits of our knowledge of how ecosystems func-
tion.* In contrast to our increasingly powerful knowledge of
how life functions at the genetic and molecular level, our un-
derstanding of complex, interactive ecological systems remains
crude. Creating a “human terrarium” such as Biosphere 2 to
sustain four men and four women for 2 years exceeded our
technological ability and our ecological understanding Yet, our
collective behavior as a species suggests a stubborn convic-
tion that no matter how much people disturb Earth’s natural
structure and operation, the planet will continue to support an
ever-expanding, ever-demanding, human population that is
projected to reach over 11 billion people by the middle of
the next century.

As we begin the 21st century, the cautionary observation of the
respected American naturalist John Burroughs, made near the
beginning of the 20th century, seems especially insightful. Bur-
roughs wrote that “One cannot but reflect what a sucked or-
ange the Earth will be in the course of a few more centuries.



Our civilization is terribly expensive to all its natural resources:
One hundred years of modern life doubtless exhausts its stores
more than a millennium of the life of antiquity.” Our last cen-
tury, certainly is bearing out his prophesy.

Loss of Biodiversity

In addition to the disruption of global maintenance functions,
habitat destruction leads to significant loss of biodiversity. We
have reached a point where species of living organisms are
being eliminated from the planet faster than scientists can
identify and catalog them. For anyone who has ever derived
personal or spiritual satisfaction from the simple pleasures of
finding a bird’s nest built of mud and twigs, watching a mi-
mosa tree fold its leaves in repose as the daylight wanes, or see-
ing a meadow come alive on a summer evening with the
blinking of fireflies, the prospect of so many of nature’s un-
known treasures disappearing before they have even been re-
vealed is both troubling and saddening. Even more acutely
painful is our seeming inability to prevent the destruction of
living things that we already have come to know and to cele-
brate for their beauty, power, and uniqueness, such as the rhi-
noceros, the orangutan, the panda, the tiger, or the monarch
butterfly.

While the loss of biodiversity may diminish us spiritually, ap-
preciation of, or even reverence for, the beauty of nature has
not been a sufficient social force to defend against the accel-
erating rate of biodiversity loss associated with human trans-
formation of the global landscape. There is growing awareness,
however, that biodiversity loss may also deprive humanity of
myriad opportunities for greater physical and material well-
being, and this realization may serve as a greater impetus to
stem the tide of species disappearance. Scientists and “bio-
prospectors” are discovering a stunning array of beneficial
compounds in the plants and animals of the world’s forests and
oceans that can offer profound benefits to humanity, if only
the living things that produce these treasures can be protected
from destruction. It may, after all, be in our own material self-
interest to share the planet with other species.

Of particular appeal and importance to human society are po-
tential new medicines derived from living organisms and new
models for understanding and managing disease that are based
on the evolutionary adaptations of living organisms to their
environments. At a symposium on biodiversity and human
health held in April 1998 at the American Museum of Natural
History in New York, a diverse array of fascinating and im-
portant medical discoveries was presented that represent some
of the benefits to be derived from the rainforests, oceans, and
other ecological niches of our planet:

¢ Denning bears remain inactive for months without
adverse physical effects. Studies of their physiological
adaptations have improved our understanding of
conditions such as osteoporosis, renal failure, obesity,

and diabetes mellitus and are providing new
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approaches and products for the management and
treatment of these conditions in human beings. Yet,
around the world, many species of bears are

threatened or endangered.

* Thermophilic bacteria found in association with
natural hot springs provided the heat-stable DNA
polymerase enzyme that made PCR possible-an
essential research tool that has facilitated the rapid
advance of biotechnology in the last decade.

* Marine cone snails have evolved protective venoms
that contain anywhere from 50 to 200
pharmacologically active neuropeptides. Research into
their mechanism of action has led to the development
of analgesics more powerful than narcotics but whose
precise specificity of action produces no side effects
or chronic dependency.

* The potent anticancer drug Taxol, now approved
for ovarian and breast cancers, was first isolated
from the bark of the Pacific yew (Taxus brevifolia) tree.
The existing population of Pacific yew trees was not
sufficient to permit commercial production of Taxol,
and alternative modes of production had to be
developed.

+ Fungi growing on the damp leaf litter of tropical
rainforest floors in Costa Rica have yielded potent
compounds with strong therapeutic potential against
plasmodia, cryptosporidia, toxoplasma, and other
protozoal pathogens.

* Amphibians possess a wide array of poisonous
alkaloids that concentrate in their skin. Study of these
alkaloids has enhanced knowledge of how
neurotransmitters interact with their receptors.
Alkaloids from the skin of poison dart frogs of the
tropical rainforest have served as the basis for

developing new and potent analgesics.

The power and promise of each protein or process now being
revealed to scientists results from thousands to millions of
years of evolutionary adaptation. Each living organism has
slowly, through millennia of mutation and chance, worked out
a survival strategy for its particular ecological niche and pro-
duced a remarkable array of adaptive molecules and mecha-
nisms to support that survival. Now, human society has the
power to either destroy this storehouse of natural wisdom in
a matter of decades or exert the collective will to protect it and
learn from it.

Veterinarians have important contributions to make in the area
of protecting biodiversity. As scientists trained in comparative
medicine, veterinarians can help to identify and elucidate new
disease models in nonhuman species and work to bring new



22 Chapter 1 The Global Society and Veterinary Medicine

therapies to light. Veterinarians committed to wildlife conser-
vation also can work to protect threatened and endangered
species. They can participate, ex situ, in the development and
improvement of captive breeding programs for species at risk,
or become involved, in situ, with animal translocation and rein-
troduction programs. Veterinarians are needed to develop and
carry out health management programs for endangered
species in the wild and in captivity and to develop training and
outreach programs that promote awareness and respect for the
importance of biodiversity. Veterinarians should also be work-
ing with conservation biologists, ecologists, and other con-
cerned scientists to help identify ecosystems at risk and
develop management and surveillance plans to ensure ecosys-
tem health. Various ecosystems may have their own indicator
species of animals that reflect the overall health of the ecosys-
tem. Veterinarians are needed to help identify these indicator
or sentinel species and develop programs to monitor their
health and, thereby, the health of their habitat. Conservation
medicine, or veterinary conservation biology, is a new, emerg-
ing interdisciplinary field of veterinary medicine that en-
compasses these various professional activities in an effort to
understand human and animal well-being in the context of
ecosystem health. Conservation medicine and the role of vet-
erinarians in the preservation of biodiversity are discussed fur-
ther in Chapter 7.

Resurgence of Infectious Diseases

After the last case of human smallpox was documented in
Somalia in 1977, the disease was officially declared to be erad-
icated. This event was widely heralded as a symbol of the
power of modern medical science over the scourge of micro-
bial infection. Starting with the establishment of the germ the-
ory of disease, through the discovery and manufacture of
antibiotics, to the global implementation of mass vaccination
programs, it appeared that humankind, in a little over a cen-
tury, had developed the knowledge and tools to eliminate in-
fectious disease as a cause of human suffering. There was,
indeed, justification for pride and optimism.

Yet, in recent years, something has gone very wrong. Since the
conquest of smallpox, there has been a disturbing upsurge in
infectious diseases. In the last 25 years, about 30 new micro-
bial infections have been recorded that were not previously
known to occur in human beings. Among the better-known
of these conditions are human immunodeficiency virus (HIV)
infection, Ebola virus infection, human rotavirus infection,
hantavirus infection, Lyme disease, and Legionnaire’s disease.
In addition to new diseases, there has been a resurgence in the
occurrence of previously known infections, such as cholera,
malaria, tuberculosis, and sleeping sickness.

This pattern has been repeated in domesticated animals. Many
previously unknown diseases have emerged in the same time
period, including BSE, porcine reproductive and respiratory
syndrome (PRRS), caprine arthritis encephalitis (CAE), canine
parvovirus, and contagious equine metritis. New diseases and
old diseases in new hosts are being reported in wild animals

as well. These include flaccid trunk disease in African elephants
(cause unknown), canine distemper in lions of the Serengeti,
calicivirus infection of sea lions off California, and fibropa-
pillomas of sea turtles at various sites around the world.

Why is this happening? There is no single answer. To under-
stand the factors at play, it is useful to think of the occurrence
of infectious disease as a disruption of the balance that usually
occurs between the susceptibility of host species and the path-
ogenicity of organisms that potentially cause disease. Usually,
the normal equilibrium is maintained like a well-balanced see-
saw whose fulcrum is the sum of the environmental conditions
that prevail for a particular host and potential pathogen (Fig.
1-3). When the environment is disturbed in ways that shift the
balance toward increased microbial pathogenicity or decreased
host resistance, the host drops into the disease state. There is
increasing evidence that environmental perturbation is func-
tioning as the critical balance point between health and dis-
ease in our complex, modern society. Some examples are as
follows:

* Extensive deforestation and incursion of humans into
previously deforested and ecologically degraded areas
increases the risk of new human disease. For example,
HIV was historically restricted to nonhuman primate
hosts in Africa. Decimation of indigenous African
primate populations through extensive deforestation
and hunting, accompanied by human incursion into
former forested areas, is believed to have facilitated

the initial adaptation of the virus to human hosts.

» [Irrigation channels introduced onto previously
nonarable lands increases the proliferation of disease
vectors that require stagnant water to complete their
life cycle. Expanded mosquito populations promote the
spread of human malaria and of Rift Valley Fever in
humans and animals. Expanded water snail populations
promote the spread of liver fluke disease in livestock

and schistosomiasis in animals and humans.

Host Pathogen

)

Prevailing
Environmental
Conditions

Figure 1-3. Schematic representation of the role of the
environment in balancing host susceptibility and microbial
infectivity in relation to the occurrence of infectious disease. When
environmental perturbations shift the balance toward microbial
infectivity or decreased host resistance, the host drops into the
disease state.



¢ Increased atmospheric temperatures associated with
global warming allow the expansion of arthropod
vectors into new ranges where host populations are
immunologically naive and therefore especially
susceptible to diseases transmitted by the vectors.
Warmer atmospheric temperatures also increase the
rate of proliferation of some pathogenic
microorganisms and favor the persistence of some

species of helminth parasite larvae on the land.

s Runoff of chemical fertilizers and animal manure
from agricultural enterprises into waterways
encourages eutrophication and resulting algal
blooms that may contain organisms, such as the
dinoflagellate Pfiesteria piscicida, which are toxic for

marine life and humans.’

In addition to environmental disturbances, other factors also
are at work encouraging the resurgence of infectious disease.
Pathogenic organisms and disease vectors are inadvertently
being transported across the globe in a matter of hours via jet
airplanes, putting new host populations at risk. Bacterial
pathogens, such as Salmonella typhimurium, are developing in-
creased resistance to antibiotic drugs. More and more animals
are being raised under intensive confinement conditions that
can facilitate the rapid spread of highly contagious diseases
such as avian influenza or foot and mouth disease through
large populations of poultry or livestock. Such passaging
through large populations may also serve to enhance the vir-
ulence of infectious agents. Similarly, large-scale urbanization
in developing countries concentrates people without adequate
sanitation and public health services and favors the spread of
tuberculosis and other infectious diseases. Malnourished and
stressed refugee populations may flee from civil strife only to
succumb to cholera in overcrowded and unhygienic refugee
camps.

Despite the optimism fueled by our experience with smallpox
eradication, infectious diseases have returned with a
vengeance. Emerging infectious diseases represent a major
challenge to the skill and determination of all health profes-
sionals, including veterinarians. Practicing veterinarians have
always been attuned to the role of environment in the elabo-
ration of disease. It is part of veterinary training to consider air
quality in a barn as a predetermining factor of pneumonia in
cows or to evaluate calf housing in outbreaks of diarrhea. Vet-
erinarians are well positioned to broaden their concept of en-
vironment to include natural ecosystems and to consider
human populations, domestic animal populations, and wild
animal populations in the dynamic equation of health and dis-
ease. Veterinarians with professional interests in infectious dis-
ease research, disease ecology, and epidemiology and a
commitment to the health of Earth and its diverse inhabitants
will have much to engage them professionally for years to
come and will make a significant contribution toward secur-
ing a healthy future.
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Discussion Points

1. Do you think there are other important global trends with
implications for the veterinary profession that were not
identified in this chapter? If so, what are they and how do
they affect veterinary medicine?

2. What is your own opinion concerning the promises or
perils of biotechnology in general? How about in relation
to animal agriculture and livestock health?

3. Can you identify any emerging diseases of animals and/or
humans that have occurred in your country during the last
5 years? What factors have contributed to the emergence of
these diseases?

4. Are you aware of any threatened or endangered animal
species in your area? Are there any veterinarians involved
in efforts to protect these species? In what ways can
veterinarians become more involved professionally?

5. What is the current prevailing theory about global declines
in amphibian populations? How might human activity be
contributing to this catastrophic loss? How can
veterinarians become involved in defining the problem and

preventing further declines?
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OBJECTIVES FOR THIS CHAPTER

After completing this chapter, the reader should be able to

* Recognize the role that the use of animals for food, labor, and other purposes

has had in the evolutionary and cultural development of human beings

* Appreciate the origins and history of the world’s domesticated animals and the

various factors that influenced the domestication process

* Perceive the major role that plant and animal agriculture has played in trans-

forming human society and the human use of the earth

¢ Understand why certain domestic animals continue to predominate in certain

regions and cultures of the world

* Recognize the opportunities and needs for new animal domestication efforts

and the role that veterinarians can play in these efforts

Introduction

>

The relationship of human beings to animals is complex, dy-
namic, and essentially a work in progress. Human beings, as
individuals and as societies, are constantly redefining their
relationships with animals in cultural, economic, moral, legal,
and spiritual terms. As there are many distinct human societies
and a huge diversity of animal life, it should come as no sur-
prise that a tremendous range of attitudes and practices is en-
compassed by the ever-evolving relationship of humans and
animals.

A detailed examination of all aspects of the human-animal
relationship is beyond the scope of this text. Nevertheless, for
a better understanding of contemporary issues concerning the
human use of animals, it is helpful to review some of the key
developments in the history of that relationship, in order to
illustrate the essential role that domestication of animals has
had in the shaping of human civilization.? This chapter pro-
vides a brief overview of the prehistoric interactions of early
humans with wild animals and the subsequent, gradual
process of domestication of various animal species in relation
to significant developments in human society, most notably the
development of agriculture and commerce.

The Origins of Human and
Animal Interactions

<

What differentiates humans from other animals? This is a time-
less question that continues to generate enormous debate in

philosophical and religious contexts. For the sake of the pres-
ent discussion, however, an essentially anthropological and
utilitarian answer will be offered: The differentiating charac-
teristics of humans are the ability to modify the natural envi-
ronment systematically to suit their own purposes, to develop
symbolic written and spoken language that facilitates social co-
operation, and to create as well as use tools. These processes
and faculties evolved only gradually over the 4 million years of
hominid evolution that is currently represented by the human
species, Homo sapiens.

In critical ways, the evolution of humans (i.e., the expression
and refinement of those characteristics that make us human)
was greatly influenced, and perhaps even catalyzed, by the
ever-changing relationship of humans to the animals around
them. To understand the complexity of the human-animal re-
lationship, it is helpful to review the key historical develop-
ments in that relationship from simple utilitarian purpose to
complex social interaction.

The Prehistoric Phase

While there are many unanswered questions about the details
of human development, a general scheme and timeline is
known and is briefly summarized in Tables 2-1 and 2-2.The
tables no doubt contain information subject to debate, as much
remains unresolved in the fields of paleontology and archae-
ology, and they are intended to provide a general frame of ref-
erence for the following discussion.

In evolutionary terms, human beings derive from hominid an-
cestry, the hominids being primates with bipedal gait, verti-
cal or erect posture, and the passageway for the spinal cord to
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extend from the brain (foramen magnum) occurring at the
base of, rather than the back of, the skull. The first, reasonably
well documented hominids, classified in the genus Australop-
ithecus, were initially inhabiting the earth between 4.2 and 4.0
million years ago. Eastern and southern Africa have been, and
still remain, the most fertile sources of fossil evidence of the
earliest human ancestry known to paleontologists, archeolo-
gists, and palecanthropologists. Africa appears to have been the
chief venue for the development of human life.

Like other animals, the earliest humans must have spent a con-
siderable amount of their time and effort in food gathering.
Early food sources, collected through simple gathering, were
predominantly of plant origin, supplemented with insects,
shellfish, and other, easy-to-gather, nonplant foodstuffs.

The initial relationship of humans to vertebrate animals was
probably a predator/prey relationship, with humans serving
as the prey. One of the earlier and more noteworthy fossils
chronicling the human prehistorical record is the 2.5 million
year old skull of the so-called Taung child, an Australopithecine
hominid found in South Africa in 1925. The skull contained
puncture marks and was found amidst a pile of numerous
bones from other small animals. It is presumed that the boy

Years in Past i’aleontological Period Milestone, Activity, or Development

3.8 billion Pre-Cambrian era Oxygenation of the atmosphere, first simple life forms develop

700 million Paleozoic era Age of Invertebrates

230 million Mesozoic era Age of Reptiles

65 million Cenozoic era Age of Mammals begins

14 million Miocene epoch First indications that primates and heminids begin to evolve along
different lines (Ramapithicus spp.)
4.0 million Pliocene epoch First evidence of bipedal hominids, Australopithecus anamensis,

inhabiting Africa

2.6 million First known use of stone tools

2.5 million First evidence of ancestors of direct human lineage; Homo habilis, a
small hominid, but with proportionately large brain to body size

1.8 million Pleistocene epoch First evidence of Homo erectus, a taller, longer-limbed hominid, with a
heavy brow ridge

1 million Lower Paleolithic culture First known use of controlled fire; H. erectus beings to extend out of
Africa into Europe and Asia

800 thousand Archaic form of Homo sapiens, a large-brained human ancestor

350 thousand First evidence of shelter use

300 thousand Anatomical structures for speech in place

200 thousand Cold-adapted Neanderthal form of H. sapiens populates Europe

100 thousand Anatomically modern form of H. sapiens

was carried off by an eagle or other large predatory bird and
brought back to the nest for consumption.

The gradual role reversal of our human ancestors from prey to
predator and the increasing inclusion of animal foodstuffs in
the human diet occurred over millions of years. From simple
gathering of insects, invertebrates, and the occasional small
lizard, hominids probably first advanced to scavenging, pick-
ing shreds or scraps of flesh from the carcasses of predatory
kills after wild canids, vultures, and other scavengers had aban-
doned the bones or been chased off. It is not difficult to imag-
ine that hominids began to associate certain sights and sounds
with the location of a kill and cautiously began to seek them
out.

By following these natural cues, early hominids probably
began to recognize the habits of the prey animals themselves
and could begin to track or follow herds or groups in antici-
pation of a kill. Such behavior would set the stage for oppor-
tunistic hunting, wherein hominids might encounter young,
aged, sick, or injured animals and be able to subdue them
without much need for strategy or use of tools. As knowledge
of terrain and prey behavior increased, early hominids may
have been able to hunt animals strategically without tools,
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Table 2-2 More Recent Advances in Human Development in Relation to Animals in Neolithic
and Modern Times

Years Ago Period Milestone, Activity, or Developnment -

10040 thousand Paleolithic period Nomadic hunter-gatherers living in caves, using fire and making stone tools;

movement

driving them, through fear and the use of fire, to their deaths.
The evidence to support this includes numerous sites where
piles of ancient animal bones representing many individuals
of a single species lie at the bottom of clift edges, with only a
few of the animals showing signs of butchering The next likely
phase was the development of strategic hunting, which re-
quired both social cooperation and tool use.

Some paleoanthropologists reason that there was a strong link
between the development of tool use, the enlargement of
brain size, and the inclusion of animal-derived food in the
diet of evolving humans.® Enlarging brain size increased
caloric requirement at the same time that it allowed increased
reasoning power. Animal fat and protein were a dense source
of the nutrients required to support brain development, and
in turn, the expansion of brain size allowed hominids to think

(Old Stone Age) humans first reach Australia from Asia ,

40-15 thousand Communal hunters, using man-made shelters having magic and
supernatural belief systems; cave paintings depicting animal prey

15 thousand Domestication of dogs and reindeer

12 thousand Mesolithic period Earliest confirmed human inhabitants, the Clovis hunters, populate the

(Middle Stone Age) Americas, moving southward from Canada; their antecedents originated in

Asia and crossed over what was a land bridge at the present Bering Straits

10 thousand End of last Ice Age; domestication of sheep and goats begins in Near East;
beginnings of agriculture in Near East

8 thousand Neolithic period Domestication of pigs in Asia

7 thousand (New Stone Age) Domestication of cattle in Near East; beginnings of agriculture in
Mesoamerica

6 thousand Domestication of horses in Central Asia, donkeys in the Near East, and the
cat in Egypt; beginnings of agriculture in South Asia

5 thousand Bronze Age Domestication of water buffalo in South Asia, camels in Near East (one
hump) and Central Asia (two hump); and probably chickens in South Asia

4 thousand Domestication of the elephant in Asia and probably the llama and alpaca
in South America; first humans arrive in Polynesia, probably from New
Guinea

3 thousand lron Age Distinct cattle breeds developed in Europe

2 thousand Domestication of yak

1 thousand Goldfish cultivation developed in China; first humans reach New Zealand,
from Polynesian islands

Present Age of Globalization Cloning and transgenic manipulation of domestic animals; rapidly

accelerating rate of wild animal extinction; emergence of animal rights

of new ways to obtain such foods. Gradually, hominids began
to use simple stones and then crude stone tools to cut through
tough hides and to break open skulls and bones to access
brain and marrow left behind by predators and other scav-
engers. By eating marrow and brain, they might access more
nutrients in an hour than they could in a full day of exten-

sive foraging.

Later, stone tools were also used to cut meat into mouth-sized
chunks, and then sharpened stones were used as spear tips
for thrusting into prey. Eventually, the notion of projectile
weapons took hold, first as stone-tipped spears and later as
stones shaped into arrowheads and launched from bows.
Through their increased reasoning power, fueled in part by
consumption of animal food, evolving humans learned to hunt
more safely and more efficiently.
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years. Knowledge about human cultural development during
the Neolithic period comes from three main areas, all of which
are associated with major river systems: the Tigris and Eu-
phrates in the Near East (Mesopotamia), the Nile in North
Africa (ancient Egypt), and the Indus in South Asia (Mohenjo-
Daro and Harrapa).

Neolithic culture is generally defined by the development of
pottery and weaving, the formation and use of writing, the es-
tablishment of towns and cities, the domestication of animals,
and the development of agriculture. In short, it was a period
of intense technological innovation that transformed the struc-
ture of human society, the relationship of humans to animals,
and the human use of the earth itself, in profound and lasting
ways. Arguably, the most fundamental of these achievements
was the development of agriculture, or the cultivation of
plants. Many of the intrinsic characteristics of modern human
society are traceable back to the socially transforming power
of crop cultivation, which shifted the basic strategy of human
survival from food procurement to food production.

The revolutionary aspect of agriculture was that it allowed a
comparative few to provide food for the many, primarily
through the production of abundant and relatively nonperish-
able food grains that could be stored for extended periods. This
freed up considerable segments of the population to develop
ancillary skills and pursue other activities, giving free rein to
human imagination and creativity. While this led to techno-
logical and artistic advancement, it also gradually led to the de-
velopment of class structure, with agricultural workers, in the
categories of peasant and slave, toiling for and increasingly
controlled by ruling and priestly classes whose interests were
also served by an expanding artisan and commercial “middle”
class. The use of slaves as agricultural labor, of course, is not
only a chapter of ancient history. The practice persisted in the
United States until only a century and a half ago as an eco-
nomic underpinning of plantation agriculture geared toward
cotton production. The practice was only terminated as the re-
sult of a bitter, bloody civil war, which serves to underscore
how fundamental agriculture and its practices are to shaping
the social and political history of human civilization.

While Paleolithic hunting was characterized by small clans of
hunters moving through the landscape in search of prey, cul-
tivation necessitated tending plants for extended periods dur-
ing growth. As a result, human settlements began to develop
and expand in the Neolithic period, leading to advances in
architecture, engineering, and social integration but also to
crowding, poor sanitation, and overuse of land and water. The
preparation of a specific piece of land for planting and har-
vesting produced the concepts of private property and land
ownership. This in turn required systems of boundary meas-
urement, calculation of land areas, and codes and laws of prop-
erty rights and means of enforcement, all of which began to
develop during the Neolithic period.

The production of surplus, stored foods for subsequent distri-
bution required the development of storage technology, in-
ventory methods, and accounting skills. Management of grain

inventories is believed to have been a direct stimulus for the
creation of writing. The earliest known writing samples, the
cuneiform from ancient Sumer in the Mesopotamian region,
were bookkeeping records of grain inventories.

The existence of stored grain surpluses no doubt also attracted
the attention of groups outside the community who reasoned
that it just might be easier to steal grain than grow it. This led
to the development of walled cities, defense establishments, a
military class, and the beginning of organized warfare fought
fundamentally over food and the land on which to grow it. It
is interesting that the stereotypical view of the Paleolithic
hunter is one of aggression and fierce belligerence. More-re-
cent anthropological studies would suggest, however, that con-
flict resolution among hunting groups is often achieved by a
parting of the ways between adversaries and a search elsewhere
for resources. The human capacity for organized aggression
seems to have achieved a fuller expression as a byproduct of
agriculture, which involves ownership of fixed parcels of land
and the need to defend them.

As agriculture increased in importance during Neolithic times,
new technical innovations emerged. These included identifi-
cation and domestication of new grain crops, plowing and
other methods of land preparation, selection for higher- yield-
ing crops, the use of animals for agricultural labor, the fertil-
ization of soil with manure, and irrigation of fields. Some of
these innovations also led to the emergence of serious prob-
lems such as soil erosion, water-logging and salinization of
soils from irrigation, and the extension of farming into mar-
ginal land areas at the expense of forests and grazing lands.
Today, many of these same problems persist and, in some cases,
have been aggravated by advances in mechanized agriculture
and limitations on the availability of arable land.

The origins of cultivation remain unclear. Necessity being the
mother of invention, it is presumed that experimentation with
domestication of plants and animals began in an effort to bol-
ster food sources in the facing of waning wildlife populations.
At least in southern Europe and the Near East, which was to
become the “cradle of civilization,” this process was intensi-
fied by the ecological changes brought about by the receding
glaciers at the end of the Ice Age. There is speculation that fish-
ing peoples in the newly warming regions may have been first
to initiate developments in agriculture. Fishing peoples were
already sedentary. They may have accumulated refuse piles at
their settlements that sprouted new vegetation from discarded
seeds, roots or tubers brought from food-gathering forays into
more distant locations. The more curious of these people may
have experimented with replanting some of the more palatable
or prolific of these plants so as not to have to travel to collect
them. Some scholars speculate that cultivation may have been
secondary to animal domestication rather than the other way
around, as is commonly thought. The rationale is that early
herders of sheep and goats, the first domesticated livestock in
the Near Fast, recognized that their animals could eat consid-
erable portions of plants that were unpalatable to humans and
therefore experimented with the cultivation of forages or fod-
der as a noncompetitive source of foodstuffs for their animals.



Whatever its specific origins, formalized crop agriculture did
not spring up overnight, nor was there any predestined blue-
print for its linear development. It was undoubtedly a cumu-
lative process of serendipity, casual and detailed observation,
trial and error, adaptation, and accommodation.* A number of
innovations can be identified for the gradual development of
agriculture, and these are presented, for both animals and
plants, in Table 2-3. In different areas of the world, with dif-
ferent resources available and different peoples present, the de-
tails and timetable of agricultural development no doubt
varied.

For instance, the use of animals for agricultural labor was an
early development in the Old World, with oxen used for plow-
ing in ancient Egypt. The use of draft animals did not occur
in New World Mesoamerican agriculture until thousands of
years later because there were no large indigenous mammals
suitable for domestication and use in animal traction in the
Western hemisphere. Mayans and Aztecs devised novel ways to
cultivate crops, such as the use of raised, aquatic gardens
known as chinampas, and only integrated livestock into agricul-
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ture after draft animals were introduced during the period of
European exploration. Today, many of the earliest agricultural
innovations are still practiced in different parts of the world,
alongside the most modern methods, as discussed in more de-
tail in Chapter 4.

The Domestication of Animals

In modern times, human society has developed the capacity to
set lofty goals for technical and scientific achievement and then
methodically sets out to accomplish them. We say we want to
land on the moon or map the human genome, and then we do
it. Domestication of animals is arguably an achievement of
equal stature in the annals of human social progress. It is un-
likely, however, that our early ancestors set out intentionally to
domesticate the particular species of animals that we have
come to know today as our pets and livestock. Instead, do-
mestication evolved as a social and biological process of mu-
tual adaptation over thousands of years. The motivations and

Animals by Humans as Food®

Use of Animals as Food '

Foraging for wild plants

Foraging for stationary invertebrates

Trial and error identification of edible plants

Simple scavenging from carcasses killed by other predators

Harvesting wild grasses

Scavenging with carcass manipulation using stone tools

Tending wild plants

Opportunistic hunting of vulnerable individuals

Domestication of genetically distinct plants

Following or driving wild herds for trapping

~ Swidden or slash and burn planting of roots and tubers
that propagate vegetatively

Strategic hunting with hand-held tools

Planting of seeds for cropping

Strategic hunting with projectile tools

Use of plow for field preparation

Loose herding of wild animals

~ Animal traction for agricultural labor

Semidomestication of wild species

. Irrigation of cropland

Full domestication of non-wild species

Selective breeding of seed for crop plants for desired
production characteristics

Close herding and extensive grazing of livestock

Large-scale monoculture cropping

Seasonal confinement of animals

Mechanization and intensification of chemical inputs
for increased production

Killing of wild animals as pests

Genetic engineering of food crops for desired
characteristics

Continuous confinement of domesticated animals

Intensive, industrial livestock production

Genetic manipulation and cloning of animals

e PEWER

*While presented in a sequential fashion, each new development did not fully replace the preceding one. In fact, to varying degrees,
numerous peoples and cultures around the world continue to use the earlier derived methods of food acquisition and production.
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circumstances for specific animal domestications changed over
time and were often tied to other developments in the his-
tory of human cultural progress. The regional origins of im-
portant plant and animal domestications are represented on
the map in Figure 2-1. In the following sections, the process
of domestication and the historical phases of that process are
discussed.

The Process of Domestication

Given the multitude of animal species inhabiting the earth,
how is it that the cow, sheep, goat, pig, horse, donkey, dog, and
cat have emerged as the eight most common domesticated
marmmals on the planet? Consider, for example, the fact that
archeological evidence from the Near East in Upper Paleolithic
and Mesolithic times indicates that gazelles and red deer were
enormously abundant animals, actively hunted, and favored for
meat by hunters. Furthermore, deer antler was highly valued
as a raw material for tool productions because it was solid,
pointed, strong, and resilient. Sheep and goats, in contrast to
cervids, have hollow horns of relatively little value as tools. Yet,
the first domesticated ruminants to emerge from the Near East
in this era were the goat and the sheep, not the gazelle or the
deer. The deer and gazelle could be tamed if individuals were
captured when young, but in herds, people were not able to
domesticate them.

A number of factors affect the suitability of a given species
for domestication, i.e., the integration of that species into
human society. A key element is the social structure of the
species. With the exception of the cat, all of the successfully

North and Central
America
Turkey,
Maize

South America
Llama, Alpaca,
Guinea pig,
Muscovy duck,
Potato

Figure 2-1.

Africa
Cat,
Finger
millet,
Sorghum,
Yams

domesticated species mentioned above come from wild an-
cestors that were social animals, adapted to life in herds or
packs. While different social organization patterns occur in dif-
ferent species, the wild ancestors of successfully domesticated
animals maintained social structures that were strongly hier-
archical, rather than territorial. In other words, these species
clearly defined positions of dominance and submissiveness for
individual animals within the group. This dominance hierar-
chy allowed humans to assume a dominant leader role within
the animal group, with the animals recognizing and accepting
the dominant human position. Successfully domesticated an-
cestral animals were not territorial, in that they did not defend
a specific geographical area for breeding or food collection,
though they would vigorously defend their group status rela-
tive to each other. This characteristic was attractive to
Mesolithic humans, who, as essentially mobile hunters them-
selves, might have a home range but no well-defined territo-
rial allegiances.

For these reasons, as well as other physiological and behavioral
factors, wild sheep and goats were likely more amenable to
human interaction than gazelles and deer. Similarly, these be-
havioral characteristics help to explain why domestic dogs de-
rived from wolves rather than jackals or hyenas and why wild
horses and asses were more conducive to domestication than
their equid cousins the onagers.

Once the potential for mutual adaptation is recognized be-
tween humans and a specific wild species, a gradual process of
domestication ensues that results in the transformation of the
wild progenitor into the domestic animal we recognize today.

Northwest Eurasia
Reindeer

Central Asia
Bactrian
Mear East/So. Europe Camel
Dog, Sheep, Goat, Horse,
Taurine Cattle, Ass, Yak ’
Dromedary Camel,

South Asia
Zebu Cattle,
Water Buffalo,

v 7

Sites of original domestications of major domestic animals and cereal crops.



Though the details obviously differ among species, a general
pattern with distinct phases is identifiable.!! The key phases are
as follows:

¢+ In the initial phase there is a loose association
between humans and the wild progenitor, with no

control of the animal’s breeding by humans.

¢+ In the next phase, there is confinement or voluntary
entry of the progenitor to the human environment,
with breeding occurring in captivity.

¢ In the third phase, there is selective breeding
controlled by humans to develop certain desired
characteristics, but some cross breeding with wild

progenitors is still permitted.

¢ In the next phase, specific breed traits are
conceptualized to promote specific, economically
advantageous modifications to the animal. This
requires strict management of selective breeding and

careful attention to artificial selection.

¢ Finally, there is banishment or killing of wild
progenitors to avoid their coming into contact with

domesticated breeds to avoid uncontrolled breeding.

The historical record offers an intriguing variety of associations
between humans and animals that suggest that a successful do-
mestication process occurred with many species of wild ani-
mals. Yet, today, we see no lasting evidence of these
domestications. For example, the hieroglyphic record of ancient
Egypt shows human attendants handling the beautifully horned
antelope, the oryx, and elsewhere shows striped hyenas being
shepherded by men. Why do we not see people walking their
hyenas on the streets of Cairo today? It is most likely that these
animals were never fully domesticated in the first place but,
rather, were tamed. For taming, young individuals were taken
from the wild, raised in captivity, and habituated to human con-
tact. The critical distinction from complete domestication is that
controlled breeding to produce subsequent tame generations
was not successfully accomplished.

The Situation Before Domestication

Though a human society may depend directly on animals,
those animals may not be domesticated. Paleolithic hunters,
with a social organization that did not extend beyond family
clans, were generally mobile, following wild animals through
their habitat in pursuit of food. They left few traces of their cul-
tural development beyond the bones and stone tools left be-
hind at hunting camps. It must be assumed that these hunters
were keen students of natural history, gradually learning a great
deal about the behavioral habits, migratory movements, and
life cycle events of their favored prey animals.

Gradually, sedentary hunting cultures did evolve that focused
on prey species that allowed hunters to establish permanent
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bases for their food procurement activity. The archeological
record of such cultures is richer than that of mobile hunters
and includes remains of settlements, art, and evidence of reli-
gion, technological advances, and complex social structure. In-
terestingly, these cultural developments often occurred
independent of any developments in agriculture, though cul-
tivation is often credited as the catalyst of rapid human cultural
advances in the Mesolithic and Neolithic periods.

Some such sedentary hunting cultures still exist today, though
modified by contact with the modern world. In Arctic and
northern latitudes, for example, there are indigenous social
groups, such as the Inuit, or Eskimos, that settle in villages and
fish or hunt marine mammals under harsh climatic conditions
that essentially preclude agricultural activity. In these cases, the
animals on which the society focuses are not domesticated, but
the overall pattern and structure of the human society is inti-
mately adapted to the natural history and life cycle of the chief
prey animal, be it the whale, the seal, or the salmon.

For example, the Makah Indians of the Pacific Northwest re-
gion of the United States, lived for thousands of years in coastal
villages of long houses, traditionally hunted the great gray
whale in cedar log canoes with 18-foot harpoons, and used
sealskin floats to track and move the whales after harpooning.
The Makah, who now live primarily in the state of Washing-
ton, were banned by the federal government from hunting
whales in 1926 because of declining whale populations due
to overtaking by non-Native American whalers. In 1997, the
Makah tribe once again won the right from the International
Whaling Commission to begin hunting the great gray whale,
with a permitted take of four whales per year. The whale was
removed from the Endangered Species List in 1994 because
vigorous conservation measures had led to increasing popula-
tions. Few, if any, contemporary Makah have first-hand expe-
rience with traditional whale hunting, and they will have to
relearn their ancestral heritage.

Just 10,000 years ago, virtually the entire human population
of the earth, though small, survived as hunter-gatherers. By the
16th century, when Europeans “discovered” the New World,
the area of the world populated by hunter-gatherers was down
to about 15%. Today, hunter-gatherers exist only in isolated
pockets of the world, and less than 0.001% of the world’s
burgeoning population of close to 6 billion sustain themselves
primarily by traditional methods of gathering and hunting,
either sedentary or mobile. This marginalization of hunter-
gatherers is linked to the Neolithic transition from a system of
food procurement to one of food production. This shift to food
production is one of the most profound developments in
human cultural history. It was driven primarily by the devel-
opmeant of crop cultivation and animal domestication.

Domestications Preceding Agriculture

Four key species were domesticated prior to the development
of agriculture in the Neolithic period. These were the dog, the
reindeer, the goat, and the sheep. All of these domestications
evolved out of needs or opportunities related to hunting and
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are associated with pre-agriculturists in the Upper Paleolithic
and Mesolithic periods. A brief discussion of these various do-
mestications follows.

Dogs

The progenitor of the domestic dog, Canis familiaris, is now be-
lieved to be the wolf, Canis lupus. Formerly, it had been held that
the wild jackal also contributed significantly to the develop-
ment of the domestic dog. However, this theory essentially has
been discarded. Recent studies on mitochondrial DNA se-
quences of wolves and dogs around the world suggest that do-
mestication of the dog from the wolf began over 135,000
years ago.'? Despite such scientific evidence, there will no
doubt remain many people who will look at the tremendous
phenotypic diversity of the modern dog breeds and wonder
seriously how they could all come from a single source!

The relationship of early humans to the wolf was no doubt
complex and contradictory. The wolf was at the same time a
hunting competitor and a potential hunting partner. It was a
predator to be feared, but also a potential prey to be pursued
for food. Wolves were extensively distributed around the
northern hemisphere in Paleolithic times. There is little ques-
tion that wherever early humans hunted large game, they came
into contact with wolves and undoubtedly got to know the be-
havior of wolves very well. Wolves likely frequented the mar-
gins of human hunting camps, scavenging for scraps from
successful hunts. Humans may have tossed scraps to wolves, in
what is a natural human gesture, and encouraged their asso-
ciation. When hunting, they may have killed nursing female
wolves and brought pups back to their hunting camps for en-
tertainment or for future food. Women may have even suckled
wolf cubs, as there is much precedent for the nursing of ani-
mals by women in hunter-gatherer societies that persist today.
Some of these tame, raised pups probably bonded to humans
and began to accompany them on hunting forays and proved
themselves useful in locating and capturing game. Out of this
evolving utilitarian partnership coupled with the likely satis-
faction humans derived from this animal companionship, the
domestication of the dog was probably born.

Wolves show virtually all of the behavioral and social charac-
teristics that make a species amenable to domestication. They
are social, and their social structure is one of hierarchical dom-
inance. Individuals show both dominant and submissive be-
haviors. These behaviors are based on posture and visual cues
that are readable by, and transferable to, humans, who can then
join into the dominance hierarchy as group leaders. They work
cooperatively in hunting, and they are natural herders, as their
instinctual hunting patterns involve controlling the movement
of prey groups to cut out susceptible individuals for attack. Early
humans apparently identified these characteristics and recog-
nized the potential of tame wolves and, later, domesticated dogs
as cooperative partners, first in hunting and then in herding.

The earliest archeological remains that can be definitely iden-
tified as domestic dogs rather than precursor wolves come
from Mesopotamia, in what is now Iraq, and date back 12,000

years. While most early remains are found in western Asia,
there is evidence of prehistoric human-dog association from
Europe, North America, Southeast Asia, and Japan, indicating
that domestication of dogs was an idea with almost universal
appeal to early humans. In Australia, there was a human-dog
association in prehistoric times between the aborigines and the
dingo. Of interest is the fact that there is no fossil record of
dogs in Australia, suggesting that dingoes reached the island
continent from Asia in the company of humans from cultures
unknown. The physical similarity of the dingo to the so-called
common Asian Pariah dog is marked.

By 2000 8, the pictorial record shows that ancient Egypt had
different distinct dog types, both large hunting dogs and small
lap dogs. In ancient Rome, systematic breeding of dogs was
well established, though the variety of breeds does not ap-
proach what exists today. There are currently an estimated 450
to 850 breeds of dogs worldwide, with the American Kennel
Club recognizing 150 breeds in the United States alone. Dogs
continue to provide utilitarian services to people around the
world as guardians, herders, and in some places, food. How-
ever, the overriding role of the dog in modern society has be-
come that of companion and family member. The role of the
dog as pet and how it shapes attitudes toward animals in gen-
eral is discussed further in Chapter 3.

Reindeer

More than any other domesticated animal, the reindeer pro-
vides us with a window to our Paleolithic past. This is because
the contemporary domesticated reindeer essentially appears
unchanged from its wild ancestors, and the people who herd
reindeer still draw on traditional practices that span the mil-
lennia.

The wild reindeer, Rangifer tarandus, is an unusual member of the
Cervidae, or deer family. It has some distinctive traits that make
it exquisitely adapted to arctic environments. It is unusual
among deer in that both males and females have antlers. The
antlers point forward and are used by the animals to dig in the
snow for food. The nose is completely hair covered to protect
against frigid temperatures, and the bony structure of the foot
is unique in allowing the hoof to splay widely to help distrib-
ute the animal’s weight and support it for snow walking. Rein-
deer, also known as caribou in North America, are at home in
the Arctic tundra, where food is scarce and the openness of the
landscape makes them easily noticed by their main predators,
humans and wolves. Over time, the reindeer evolved social or-
ganization and behavior that helped protect them from their
predators and meet their nutritional needs. They are gregari-
ous and move in large herds to provide many eyes and ears for
safety. They have naturally synchronized their breeding so that
an entire herd calves within a 2-week period, thus reducing
vulnerability of mothers and young. They migrate extensively
in search of food, which consists primarily of lichens but also
includes lemmings when they can catch them.

Currently, in the Old World, the wild reindeer is found only in
northern Norway and northern Russia, but it formerly ranged



extensively through the tundra and taiga regions of Asia, North
America, and Europe. During the last glacial period, the rein-
deer was found as far south as France and Spain, and the Pale-
olithic cave paintings found in these countries depict reindeer.
In North America, the range of the wild caribou is Alaska and
Canada, dipping down into the north central United States.

The reindeer was an important prey species for Paleolithic
hunters, and the early stages of domestication evolved out of
hunting, though the details are lost in history. It is believed that
initially, individual young reindeer were captured and tamed
to use as hunting decoys. The captive reindeer would be teth-
ered to attract wild reindeer with hunters hiding in ambush
nearby. Later, hunters developed closer associations with herds,
moving regularly with them and encouraging the reindeer to
become habituated to them. Humans had a powerful lure to
help them accomplish this, as the reindeer craves urine in its
salt-deficient diet and is especially disposed to human urine.
Gradually, humans took full advantage of the gregarious nature
of reindeer social organization and assumed leadership roles
in the herd, taking over control of the herd movements. Out
of this process were born arctic herding cultures that depended
exclusively on reindeer for food and raw materials.

These herding cultures still thrive today among the Lapps, or
Saami, people of Scandinavia, Finland, and the Kola Peninsula
of Russia as well as other groups in the Siberian and Asian Arc-
tic. In contemporary times, the process of domestication has
extended beyond simple herding. Today, reindeer are used to
pull sleds, are ridden, and are even milked. These developments
occurred much later than herding, probably inspired by con-
tact with peoples who had domesticated cows and horses. The
reindeer industry has also been commercialized. It is estimated
that there are currently about 3 million domesticated reindeer.
Russia produces over 30,000 tons of reindeer meat per year
and over 600,000 hides. The domesticated reindeer has also
been introduced to Alaska, Canada, Iceland, Greenland, and
Scotland.

Goats

It cannot be known with certainty from the patchy archeo-
logical record whether the sheep or the goat was the first ru-
minant species to be domesticated. Both domestications,
however, occurred in the Near East, beginning over 10,000
years ago, under presumably similar circumstances. As the cli-
mate began to warm with the receding glacier, wild game pop-
ulations decreased. Hunters had to travel farther and for longer
periods in search of prey, with diminishing chance of suc-
cess. It is speculated that these hunters began to take goats
and sheep with them, as a reliable source of meat on their ex-
tended journeys.

How this process of domestication was initiated is unknown.
Wild goats and sheep were among the species commonly
hunted, so the social behavior of these animals was known to
humans. It is possible that inventive hunters drove wild goat or
sheep herds to a desirable location, such as near a water source
or salt lick, and then remained in the area with them for ex-
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tended periods, encouraging habituation and acceptance of hu-
mans into the social hierarchy of the herds. Alternatively, lambs
and kids could have been taken from the wild and raised as cap-
tive or tame animals that imprinted on humans as leaders.

The domesticated goat, Capra hirce, derives from the bezoar
goat, Capra aegregus, a wild goat of western Asia, with a histori-
cal range from India west to Crete, Bezoar goats possess long,
backward-curving, scimitar-shaped horns with a sharp ante-
rior keel. The goat was most likely domesticated in what is now
the Middle East. There is good evidence that the Nastufians, an
early culture of the region, kept domestic goats 10,000 years
ago, which means that the domestication process likely began
before Neolithic or agricultural times. !

Today the goat is one of the world's most ubiquitous domes-
ticated animals, found on virtually every continent save Antarc-
tica. There are many highly specialized breeds, selected for
specific economic purposes including mohair and cashmere
fiber production, milk production, and meat production. This
selective breeding is an ongoing process that began thousands
of years ago. The high-producing milking breeds of goats that
are most familiar to us in the United States, such as the Alpine,
Saanen, or Toggenburg, were developed in Europe only as re-
cently as the 19th century. Wild goats were never indigenous
to the western hemisphere. They had a more southerly range
than sheep and appear not to have crossed the ancient land
bridge at the Bering Straits from Siberia to North America. The
mountain goat of North America is not in fact a true goat in
the genus Capra. It is classified taxonomically as Oreamnos ameri-
canus and has never been domesticated.

Most of the world’s goats, however, are of less specialized breed
type and are multipurpose goats serving the needs of agricul-
turists, villagers, and herders in much of the developing world.
The goat persists as a valued species of livestock for the rural
and urban poor in all regions of the world, but particularly in
Africa and South Asia. Goats are especially common among
people trying to eke out a living under harsh conditions of dif-
ficult terrain, scant vegetation, and marginal rainfall, as the
goat is well adapted to adversity and is recognized as a sur-
vivor, primarily because of its diverse eating habits. The goat is
a browser as well as a grazer and can use a much wider vari-
ety of plant material as food in an environment of scarcity.
Goats are even able to climb into trees to eat leaves when there
is no food available at ground level (Fig. 2-2). Improperly man-
aged, goats can cause serious damage to vegetation, leading
to landscape degradation. The subject of goats and land degra-
dation is examined in more detail in Chapter 6.

Sheep

The domesticated sheep, Ovis aries, is derived from the wild
Asiatic mouflon, Ovis orientalis. This is a dark-colored, small-
bodied, long-legged sheep. It has a short tail and backward-
curving horns that are horizontally ringed along their length.
The original range was western Asia from the Black Sea to the
western Mediterranean. The bighorn sheep of North Amer-
ica, Ovis canadensis, has never been domesticated. Domesticated
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Figure 2-2.
consume tree leaves. When necessary, a goat can climb into the
tops of small trees to browse. (Photo by Dr. David M. Sherman)

Young goat in Ethiopia standing on hind limbs to

sheep found in the New World are introductions derived from
Old World stock.

While initial efforts at sheep domestication, as with goats,
began more than 10,000 years ago, morphological changes
that we associate with modern domesticated sheep are first
documented at later Neolithic sites dating 7,000 to 8,000 years
ago.These include shortening of the limb bones, hornlessness,
and, based on a small statue from Iran, the wooly fleece, which
does not occur in wild mouflon. By 3000 Bc, sheep with wooly
white fleeces were common, as indicated by artwork from
Mesopotamia.

The wool fleece is an interesting example of early efforts at se-
lective breeding The main hair covering of wild sheep is not
wool. It is guard hair produced in the predominant, primary
hair follicles. The wool fiber in wild sheep is produced by sec-
ondary hair follicles, which are less represented in wild sheep.
The secondary follicles produce a finer type of hair that grows
out in colder weather to serve as insulation and then is shed
during the warmer seasons. In producing wool fleeces, early
breeders essentially eliminated primary hair follicle growth,
replaced it with abundant secondary hair follicle growth, and
eliminated the seasonal shedding. This is an impressive achieve-
ment for livestock keepers working several thousand years be-
fore Mendel explained the principles of genetic inheritance.

Today, domestic sheep, like goats, are widely distributed on the
planet. There are many specific breeds, selected for wool pro-

duction, specific wool characteristics, and meat production.
There are also milking breeds of sheep, used primarily for
commercial cheese production, mainly in Europe and the Near
East. Milking sheep were very much in the news in the United
States in 2001, when some flocks in Vermont, imported from
Europe, were seized and destroyed by the United States De-
partment of Agriculture because of concerns that they might
carry a transmissible spongiform encephalopathy related to
bovine spongiform encephalopathy, or mad cow disease.

The sheep is a grazing ruminant, eating primarily grasses at
ground level. Like the goat, it is commonly kept by herders,
landless villagers, or small-scale farmers in developing coun-
tries, frequently in mixed flocks with goats. People living in
Europe and North America may be surprised by some of the
physical attributes of sheep breeds developed elsewhere in the
world. Many local breeds have long straight hair rather than a
wool fleece. There is also significant variation in the tail con-
formation. In Asia and Africa, many fat-tailed breeds of sheep
are common and highly valued. The tail fat serves as a source
of high energy food and tallow for lighting and other practi-
cal uses. The tail of a fat-tailed Mongolian sheep can weigh over
10 kg. Afghan herders still relish a soup made from sheep’s tail
fat, and you would no doubt be invited to partake of it should
you visit an Afghan herding family in their traditional, felted,
goat-hair tent.

Domestications in the Early
Agricultural Phase

The animals that were domesticated in association with early
agricultural development have been classified as crop destroy-
ers, suggesting that these animals, notably the progenitors of
swine and cattle, were recognized as a threat to cultivated
fields-the wild boar because of its omnivorous scavenging be-
havior and the aurochs, or wild bull, because of its sheer size
and aggressiveness. Both animals were valued by Neolithic
people and their hunting ancestors as sources of meat but were
simply too dangerous to have nearby once cultivation began
in earnest. The response of early settled societies seems to have
been to undertake the process of domestication of pigs and cat-
tle while extirpating wild boar and aurochs from areas around
cultivation. More details on the domestication process of pigs
and cattle follow.

Pigs

The European wild boar, Sus scrofa, is the progenitor species of
the domesticated pig. It is an even-toed ungulate in the family
Suidae. It was widely distributed in prehistoric times, and early
humans had considerable contact with the species throughout
Europe, Asia, and northern Africa. The wild boar was a major
prey species of Paleolithic hunters, sought primarily for meat
but also for tusks and hide. At least 25 subspecies of S. scrofa ex-
isted, with variations based on localized climatic and envi-
ronmental conditions. There is some evidence that a separate
focus of domestication occurred in Asia from a different pro-
genitor species, variously identified as Sus vittalus or Sus cristatus.



The modern, commercial domesticated pig is a thorough
blend of breeding derived from both European and Asian
stock, making its specific origins difficult to establish. So-called
wild pigs in the New World are actually feral descendants of
escaped domesticated swine introduced from Europe.

The carliest indications of efforts at domestication of the pig
are from the Near East, where swine bones smaller than those
of wild boars have been identified from excavations at Jeri-
cho dating to 7000 Bc. Definitive evidence that farmers were
breeding and keeping pigs in association with agricultural
activity date from as early as 3500 kc at sites in Mesopotamia
and by 2500 ac in ancient Egypt. It is generally accepted that
domestication of the pig followed that of sheep and goats and
required the settling of peoples in villages before full domes-
tication could be achieved. This is because the domesticated
pig is essentially a household animal and not a herd animal.
Compared with small ruminants, it is relatively difficult to
drive pigs or move them over great distances.

While the primary use of domesticated pigs is for meat, early
efforts at domestication may have been driven by other uses.
The pig is a single-stomached, omnivorous animal with a feed-
ing behavior based on the scavenging of a wide variety of veg-
etable and animal foodstuffs. This scavenging behavior may
have been used to good advantage by early agriculturists, to
help in clearing fields of weeds and other debris in prepara-
tion for cultivation. There is evidence that the early Egyptians
used pigs as living seed drills, walking them across irrigated
or flooded fields prior to planting The pointed depressions
made by the pigs’ feet in the soft soil were ideal for the sub-
sequent sowing of seed.

As domestication took hold, two types of pigs and two types
of pig-keeping emerged—forest pigs and sty pigs—both kept
essentially as meat animals. Forest pigs were longer legged and
rangier and were taken out for grazing under management of
a swineherd. As pigs are difficult to herd, forest pigs were
trained to return to the swineherd at the end of the day for
penning in response to an audible signal such as a bell or horn,
with grain as a reward. Sty pigs were short-legged and more
compact. They were kept contained in farmyards or sties and
fed a wide range of materials including kitchen wastes, crop
residues, refuse, and whatever they could scavenge from the
farmyard. The pig emerged as a favored source of meat for poor
peasants wherever it was kept. The animal produced large lit-
ters of offspring, required little supervision, had impressive
growth rates, and could be raised on a variety of feedstuffs not
fit for direct human consumption.

It is of cultural interest that society has relegated the pig to the
realm of food-producing animals, as it is an animal of relatively
keen intelligence. Pigs are capable of being trained to work and
also are reasonably suitable as companion animals. In the 11th
century, in England, William the Conqueror banned the use of
large dogs for hunting game to reduce the off-take by peasants
from the New Forest. The more resourceful peasants trained
pigs as retrievers and used them effectively for the next 400 or
so years for hunting and retrieving. In contemporary France,
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muzzled pigs are still used to sniff out and dig truffles from
the earth. In the past decade or so. there has been a growing
practice in the United States of keeping Asian pot-bellied pigs
as pets. This creates something of a conundrum for veterinar-
ians who have been trained traditionally to see swine as food-
producing animals and are now called upon to treat them as
companion animals. The dichotomy raises deeper philosoph-
ical and anthropological questions about why some domesti-
cated species are invited into the family room as friends and
others only into the kitchen as food.

Cattle

How and why cattle came to be domesticated remains a curi-
ous puzzle. The progenitor of domesticated cattle, the aurochs,
was actively hunted by prehistoric peoples in Europe and the
Near East as an important source of meat, bone, horn, and
hide. It was also well known as a fierce and dangerous adver-
sary, standing over 7 feet tall at the shoulder, with a massive
head and neck; sharp, curved horns; and an aggressive tem-
perament as depicted in the cave paintings at Lascaux and else-
where (Fig. 2-3). Nevertheless, Stone Age hunters pursued the
aurochs with dogged determination and at great personal risk.
Anthropologists have studied patterns and frequencies of bone
fractures in skeletal remains of Neanderthal men and com-
pared them with modern medical records of occupational in-
jury. The occupation that exhibits a pattern of injury most
similar to the Neanderthal pattern is the modern day rodeo
competitor!

What motivated the early agriculturists to take on the formi-
dable task of domesticating such an imposing beast? Cattle
ultimately have turned out to be the most versatile of domes-
tic animals, providing meat; milk; hides; manure for fertii-
izer, fuel, and building material; and draft power for transport
and agricultural work. However, during the early stages of
domestication, these potential uses, beyond those of meat and
hides, were probably unrealized or unimagined, as soil en-
richment through fertilization, the need for alternative fuels

Aurochs depicted in a cave painting at Lascaux cave,

Figure 2-3.
France, dating from 15,000 to 10,000 zc.
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because of deforestation, or the invention of the cart and plow
were later developments. As the domestication of cattle is be-
lieved to have followed that of goats and sheep by about 1000
years, early agriculturists already had access to small ruminant
animals that could provide meat, milk, fiber, and manure.

Some suggest that early domesticators tackled domestication
of the aurochs for the sheer challenge and satisfaction of it, as
an expression of collective courage, determination, ingenuity,
and achievement. However, there were no doubt more practi-
cal reasons as well. As cultivation and settled societies increased
in the Neolithic period, the aurochs grew increasingly prob-
lematic as a crop robber and destroyer, and some form of con-
trol was necessary. Killing wild aurochs that trespassed was one
approach, but domestication also may have emerged as an al-
ternative solution to allow exploitation of large ruminants
while eliminating their threat to agriculture.

Religious or spiritual impulses rather than agricultural con-
cerns may have been at the heart of cattle domestication. The
magnificent power embodied in the aurochs had apparent
spiritual connotations for humans from prehistoric times, and
the bull and cow developed as potent mystical symbols in
many early cultures.® The sacrifice of cattle evolved as an im-
portant religious rite, and it may be that some early cultures
recognized that it would be much easier to provide tractable,
domesticated cattle for sacrificial purposes than to have to cap-
ture wild and dangerous ones for each religious rite.

Whatever the reasons, people with experience in the domes-
tication of sheep and goats were able to apply their experience
to the domestication of cattle. Wild aurochs
may have been lured to specific locations or
natural enclosures such as ravines with
water and/or salt to habituate them to hu-
mans. The smaller and more manageable of
these individuals may have been subdued,
captured, and penned. Newborns were
likely snatched away and raised by people
to encourage taming and human associa-
tion. Early breeding was probably by the
tethering of tamed cows for coupling with :
wild aurochs bulls. Whatever the specific
details of the domestication process, it is
likely that the full potential usefulness of
cattle to evolving human society was not
recognized until well after the domestica-
tion process had begun in earnest.

There are two main categories of domesti-
cated cattle in the world, nonhumped and
humped. The aurochs, Bos primigenius, is well
established as the antecedent of Bos taurus,
the domesticated species of nonhumped
cattle that gives rise to the various breeds of ~ Figure 2-4.
dairy and beef cattle most familiar in tem-
perate regions of the world, such as the
Friesian and the Hereford. The humped, or

Zebu-type, domesticated cattle breeds com-  Sherman.)

mon in tropical regions, such as the Brahman, derive from
Bos indicus. This species is believed to originate from a separate
ancestral source, classified as Bos namadicus, an extinct form of
aurochs of the Indian subcontinent. Some authorities consider
this a distinct prehistoric species, while others consider it a cli-
nal variant of the European aurochs. No ancestral wild cattle
occurred in the New World, so all cattle in the Americas today
are descendents of imported cattle,

The earliest evidence of full domestication of taurine cattle
comes from the Catal Huyuk site in Turkey, dating to 4600 ac.
Ceremonial benches adorned with cattle horns at Catal Huyuk
lend force to the premise that early domestications had spiri-
tual motivations. For Zebu-type cattle, the earliest evidence of
full domestication comes from the Indus River valley cultures
of Mohenjo Daro and Harrapa, where humped cattle are de-
picted on ceremonial seals dating back to 2500 gc. In Nile val-
ley agriculture, the earliest indications of plows drawn by oxen
occurred around 3000 Bc (Fig. 2-4). Techniques for the cas-
tration of bulls must have preceded this date for oxen to be
widely used by this time. Distinctive breeds of cattle were well
established in ancient Egypt and Mesopotamia by 2500 Bc. By
about 500 B¢, selective breeding of cattle was so well estab-
lished that agriculturists in ancient Rome were recommend-
ing specific breeds for the effective plowing of different soil
types found within the empire.

Cattle domestication has been, and continues to be, a power-
ful force in shaping human culture. Societies built around the
practice of cattle keeping persist today. The Maasai in East Africa

Top, An ox-drawn plow and hoeing in ancient Egypt from decorations on a

tomb at Beni Hasan, Egypt, approximately 1900 Bc. Bottom, A farmer in the Ethiopian
Highlands in the 1990s using the same basic technology almost 4000 years later. (Top
illustration courtesy of Egypt Exploration Society. Bottom photo by Dr. David M.



are perhaps the best known to outsiders, but there are many
such tribes and societies, such as the Nuer and Dinka of Sudan
and the Karamojong of Uganda, to name but a few. Virtually
every aspect of daily life in these societies is structured around
cattle. Cattle are revered in these tribes at the same time that
they are exploited. Yet one does not need to travel to Africa to
observe cattle culture. The development of the United States,
particularly with regard to the opening and settlement of the
western frontier, is largely a story of cattle keeping, and cattle
culture is still an integral part of the American West.

Asian Water Buffalo

Cattle of Bos origin have become the predominant large do-
mesticated ruminant in the world. They are, however, not the
only such animal. Though not as widely distributed, there are
several other large ruminants that have been successfully do-
mesticated and integrated into human culture, primarily as
sources of food and labor. All of these animals are derived from
progenitors in the family Bovidae and the tribe Bovini, but
most represent other genera in the family The most important
of these is the water buffalo.

The domesticated water buffalo, Bubalus bubalus, was most likely
domesticated in India over 5000 years ago. It is believed to
have been derived from the wild Asiatic water buffalo, or arni,
Bubalus arnee, which still survives, though dwindling wild pop-
ulations are now limited to the states of Assam and Madhya
Pradesh in India and in Nepal. It is listed as an endangered
species. The species was hunted in prehistoric times by early
humans, so its behavior and nature were known, and the ani-
mal was valued for its meat and hides. While the original mo-
tivations for domestication are not known, the value of this
animal for agricultural work evolved as a major asset.

The water buffalo is a wallower by nature and requires year-
round access to wading water to thrive. As such, it is found
most commonly in the humid tropics. This may explain why
the use of the animal spread relatively quickly from the Indian
subcontinent eastward and southward into Asia but rather
slowly westward and northward into the Near East and Europe.
Despite extensive trade between Rome and Indian civilizations,
the water buffalo did not reach Italy until about ap 700, where
its milk is currently used in the production of mozzarella
cheese.

Currently, there are an estimated 165 million domesticated
water buffalo worldwide. They are of major economic impor-
tance in most of tropical Asia, where they are used primarily
as draft animals, particularly in the production of paddy rice.
The animal is especially well adapted to work in muddy fields.
They are also good milk producers and are the principal dairy
animals in India and Pakistan, producing large volumes of milk
of high butterfat content (Fig. 2-5). In modern times, the water
buffalo has been successfully introduced to a number of other
countries with climates and economies amenable to its well-
being and usefulness, notably Egypt and Brazil. The water buf-
falo has never caught on as a valued domesticated animal in
sub-Saharan Africa, nor has there ever been any successful ef-
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Figure 2-5. This water buffalo is typical of the animals kept
widely throughout India and Pakistan for milk production. Twelve
of the 18 major breeds of water buffalo in the world are kept
primarily for milk production. (Photo by Dr. David M. Sherman)

fort to domesticate the notably aggressive, indigenous African
buffalo, Syncerus caffer.

Other Large Ruminants

Other large ruminant animals have been successfully domes-
ticated for use in agriculture. They are generally less well
known because they remain geographically and culturally lo-
calized. Their domestications probably occurred well after that
of cattle, with foreknowledge of the experience of carttle do-
mestication serving as a motivation and guide. These animals
include the mithan, the domesticated banteng or Bali cattle,
and the yak, all originating in Asia.

The mithan, Bos frontalis, is a domesticated bovid indigenous
to northern India, Burma, and Bangladesh. Its origins are not
completely clear. It is most likely derived from the wild gaur,
Bos gaurus, but some authorities suspect it is a guar-cattle cross
or a gaur-banteng cross. The wild gaur is still found in reduced
populations from India south to Indonesia and Malaysia. The
mithan, also known as the gayal, is very agile in mountain ter-
rain. The animal is highly valued by local farmers for working
fields on steep slopes. It is also a very good milk producer. A
clue to the process of domestication persists to the present day.
Many mithan remain only semidomesticated. They keep to the
forests and only come to the villages when tempted by salt,
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and will eat salt out of people’s hands. The mithan is impor-
tant to the Nagas tribe of Assam as a sacrificial animal, again
suggesting that the motivations for domestication, as with cat-
tle, may have been grounded as much in religious ritual as in
utilitarian need.

The domesticated banteng, or Bali cattle, resemble Jersey cows
in stature and color. As the name implies, the animal is found
in Indonesia on the island of Bali and other nearby islands. Bali
cattle make up about 20% of Indonesia’s total livestock popu-
lation. Because of their appearance, the term “cattle” has been
applied, but the animal is not derived from Bos taurus or Bos in-
dicus progenitors, but rather the wild banteng, Bos javanicus, a
large, strikingly attractive wild bovid of southeast Asia. The his-
tory of domestication is not well known. It is thought that in-
digenous people turned to domesticating the banteng after
cattle introduced to Indonesia through trade failed to thrive
under local conditions. The animals are used mainly for meat
and also for light fieldwork (Fig. 2-6).

The domesticated yak, Bos grunniens, derives from the wild yak,
Bos mutus. The range of the wild yak is limited to the high
mountain areas of Asia, mainly within the boundaries of Tibet,
Mongolia, and China. The wild yak is an animal of high ele-
vations, found usually between 6,000 and 20,000 feet. It is
well adapted to the rigors of steep terrain, severe cold, and
snow. The animal is associated more with extensive grazing
than with settled agriculture. There is little known about the
process of domestication, which is thought to have occurred
between 1000 and 2000 Bc. The mountain people who live
and work with yaks depend on them for a wide variety of serv-
ices. Though infrequently used for meat, the yak is exploited
widely for its milk and its hair, which is felted into tents. It is
used both for riding and as a pack animal. Yaks are also fre-
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derived from the wild banteng. The field is in a grove of kapok trees, the seed of
which is used for filling in life preservers, so this piece of land, in a densely
populated nation, yields multiple outputs. (Photo by Dr. David M. Sherman)

A farmer in Bali, Indonesia, plowing a field with Bali cattle,

quently crossed with cattle. These yakow crosses are better
adapted to lower elevations and have a somewhat wider dis-
tribution in Asia, found as far west as Afghanistan and Pakistan.
They are used primarily as beasts of burden and for fieldwork.

Later Domestications Linked to
Animal Traction

As agricultural societies became well established and grew
more socially complex, different needs emerged that came to
be met by additional species of domesticated animals. The ex-
pansion of agricultural activity brought new croplands into
production that were increasingly distant from town centers
and centralized grain storage facilities. This posed new chal-
lenges for transport of harvests. Development of trade between
distant settlements also increased, requiring new methods for
transporting goods. As communities became wealthier and
more productive they grew increasingly subject to attack and
plunder, calling for new strategies and weapons for defense
and retribution. Hence, a number of wild species familiar to
hunters and early agriculturists were enlisted into the domes-
tication process, ultimately to serve as beasts of burden or par-
ticipants in conflict. These included the horse, donkey, mule,
camel, llama, and elephant, discussed in the following sections.

Horses

Millions of years before the advent of hominids, horselike
species originated in North America, Their descendents mi-
grated across the land bridge, at the present Bering Sea, into
Asia and subsequently died out in North America. The wild
horse, Equus ferus, was a creature highly adapted to temperate
grassland habitat. As a denizen of open grassland with relatively
litele access to cover, the ancient horse evolved with speed and
power as its main means of escape and survival from preda-
tors. Wild horses flourished on the steppes and
grasslands of Asia and Europe up to the time of the
last Ice Age about 10,000 years ago.

In the Paleolithic era, the wild horse was a major
prey species of early humans, hunted essentially for
meat, but with the hides and tail hair also used.The
Cro-Magnon cave paintings of France and Spain
show numerous horses, whose appearance is strik-
ingly similar to that of the endangered wild Prze-
walski’s horse of Asia, Equus ferus przewalskii, which
persists into modern times, though in precariously
low numbers (Fig. 2-7).

The interval between the Paleolithic and Neolithic
eras was a difficult time for wild horses. The warm-
ing period associated with the regression of the

" glaciers also promoted the conversion of grassland
« toforest in much of Europe and Asia. As other prey
4 species moved northward or died off because of
climatic change, there likely was increased hunting
pressure on herds of horses. As settled agriculture
took hold in earnest, additional grasslands became
unavailable to horses for grazing. Some scholars of



Figure 2-7. Cave painting of a so-called Chinese horse from the
Lascaux cave, France. Note the short bristly mane, stocky physique,
and relatively short legs similar to those of the surviving wild
Przewalski’s horse. Efforts to reestablish wild herds of Przewalski’s

horses in Mongolia are currently under way.

animal domestication believe that the horse was in fact in dan-
ger of extinction at this time, and it was only the intervention
of humans, intent on domesticating the horse for their own
purposes, that saved it from oblivion.

The history and origins of the domesticated horse, Equus cabal-
lus, are difficult to determine from the archeological record, in
part because the bony differences between wild and domesti-
cated horses are not easily distinguishable. The progenitor
species is not clearly established. It is most likely an extinct Fu-
ropean wild horse, possibly the Tarpan, classified as Equus ferus
gmelini. Wild progenitor species were believed to have short,
bristly manes, as seen in the surviving Przewalskii horse. Do-
mesticated horses, through artificial selection, possess long,
flowing manes. Otherwise, the horse, in general, is the do-
mestic animal least physically modified by artificial selection
relative to its wild ancestors.

Early efforts to control the horse were most probably related
to its identification by hunters as a source of food. Trapping
and luring horses into natural enclosures with subsequent
killing for meat was the likely first step in the domestication
process. Subsequent developments in the process may have
been delayed until much later, after the domestication of cat-
tle. The use of oxen as beasts of burden is thought to have
served as a model for the use of horses as pack animals, with
goods loaded on their backs. This was followed by the use of
the bridle and harness for pulling loads, first by sledge and
then by wheeled cart. The horse was also used, as were oxen,
for plowing. The full domestication of horses is considered to
have been achieved by about 4000 Bc. It is believed to have
centered primarily in the region surrounding the northern
shore of the Black Sea, in present day Ukraine, radiating east-
ward into Asia and westward into Europe through trade.

The use of the two-wheeled, horse-drawn chariot for trans-
portation and warfare was a pivotal event in the development
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of human civilization. The innovation spread steadily through-
out various ancient cultures of Europe and Asia, mainly in the
period between 2500 and 1000 Bc. Horses drawing a war
chariot are shown in Egyptian art by the 16th century sc. The
use of the chariot for transportation was essentially restricted
to the nobility in all of the cultures that adopted it. It is be-
lieved that this association of horses and chariots with the rul-
ing class lent a cultural connotation of nobility to the horse
itself, and this reverent attitude may have led to the gradual
transition away from the use of the horse as a source of meat
for human consumption.

The historical record suggests that the widespread use of the
horse to carry a rider directly on its back is a later development
in the domestication process, occurring after the use of horses
to pull chariots. This innovation was nothing short of revolu-
tionary for human societies of the time, with profound effects
on the speed of transport and communication and for the con-
duct of warfare. The use of mounted cavalry added a savagery
and strategic advantage to warfare that was previously unimag-
inable. The military might of mounted riders was even fur-
ther enhanced by the invention of the stirrup, first described
in China in writings dated ap 477. Stirrups provided excel-
lent stability and allowed the rider to stand and hurl projec-
tile weapons while moving, offering even greater superiority
in battle. For centuries, the world essentially belonged to the
warrior on horseback. From the time that the nomadic Huns
swept down from the steppes of Asia to invade Europe in Ap
360 to the time that the Mongols did the same in the 13th cen-
tury, the peace and security of settled agriculturists in Europe
and Asia were at the mercy of mounted cavalry.

The role of the horse in human society was greatly trans-
formed in the 20th century. Its use as a draft animal was vir-
tually eliminated in the developed world by the invention of
the internal combustion engine. Police and military cavalry are
maintained largely as ceremonial units. Horsemeat is eaten in
relatively few countries, notably France and Belgium, though
recent concerns about the wholesomeness of beef, related to
mad cow disease in Europe in 2001, spurred a resurgence of
horsemeat consumption. Nevertheless, the main functions of
horses today, at least in western society, are as companions, per-
formers, and athletes. If it is in fact true that the horse was
headed for extinction at the time of the last Ice Age, then it
would seem that the process of domestication has been, on
balance, very good to the horse.

Asses and Mules

Ass and donkey are synonyms for the same domesticated animal,
Equus asinus. A third synonym, burro, is simply the Spanish word
for donkey. The donkey is the only major livestock species that
has its origins in Africa. The progenitor species is identified as
the African wild ass, Equus africanus, a hardy equid adapted to
arid and semiarid environments. Three races of this wild ass-
the Algerian, the Nubian, and the Somali-were known to exist,
but only the Somali wild ass survives to the present, and its sta-
tus is endangered. Taken together, the original range of the
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three races was from present-day Morocco in the east, across
north Africa, and up into the Arabian peninsula.

There has been much debate about the role of the Asian wild
ass, E. hemionus, as a progenitor in the development of the do-
mesticated donkey. Also known as the onager, or hemiorne,
the Asian ass ranged from modern day Syria eastward to Mon-
golia. While there are pictorial representations on archeolog-
ical artifacts that suggest early domestication of the onager,
strong evidence argues against the Asian ass as a progenitor of
the modern donkey; an onager bred to a domesticated donkey
produces sterile offspring, while the mating of an African wild
ass to a domesticated donkey produces fertile offspring.

The first domestications of the donkey likely took place in the
Nile valley or Libya, between 4000 and 3000 Bc. Donkeys are
frequently depicted in Egyptian art, starting about 2500 Bc,
mainly as beasts of burden. As the wild ass was a hunted
species, the earliest motivations for domestication of the
African wild ass was likely as a source of meat. However, the
value of the donkey as a draft animal, particularly in arid re-
gions, became increasingly evident. The donkey was hardy and
resilient. It could survive well on poor-quality forage and could
go longer without water than horses or oxen. It was sure
footed on rough terrain and mingled easily with other forms
of livestock. As the horse became increasingly associated with
the nobility and grew more important in warfare, the demand
for horses outstripped supply. The donkey increasingly filled
the niche for agricultural power and commercial transport in
early civilizations. It is as the “poor man’s horse” that the don-
key continues to function in much of Africa, Asia, and Latin
America today—a puller of carts and carrier of loads.

The mule is a domesticated hybrid animal, a cross between a
male donkey (jackass) and a female horse (mare), which was
developed primarily as a beast of burden. The offspring of this
mating, the mule itself, is infertile. The opposite cross, a female
donkey (jenny) and a male horse (stallion) also produces an
infertile offspring, known as a hinny. The hinny is less popu-
lar and less frequently used than the mule. One reason may
be that it was historically easier to maintain the more tractable
male donkey for breeding than the stallion. Mules are truly ex-
cellent draft animals. They are larger than donkeys and have
more starnina and endurance. They can carry heavier loads than
the donkey and most types of horse. If it were not for their leg-
endary stubbornness and their infertility, they would have no
doubt become even more popular in ancient and modern
times.

As it was, the mule represents an important development in
the domestication process. It served developing civilizations
well as a plow animal, cart puller, and beast of burden, the
latter especially well in difficult mountainous terrain. The ori-
gins of equid hybrid breeding are not well known. Hinnies are
pictured pulling a two-wheeled cart in Egyptian tomb paint-
ings dated 1400 Bc, and mules are represented in art from
Mesopotamian cultures, dating to the first millennium ec. The
use of the mule was widespread in the daily civilian and mil-
itary life of ancient Rome, and detailed accounts of husbandry

and breeding techniques were recorded by the agriculturist
Columella in the Ist century Ap. The use of the mule persists
up to modern times. Within our own century, the mule was a
mainstay of agricultural work in the United States, depended
on by poor farmers and sharecroppers before the widespread
availability of tractors. Though less common today, there are
still specialized niches for the mule. In the 1980s, in addition
o the well-publicized gift of Stinger missiles that they pro-
vided, the United States also supplied mules to the Afghan mu-
jahadeen to help maintain supply lines in the rugged
mountainous terrain of northern Afghanistan in the struggle
against Soviet occupation.

Camels

The early history of domesticated camels and their origins
are not well known. There are two types of domesticated camel
in the Old World, the one-humped camel, or dromedary, and
the two-humped camel, or Bactrian. To underscore the mys-
tery surrounding the camel’s origins, it is not even fully clear
if these camels are two distinct species or different races of the
same progenitor species. The fetus of the one-humped camel
has two humps, but one is reabsorbed prior to parturition.
Both animals have the same chromosome number, 2N = 70,
and they readily interbreed, producing fertile females but ster-
ile males. At any rate, they are at present taxonomically named
as separate species, the one-humped dromedary, Camelus drom-
edarius, and the two-humped Bactrian, Camelus bactrianus.

Camels are even-toed ungulates (Artiodactyla) in the family
Camelidae. Camels ruminate, in that they regurgitate and chew
their cud, but their forestomach configuration differs from that
of the true ruminants such as the bovine. Their dental struc-
ture differs from that of the true ruminants as well, with the
retention of some upper incisors and canines and anterior
placement of tusklike first premolar teeth. On the feet they
have a broad cutaneous pad rather than a hoof. Taxonomists
place the camels intermediate between ruminants and swine.
Early prehistoric camelids the size of rabbits originated in
North America millions of years ago but had long since be-
come extinct on that continent prior to the arrival of humans.
Evolutionary descendents of these early camelids crossed to
Asia to become the wild precursors of the modern domesti-
cated camels and also migrated southward to become the pro-
genitors of the South American camelids known today—the
wild guanaco and vicuna and the domesticated alpaca and
llama.

Today there are no wild one-humped camels, though their ex-
tirpation is fairly recent, occurring only about 2000 years ago.
The natural range of these wild camels was primarily the Ara-
bian peninsula, reflecting their remarkable adaptation for the
harsh, arid desert environment. It is from these wild camels in
Arabia that domestication of the dromedary likely began 3000
10 4000 years ago. This represents a fairly late start relative to
the other large domesticated mammals and suggests that camel
domestication did not have its origins in agriculture. In fact,
the reverse may be true.



It may have been the decline of agriculture in the Near East that
spurred interest in the camel. As a domesticated farm animal, the
camel did not compare favorably with the more readily available
ox or donkey. While undeniably strong, the camel is an ob-
streperous animal that is difficult to train and to maintain in con-
finement. Males become aggressive and dangerous during the
rutting season. Female camels only give birth every 2 years,
and the young have to reach 4 to 5 years of age before they can
effectively be put to work. Assuming that farmers have always
been practical people, only the unusual farmer would have kept
a camel if an ox or donkey could be had for agricultural work.

There is good evidence that agricultural development in the
Near East experienced a reversal during the late Neolithic era.
As human populations expanded, overpopulation became a
problem in settled areas. Crop cultivation extended increas-
ingly into marginal lands that required extensive irrigation.
In some places, irrigation led to salinization and decreased
productivity, resulting in the annexation of even more mar-
ginally productive lands for cultivation. At the same time, the
herding of sheep and goats had become a major human ac-
tivity in the region, leading to overgrazing and land degrada-
tion. The impact of all of these human activities on agricultural
productivity may have been exacerbated further by a climatic
change that brought increased temperatures and decreased
rainfall to the Near East between 5000 and 3000 &c.

It is in this context that domestication of the camel likely began
in earnest. The camel had long been known as an animal
hunted for meat. Herders, pushed increasingly to marginal
grazing areas, may have recognized the ability of the camel to
flourish on grazing lands that would not support sheep and
only barely keep goats alive. Thus, integration of the camel into
grazing herds allowed humans to pursue food production ac-
tivities in arid areas formerly considered uninhabitable. Once
the camel had become tractable as a grazing animal, its po-
tential as a beast of burden was easily recognized, and as the
“ship of the desert,” the camel became critically important in
the development of human civilization, facilitating trade and
communication between scattered ancient civilizations in the
Near East and Asia separated by expanses of desert, semidesert,
and difficult terrain. The camel was adopted by many cultures
and steadily was disseminated from Arabia into the Nile val-
ley and across North Africa and to South and Central Asia. It
opened up vast areas of territory that would have been totally
unusable to human beings without the aid of the camel.

The camel also found its uses in human conflict. The Bedouin
nomads used the camel to great advantage to make surprise
mounted raids into settled communities of Mesopotamia and
ancient Palestine for general plunder and then return swiftly
into the desert where their pursuers in horse-drawn chariots
could not follow them. Some early military strategists also used
the camel as an element of surprise against horse cavalry.
Horses unfamiliar with camels are easily frightened by the
smell and appearance of camels and will bolt at the sight of
them. A detailed account survives of this tactic being used to
great effect in 546 Bc at the battle of Sardis.
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Though their military role is diminished, camels are still in
wide use today in arid regions of the developing world as draft
animals and for agricultural work such as carrying the be-
longings of desert nomads, pulling heavy wagons laden with
bricks or timber, plowing fields, threshing grain, and drawing
water from wells. They are also used for meat, milk, hides, and
hair. Camel hair is a highly valued fiber in the textile industry.
Camel racing has become an important sport in the Arab
world, and the breeding, care, management, and training of
camels has become a high-profile, specialized area frequently
requiring sophisticated veterinary expertise.

Very little is known about the domestication of the Bactrian
camel. The wild two-humped camel ranged from the high-
lands of central Asia eastward to Mongolia. The status of the
wild progenitor today is unclear. There are reports of a small
wild herd existing in Mongolia, but it is not known if these are
truly wild or are feral descendants of escaped, domesticated
Bactrian camels. The Bactrian is hardier than the dromedary
and more tolerant of cooler climates. Its use as a draft animal
to open trade across the vast expanses of Asia along the Silk
Route is legendary, and it is still used today in parts of China,
Mongolia, and the Central Asian Republics primarily as a beast
of burden.

Llama and Alpaca

The family Camelidae is well represented in the New World
with both wild and domesticated species dwelling in the
mountainous regions along the western edge of South Amer-
ica. The wild camelids of the area are the guanaco, Lama guani-
coe, and the vicuna, Vicugna vicugna. Both are found in Bolivia,
Chile, Peru, and Argentina and are classified as endangered
species. The domesticated species are the llama, Lama glama, and
the alpaca, Lama pacos. These camelids represent the only major
mammalian domestications to have originated in South Amer-
ica, apart from the guinea pig.

It is well established that the domesticated llama is derived
from the guanaco. The origins of the alpaca are less clear. Tra-
ditionally, the alpaca also was considered to have derived from
the guanaco. However, more recent, detailed analysis of mito-
chondrial and microsatellite DNA of the various wild and do-
mesticated South American camelids suggests that the alpaca
is derived from the vicuna or from cross-breeds of vicuna and
guanaco.

The domestication of llamas is believed to have been fully
achieved in Peru 3000 to 4000 years ago. As with other
species, the domestication process probably occurred in stages
before full domestication was realized. The guanaco was a
hunted animal, and it is speculated that guanacos were driven
into natural enclosures, with groups kept in captivity as they
were progressively culled for meat. This may have led to con-
finement of tamed individuals with breeding to wild mates
and finally controlled mating and full domestication. Some
contemporary insights into the early stages of domestication
are available with regard to the vicuna as an example. Today,
as has been done for ages, wild vicuna are periodically herded
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by mountain peoples into enclosures where they are shorn of
their valuable fleece and then released. Though the vicuna is a
territorial animal not conducive to domestication, the practice
of capture and release was a likely phase in the domestication
process of the more tractable guanaco.

The domesticated llama has proven to be extremely valuable as
a beast of burden in mountainous terrain, and to this day, its
primary use is as a pack animal, carrying loads of 80 to 100
pounds on steep slopes. The alpaca is used primarily for its
fiber in textile making and also for meat. Both the llama and
alpaca have become popular as pets, pack animals, and fiber
producers for hand spinning in the United States over the past
20 years. However, the general impact of the New World
camelids on human civilization has been limited relative to the
Old World camelids. This is largely a function of geography. The
llama and alpaca are indigenous to a region that is hemmed in
between the Amazon rainforest to the east and the Pacific
Ocean to the west, while movement north and south is con-
strained by the treacherous Andes mountains. The opportuni-
ties for geographical and cultural dissemination that existed
for the dromedary and Bactrian camel in Asia simply did not
exist for the llama and alpaca.

Elephants

Elephants have been used by human society for entertainment,
war, and work. Their heyday in the military context was in
the 3rd and 4th centuries Bc. Prolemy 1II in Egypt, Alexander
the Great in Greece, and Hannibal of Carthage are all famous
military and political leaders of the time who valued the ele-
phant as a weapon of war. Metaphorically, elephants were the
Bl bomber of their day. They were impressive, costly, and
touted to provide great strategic advantage through the ele-
ment of surprise, In practice, however, they were not quite as
effective or useful as their advocates claimed. While there are
a number of well-documented battles from the period in
which the elephant played a decisive role in victory, there are
a comparable number of accounts in which mounted ele-
phants were ineffectual or actually deleterious to the outcome
of the battle, turning around in response to archery attacks and
trampling their own ranks of infantrymen bringing up the
rear.

The elephants trained for use in warfare during this era were
both the Indian elephant, Elephas maximus, and the African ele-
phant, Loxodonta africang, the two species of elephants that sur-
vive in the wild today. In our own times, it is often presumed
that the Iarger African elephant of the African savanna is not
trainable, as virtually all circus elephants and the working ele-
phants of Asia are the smaller Indian elephants. The historical
record suggests that a smaller race of the African elephant,
the African forest elephant formerly had a wide distribution in
northern Africa, and it was this smaller African elephant that
was trained for use in warfare as well as for use in the Roman
circuses. The forest elephant, Loxedonta africana cyclotis, still per-
sists today in a much reduced range, mostly in the Congo and

western Uganda. The elimination of this elephant from its
northern range is attributed to the demands of the Romans
who took live elephants for their circuses but also exploited
the elephant for its ivory. At any rate, the African elephant is in-
deed trainable. As recently as the early 1900s, African forest ele-
phants in the Congo were trained for logging work, but the
practice died out.

Elephants are not really domesticated animals by the strictest
definition, but rather are trained, wild animals, because cap-
tive breeding is not carried out in populations of working ele-
phants. There are simply too many obstacles to make it
worthwhile for the exploiter of elephant labor to breed the
animal in captivity. The breeding bull is an extremely dan-
gerous and unpredictable animal. Even if the bull were man-
ageable, there are management problems with the cow as
well. The female elephant does not reach sexual maturity until
her teens, produces a single calf only once every 3 or 4 years,
and keeps the calf by her side for 5 years, interfering with
work; the calves themselves cannot be put to work until age
14. 1t is less problematic for the user of elephants to capture
young adults in the wild and train them for work. Though
training is an arduous and difficult process for both the ele-
phant and the trainer, the effort is justified by the longevity
of the elephant. Once trained, their working life may span
decades. Breeding, when it occurs, is carried out by allowing
the captive cow to return to the wild for mating with wild
bulls. She is then enticed back to captivity by a mahout who
specializes in this task.

Contemporary use of the Indian elephant persists in Asia,
mainly in India, Sri Lanka, and the forested nations of the
southeast Asian peninsula. Uses include ceremonial and ritual
activities and labor. In New Delhi, the bejeweled and silk-
draped elephant is a standard feature at the poshest weddings,
frequently seen in the parking lots of the five-star hotels on the
day of the wedding celebration. Elephant rides are alsc a pop-
ular tourist activity. In the forests and timber plantations, ele-
phants are used for land clearing and to carry, load, and unload
logs for the timber industry, but these activities are becoming
increasingly mechanized, and the role of the elephant is di-
minishing, as are the forests themselves (Fig. 2-8). InThailand,
opportunities for working elephants and their keepers have
dramatically diminished, and many elephant keepers have, out
of desperation, taken their elephants to Bangkok to earn a few
baht as street corner performers. The number of working ele-
phants in the country is down to about 2,000, compared with
about 11,000 in the mid 1960s.

Both the wild Indian elephant and the wild African elephant
are considered endangered species. The greatest threats to
them, particularly the African elephant, have been the ivory
trade and the loss of habitat. In recent years, the ivory trade has
been in the public eye, and protective legislation has eased this
pressure somewhat. However, the pressure on habitat from en-
croachment by expanding human activity goes on essentially
unabated.



Figure 2-8. Adult and young elephants during bathing time at the Pinnawala
elephant orphanage in Sri Lanka. The expansion of agricultural development
into traditional elephant habitat has brought elephants and farmers into

conflict. The killing of elephants has led to increased numbers of elephant
orphans, many of which are cared for at this orphanage. (Photo by Dr. David

M. Sherman)

Domestication of Pest-Destroying Mammals

Once societies became settled, established households and
began to store grains, these activities invited pests in the form
of rodents, snakes, and insects. The domestication of several an-
imals is closely intertwined with the need to control such
pests. These animals include the ferret, the mongoose, and
the cat.

Ferret and Mongoose

The origins of domestication of the ferret are not well known.
Some authorities believe it occurred in Europe about 500 sc,
while others cite evidence to suggest it began 1000 years ear-
lier. Ferret nomenclature is a bit confusing. The progenitor
species is considered to be the European ferret, or European
polecat, Mustela putorius, a member of the weasel family, Mustel-
idae. The domesticated form may be referred to as the stoat,
ferret, polecat, or fitch ferret. This is a true domesticated animal in
that control of breeding is under human supervision. As late
as the 5th century Bc, it was the ferret, and not the cat, that was
feared by the mouse, at least according to Greek fables of the
time. While reasonably effective in controlling household
pests, ferrets found particular use in ancient times for the con-
trol of rabbits, which periodically threatened crops. The ferret
was sometimes muzzled and placed in rabbit warrens to drive
the rabbits out for capture. There has been a surge of popular-
ity in keeping domesticated ferrets as pets in the United States
in recent years, accompanied by concerns in the public health
community over the issues of infant bites and rabies control.

The mongoose, also referred to as the ichneumon, is not a true
domesticate, in that breeding is left to the animals themselves.
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Mongooses are basically tamed wild animals that
enter into commensal relationships with human be-
ings. They will move freely in and out of homes and
interact with human beings and are demonstrably
affectionate. Yet they remain wild animals, undif-
ferentiable from their free-living kin. There are 32
different species of mongoose in the family Viverri-
dae, which also includes civets and genets. Through-
out much of Asia and Africa, people open their
homes to the mongoose, sometimes as a diversion,
but mainly to control rodents and snakes. The first
people to do so in any consistent manner were prob-
ably the Egyptians, and the Egyptian mongoose was
included in the pantheon of animals held sacred by
this ancient civilization. The mongoose is an excel-
lent snake hunter and is indelibly linked with the
cobra in popular culture, thanks to Rudyard Kipling’s
famous tale of the mongoose Rikki Tikki Tavi. The
traveler to India and Pakistan is constantly reminded
of this story. Virtually every tourist shop has a shelf
full of dusty, crudely wrought, taxidermic specimens
of a cobra and mongoose perpetually entwined in
a frozen tableau of fierce combat, their glass eyes
pleading for release.

Cats

The domestic cat, Felis catus, is derived from the wild cat, Felis
sylvestris, a small, felid carnivore of Europe and Asia with a
striped tabby pelage. The animal shows some clinal variation
in body size, being shorter and stockier in northern climates
and longer legged and rangier in warmer southern regions.
This accounts for some of the variation in body size and shape
for domestic cats, which, apart from some highly selected
breeds, are remarkably unchanged from their wild ancestors.

The domestication of the cat is a relatively late development in
human society. The earliest records come from ancient Egypt
about 2500 Bc, but cats begin to figure prominently in depic-
tions of everyday life much later, during the New Kingdom,
after 1600 Bc. Cats fared very well in Egyptian culture. They
were kept in households but were also considered sacred to the
goddess Bast, and killing them was forbidden. Cats that died
were taken to the city of Bubastis for mummification and bur-
ial in sacred sites. The number of cats treated in this way is stag-
gering. In the early 20th century, 19 tons of cat mummies were
excavated in Egypt by entrepreneurial opportunists, shipped to
Britain, ground up, and used for fertilizer! One cat skull from
this shipment sits in the British Museum as mute testimony
to this feline journey from the sacred to the profane.?

Historically, few cultures celebrated the cat with the enthusiasm
and respect of the Egyptians. As Christian doctrine evolved and
Christianity spread through Europe, the cat came to be a reviled
creature, It was believed to be an agent of the devil, and cats
were mercilessly persecuted and abused for centuries. As late as
the 17th century, witches were identified and brought to trial
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on the basis of their association with the keeping of cats, which
were labeled familiars. Familiars were regarded as demonic an-
imal companions that carried out the evil intentions of the
witch. Only in recent times in western society has the cat re-
gained favorable status as a beloved pet. If no longer deified,
cats at least are treated royally in many households.

The cat is unusual as a domesticated animal for two reasons.
First, the wild cat is a strongly territorial animal, solitary in
its behavior. This is in contrast to most other domesticated
animals, which move in herds or packs, are nonterritorial, and
maintain social dominance hierarchies. The domesticated cat
was not a workable concept for mobile societies. Once people
settled, however, the domestic cat could be accommodated, for
it is willing to adopt the household as its territory and share
control, albeit begrudgingly at times, with the human head of
household. Secondly, at the time of domestication, the cat of-
fered no clear utilitarian advantage to its domesticators. While
the cat has pest control ability, it is, in fact, less efficient in
this line of work than the mongoose or the ferret, which were
also domesticated for this purpose. It is the cat’s undeniable at-
traction as a companion animal, appreciated by the Egyptians
almost 5000 years ago and rediscovered in our own culture,
that has ensured its comfortable place in human society.

Notable Nonmammalian Domestications

Hunter-gatherers identified a wide range of potential foods
of animal origin that extended beyond mammals. Birds’ nests
were robbed of eggs, fish were pulled by hand from shrinking
ponds during hot periods, and beehives were looted for honey.
However, domestication of nonmammalian species did not de-
velop in earnest until the Neolithic period, as the nomadic
lifestyle was not compatible with tending bird flocks, fish
ponds, or beehives. These developments required the seden-
tary lifestyle that was born of land cultivation and the conver-
sion from food procurement to food production. A brief
history of the domestication of some significant nonmarm-
malian species follows.

Birds

Domesticated chickens, turkeys, ducks, and geese are well
known to us in our own age as poultry, i.e., domesticated land
and water fowl raised primarily for meat and eggs. With over
8000 species of birds on the planet, why were these four the
birds chosen for domestication? One part of the answer, no
doubt, is their suitable size—recognized to this day as appro-
priate for a family meal, especially in places where there is no
access to refrigeration. More important, perhaps, is their nest-
ing behavior. All of these birds are ground nesters, which made
their eggs and chicks relatively easy to locate and obtain for
even the most casually observant hunter-gatherers. Given the
fact that a newborn hatchling will imprint upon and follow
the first parental figure it observes, it is not difficult to imag-
ine how easily the progenitor species of these land and wa-
terfowl came into association with human beings and
subsequently became domesticated. A brief history of each do-
mestication follows.

Chickens The domestic chicken, Gallus domesticus, has its ori-
gins in Asia. The progenitor species is the red jungle fowl, Gal-
lus gallus, which is distributed widely across the continent.
Recent evidence suggests that domestication was under way in
Vietnam over 10,000 years ago. Until this discovery, conven-
tional wisdom held that the chicken was domesticated in India
by about 2000 zc, associated with the Indus valley civilizations.
Given the ease with which wildfowl could be captured and
confined, multiple sites and times for domestication are likely.
The early motivation, at least in India, may have been for spir-
itual and entertainment purposes more than for food, since
reading the entrails or bones of chickens was an accepted form
of divination, and there is evidence that cockfighting was prac-
ticed in the Indus valley cultures.

From India, the chicken was introduced through trade and
conflict into Persia, the Near East, and Greece, sometime be-
tween 800 and 700 Bc. The first evidence of chickens in an-
cient Egypt came from the tomb of King Tutankhamen, dating
their arrival from the East sometime before 1350 Bc. The
chicken reached Rome after 500 Bc, and poultry breeding was
a well-documented science there by the 1st century Bc. The
chicken probably did not enter the New World until the 16th
century, when it was introduced by European explorers and
CONQUuETOIS.

Today, most of the eggs and chicken meat produced in the in-
dustrialized world comes from intensively reared birds main-
tained in highly mechanized and carefully managed
confinement units. This intensive approach to production has
been spreading rapidly in recent years to developing nations
in Africa, Asia, and Latin America, to meet growing demands
for animal protein as economies expand. Nevertheless, the
free-ranging chicken remains a ubiquitous feature of the rural
village landscape wherever people settle to work the land.
Chickens are excellent scavengers and can provide meat, eggs,
feathers, and cash income to small farmers and villagers who
need to expend very little to sustain them. Roosters also con-
tinue to provide traditional entertainment in the form of cock-
fighting, a blood sport still practiced in many countries
throughout the world, including the United States.’

Turkeys The turkey is the only animal originally domesticated
in the New World that has achieved a worldwide distribution
of economic importance. There are two indigenous turkey
species in the New World, the wild turkey, Meleagris galiopavo,
whose original range was North America, and the ocellated
turkey, Meleagris ocellata, more restricted to southern Mexico and
Central America. M. gallopavo served as the progenitor of the do-
mesticated bird. The history of domestication is not well doc-
umented. It is believed that indigenous people in what is now
Mexico and the southern United States kept turkeys, at least cap-
tive turkeys, before the development of the great Aztec civi-
lization. The turkey was well domesticated by the time Cortez
reached Mexico and had been brought back to Europe by 1524.

How the turkey got its English name is unclear. At the time it
was introduced into England, there was considerable trade
going on with Turkey, and the peafowl had been introduced



around the same time. The birds, both new to the populace,
may have been confused in people’s minds. Turkeys now have
a worldwide distribution and, like chickens, are raised both
under free-ranging traditional systems as well as intensively
managed systems. Artificial selection has produced a bird quite
different phenotypically from its wild ancestor. The selection
for increased breast meat has created a conformation in the
modern commercial turkey that interferes with natural breed-
ing, and these birds must be propagated by artificial insemi-
nation.

Other Gallinaceous Birds The turkey and the chicken are
classified as gallinaceous birds—large land-dwelling birds that
nest on the ground. Other members of this group have also
been used by humans, including peafowl, guinea fowl, par-
tridge, quail, and pheasant. These birds, though bred in cap-
tivity, have not been subjected to much artificial selection, so
their status as true domesticates is nebulous. The reason they
have not been manipulated is thac their attraction to human so-
ciety is embodied in their wild characteristics. For example,
the extraordinary beauty of the tail feathers of the male Indian
peafowl, Pavo cristatus, cannot be improved upon. The peafowl is
indigenous to the Indian subcontinent, and traders early on re-
alized that the peacock made an excellent gift of introduction
when trying to establish new markets in the Near East and
Europe, where the showy birds appealed to the nobility as sta-
tus symbols and objects of splendor. They continue to serve
today as living lawn ornaments whose aesthetic appeal is
somewhat undermined by their loud, squawking call.

The guinea fowl, Numidia meleagris, is indigenous to Africa and
was introduced to ancient Greece in the 5th century through
trade with Carthage. Curiously it did not persist and was rein-
troduced to Europe 1000 years later by the Portuguese, who
rediscovered the bird in their explorations of West Africa. The
bird is still common in the wild state in Africa and is often seen
scurrying into the brush along the roadside to hide from ap-
proaching cars. The bird has an attractive spotted plumage and,
like the peacock, is sometimes raised in captivity and kept as
an ornamental bird. Guinea fowl have been consumed as food
throughout history, but the bird does not lend itself to mass
production as it does not adapt well to confinement.

Partridge, quail, and pheasants, as well as turkeys, are raised in
captivity primarily for release into the wild as game birds for
hunting. Again, these birds are not modified by artificial se-
lection, as it is their “wildness” that is the attraction to hunters.
One particular partridge, the Chukar, Alectoris chukar, of south
Asia is prized as a fighting bird. It is a common sight in west-
ern Pakistan to see turbaned men passing by on bicycles with
a characteristically domed and cloth-covered structure fastened
securely to the back fender. This is the wooden Chukar cage,
and the man and the bird are on their way to the fighting com-
petitions. The Chukar has been introduced into North America
as a game bird and is found in rocky arid regions of the west-
ern states, a habitat similar to their natural habitat in Asia. The
ring-necked pheasant that is now common in the woods and
farmlands of the northern United States is also an introduced
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species from Asia, successfully established in the United States
in the late 19th century.

Ducks Most varieties of domesticated ducks have been derived
from the well-known and widely distributed Mallard duck,
Anas platyrhynchos. The main center of domestication is consid-
ered to have been China, and indeed, to this day, duck remains
a more popular form of poultry in the far Fast than in the west-
ern world. The white Peking duck is the variety most often
raised commercially in the United States for meat production.
One specific duck domestication is known to have occurred
separately in the New World, that of the Muscovy duck, Cai-
rina moschata, whose natural range is from Mexico south to
Uruguay. Interestingly, this duck is a tree nester, and the cir-
cumstances under which its domestication occurred are not
well known. Nevertheless, it is a common farmyard bird in
Latin America and is also seen in parks in the United States. The
domestic form has variable colors from dark purple to black
and white to all white, and the male has a red fleshy mask
around the eyes.

Geese and Swans Geese have been kept by humans since Ne-
olithic times, first as captives, then as domesticates. There are
likely more than one progenitor species, but the principal one
is considered to be the greylag goose, Anser anser, a wild north-
ern Eurasian species and subject of intensive behavioral stud-
ies by the famed ethologist Konrad Lorenz.® Goose
domestication most likely occurred independently at several
locations, with evidence coming from China, ancient Egypt,
and later, Greece. The Romans valued the goose primarily for
its feathers for use in arrow making. In our own time, the
goose feather, in the form of down, has gained popularity as
a natural insulating material for outerwear in cold climates. The
goose is not a major poultry type, its use as a meat bird is often
restricted to holiday use, though the specialty market for goose
liver pate persists. The goose is highly alert. Its keen hearing,
loud honking, and aggressive territorial attitude made it an ex-
cellent home security system long before the invention of elec-
tricity, and it is still in use in rural areas today.

The domestic swan is the aquatic equivalent of the terrestrial
peafowl], i.e., a bird prized for its beauty above all else. The
mute swan of Europe, Cygnus olor, is the species that has been
domesticated or at least bred in captivity. As with the peafowl,
there has been little attempt to alter the original form of the
bird through artificial selection. After all, who could improve
on the swan?

Other Birds Birds, even more than mammals, have provided
the most diverse services to human society. Some of the tradi-
tional uses of birds have been rendered obsolete by techno-
logical advancement, but their place in the history of the
human-animal relationship deserves mention.

The domesticated pigeon (rock dove, rock pigeon), Columba do-
mestica, served a critical role in communications. The homing
instinct of the pigeon (or synonymously, dove) was recognized
in biblical times. Noah first sent a raven from the ark to de-
termine if dry land could be found, but the raven did not
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return to the ark. When he sent the dove, the dove returned
with the olive branch, signifying dry land. The Romans used
pigeons extensively for communication in warfare. Both the
Arabs and the Europeans used them during the Crusades. Not
until World War I was the pigeon effectively replaced by mod-
ern communication technology. Pigeons also have served as a
source of meat and remain a feature of some cuisines, notably
in Arab countries. The ancient Romans apparently pioneered
some disturbing practices in relation to pigeon husbandry. It
is recorded that the birds’ legs or wings were broken to keep
them easily in confinement while they were fattened with
chewed bread and other rich feeds.

Falconry, or the training of captive raptors for hunting game,
has a long and noble history, noble in the sense that the prac-
tice was associated mainly with kings, sultans, emirs, princes,
and other various nobility. The art of falconry was developed
and advanced mostly by the Arabs but was enthusiastically
adopted by European royalty as well. The birds most com-
monly captured and trained were peregrine falcons and gyr-
falcons, but a wide range of raptors has been used or at least
tested over the years. Traditional falconry practices are still an
important aspect of Arabian culture (see Chapter 7, sidebar,
Houbara Brouhaha in Pakistan). Elsewhere, the practice per-
sists mostly as a hobby.

The ostrich, Struthio camelus, is well known to us as the large,
flightless, wild bird of the African savanna. They have always
been hunted by indigenous people. The Romans exploited
them cruelly in their circuses as entertainment, decapitating
them and watching them run around headless. Ostrich feath-
ers have been valued for adornment, both by local tribal
groups and by the international millinery trade. Only in recent
history have efforts have been made to use the ostrich in any
organized way as a meat and leather-producing animal. The
Erench first bred ostriches in captivity in Algeria in the 19th
century to supply feathers for the Furopean fashion
market. In recent times, the South Africans have
taken the lead in developing husbandry and man-
agement practices for the commercial production of
ostrich meat and leather. In the last 10 years, ostrich
farming has become established in the United States,
Australia, and several European countries. Similarly,
the native ratite of Australia, the emu, is also now
raised in captivity to provide a variety of products,
and emu farming has also been embraced in the
United States. Veterinarians have had to add two new
species to their list of animals about which they are
assumed to be thoroughly knowledgeable.

A great variety of bird species have been kept by
people throughout history as companions, prized ei-
ther for their song (e.g., canaries), their intelligence
(e.g., crows), or their ability to talk (e.g., mynahs
and parrots). The penchant for keeping birds still
runs strong in many cultures (Fig. 2-9). In towns
and villages around China, for instance, it is com-
mon to see the elderly gathered at outdoor teahouses

whose proprietors have hung numerous cages of songbirds
amid the trees to attract customers. It is a peaceful and pictur-
esque scene, appealing to the eyes and the ears.

Some species of caged birds, like canaries have been modified
notably by artificial selection to produce different breeds and
can be considered truly domesticated. Others have been bred
in captivity but left unaltered. Many species are simply cap-
tured from the wild. The illegal trade in wild birds such as par-
rots and macaws has increased in recent years in response to
consumer demand for exotic pets in affluent societies like the
United States. This has become a major issue in wildlife con-
servation, as some species are threatened with extinction. This
issue is discussed further in Chapter 7. Smuggled birds also
pose a potential health threat to poultry and wild birds in the
countries where they are introduced and have been responsi-
ble for major economic losses due to avian disease outbreaks.

Fish

Fishing is a very early development in the history of human
innovation in the search for food. Fishhooks and fishnets date
back about 25,000 years. It is not well established when hu-
mans first hit upon the notion of stocking fish in ponds, but
there is evidence that early settled agricultural civilizations, in-
cluding Mesopotamia, Egypt, and the Incas of Peru developed
at least rudimentary methods of maintaining fish ponds. The
most detailed record of such activities comes from China,
where the Eurasian carp, Cyprinus carpio, was domesticated at
least 3000 years ago, primarily as a food fish. The carp was well
integrated into farming activities. It was kept in ponds and fed
household garbage and agricultural wastes on which it thrived
to produce fish for consumption and sale. The Chinese also do-
mesticated a second carp, Curassius vulgaris, initially for food, but
subsequently for aesthetic reasons. This became the domestic

Figure 2-9.

Songbirds and fighting birds are a major source of pleasure and
entertainment for people in much of Asia. This is a typical bird shop in Quetta,
Pakistan, one of many specializing in the sale of birds and bird-related supplies.
(Photo by Dr. David M. Sherman)



goldfish. Through the breeders’ art, the goldfish has been
transformed into a tremendous array of ornamental breeds,
frequently the subject of traditional Chinese art. The Romans
successfully domesticated the moray eel, Muraena muraene, as a
food fish and developed appropriate husbandry techniques to
maintain them in saltwater pools.

Currently, there is an upsurge of interest in the captive rear-
ing of fish, for both commercial and recreational purposes. The
major thrust is in aquaculture, in which new techniques and
new industries are being developed for large-scale production
of a wide variety of fish and shellfish species for human con-
sumption. This activity is spurred, in large part, by the fact that
fish catches of wild commercial species are on the decline
worldwide, largely because of overfishing. Technical develop-
ments in aquaculture are discussed further in Chapter 4. In ad-
dition, the demand for ornamental tropical fish by aquarium
hobbyists is expanding, at the same time that the world’s coral
reefs, the main source for such fish, are being degraded by pol-
lution and overexploitation. The profit motive as well as con-
servation concerns are encouraging efforts to develop new
capabilities for the captive breeding of such tropical fish for
the aquarium marker.

Insects

Even insects have been the focus of domestication efforts. As
much as prehistoric humans liked honey from the wild bees’
hive, they no doubt did not enjoy being stung. By at least 2600
BC, the ancient Egyptians had figured out that they could sup-
press the bees’ defense of their hive by smoking them out. The
Egyptians understood the social organization of the honey-
bee and began the practice of providing hive space to prevent
swarming and leaving some honey in the hive after harvesting
so the bee colony would persist. These practices were dissem-
inated widely throughout the early civilizations. Even with the
advent of sugar production from cane and beets, beekeeping
survives to this day in both the developed and developing
world. When you drive along the roads in parts of Africa, you
will see hollowed logs hanging from tree limbs by a rope or
thong. These are beehives tended by local people (Fig. 2-10).
The practice persists from ancient Egypt. Some technologies
are so elegant in their simplicity that they last forever.

Though the number of insects that have been domesticated is
limited, very few animals of any kind have had the broad so-
cial impact of the domesticated silkworm. Silkworms are the
caterpillars of several genera of moths, most notably the genus
Bombyx. These caterpillars feed solely on leaves of the mulberry
tree and spin cocoons of fine silk thread that can be over a mile
in length when teased out into a continuous strand. Silk is, and
always has been, a highly desired raw material for textile pro-
duction since the Chinese began to use it in this fashion prob-
ably close to 4000 years ago. It is the desire for silk from the
East, more than any other commodity that encouraged early
trade across central Asia between Europe and China. In the
process, an enormous amount of intellectual, technical, and
cultural exchange took place. The distribution of domestic an-
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Hollowed-log beehives hung by villagers for a
source of honey in Ethiopia. (Photo courtesy of Dr. Michael Goe)

Figure 2-10.

imals themselves, such as the horse, donkey, and camel, grew
more widespread as a result of this trade. These are consider-
able accomplishments for a caterpillar.

Other Domestications, Present and Future

In important ways, the history of animal domestication reflects
the history of human social development. As illustrated in the
previous discussion, there were right times and right places for
specific domestications to take place, depending on the state
of human society. For Paleolithic hunters, the dog was a use-
ful partner in the hunt. For the emerging nomads, the sheep
and goat were suitable replacements for diminishing wild prey.
For the Neolithic agriculturists, the ox was an excellent work
animal for preparing the soil for cultivation. For the merchant
class that developed out of agricultural settlement, the don-
key and the camel represented a better way of moving goods
to facilitate trade. For the generals and politicians of city-states
intent on empire building, the camel and the elephant repre-
sented tactical advantage in warfare.

Human cultural evolution is a dynamic process, and it will
continue to include animals, both domesticated and wild.
Technological advances will continue to diminish human de-
pendency on animals for labor. However, the increased leisure
time that labor-saving devices produce stimulates interest in
animals from the recreational perspective. Colorful coral reef
fish and talking birds of the rainforest are but two examples of
creatures now in the early phases of domestication (i.e., cap-
tive breeding) to meet increased recreational demand.

Increasing affluence, or mass buying power, also creates new
demands for consumer goods of animal origin. This also
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stimulates new efforts in captive breeding and domestication.
Fancy leathers and luxury fibers such as cashmere and silk are
no longer extravagances restricted to royalty and robber
barons. The legendary Silk Road now leads to your neigh-
borhood mall. Alligator and ostrich farming are becoming
established industries to meet the growing demand for fine
leathers, and there is renewed interest in domestication of the
vicuna, whose soft, fine hair is highly valued as a textile fiber
and status symbol. However, the animal product for which
demand is most increased by affluence, is meat.

As discussed in Chapter 1, the emergence of growing middle
classes in countries of the developing world has led to in-
creased meat consumption. Not unexpectedly, this demand is
being met largely through expansion of existing meat animal
industries such as intensive swine and poultry production and
expansion of cattle ranching. However, economic, environ-
mental, and ethical issues are frequently associated with the in-
troduction of intensive livestock production and ranching in
developing countries, and alternative approaches need con-
sideration, including new domestications. For example, in
many parts of Africa, particularly in west Africa, cane rats (Thry-
onomys spp.), also known as grasscutters, and giant rats (Crice-
tomys spp.) are traditionally prized as a source of meat.
Obtaining these rats means trapping and hunting in the forests,
with the result that many other species, some endangered,
are opportunistically captured by the hunters. There are cur-
rently efforts ongoing to domesticate these rats for caged pro-
duction by villagers, a small-scale economic opportunity akin
to rabbit raising, which would increase the availability of meat
for urban markets and reduce hunting pressure in the shrink-
ing forests. An analogous situation exists in central America,
where cattle ranching has had a negative impact on the envi-
ronment. Two Central American rodents, the diurnal agouti
(Dasyprocta mexicana and D. punctata) and the nocturnal paca (Agouti
paca) both offer potendal for domestication as a source of meat.
In Costa Rica, the paca is highly prized for its meat, preferred
to beef by many people.”

Persistent poverty and population growth are also stimulat-
ing new frontiers in domestication. In many parts of the
world, rural peasants still depend on animals for draft power
and food. There are local wild animals that may still provide
the basis for successful domestications to meet localized
needs, consistent with local climate, terrain, and culture. An-
imal breeders, scientists, and development workers, for ex-
ample, have identified a number of little-known Asian
animals with promising economic futures.® These include
wild bovine species such as the gaur, kouprey, tamaraw, and
anoa as well as wild and feral pigs and piglike species, in-
cluding the Sulawesi and Javan warty pigs, the pygmy hog,
and the babirusa. In Russia, the large wild herbivore, Alces
alces, known in Russia and Europe as the elk, but in North
America as the moose, has been successfully domesticated to
provide a domestic animal with economic potential for the
indigenous people living in the inhospitable taiga regions of
Russia. The animal fills a similar niche for taiga people that

the reindeer fills for the tundra people further north. The an-
imals are herded like reindeer, and the females are regularly
milked by hand.

Veterinarians should be actively involved in all efforts to do-
mesticate a new species. Though the situation of each new do-
mestication will differ, veterinarians have the fundamental
knowledge to advise and assist in the initial efforts to capture,
restrain, and move wild animals; identify and manage stresses
associated with captivity; and anticipate, identify, and manage
disease probiems that arise from the placement of animals in
new systems of management and production. Incredibly, teams
of scientists working together today may be able to accomplish
in the span of a few generations, what our ancestors accom-
plished through extended observation and trial and error over
the span of millennia.

Discussion Points :

1. Why was the North American bison decimated instead of
domesticated? What advantages were perceived for grazing
cattle on North American rangelands in the 19th century
instead of bison? At present, there is still conflict between
cattle and bison around Yellowstone National Park,
ostensibly over the issue of brucellosis transmission. Is
brucellosis in bison a genuine threat to cattle? What other

factors may be at play in this conflict?

2. Historically, Africa has not been a productive source of
domesticated animals. However, there is interest today in the
potential for domesticating some wild ruminant species of
the African savanna as potential sources of meat production.
Which animals might lend themselves to domestication?
What advantages might they offer over cattle in Africa as a
commercial source of meat? What disadvantages? What
opportunities and challenges do such domestications offer
to veterinarians?

3. How has the increased popularity of ornamental fish,
psittacine birds, and other exotic creatures affected the
practice of veterinary medicine in your area? Does
veterinary school prepare you to deal with these species?
What resources are available to increase professional
knowledge in relation to exotic animal practice?

4. Despite their great strength and versatility as timber
workers, elephants are subject to serious traumatic injuries
from this heavy work. Do such injured animals receive
adequate veterinary care in the countries where they work?
If not, what are the obstacles to adequate care? How could
you find this out? How can veterinarians in your country
contribute to the health care of working elephants in other
countries?

5. What is the current situation regarding efforts to
domesticate the vicuna? What is the status of the wild
vicuna in South America? Identify some instances in which
domestication efforts could actually assist in protecting

threatened and endangered species.



6. In your own society, how are attitudes and values changing

concerning the human use of domesticated anirnals,
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OBJECTIVES FOR THIS CHAPTER

After completing this chapter, the reader should be able to
* Identify key historical, cultural, and geographical factors that influence attitudes
concerning the use of certain animals for food and other purposes in society
* Recognize contrasting patterns of human-animal interaction in developed and
developing countries and some key reasons for these differences
* Appreciate the importance of understanding this diversity of attitudes and practices,

to be able to work effectively in a global context



Introduction

As discussed in Chapter 2, early humans initially used domes-
ticated animals such as the sheep and goat for the same rea-
sons they used wild animals—to provide materials to meet
their basic needs, including meat for food, skins for clothing
and shelter, and bones for tools and weapons. With settlement
and the beginning of plant cultivation, came new utilitarian
roles for domesticated animals, with oxen, donkeys, and water
buffalo providing draft power in support of agricultural ac-
tivity. As societies became more complex, the use of animals in
war and commerce also grew, with horses and camels assum-
ing significant roles.

Agriculture, by facilitating food surpluses, spurred the diver-
sification of human society. Bands of hunter-gatherers became
villagers. Villages expanded to towns and to city-states. Civi-
lizations with distinct identities developed, replete with codes
of behavior, class structures, systems of governance, and dis-
tinct religious practices and beliefs.

Animals, which played such important utilitarian roles in peo-
ple’s daily lives, also took on significance in the cultural prac-
tices and religious doctrines of these emerging civilizations.
It is beyond the scope of this book to detail the spiritual and
cultural functions of animals in the ancient civilizations—the
Sumerians, Babylonians, Assyrians, Egyptians, Greeks, Romans,
and others all had their specific beliefs and practices involv-
ing animals. A useful resource on the symbolic role of animals
in religion and society through history is Animals with Human
Faces: A Guide to Animal Symbolism by Beryl Rowland.* The extent to
which animals defined the spiritual and social life of ancient
peoples is suggested by the example of Egypt, which is de-
scribed here only briefly.

Animal-centered beliefs in ancient Egypt were rich and varied.
This may not have been the first civilization to express such di-
versity in the human-animal relationship, but it is certainly the
best documented among early civilizations. Divine associations
with animals were a major aspect of ancient Egyptian religious
practices. Many gods assumed animal forms, such as Ra, the
falcon; Thoth, the ibis; Apis, the sacred black bull; Bast, the cat;
Amun, the ram; and Anubis, the jackal. People gained merit by
worshipping and caring for animals. Animals were ascribed
human spiritual characteristics. Astronomical events were
linked to animals as well, suggesting an awareness of the im-
portance of the daily solar cycle to agriculture and human life.
For instance, the crescent moon was believed to represent the
curved horn of the aurochs or wild bull. The solar eclipse was
explained as the serpent god, Apep, principal enemy of the
king of gods, Ra, allegedly swallowing the barge that daily car-
ried the sun across the skies over Egypt.

The Egyptians maintained wild animal preserves and stocked
them with wild game for hunting. They trained cats as hunt-
ing partners to retrieve game birds. Many wild mammals, if
not domesticated, were routinely tamed. Pet keeping was
widespread, and lap dogs of small stature were favored, sug-
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gesting fairly extensive knowledge and application of selective
breeding programs.

Vestiges of ancient Egyptian customs still persist today among
peoples of the Nile river basin. Healing priests of the Nuer
tribe, a pastoral people of the Sudan, still wear leopard skins as
an indicator of their professional status, just as healing priests
did in the Nile delta thousands of years ago.¢ In ancient Egypt,
the hippopotamus was considered a goddess of fertility,
revered by pregnant women. Today in Queen Elizabeth Na-
tional Park in Uganda, the source of the Nile, park rangers re-
port problems with poaching of hippopotamus by local tribes-
men who sell the hippo meat in nearby villages as a treatment
for female infertility.

As the Egyptian case points out, ancient polytheistic religions
frequently represented their gods in animal form or associated
certain animals with them. As some gods were good and some
were bad, the animals too, were perceived as benign or evil. In
Egypt for example, the cat, associated with the benevolent god-
dess Bast, was held to be so sacred that if a cat died naturally
in a house, the household members mourned by shaving their
eyebrows. If someone killed a cat, it was considered a capital
offense. Alternately, the pig, associated with the malevolent god
Seth, was shunned. If a person accidentally was brushed by a
pig, that person would run to the river and plunge in fully
clothed for cleansing. Pig herders made up an “untouchable”
class, and no one outside that class would offer a daughter in
marriage to a pig herder.

Among the monotheistic religions, with their proscriptions
against idolatry, the representation of God in animal form was
no longer acceptable, and animals were less likely to be con-
sidered representative of certain types of moral behavior. Nev-
ertheless, Judaism, Islam, and Christianity have made value
judgments concerning the social acceptability of specific ani-
mals, particularly with regard to an animal’s suitability as food.
Religious prohibitions against eating certain types of animals
are generally considered articles of faith, i.e., doctrines handed
down directly by God to the faithful. However, more-secular
explanations for these beliefs are worthy of consideration. An-
thropologists studying the evolution of human culture have
asked if these proscriptions are obeyed because they are reli-
gious doctrine or, rather, have these proscriptions found their
way into religious doctrine because they serve the culture in
some important and rational way? This is not merely an aca-
demic question. It has practical significance for anyone in-
tending to work cross-culturally. This would include veteri-
narians who believe that animals have a significant role to play
in feeding the world’s hungry. Sensitivity to the foodways of
different cultures and a basic understanding of their origins
are critical to making appropriate decisions in the selection,
planning, and implementation of efforts concerning the de-
velopment of animal agriculture.

The anthropologists’ perspective has special value here. It sug-
gests that there are distinct geographical, climatic, cultural, po-
litical, and even genetic forces that helped to shape beliefs



54 Chapter 3 Animal Domestication and Human Society

concerning the use of animals as food. Ultimately, the accept-
ance or avoidance of a specific animal food source may repre-
sent an economic decision by a social group. Such decisions
are economic in the sense that they weigh the costs of using
an animal as food against the benefits of doing so. Consid-
ered in such decisions may be the cost of raising a certain an-
imal for food against the resource base available to produce
it; the opportunity cost of using that animal for food as op-
posed to another type of available animal; or, the value of al-
ternative societal uses for the particular animal other than as
food, for example, draft power.

Food Preferences and
Prohibitions

In the following sections, the development of important ani-
mal food preferences and prohibitions are reviewed, and the
factors that contribute to a society’s collective view of that an-
imal are identified, with emphasis on the decision to use it or
not use it as food. The topics include Judaic and Islamic pro-
scriptions against pigs, Hindu deification of the cow, cultural
attitudes about eating horse meat, the geography of milk
drinking, the eating of insects, and the keeping of dogs as pets.

Proscriptions Against Pigs

For the Jews, pigs are identified as unclean, and the consump-
tion of pork is an abomination. The ban is part of a whole set
of dietary rules and restrictions spelled out in Leviticus, the
third book of the Torah, the written law of the Jews as revealed
to Moses and Aaron by God. With regard to the animals that
dwell on land, God commanded that the Jews could eat only
an animal that “has true hoofs, with clefts through the hoofs,
and that chews the cud.” Specifically proscribed, as not be-
longing to that category are the camel, which chews its cud
but does not have a true hoof, and the pig, which has a true
hoof but does not chew its cud. Acceptable for consumption
were the true-hoofed, cud-chewing ruminant animals, sheep,
goats, and cattle. From a strictly religious perspective then, the
ban on pork is accepted as the word of God. However, some
anthropologists contend that the biblical prohibition against
pigs can also be interpreted as a logical decision concerning
the use of marginal resources among a people living in a dif-
ficult environment.2

The early Jews were essentially a herding society who kept
sheep and goats in the semiarid grazing lands of the Near East,
beyond the eastern shore of the Mediterranean Sea. Though
pigs existed in the Near East, they were kept by people in
forested areas of the region. Pig keeping was not consistent
with the lifestyle of nomadic herders engaged in extensive
grazing of their flocks on grasslands. Swine are difficult to herd
and potentially dangerous, with long, sharp tusks and an ag-
gressive disposition. Furthermore, the pig is not well adapted
1o hot, dry conditions, requiring water and mud for wallow-
ing to dissipate heat, a difficult requirement for herders with
animals on the move. Finally, pigs, though highly efficient con-

verters of grain, do not perform as well on the high-fiber, cel-
lulose-rich diets of grass, to which ruminants are so well
suited. In summary, the pig was not a very useful animal for
the early nomadic Jews. Having no use for it, they had little fa-
miliarity with it and were, therefore, likely suspicious of it.

As with other peoples in the region, the Jews gradually set-
tled and took up crop cultivation, and the aversion to the pig
took on even greater significance. Ruminant animals contin-
ued to prove their worth under conditions of settlement. In ad-
dition to meat, they produced milk for human consumption,
fiber for textiles, and draft power for agricultural work. The
pig, in contrast, was not a multipurpose animal—its main, if
not sole, use was for meat production. The farmer-generated,
grain-eating predilection of the pig also became more prob-
lematic since now the Israelites were cultivating grain for
human consumption, and the pig was seen as a crop destroyer
and food competitor. As forests were cut and more land came
under cultivation, the natural foraging areas for pigs were re-
duced, bringing them more commonly into conflict with cul-
tivators who increasingly had to protect their fields from raid-
ing pigs.

Finally, religious differences between the Jews and other set-
tled peoples in the region probably solidified negative attitudes
toward the pig. The Jews were committed monotheists. They
wanted to have a distinct identity from the pagan and poly-
theistic religions of other cultures who ate pork and sacrificed
swine in ritual and celebration. Identifying swine as unclean
and pork as unfit for human consumption was a way to dis-
tance the Jewish culture from that of the polytheists. From an
ecological and agricultural systems perspective, given the frag-
ile semiarid environment of the Near East, the Jews’ attitude
toward the pig-first indifferent and then overtly hostile-made
good sense. The pig was inappropriate for the evolving con-
ditions of geography, climate, and land use in their region, and
the Israclites likely recognized this. When cultural and religious
identity was added to the mix, it is not difficult to perceive
how aversion to the pig came to be seen as the word of God.

For veterinarians, the story of Jewish aversion to pork is also
of interest from the perspective of medical science. It has been
frequently suggested that the ancient Hebrew leaders recog-
nized the risk of trichinosis from eating pork and, therefore,
discouraged consumption by religious proscription for public
health reasons. This seems highly unlikely. The muscle cysts
from Trichinella spiralis in swine muscle are microscopic, so pork
meat would not be readily identifiable in ancient times as a
source of illness. The early signs of infection, which occur
within [ or 2 days of ingestion of larva-infected pork, are non-
specific signs of enteritis, namely, diarrhea, nausea, and ab-
dominal pain, which could just as easily be caused by bacter-
ial food poisonings from the meat or dairy products of
ruminant animals. The clinical signs of muscle involvement
in trichinosis do not occur until 1 to 6 weeks postingestion,
so it would be difficult to establish a causal relationship be-
tween pork consumption and the delayed onset of muscular
disease. Finally, most cases of human trichinosis are subclini-
cal, so clinical disease would be infrequent enough that it



would not likely rank high in peoples’ minds as a major dis-
ease concern. In fact, a number of diseases that produce more-
consistent clinical illness, with shorter incubation periods and
higher mortality rates, are readily associated with the reli-
giously acceptable ruminant animals that were the lifeblood of
early Jewish nomadic culture. These diseases include brucel-
losis, anthrax, and food poisoning due to Salmenella spp. or
Staphylococcus aurens. Crediting ancient Hebrews with formulat-
ing public health policy on the basis of an understanding of
the transmission of trichinosis is probably unwarranted. Nev-
ertheless, the 12th century Jewish philosopher and physician
Maimonides has been called the founder of veterinary public
health for his observations on the role of saliva in the trans-
mission of rabies and his recognition of tuberculosis in slaugh-
tered animals.!

Islam also emerged as a monotheistic religion with its roots in
the Near East, several millennia after Judaism. The earliest Mus-
lims were Arabs, a Semitic people of the Arabian peninsula,
whose culture involved herding and nomadic activity. There-
fore, the same ecological constraints on pig raising that existed
for the early Jews also existed for the early Muslims at the time
that Islamic doctrine and practices were being formulated. In
fact, the Near East had become significantly less favorable for
pig raising. By the time the Prophet Mohammed was born, in
the 6th century D, the forest habitats suitable for pigs in the
Near East were almost completely gone. Land degradation
from agricultural use was also widespread, and Arab people,
such as the Bedouins, had long since adopted the use of the
camel] to make the deserts accessible to them in support of
their livelihood as herders and traders.

The sacred book of Islam, the Koran, is believed by Muslims to
be the word of God revealed to the Prophet Mohammed over
his lifetime. From the secular point of view, it is not surpris-
ing then that the Koran retains the prohibition on pigs estab-
lished by the monotheistic Jews, as the ecological justifications
for proscribing swine production had grown even stronger
with the passage of time. More notable is that the Judaic pro-
hibition against eating the camel is not retained in Islam. This
decision not to proscribe camels may have a pragmatic expla-
nation. Arabs did not routinely eat camels as a matter of course.
The camel was too valuable as a draft animal. However, Arabs
of the time depended on the camel for all manner of survival
under harsh desert conditions. If lost in the desert, an Arab’s
life might depend on eating the accompanying camels. It
would not have been conducive to winning converts to Islam,
if camel consumption had been proscribed in the Koran.

As with Judaism, cultural and religious factors likely con-
tributed to strengthening the Muslim bias against pigs. A major
factor was the ongoing cultural, religious, and political com-
petition with Christianity, the other monotheistic religion that
followed Judaism. The Christians ate pork, and the Muslim ban
on pork may have been one of many effective strategies for dis-
tinguishing the adherents of Islam from those of Christianity.
It was only about 500 years after the establishment of Islam
that the protracted conflict for control of the Holy Land took
place. It can well be imagined that during this period of the
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Crusades, the depiction of Christians as “unclean™ eaters of
pork likely had considerable propaganda value.

Islam has been widely embraced over the centuries, with about
1.1 billion Muslims currently living in the world. There is a
remarkable concordance between the geographical distribu-
tion of Muslim populations and the ecological suitability for
traditional pig raising. For the most part, Islam radiated from
the Arabian peninsula mainly eastward and westward through
a zone of low rainfall sandwiched between temperate zones to
the north and tropical zones to the south. The Muslim world
stretches from dry Morocco in the west, across northern Africa
and the Arabian Peninsula, into the arid zones of central Asia,
and south to the dry zones of India. Some countries, such as
Sudan and Nigeria, for example, have large Muslim popula-
tions in the drier, northern zones but Christian or animist peo-
ples in the wetter, southern zones. It would appear that peo-
ples living in environments not suitable for pig raising were
more amenable to embracing Islam than people in environ-
ments conducive to raising pigs. The most obvious exception
to this pattern is the tropical nation of Indonesia, which has
the largest Muslim population of any country in the world.
Pork consumption occurs in Indonesia, mainly among the
non-Muslim citizens, including the Hindu Balinese and the
urban Chinese.

The Hindu Sacred Cow

Hinduism is the principal religion of India. It has its origins in
the religion of the Aryan people, warlike pastoralist/farmers
from Persia and Turkmenistan who invaded India sometime
between 2000 and 1200 sc and settled the northern plateau
and Ganges river valley regions. The practices of the Aryans
mixed slowly over time with the rituals and beliefs of indige-
nous peoples of the region to produce the beginnings of Hin-
duism. The Aryans and early Hindus were polytheistic and
worshipped a variety of nature gods. They also believed in a
caste system that included a priestly class, the Brahmans. A key
duty of the Brahmans was to conduct animal sacrifices that
served as propitious offerings to the gods. It was the exclu-
sive right of the Brahman priests to kill animals. No one ate
meat unless the Brahmans had conducted the ritual slaughter
and had identified a suitable occasion to justify the sacrifice
and to distribute the meat among people for feasting, It is this
same priestly class of the Hindus today, the Brahmans, who
most steadfastly uphold the Hindu abstention from eating
meat, and who teach that the cow is sacred. How did this dra-
matic turnaround occur?

The Aryans were hard working and industrious, and their agri-
cultural efforts in the Ganges River valley were successful to
the point that expanding human populations, extensive de-
forestation, and progressive land degradation began to un-
dermine the well-being that had been achieved. Farmers liv-
ing close to the river and irrigating their lands were
increasingly subjected to floods aggravated by the extensive de-
forestation of the Himalayan foothills. Farmers who had moved
to peripheral lands beyond the reach of irrigation fell victim
to crop failures from prolonged periods of drought. Earlier
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prosperity was replaced by a marginal, subsistence existence.

Animals for slaughter became scarcer, and the Hindu Brah-

mans, who had been responsible for the slaughter of animals

for redistributive feasting, became increasingly selfish. Animal
slaughter persisted, but the benefits accrued only to the priestly
class, who continued to eat meat in the face of scarcity for the
common people.

By about ap 500, the situation was calamitous for farmers. Sur-
vival on the land became a tenuous prospect. As populations
expanded, farms became smaller. Farmers found that they
could not maintain the diverse forms of livestock that were fa-
miliar to them, because they could not justify feeding them.
Only one animal figured favorably in the cost/benefit analy-
sis of survival. That was the cow. The cow could give milk and
could bear male offspring that as oxen were essential for plow-
ing to break up the tough, sun-baked soils of the northern
Indian plateau for crop cultivation. Cattle also provided ma-
nure in sufficient quantity to enrich the soil.

Around this time, new religious sects arose in the region that
posed serious threats to the hegemony of Hinduism. Both Jain-
ism and Buddhism had wide appeal for common people. These
religions eschewed the caste system, rejected hereditary claims
to priesthood, linked poverty to spirituality, and suggested that
the path to achieving spiritual fulfillment lay with prayer and
reflection rather than animal sacrifice. Jainism and Buddhism
were both noteworthy in their respectful and benign attitudes
toward animals. The Jains disapproved outright of killing any
animal, even insects. The Buddhists permitted flesh eating, but
only if non-Buddhists carried out the slaughter. In the face of
this new thinking and the threat it posed to the status quo, it
is not surprising that the Brahman priests also gradually
adopted and promoted Hindu prohibitions on the eating of
meat to retain religious dominance in the region.

Yet, a prohibition on eating meat falls short of outright sanc-
tification of the cow. What purposes were served in elevating
the cow to godlike status? One explanation is that the deifica-
tion of cattle may have served as a hedge against disaster. Dur-
ing periods of severe drought, when peasants truly faced the
prospect of starvation, the temptation to slaughter the family
cattle for meat to ensure short-time survival was painfully real.
However, in fending off starvation in the short term, farmers
who ate their cattle were courting disaster in the long term.
Without cattle, farmers could not plow, plant, and fertilize their
fields when the rains returned and would, therefore, surely
starve in the long run. Since rational decision making in the
face of starvation is not easy, raising the cow to the level of a
god in the minds of farmers may have helped those farmers to
fend off temptation and spare their cows. After all, even under
the direst circumstances, one could not risk eternal unrest by
slaughtering a sacred cow. The Brahman priests may have rec-
ognized the importance of this reasoning in dire situations and
codified the sanctity of the cow in Hindu teachings.

The sacredness of cattle is a core feature of Hinduism today,
and no foreigner travels to India without being struck by the
seemingly curious spectacle of full-grown cattle wandering

unattended through villages and towns and even on busy city
streets. Despite appearances to the contrary, relatively few of
these animals are unclaimed. Cattle continue to be relied upon
as an essential element of production by the vast majority of
Indian farmers with small landholdings. That the catde wan-
der freely, reflects the low level of input that many farmers can
invest in their catle. Indian Zebu cattle are tough and resilient,
bred and selected not for high production of milk or meat, but
for endurance and survival. Many survive by scavenging and
foraging on their own but are available to farmers when
needed for plowing. The keen observer will also note that the
animals’ droppings are not wasted. People, often children, fol-
low behind the cattle and pick up the manure for use as cook-
ing fuel and fertilizer. It remains too valuable to leave in the
streets.

Horses As Food

The eating of horse meat is traditional in central Asian societies
where horse keeping is common, and the practice continues
in developing nations of the region, such as Kazakhstan and
Mongolia. In developed countries, there are varying attitudes
toward consumption of horse meat. It is acceptable in France,
Belgium, and Japan but virtually taboo in the United States,
to the point that there are active campaigns currently under
way by horse welfare advocates to ban the export of slaughter
horses from the United States to other countries where they
are used as food. Historically, the willingness of a culture to
consider the horse as food has been based on economic and
political considerations. Today, in the United States, ethical and
emotional considerations have become the dominant factors,
largely related to the emergence of the horse as a friend and
companion in American culture.

Wild horses were hunted for food in Paleolithic times, but
the domestication of the horse was a postagricultural event that
was motivated primarily by the need for a powerful animal for
traction and transport rather than for food. In fact, the horse
would have been a poor selection for domestication by early
agriculturists had the prime motivation been to develop a
source of animal protein for human consumption. This is be-
cause horses are less efficient converters of grass to muscle
mass than ruminant animals. Though the single-stomached
horse is able to digest cellulose in the cecum, it does so less ef-
fectively than the true ruminants. With this higher nutritional
energy cost, the horse was far more valuable as a work animal
than a food animal.

The traditional horse-based cultures of the Asian steppes val-
ued the horse as their principal means of production. First
and foremost, the horse provided the mobility necessary to
herd huge flocks of sheep over wide areas of marginal grass-
lands. It also became an effective weapon of war, facilitating
the Mongol conquests of Europe and China. However, for
both the herder and the soldier, the horse also served as an
emergency food supply. Most often taken was mare’s milk,
but under conditions of great hardship, when supplies were
short, soldiers would drink the blood of their horses, and



when the horses weakened or died, they would eat their flesh
as well,

Similarly, in Europe, horses were never principally raised for
food. Again the reason was primarily economic. Abundant
forests favored the raising of pigs, and the grasslands of Europe
could be more efficiently used by ruminants, so meat for
human consumption was relatively abundant. Horses were
simply too valuable as work animals to compete with swine
and ruminants as a regular source of animal protein. Never-
theless, the prevailing philosophy was “waste not, want not,”
and when horses reached the end of their productive lives as
work animals, they found their way to the livestock markets
and onto the dinner plates of the poorer classes.

When Islam was introduced by Mohammed to the Arabian
peninsula in the early 7th century, the Arabs were already ac-
complished equestrians and horse breeders, and the horse be-
came an important instrument for spreading the Islamic faith.
Within 100 years of the death of Mohammed, Muslim Arab
cavalry had, through conquest, spread their religion through-
out north Africa and into Spain. By 715, they had crossed the
Pyrenees Mountains into southern France. The Frankic kings to
the north were well aware of the tactical advantage of the Arab
mounted cavalry and began to train their own armored cav-
alry. At the Battle of Tours, in 732, the Christian Franks defeated
the Arabs and put an end to the further spread of Islam into
Europe. The role of the horse in this decisive battle was not lost
on the leader of the Christian world, Pope Gregory III, who,
in the same year, declared the practice of eating horse flesh un-
clean, detestable, and no longer permissible by Christians.

This prohibition of Pope Gregory’s on eating horse flesh is
noteworthy in that it represents the only specified food taboo
in Christianity. Early Christian leaders recognized food pro-
scriptions as obstacles to proselytism and avoided invoking
them. Therefore, the Pope’s decree underscored the extreme
military value of the horse to the state and the church. This was
not an animal to be sacrificed for the table. For the next 1000
years or so, this attitude prevailed, and the horse became in-
creasingly associated with knights, generals, nobility, and the
wealthy. For the most part, horses that found their way into the
human food chain were the infirm and lame, and they usu-
ally arrived there surreptitiously.

The association of the horse with the elite classes of society
took on particular significance in Europe during the social and
political upheavals of the 18th century. In the aftermath of
the French Revolution, it became acceptable again to eat horse
meat, a convenient and nutritious way for the proletariat to ex-
press their victory over the ruling classes. By this time, horses,
which had been scarce in the era of Pope Gregory III, were
now abundant in Europe, and a proper trade in horse meat
began, complete with butchers and restaurants that specialized
in horses. The practice was most evident in France and Bel-
gium, but much of northern continental Furope embraced the
practice of eating horse meat.

The horse meat industry remained strong until the beginning
of the 20th century, when motorized vehicles replaced the
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horse in the spheres of war, commerce, and agriculture. Horse
numbers fell precipitously, and the price of horse meat rose
accordingly, so people switched to other forms of meat,
largely on the basis of price and availability. However, specialty
horse butchers still exist in Belgium and France (Fig. 3-1).
While many Europeans, like Americans, have come to view
the horse as a companion animal, the latent acceptance of the
horse as a source of food has become manifest in the resur-
gence of horse meat consumption around Europe in 2001,
following concerns about the wholesomeness of beef associ-
ated with mad cow disease. This increased demand has led to
an increase in the price of slaughter horses in the United
States destined for European markets, which in turn has re-
sulted in a spate of horse thefts by criminal profiteers and
redoubled efforts by horse welfare advocates to ban the sale
of horses for slaughter.

The Geography and Genetics
of Milk Drinking

The production of milk to nourish their offspring is a defin-
ing characteristic of mammals. Milk is an excellent food for
the neonate, offering a wide array of nutrients in an easily ac-
cessible and usable form. Milk provides abundant, concen-
trated energy both as fat and carbohydrate, protein for tissue
building, and a variety of vitamins and minerals to promote
proper metabolism and growth. Most notable among these
is calcium, essential for bone formation and development.
Milk is the most concentrated dietary source of readily avail-
able calcium. For the hoofed mammals, milk also provides
early and immediate immunity against disease for neonates in
the form of immunoglobulin present in the first milk, or

colostrum.

While the mammary secretion of milk is an excellent adapta-
tion for rearing mammalian young, continuous lactation by the
dam and ongoing consumption of milk by the mature offspring
does not offer survival advantage for any mammalian species in

Figure 3-1. Mobile horse meat purveyor in rural France. The
vehicle travels from town to town to be present on the designated
weekly outdoor market day of each town on the route. (Photo by
Dr. David M. Sherman)
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an evolutionary sense. It places an ongoing nutritional burden
on the female for continued production of milk and encour-
ages the mature offspring to stay with the mother rather than
move off to its own territory and seek alternative food sources.
As such, lactation after parturition is relatively short-lived, and
offspring are weaned well before reaching maturity.

The proper digestion of milk requires the digestive enzyme
lactase. Lactase, produced in the small intestine, is responsible
for the breakdown of the milk sugar, lactose, a disaccharide
composed of glucose and galactose. Without the action of lac-
tase, lactose remains in the gut. It induces an osmotic influx of
fluid into the bowel lumen, and instead of being absorbed, the
lactose is fermented by colonic bacteria. These events lead to
diarrhea, cramping, bloating, and abdominal pain. The cessa-
tion of production of lactase in humans after childhood can be
viewed as another adaptive mechanism to discourage contin-
ued milk consumption beyond normal weaning age.

However, starting about 10,000 years ago, the domestication
of lactating ruminants such as the cow and goat began to in-
fluence the course of natural selection. Societies that kept lac-
tating domesticated animals suddenly had the capacity to con-
tinue to consume large quantities of milk into adulthood, long
after their own mothers had stopped producing milk. The con-
sumption of milk into adulthood may have offered a selective
advantage, particularly for women. Calcium deficiency ad-
versely affects bone growth through the development of defi-
ciency diseases such as rickets and osteoporosis. The resulting
bone deformities and associated fractures can, if involving
the pelvic bones, result in a narrowed or partially obstructed
birth canal, with increased risk of dystocia and death in child-
birth. Therefore, consumption of milk, as a concentrated form
of calcium, may have had survival advantage. The genes for
production of lactase in adulthood exist, but historically, they
had not been expressed. There was now a new factor in the se-
lection process, namely the milk supply from domestic ani-
mals, which favored the expression of these genes.®

As a result, a very interesting demographic pattern of lactose
tolerance and intolerance among human populations has
emerged over the last 10,000 years that roughly mirrors the
history of cattle domestication. Those cultures that did not have
access to cattle, such as the indigenous peoples of the New
World, and those cultures that did not embrace cattle widely
because they had access to other domesticated animals that bet-
ter suited their needs, such as the Chinese, remain mostly lac-
tose intolerant. In contrast, the people of the Near East, who
domesticated the cow, and the people of Europe, who readily
accepted and dissemninated cattle, are more lactose tolerant.

Even within Europe there is gradation in the prevalence of lac-
tose tolerance. Lactose tolerance increases in a northward di-
rection, with the lowest level of tolerance in the Mediterranean
region and the highest in Scandinavia. This may be explained
by geography and the mechanisms of calcium metabolism. The
absorption of dietary calcium from the intestine is facilitated
by the action of vitamin D. Cholecalciferol, the active mam-
malian form of vitamin D is produced by sunlight striking

the skin. It is subsequently carried to the liver and then the kid-
ney for modification and, ultimately, to the intestine where it
induces synthesis of calcium-binding hormone to improve the
efficiency of calcium absorption.

As one moves north in Europe, away from the equator, the
overall amount of sunlight decreases, especially in winter. In
addition, temperatures get colder so that people, to survive,
have to keep themselves covered with insulating clothing for
considerable portions of the year. As a result, northern Euro-
peans have less opportunity to produce vitamin D in the skin
than do southern Europeans. However, lactose itself is a very
efficient facilitator of calcium absorption from the gut, in-
volving both passive and active mechanisms of absorption. As
such, milk is an especially good source of dietary calcium be-
cause the calcium is present in high concentration and the lac-
tose ensures its proper absorption and use in the face of po-
tential shortages of vitamin D. Therefore, northern Europeans
have been more consistently selecting for expression of lactase
production in adulthood than southern Europeans have, and
accordingly, the proportion of the population with lactose tol-
erance is larger in the former group than in the latter.

In summary then, individuals of northern European extraction
are least likely to show lactose intolerance, while southern Fu-
ropean populations show variable levels of intolerance. Groups
with high levels of lactose intolerance include Native Ameri-
cans of North America, Mesoamerican Indians of South and
Central America, natives of China and other southeast Asian na-
tions, and many of the peoples of Africa, particularly West
Africa. In East Africa, there are numerous cattle-based pas-
toralist cultures for whom milk represents the principal sta-
ple food, and these groups have a lower level of lactose intol-
erance. Not surprisingly, in places like Brazil, which has a very
diverse and mixed ethnic population of native Indian, African,
and European heritage, the occurrence of lactose intolerance
is quite variable.

This is not to say that many of the world’s people cannot or
do not use milk in the diet, because they do. For example,
in India, with a population of relatively high lactose intoler-
ance, the inclusion of dairy products in the typical Indian diet
is widespread (Fig. 3-2). However, much of the milk is used
in fermented form, as yogurt or yogurt-like products.
Through the fermentation process of yogurt making, lac-
tose is broken down to lactic acid, and the digestive upsets
associated with the consumption of fresh milk are avoided.
It is important to realize that much of the world’s adult pop-
ulation is not inclined to gulp down a big tall glass of cold
milk enthusiastically or to associate the act with any partic-
ular sense of well-being. In fact, the opposite is often true.
The aversion to milk drinking in China is particularly strong.
Many Chinese, particularly the older generation, find the no-
tion of drinking a glass of milk absolutely revolting. Never-
theless, the Chinese government in the 1970s made a deci-
sion to promote dairy development and milk consumption
in China, targeting their campaign to increasing health and
nutrition of children. The strategy is sensible. Children are



Figure 3-2. Milk dealers on the street in New Delhi. Much of the
milk consumed in India is used in cooking as ghee, a liquid butter
valued as cooking oil, or as fermented milk products such as
yogurt and lassi, a sweetened, fermented milk drink. (Photo by Dr.
David M. Sherman)

much more likely to be influenced than adults in this twradi-
tionally milk-averse society.

Insects in the Diet

Many readers may have had the experience as children of being
coaxed and cajoled into eating a worm or a bug. Some older
sibling or friend told you that the object in question tasted
good and was good for you and that plenty of people ate them.
In fact, the sibling or friend probably claimed to have just eaten
a handful of the things when you, conveniently, were not look-
ing. Then, when you, trusting soul, actually put the thing in
your mouth, your tormentor would shriek with laughter and
deride you for being foolish enough to listen to such extrava-
gant lies. The truth is, however, that these were not lies. Insects
can taste good and are highly nutritious, and in fact, millions
of people do eat them. Those people just happen not to live in
highly industrialized countries. Why do people in developed
countries find insect eating to be so repugnant when so many
people in developing countries routinely eat them? As with the
abomination of pigs or the sanctification of cows, strong emo-
tions follow from pragmatic judgments about the food in
question.

Historically, insects always have been a part of the diet of peo-
ple living in zoogeographical regions with few large mam-
mals suitable for hunting or domestication. In general, these
are tropical zones rather than temperate zones. For example,
in the Amazon basin of South America, where few animal do-
mestications took place, anthropologists have identified In-
dian tribes that gather and eat up to 20 different specific in-
sects, which constitute as much as 14% of their daily protein
intake. Another major group of insect eaters are the landless,
rural poor, who often cannot afford to keep animals. As such,
insect eating is common today in much of Africa and parts
of Asia.
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Insects are quite nutritious, as the comparative data in Table
3-1 illustrate. They are particularly valuable as a source of pro-
tein, since they contain many calories from fat, which spares
protein for tissue building rather than for use as energy. For
hunter- gatherers, decisions about the quantity and variety of
insects to include in their diverse diet were probably based
on consideration of the time spent pursuing and capturing a
specific food relative to the caloric reward it provided. This
would favor the pursuit of rarer items of high nutritive value,
such as small mammals, over the pursuit of commorer items
of less nutritive value, such as earthworms. However, in times
of scarcity, new food items would likely be included in the diet
if a favored food item with high nutritive value becomes so
rare that the time spent in pursuit of it was perceived as ex-
cessive. Under such conditions of scarcity, insects get added to
the menu. Not all insects are equally favored thougb. If one
considers the criterion of time invested relative to calories pro-
vided, it is not surprising that even today, the insects usually
favored in diets of scarcity are the social insects, such as ter-
mites and ants, who build large nests with concentrated quan-
tities of larvae and adults, and locusts, who swarm in huge
numbers, permitting large accumulations of calories in short
periods (see sidebar “Eating Locusts™).

In the temperate zones, which include Europe and America,
larger mammals have always been relatively abundant, and
conditions for raising domesticated livestock are favorable. In
addition, swarming insects and large colony-building insects
are less common in temperate zones than in the tropics. There-
fore, compared with the tropical situation, there was little mo-
tivation and comparatively little opportunity for temperate
zomne people to include insects in their diet.

When a culture decides not to eat something it is not unusual
for some favorable or unfavorable value judgment to follow. In
the case of the Jews and Muslims, the pig, not used for food,
was vilified as an abomination. However, in the case of the
Hindus, the cow, not used for food, was revered as a god. The
difference lies in the residual value of the animal beyond its

Comparative
Insects With Hamburger

able 3-1

Food Calories Protein | Fat
(100-g portions) | (approx.) | (g ®
Cooked, medium- 245 21 17
fat hamburger

African termites 610 38 46
Moth larvae 375 46 10
Housefly pupae 475 63 15
Bee pupae 440 90 8
Adapted from Harris M. Good to Eat. New York: Simon &
Schuster, 1985.
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Eating Locusts in Uganda

to persuade Pharaoh to release the Israelites from slavery. A member of the grasshopper family, the desert locust occurs nor-
mally in the arid regions of northern Africa, the Middle East, and southwest Asia. When swarming, the range often extends
further southward. Normally the desert locust behaves very much as other
grasshoppers do. However, under certain environmental conditions, there will
be simultaneous hatching of eggs and a short-winged migratory form of the lo-
cust will gather into huge swarms, numbering up to 100 billion insects, with
up to 80 million insects per square kilometer. Each insect can eat up to 2 g of
plant material a day. An invasion of locusts, therefore, wreaks enormous agri-
cultural destruction and subsequent human misery due to lost crops.

The desert locust, Schistocera gregaria, is the swarming locust of the Bible, one of the 10 plagues visited upon the Egyptians

Sudan

While clouds of locusts are a nightmarish threat to farmers with crops in the

fields, they can be, at least momentarily, like manna from heaven for the urban

e poor in Africa. | have seen the locusts come to Kampala, Uganda. They arrived
Congo UGANDA e in early evening, blackening the skies in their multitude and obscuring even

' the light from the street lamps. They rained from the sky and were soon ankle
deep in the roads. Almost immediately, throngs of eager people poured into

the streets, running to and fro with all manner of containers, furiously stuffing

focusts into burlap bags, coffee tins, plastic pails, and pillow cases. Soon the

Rwanda smell of burning charcoal filled the air, and the glow of a thousand curbside

Tanzania fires illuminated the night. Large, circular, blackened metal pans were filled

with palm oil and balanced precariously on top of the charcoal fires. All night

long, the locusts were brought to the fire tenders for frying. Almost miraculously, by morning there was not an unclaimed locust to
be seen lying on the streets. All were fried and carefully spread out on canvas tarps and colorful cloths for sale to passersby. For
many days to follow, locusts were being eaten on the streets, enjoyed by children and adults alike. The locust is highly nutritious.
On a dry weight basis, it is about 62% protein, 17% fat, and rich in minerals, including copper, iron, and manganese. And yes, they

do taste like chicken, but crunchier.

The occasional, impromptu locust feast aside, what is the general quality of life for children in Uganda today? Ugandan babies born
in 1996 had an average life expectancy of 44 years. One reason this is so low is that 8 of every 100 children born die before 1
year of age, and almost 15 of every 100 die before the age of 5.
Though up to 80% of Uganda’s children receive an appropriate com-
plement of childhood vaccinations during their first 2 years, only
65% of them receive adequate nourishment during the same period.
In rural areas, only about 30% of the population has access to safe
drinking water supplies and sanitary waste disposal. The number of
orphaned children in Uganda is unusually high, resulting largely
from the HIV/AIDS §pid_emic of the last 15 years. At the en'd of 1 ?99, Desert locust phases of development. (From Knauserberger W,
the F’rphan population in Uganda was reported by t.he Joint United ed., Shear B, illus. Crop Protection Clip Art Book, vol 1.The
Nations Program on HIV/AIDS to be 997,426. An estimated 110,000 Sahel. Washington, DC: USAID, 1990. Electronic version available

Ugandans died of AIDS that same year. copyright free from ICIPE Web site www.icipe.org/clipart.)

value as food. Cows had tremendous value to Hindus as draft ~ needed for food and threatening in these other ways, insects
animals, so the ban on eating was reinforced by sanctification. ~ have come to be culturally despised.
The pig had no residual value to the arid zone dweller, rather,

it was a food competitor. Therefore, the ban on pigs was rein- The Keeping of Pets

forced by revulsion. So it is with insects in the western world.
Insects are associated with a variety of negative attributes in-
cluding crop destruction, biting and stinging, transmission Seeking personal enjoyment from animals is a human urge
of disease, and unwanted invasion of personal space. Not  that probably found expression about 135,000 years ago,




when humans first began to domesticate the dog. Imagine a
group of our primitive ancestors seated around the cook fire
at night, gorging themselves on a deer or wild pig captured
earlier that day. They have been eating for some time and fi-
nally begin to feel sated. They relax a bit, when some nearby
movement catches their attention. At the periphery of the en-
campment, faintly illuminated by the fire are some wild jack-
als, hyenas, wolves or other such canid carnivore, attracted
by the aroma of the cooked meat wafting through the night
air. The dogs slowly and warily circle the camp when one
hunter, seeking to amuse himself, begins pulling scraps of
gristle and tendon from the scattered bones of their meal and
tosses a scrap toward the animals. First he throws it far away
and laughs as he sees the dogs scramble for it. Then he be-
gins tossing the scraps gradually closer, making a game of it
to see how close in he can entice these suspicious, but hun-
gry, creatures. Eventually, many campfires later, he actually
succeeds in having one of the bolder animals come close
enough to take food from his hand. As entertainment, this is
capital stuff, but this pioneering hunter, to his surprise, also
feels something other than amusement. There is a certain cu-
rious satisfaction that comes from this demonstration of mu-
tual trust with the animal, a new emotion, different from the
adrenaline-charged feelings the hunter feels in pursuing an-
imals for the kill. A more calming and enriching sensation
is induced by this benign contact. This beginning of com-
panionship with non-human creatures has a magical appeal.
The sense of bonding it promises feels deeply gratifying. The
notion of companion animals is born.

Harris identifies three stages of pet keeping in human soci-
eties.2 The first is simply as entertainment or amusement with
no lasting attachment developing between animal and human.
There are numerous reports from New World explorers and
anthropologists of hunter-gatherer societies in which the men
bring home young animals of all types from their hunting for-
ays. The smallest ones were handed to children as living toys,
and the larger ones were tethered in the encampment as en-
tertainment for as long as they lasted. In neither case were the
animals tended to, fed, or nurtured.

The second stage of pet keeping is physical communion, in
which a definite, even intimate, attachment is developed be-
tween people and animals, but the relationship does not pre-
clude the subsequent use of the animal as food. It was a regu-
lar practice of indigenous Hawaiians to raise dogs and eat
them. Yet, the dogs were treated in a manner that expressed
strong personal attachment. Women nursed puppies at their
own breast. Men commonly carried their dogs with them in
their arms or on their backs to social and religious gather-
ings. The willingness of Hawaiians to eat their dogs, in spite of
their obvious attachment 10 them, reflects the zoogeography
and resulting foodways of the Polynesian Islands. There are very
few indigenous mammals on the island archipelagoes suit-
able for hunting, and domesticated herbivores did not reach
the islands until modern times. With limited access to animal
protein, many Polynesian peoples, including Tahitians and
Maoris as well as Hawaiians, were able to culturally accom-
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modate the apparent paradox of enjoying the company of dogs
but using them for food as well.

The third stage of pet keeping is spiritual communion, which
precludes the use of the animal for food. This is the operative
case in most of the western world and especially the United
States. Clearly, in contemporary western society, dogs and cats
are not needed for food because an unprecedented and abun-
dant array of foodstuffs is available for human consumption.
Dogs and cats have always provided useful services to western
cultures as hunting companions, sentinels, and pest con-
trollers, so a tradition of eating these animals never developed.
This again was reinforced by the availability of alternative game
and domesticated animals in temperate regions and the fact
that as carnivores, dogs and cats themselves eat high on the
food chain and would therefore be costly to raise as food.
Today, we collectively expend considerable amounts of money
to feed dogs and cats. However, the goal is not to fatten them
for the table, but to care for them as friends and family mem-
bers, with all the respect, rights, and privileges that the status
of family member implies.

The reasons that pets, especially dogs and cats, have achieved
this special status in western societies are complex, and a thor-
ough discussion is beyond the scope of this book. An excellent
analysis of the subject is offered by James Serpell in his book
In the Company of Animals, which explores historical, psychoso-
cial, and philosophical bases of pet keeping.? Justifiably, Ser-
pell sees pet keeping as a healthy expression of human spiri-
tual growth, a shift away from the anthropocentric view that
put humans at the center of the universe with dominion over
all living things, toward a more egalitarian view of animals and
the natural world.

Pet keeping is so strongly established in affluent western cul-
tures that it has come to be perceived as the natural order of
things by those who embrace it. However, pet lovers living or
working overseas need to be sensitive to the fact that pet keep-
ing is not universal and that many people do not feel any spe-
cial affection for either dogs or cats. On the contrary, dogs and
cats may be reviled or feared for a variety of reasons. In some
countries, dogs may have been used by repressive governments
in an abusive manner to intimidate people. In the countryside,
rabies may be common and rabies control programs nonex-
istent, so people rightfully fear any approaching dog. In Islam,
it is taught that dogs are unclean animals, and though dogs
may be used for work, herding or guarding, they are rarely
kept as pets in Muslim countries. In Pakistan, for instance, it
is not unusual to see children throwing stones at stray dogs on
the street, and the furtive demeanor of these thin, often
mange-infested dogs suggests that they have come to expect
this hostile reception. In a number of Asian countries, includ-
ing China and South Korea, dogs and cats are still used as food
by some segments of society, a practice rooted in a long, past
history of food scarcity.

Finally, many people in developing countries just cannot come
to terms with the economic invesunent that westerners make
in pet keeping, nor can they, in their own cultural context,
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understand how we can accord animals a level of care and com-
fort that they themselves cannot afford to offer to their own
human family members or fellow citizens (see sidebar “Babies
and Puppies”). In 1995, Americans purchased over $9.3 bil-
lion worth of dog and cat food within the United States. This
dollar amount exceeds the total annual gross national product
(GNP) for 1995 of over 80 countries in the world (Table 3-2).
The GNP is a measure of the value of the total output of goods
and services for the nation and includes all consumer pur-
chases, private investment, and government spending.

Pet keeping can become symbolic of the disparities in wealth
that exist between societies and can be a source of frustration
and even anger for people without economic opportunity. In
some developing countries, where the extended family re-
mains a strong social institution and pet keeping is viewed as
a curiosity, visiting Americans may be asked, “How it is that
Americans bring dogs into their houses but put their own par-
ents into nursing homes?” It is a question that does not lend
itself to an easy answer, but which genuinely merits consid-
eration. Yet even in the developing world, the habit of pet keep-
ing is on the rise. As the global economy has improved, afflu-
ence, education, and increased exposure to other cultures have
encouraged increasing numbers of people to consider the

prospect of animals as companions. The practice of pet keep-
ing often finds expression first among the urban elite, who are
most likely to have contact with westerners who own pets and
to have the financial wherewithal to care for themselves and
their pets. In 2000, for instance, a government-sponsored pro-
gram was established in Taipei, the capital of increasingly af-
fluent Taiwan, which supports the rescue of dogs from the city
pound by high school classes. The program teaches school-
children respect and responsibility for keeping pets and helps
the city to reduce the burden of stray dogs. It also allows chil-
dren of families living in apartments too small for a pet to ex-
perience the pleasure of having a pet at school.

Human-Animal Relationships
in Transition

Throughout history, human-animal interactions have been
shaped by physical factors of geography and climate, ecologi-
cal factors such as the variety of species present in a given area,
and cultural factors such as religion. Such influences are still
operative today. For instance, swine represent an important
form of livestock in largely Christian nations in temperate re-

Babies and Puppies in Afghanistan

n 1994, | worked in the Quetta, Pakistan, office of the United Nations Development Program (UNDP) to provide animal health
support services to herders and farmers inside Afghanistan. The country had been at war since the Soviets invaded Afghanistan
in 1979 to prop up the communist government that had seized power in the capital, Kabul. Virtually the whole nation mobi-
lized against the Soviet-backed government, and the armed resistance, the Mujahadeen,
gradually took control of the countryside. Veterinarians who had worked for the govern-
ment in earlier times were now unable to carry out their duties, because, as government
representatives, it was unsafe for them to travel outside the cities and large towns. Many
left their positions and fled the country, seeking refuge in Pakistan.

Dr. S, who worked in the UNDP Program office with me, was one such Afghan veterinar-
jan. When obliged to abandon his government post, he went straight to the Mujahadeen
and worked as a field medic for several years, tending to wounded on the battlefield. In
the meantime, his extended family had fled to Pakistan, so he too finally left Afghanistan
and crossed into Pakistan seeking work, as he had become the sole supporter of the fam-
ily. His medical skills helped him to land a job with a relief agency that provided mater-
nal/child health care services to women and children in the Afghan refugee camps in
Pakistan. Eventually, he was able to secure a position with the UNDP program, so he couid
once again work in his chosen profession as a veterinarian. In the UNDP program, Dr. S
trained and equipped Afghan paraveterinarians to provide basic animal health care serv-
ices to farmers and herders, and he traveled inside Afghanistan at regular intervals and at
significant risk, to monitor their performance in the field and provide additional on-site
training. Dr. S was a conscientious and capable veterinarian. He was a patriot, deeply com-
mitted to the liberation of Afghanistan and the health and well-being of its people. He was
also a devout Muslim.

The war had been very disruptive for Dr. S. He had obtained his veterinary degree in
Kabul and then a masters degree in India. He had hoped to get a Ph.D. in the West and

Young Afghan child. (Photo by Dr. David
M. Sherman)




gions where climate and technology support abundant grain
production. Swine remain absent in largely Muslim countries
in arid regions with conditions that do not support grain pro-
duction. Even when the same animal is present in two differ-
ent societies (e.g., the dog), each society will have its own dis-
tinct attitudes and practices toward that same animal. In some
societies, the keeping of animals itself is the defining charac-
teristic of the culture, for example, the Maasai cattle herders of
East Africa or the Sami reindeer herders of Finland and the Kola
Peninsula of Russia.

Today, one factor has emerged that tends to override the tra-
ditional influences that have shaped the human-animal rela-
tionship within individual cultures throughout history. That
factor is industrialization. Industrialization has a strong, gen-
eralizing effect on patterns of animal use in the world. The de-
gree to which a society is industrialized and the attendant so-
cial transformations that industrialization produces have
increasingly come to determine the role of animals in society.
Such transformations include the mechanization of agricul-
ture, motorized vehicular transportation systems, increased
personal wealth, the shift to urban population centers, the
emergence of a dominant middle class, and increased con-
sumer choice in the marketplace. These societal changes pro-
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foundly affect the use of animals in society and attitudes to-
ward them. As a result, two broad patterns for the human-an-
imal relationship are identifiable today, one for the industrial-
ized or developed nations and one for the nonindustrialized
or less-developed nations.

There is no strict, universally approved, definition of a less-
developed country. It is a relative term that suggests a yet un-
realized potential for a nation’s economic growth, social de-
velopment, and citizen well-being compared with those of
more affluent nations. A variety of terms have been used
through the years to draw this comparison: have and have-not
nations; rich and poor nations; high-income and low-income
nations; developed and developing nations; industrialized and
nonindustrialized nations; the North (developed nations) and
the South (less-developed nations); and, the First World (de-
veloped nations) and the Third World (less-developed nations).

Some examples of criteria used to contrast the status of a
nation’s economy and its citizens’ well-being are given in
Table 3-3. Obviously, “developed” and “less-developed” are
not absolute categories. Individual nations may be at different
stages of economic and social growth that place them in an
intermediate or transitional position with regard to overall

teach at the veterinary faculty in Kabul. We had spoken over lunch one day about the difficulties that Afghan refugee veteri-
narians had staying up to date professionally. There were virtually no continuing education opportunities. It was rare even to
find a professional book or journal that was reasonably current. A few weeks later, | received a package from home that con-
tained several recent American veterinary journals. | remembered Dr. $'s comments and brought them into his office, offering
them for his perusal. He was very grateful and said he would be most happy to look at them.

About 20 minutes later, he came into my office carrying the journals. He looked obviously out of sorts, either distraught or angry.
The reason quickly became apparent. He handed me an open journal that contained a full-page advertisement that prominently
featured pictures of a human infant side by side with a puppy, with the large-print state-

ment “Like all growing babies, puppies may need special protection, too.” Dr. §
slumped into the chair across from me, and holding his head in his hands, he said,
on the verge of tears, “How can you Americans value the life of a dog equally
with that of a child? For Muslims, dogs are unclean. Dogs are nothing here.
Children are everything in my culture. When | worked in the refugee camps,
| saw dozens of infants die of tetanus because the birth attendant did not
have even a small piece of soap to wash her hands or a few drops of io-
dine to put on the umbilical cord. I saw babies shrivel and die from di-
arrhea and dysentery, with no clean water or hydration salts to treat them.
We have no vaccinations for our children, barely enough to feed them,
and you say that a dog deserves the same care as a child? Is the world
turned upside down?”

He did not wait for an answer. He stood up, and walked from the room,
leaving the journals in a pile on my desk. Though we worked together well for
the rest of the year and remained friends, he never referred to his outburst, and
he never touched those journals again.
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 Asia

Bahrain
Bhutan
Cambodia
Laos
Maldives
Mongolia
Nepal

Africa
~ Angola
Benin
Botswana
Burkina Faso
Burundi
Cameroon
Cape Verde
Central African Republic
Chad
Comoros
Congo
Democratic Republic of Congo
Equatorial Guinea
Ethiopia
Gabon
Gambia
Ghana
Guinea
Guinea Bissau
Ivory Coast
Kenya
Lesotho
Madagascar
Malawi
Mali
Mauritania
Mauritius
Mozambique
Namibia
Niger
Rwanda
Sao Tome/Principe
Senegal
Seychelles
Sierra Leone
Swaziland
Tanzania
Togo
Uganda
Zambia
Zimbabwe

4.5
0.3
2.7
1.7
0.2
0.8
4.4

4.4
2.0
4.4
2.4
1.0
8.6
0.4
1.1

1.4
0.2
1.8
5.3
0.2
5.7
3.8
0.4
6.7
3.6
03
9.2
7.6
1.5
3.2
1.6
2.4
1.0
3.8
1.4
3.1

2.0
1.1

0.1

51

0.5
0.8
1.1

3.8
1.3
4.7
3.6
6.0

Former Soviet Union
Albania
Armenia
Azerbaijan
Estonia
Georgia
Kyrgyzstan
Latvia
Lithuania
Moldova
Tajikistan
Turkmenistan

Oceania
Fiji
Micronesia
Papua New Guinea
Solomon Islands
Vanuatu
Western Samoa

Central America and the Caribbean
Bahamas
Barbados
Belize
Costa Rica
El Salvador
Grenada
Haiti
Honduras
Jamaica
Nicaragua
Panama
St. Kitts/Nevis
St. Lucia
St. Vincent
Trinidad/Tobago

South America
Bolivia
Guyana
Paraguay
Suriname

Europe and the Middle East
Albania
Iceland
Jordan
Macedonia
Qatar
Yemen

2.2
2.8
3.6
4.3
2.4
3.2
57
7.1
4.0
2.0
4.3

1.9
0.2
5.0
0.3
0.2
0.2

3.6
1.8
0.6
8.9
9.1
0.3
1.8
3.6
3.8
1.7
7.2
0.2
0.5
0.3
4.8

5.9
0.5
8.2
0.4

22
6.7
6.4
1.8
7.5
4.0

’ Information from the Pet Food Institute, Washington, D.C., and Wright JW, ed. New York Times 1998 Almanac. New York: Penguin

- Reference Books, 1998
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Developed Nations

Table 3-3 Comparative Characteristics of Developed and Developing Nations
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Developing Nations

Industrial and/or service-based economy

Agricultural and/or natural resource-based economy

Majority of population living in urban/suburban areas

Majority of population living in rural areas

Low percentage of population directly involved in
. food production

High percentage of population directly involved in food
production

Static or slow population growth

Steady or rapid population growth

High gross national product

Low gross national product

High annual per capita income

Low annual per capita income

Well developed communication and transportation
infrastructure

Limited communication and transportation infrastructure

High literacy rate

Variable literacy rate

Average life expectancy more than 70 years

Average life expectancy less than 70 years

Widespread access to primary health care

development, and this will be reflected in the changing sta-
tus of its human-animal interactions.

Currently, according to the United Nations, there are about 45
countries categorized as developed nations. These are located
mainly in Europe and North America and also include Japan,
Australia, and New Zealand. As most are in the northern hemi-
sphere, they are sometimes collectively referred to as the
North. These are highly industrialized nations with a high stan-
dard of living, well-developed infrastructure, and advanced
science and technology. They are highly urbanized societies,
with only a small proportion of the population directly in-
volved in food production for the society at large, often less
than 5% of the workforce.

The United Nations places approximately 125 nations in the
less-developed nation category. These are countries with a
lower level of industrialization, a lower standard of living,
poorly developed infrastructure, and limited access to ad-
vanced science and technology. Most people in these nations
live in rural areas, and a considerable proportion of the pop-
ulation is directly involved in food production, either at the
subsistence or commercial level. This is frequently more than
50% of the total workforce. Most of the less-developed nations
are in the southern hemisphere and are sometimes collectively
referred to as the South.

The Situation in Less-Developed Countries

When traveling in the less-developed countries of Africa, Asia,
Latin America, or the Caribbean, you quickly realize that ani-
mals are everywhere in the landscape-part and parcel of every-
day life, both urban and rural. Interaction between animals and
people are constant and commonplace. Drive along a dusty
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Variable access to primary health care

market for sale (Fig 3-3) or groups of donkeys carrying enor-
mous mounds of sorghum straw on their backs from the har-
vested fields to the village for use in home construction or to
feed livestock. In western Pakistan, you may get stuck on the
road behind camels with bells on their ankles, pulling enor-
mously heavy carts full of clay bricks to town from the brick-
works. In New Delhi, you may be late for an appointment be-
cause your taxi is stuck in traffic made more knotty by cows
lying in the main thoroughfare. In downtown Cairo, traffic
may be slowed by flocks of urban sheep and goats being
herded across the city streets in search of garbage piles in
which to forage (Fig. 3-4).

In rural China, sit by the side of the road and you will be
passed by young girls on foot with large woven baskets out
to collect grass from the roadside to feed their livestock back
on the family compound. From the same roadside perch, you
may see poultry vendors on bicycles with saddle baskets chock
full of live geese and ducks (Fig. 3-5), or a farmer off to mar-
ket with an adult hog ingeniously, though not very humanely,
tied to the frame of his bicycle. If you can sit until evening, you
are likely to see tired peasants walking their water buffaloes
back home after a day’s work of plowing in the rice fields out-
side the village.

On the mountain roads of Guatemala, you would see chicle
gatherers returning from the rainforest, their donkeys loaded
with the natural gum. In Myanmar, it might be working Asian
elephants dragging bundled logs out of the teak plantations
to the roadside for pickup. In Zimbabwe, you will see throngs
of rubber-tired carts on the red dirt roads, hauling people or
goods, all pulled by thin, tired-looking horses. In southern
Afghanistan, with no other vehicles around for miles, you still
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Figure 3-3. Cautle being driven long distances to market on foot in eastern Ethiopia. (Photo by Dr. David

M. Sherman)

along with dozens of camels and donkeys piled high with their
possessions, including children and baby lambs, still too young
or frail to make it on foot. In northern Afghanistan, you might
see farmers using oxen to thresh grain (Fig 3-6).

Follow farmers in almost any less-developed nation to the
town market and you will see all manner of live animals of-
fered for sale as food. Where refrigeration is uncommon,
smaller animals such as poultry, rabbits, guinea pigs, or cane
rats are frequently offered live for sale or slaughtered at the
time of purchase. In some places, you may be shocked or
outraged by what you find offered for sale as food. In
Cameroon, you might see a primate head set in front of a
market stall, advertising smoked gorilla or chimpanzee meat
for sale inside.? In South Korea you might find the traditional

Figure 3-4. Urban goats crossing the street in a residential
neighborhood of central Cairo, Egypt. (Photo courtesy of Dr.
Laurie C. Miller)

dog meat soup, poshintang,
on a restaurant menu,
though this is increasingly
unlikely because of gov-
ernment sensitivity to
growing international out-
cry against the use of dogs
as food and an increase in
animal welfare activism
within South Korea itself
(see http://www.kore-
ananimals.org/dogs.htm).

Travel to rural villages in
much of Africa and south
Asia and you will be struck
by the ubiquity of goats.
They are lying under
parked buses to avoid the
afternoon sun or may be
tied to the top of the bus,
as so much additional lug-
gage. They wander freely
around the main streets, sometimes slyly, but often boldly,
snatching vegetables and greens from the produce displays of
vendors seated on the ground. Incredible as it may seem to
the outsider, ownership of these free-roaming goats is well es-
tablished. Groups of male goats may be seen butting heads on
the verandahs of shops, establishing their pecking order, while
the occasional, unfortunate, tethered goat waits forlornly in
front of the butcher shop, destined for slaughter. In Muslim

Figure 3-5.
courtesy of Heifer Project International, Little Rock, Arkansas.
Photographer, Matt Bradley)

Geese going to market by bicycle in China. (Photo



HUMAN-ANIMAL RELATIONSHIPS IN TRANSITION 67

Figure 3-6.

countries, during the month of Zil-Hajj, the streets of villages
may literally run red with the blood of goats and sheep ritu-
ally slaughtered for the holiday feasting of Eid-ul-Adha, which
commemorates the willingness of Abraham to sacrifice his
son to God.

Go to a farm in a less-developed nation and you will be sur-
prised by the variety of animals present. Diversification rather
than specialization is the strategy of most of the world’s sub-
sistence farmers. A fortunate farm family may own a draft an-
imal for farm work or to transport goods to market. This might
be an ox, a donkey, a horse, a buffalo, or a camel, depending
on location. Even if they do not have a draft animal, they are
likely to have small flocks of mixed poultry including chick-
ens, ducks, turkeys, and/or geese. Depending on their religion,
they may have a sow with piglets kept in a wallow near the
house and fed household garbage or agricultural refuse. Al-
ternatively, they may have some small ruminant stock, sheep
and/or goats, which often sleep with the farm family at night
to reduce the risk of theft or predation. There may be some
rabbits in cages or, in Peru, perhaps guinea pigs. In the Mid-
dle East, it might be pigeons.

Entertainment in the less-developed countries may also fre-
quently involve animals. In the Philippines, you might come
upon a crowd of village men gathered together in a tight cir-
cle to watch and wager on a cock fight to the death between
two aggressive and brightly colored roosters, each armed with

Farmer threshing wheat by use of a weighted pallet pulled by an ox outside of Herat, Afghanistan.
(Photo by Dr. David M. Sherman)

a sharpened steel spur. In the Afghan refugee camps in Pak-
istan, the bird fighting competition is between Chukar par-
tridges rather than roosters. The birds are not armed, and both
birds, doted on by their owners, live to compete again. Inside
Afghanistan itself, you might see teams of men on horseback
playing the rugged, rugbylike game of buzkashi, in which two
loosely organized teams of competing riders try to take pos-
session of a headless dead calf and break free of the pack to
score a goal. The game is often seen as a metaphor for Afghan
culture itself—fierce, individualistic competition played out in
the context of cautious but necessary cooperation. Many cul-
tures have traditional annual festivals that revolve around ani-
mals. If you arrive at the right time, you can witness remark-
able displays of equestrian skill at yearly celebrations in Tibet
or Mongolia. On the Indonesian island of Madura, you can
watch the annual bull races; on the island of Tobago in the
Caribbean, the annual goat races.

The purpose of this brief travelogue is to convey how animals
continue to fulfill important, practical daily functions for vast
numbers of people throughout the developing world-people
whose lives have not been transformed by industrialization and
the economic development it spawns. Thus, where tractors and
other mechanized farm equipment are scarce, animals are still
widely used for plowing, threshing, or drawing water for ir-
rigation. Where roads are poor and trucks uncommon, animals
are still used to transport goods to market. Where private
cars are unavailable or beyond the means of average citizens,
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people continue to move around on the backs of animals or in
carts pulled by them.

Where farms remain small, conditions remain difficult, and
life is precarious, farmers plant a variety of crops and raise sev-
eral types of livestock to minimize risks of failure due to
drought or disease and to provide diverse food supplies and
possible cash income for their families. Where chemical fertil-
izers are expensive and supplies limited, animal manure still
serves to enrich the soil. Where electricity does not reach
homes, animal manure is used for cooking fires (Fig. 3-7).
Where banks are nonexistent or untrustworthy, livestock serve
as living savings accounts. Where veterinary services are un-
available or costly and animal protein in the diet is limited, sick
livestock often are quickly slaughtered for food, and even dead
animals are willingly eaten, despite public health risks such
as anthrax. Where commercially prepared pet food is hardly
conceivable, let alone available, dogs and cats may be chroni-
cally malnourished and often survive by their wits. Where tel-
evision sets or radios are rare, animals persist as a source of
recreation and entertainment.

For many people in the developing world then, animals mean
livelihood or survival—as food, as labor, as transport, as a
source of fuel, as liquid capital, as insurance against destitu-
tion, and, occasionally, as diversion. For such people, who are
figuratively, if not literally, in harness with animals every day
of their lives, the attitude toward their animal companions is
largely utilitarian, practical, and unsentimental. This is not to
say uncaring. It is clearly in the interest of those who criti-
cally depend on animals to care for them, and most people do.
They can do so, however, only within the limits that their re-
sources and circurnstances allow. Unfortunately, these circum-
stances are often constrained and sometimes dire. Therefore,

Figure 3-7.

a hut in rural Ethiopia. The rough lumber shown in the picture is too scarce and
therefore too valuable to use as fuel. It will be used in building construction. (Photo by

Dr. David M. Sherman)

A neat stack of dried manure cakes to be used for cooking sits in front of

the level of care received by some animals in the less-devel-
oped world may be shocking to animal lovers from devel-
oped countries who are unfamiliar with the hardships that
daily confront most of the world’s people.

Consider, for example, a poor citizen of Quetta, Pakistan, a
married man with five children of his own and also responsi-
ble for the wife and four children of his deceased brother. A
poor and illiterate, but decent and God-fearing man, his sole
means of livelihood is a donkey and a wooden cart available
for hire. After weeks of bad luck, he has been able to find tem-
porary work hauling loads of lumber along the airport road
on the outskirts of the city to a building construction site in
the center of town. He travels back and forth on the airport
road with the donkey and is paid per load. If he works steadily,
for 10 hours each day, he can earn about 100 rupees per diem,
a little over US$3.00. The donkey, who is thin to begin with,
is having a tough go of it. The harness straps have been rub-
bing over his back and have broken the skin over the withers.
A festering wound has developed and is quite painful, but
every time the donkey balks and attempts to rest, the man
snaps his whip on the donkey’s neck and exhorts the donkey
to keep moving.

Finally, on the morning of the 9th day of this routine, the don-
key collapses on the road and refuses to get up. The man is in
a panic. He has a dozen mouths to feed, his landlord is threat-
ening eviction, and his brother’s youngest son is ill. He has
earned only 30 rupees so far today, and that simply will not do.
He knows the donkey needs rest and its wounds need atten-
tion, but these are acts of kindness the man cannot see clear to
offer. The consequences of idleness right now are just too oner-
ous for him to imagine. He hollers at the donkey to get up and
begins to strike at him repeatedly on the rump with a piece
of lumber pulled hastily from the cart. Just
then, a group of western tourists passing in
an air-conditioned, hotel courtesy bus, ob-
serve this desperate man and his suffering
donkey in their painful drama of shared
misery. As the foreigners pass this scene,
they burst forth in a heated chorus of in-
dignation and protest against the callous-
ness of this dreadful man beating his don-
key.

Certainly, this donkey was suffering and
abused. The objective evidence is clear. Nev-
ertheless, it remains difficult to pass judg-
ment fairly on the character or behavior of
the man. Sympathy for the animal, without
empathy for the man, is itself another form
of callousness. In the developing world,
improvements in the welfare of animals can
only be meaningful and lasting if they are
linked to the social and economic develop-
ment of the people who care for, and crit-
ically depend on, those animals (see side-
bar “Pity the Poor Donkeys").
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Pity the Poor Donkeys

robably no other domesticated animal in the world experiences the hardships known by the donkey. Today, as it has for mil-
lennia, the donkey serves as the principal beast of burden for the world’s poorest people. The suffering of the donkey is es-
pecially poignant, in that the animal is intelligent, gentle, and patient and endures its hardships with a noble grace and hu-
mility that call forth our compassion and respect.

There are at least 44 million donkeys, or asses, in the world at present.
The vast majority are in the developing world, particularly in those
nations of Africa, Asia and Latin America with mountainous ter-
rain and a semiarid climate. Donkeys are used primarily to carry
loads, either directly on their backs or by pulling carts and wag-
ons. The weight and bulk of these loads often appear prepos-
terous. Donkeys are also used for plowing and other farm
work, often filling in for oxen that have died during condi-
tions of drought, which the donkeys are better able to survive.

The donkey’s lot is often difficult, at best. Donkey owners usually
have few resources to allocate to the well-being of their animals, let
alone themselves. Feed for donkeys is often limited to poor-quality grass

i straw with no supplementation. Donkeys usually carry heavy bur-

Donkey clinic at the University of Addis Ababa Faculty of dens of internal parasites and rarely receive effective anthelmintic
Veterinary Medicine, Debre Zeit, Ethiopia, supported by the therapy. As a result of poor diet and parasitism they are usually very
International Donkey Protection Trust (IDPT). (Photo by Dr. thin, with no fat cover and little muscle mass. Consequently, they
David M. Sherman) commonly develop skin abrasions from harnesses, saddles, and pack

frames, which often lead to deep, festering wounds. Poorly de-
signed equipment exacerbates this problem, for example, poorly
designed carts and harnesses that make the donkey pull from the
neck rather than the chest.

The International Donkey Preservation Trust (IDPT) is a charitable
organization established in the U.K. in 1976 by Dr. Elizabeth
Svendsen, M.B.E. to reduce suffering in the world’s donkeys, in-
crease awareness of their condition, and provide help to their
owners to improve the well-being of the animal and the people
who depend on them. The IDPT currently has four in-country pro-
grams in addition to their activities in the U.K. in association with
its parent organization, The Donkey Sanctuary. The countries in-
clude Ethiopia, Kenya, Mexico, and Jamaica. A main activity of
country programs is to provide veterinary services for donkeys
through clinics managed by the IDPT, especially for internal par-
asite control and wound management. In Ethiopia, the IDPT clinic
is at the University of Addis Ababa, Faculty of Veterinary Medicine,
in Debre Zeit. This affiliation with the veterinary faculty allows vet-
erinary students to develop awareness and expertise concerning
the problems of the donkey during their professional training. Pub-
lic awareness and educational campaigns are also undertaken by
IDPT, including efforts to encourage the passage and enforcement of legislation to encourage humane treatment of donkeys. In
addition, the IDPT supports research into improved harness, saddle, and pack frame design to reduce trauma and stress on work-
ing donkeys. The Donkey Sanctuary website is www.thedonkeysanctuary.org.uk.

Staff treating a farmer’s donkey for an infected traumatic injury of
the head at the IDPT clinic in Ethiopia. (Photo by Dr. David M.

Sherman)
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The Situation in Developed Countries

By comparison, in the developed world today, animals are
scarce in the landscape. In the cities and on the highways,
beasts of burden have essentially disappeared, fully replaced by
motorized vehicles in just the last 60 years. Animals are usu-
ally banned from modern highways and city streets as dan-
gerous traffic hazards. The urban horse-drawn carriage has be-
come a nostalgic tourist attraction, carefully regulated and
restricted to city parks and specific routes. The occasional
mounted police officer may be observed in the city. While
still useful in crowd control, they are often present as a con-
cession to tradition. Even pet animals, though present in urban
areas in large numbers, are not widely seen. For reasons of
health, sanitation, and decorum, laws prohibit the unrestricted
movement of dogs and cats on the streets, and salaried ani-
mal control officers are present and equipped to impound stray
animals. If you see a pack of dogs on a city street, they are all
likely to be leashed and under the control of a professional
dog-walker. To see cats, you might have to look upward at the
high-rise buildings and notice them perched on the window
ledges. On the occasional rooftop, you might notice a pigeon
fancier exercising a flock of birds. Food-producing animals are
essentially nonexistent in the cities, again because of zoning
and health restrictions, though many of the urban poor might
welcome chickens or goats into their neighborhoods. In su-
permarkets, well-equipped with refrigerators and freezers, it
is rare to see live animals, except lobsters, for sale as food.

Travel to the suburbs and the situation is essentially the same.
Draft animals and livestock are virtually nonexistent, and pet
animals are largely restricted to homes and fenced yards or
contained by electric shock collars. Many suburbanites are now
more likely to have contact with wild herbivores and omni-
vores than domesticated ones, as suburban growth and devel-
opment extends into previously rural areas. Deer wander into
vegetable gardens from nearby woodlands, bears break into
kitchens, raccoons crawl out of sewers to turn over garbage
cans, and skunks dig holes in suburban lawns in search of
grubs. Beavers arrive at a nearby pond and threaten to flood
portions of the new country club golf course, while duffers
navigate gingerly through a veritable minefield of Canadian
goose droppings.

Drive out of the suburbs to the countryside, and still the rela-
tive lack of animals is evident. Many small commercial farms
have ceased to operate. Pastures that once contained herds of
commercial livestock now sit empty, awaiting development for
nonagricultural purposes, or are simply reverting to brush. A
few farms, near to cities, may be converted to horse facilities
for recreational purposes. The horses also fulfill an aesthetic
function. It is surprising how hungry the eye becomes for the
image of four-legged creatures grazing in a green, fenced field.

Even in rural areas where livestock production is thriving, the
animals are becoming invisible to passersby. The raising of
animals for food in much of the developed world is becoming
increasingly consolidated and moving indoors. The number of
animals raised for food is tremendous, but they are kept in

fewer herds and flocks of larger size, with fewer people directly
involved in livestock production. For example, between 1985
and 1995, the number of hog producers in North Carolina fell
from 23,000 to 8,600, but in the same period, hog produc-
tion in the state tripled. These changes result from the imple-
mentation of intensified management practices that include
total confinement housing of production animals in climate-
controlled buildings and the feeding of scientifically formu-
lated rations tailored to specific production needs.

Swine and poultry production have been especially trans-
formed by intensive management, and these practices are be-
coming more common in dairy production as well. Beef cows
and their calves are still seen on pastures and grazing lands, but
steers also are finished for market under intensive management
conditions in large feedlots. When any of these animals or their
products go to market, it is not on foot, but in enclosed trucks.
When they appear in retail stores, it is increasingly in processed
and packaged forms that are difficult to link with the animal
of origin. A shrink-wrapped, Styrofoam package containing
chicken breast meat with both the skin and the bone removed
evokes little connection with the living and breathing birds
which produced that flesh.

So it has come to be that the vast majority of people living in
the developed world no longer have any direct contact with
animals that produce food or perform work. This disassocia-
tion has occurred within the last century, largely as a result of
the intensification of agriculture, the mechanization of labor
and transportation, and the shift of populations from rural to
urban centers. Now, when people in the developed world have
direct, daily contact with animals, that contact is most often
with dogs and cats, animals that essentially have been inte-
grated into the human household and are loved and cared for
as family members.

This relationship with companion animals is, however, es-
sentially sentimental. The notion of sentimentality is used here
in a positive sense, meaning that the relationship with the
companion animal is influenced more by emotion than by
reason and that the relationship inspires people to act on their
feelings about animals rather than from purely practical mo-
tives. This is in sharp contrast to the practical and largely un-
sentimental attitudes toward animals that still prevail in much
of the less-developed world, where peoples’ lives are often
lived close to the bone, and the exploitation of animals re-
mains a critical element in the physical survival of many
human beings.

The Challenge of Changing Attitudes

In the developed countries then, the sentimentality that peo-
ple feel in their relationships with companion animals is
emerging as the paradigm that defines their relationship to-
ward all types of animals. This paradigm affirms the dignity of
an animal by affording it essentially equal status in a mutual
partnership with humans, while meeting a human need for in-
teraction, caring, and play with other sentient beings. It ac-
knowledges an animal’s capacity for feeling and expression,



and it conveys respect for the animal as an individual. As the
vast majority of citizens in developed countries no longer have
any direct contact with domestic animals used primarily for
food or work or with wild animals that may threaten their
crops or families, there is little in their own experience to sug-
gest that this new paradigm may not be universally appropri-
ate or applicable in all other societies or even to other segments
within their own society.

Given the long history of human exploitation of animals, this
new, sentimental perspective is nothing short of revolutionary.
As with any revolution, its supporters can range from the zeal-
ous and doctrinaire to the level headed and pragmatic. Such
is the case with regard to the human-animal relationship,
where expression of support for the new paradigm ranges
from the criminal destruction of animal research facilities by
radical groups, with loss of life, to the quieter and more per-
sonal choice by caring individuals to adopt a vegetarian diet.
Regardless of the mode of expression, issues surrounding an-
imal welfare and animal rights have become rallying points for
public discussion, social activism, and legislative lobbying
within the mainstream of western societies. The general trend
is toward decreased tolerance for the exploitation of animals
by humans. This is already having profound effects on how
many developed countries view the use of all types of animals,
not just companijon animals.

Among the more prominent issues drawing attention and ac-
tion are the use of animals for food and the conditions under
which food animals are kept. Some people have begun to ques-
tion altogether the exploitation of animals for food of any sort,
even if the animal does not have to be killed to produce the
food, for example, milk. More-moderate voices call for a re-
examination of the conditions under which food-producing
animals are managed in “factory farms.” Particular attention
has been drawn to veal calf, poultry, and swine production sys-
temns, and their effect on the animals’ well-being. The condi-
tions of transport of livestock to market and their treatment
at slaughter are also increasingly scrutinized for evidence of
animal neglect and suffering.

Social concern about the conditions under which animals are
raised, managed, and used extends beyond animals used for
food. The conditions of exploitation of fur-bearing animals has
evoked criticism. This includes industry practices for the han-
dling of domesticated animals such as mink as well as bar-
vesting and trapping practices for wild animals such as seals
and beaver. The wearing of fur garments has been essentially
stigmatized in the United States. The use and treatment of an-
imals in medical research and product testing has also received
extensive public attention, resulting in legislation leading to
greater oversight of laboratory animal care and spurring a
search for effective, alternative research methods and models
that do not use animals.

The welfare of companion animals themselves is also an issue.
More people are choosing not to declaw housecats or to dock
tails or trim ears on their dogs just to conform to a particular
breed standard. There has been public outcry over the poor
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treatment of dogs in so-called puppy mills, the large-scale,
commercial facilities that provide puppies for the pet shop
industry. In the recreational world of horses, traditional prac-
tices have come under scrutiny, such as soring Tennessee Walk-
ing Horses to induce their characteristic high-stepping gait.
Rodeos have been picketed as inhumane to horses and other
livestock, and animal welfare advocates have campaigned ag-
gressively to outlaw all forms of blood sport involving animals,
notably bull fighting, dog fighting, and cock fighting. Even rac-
ing has come under scrutiny. Recently, in Massachusetts, ani-
mal welfare advocates, concerned about the treatment of rac-
ing greyhounds, sponsored a referendum on the state ballot to
outlaw greyhound racing altogether.

The compassionate stance concerning animals extends beyond
domestic animals to wildlife as well. Through contemporary
print and electronic media, citizens of the developed world are
barraged with images and information concerning the lives of
wild animals and the threats wild animal species face through-
out the world. These stories evoke strong emotional responses.
As a result, there is unprecedented financial support for
wildlife conservation organizations, broad support for legisla-
tion to protect endangered species, and increased public
awareness of the links between wild animal survival, habitat
destruction, and human activity. Animals in zoos have also ben-
efited from this increased awareness and activism, with greater
public interest and financial support allowing zoo managers to
remove animals from cages and offer them more-natural habi-
tats to live in. Many zoos also have responded by expanding
their education and wildlife conservation programs.

Of course, no society speaks with one unified voice, nor
should it be expected to. Within developed nations, contra-
dictory tendencies persist concerning human attitudes toward
animals. Often, there is a notable discrepancy between rheto-
ric and reality. Collectively, we voice concern over the welfare
of food-producing animals but continue to eat meat in sub-
stantial amounts. Paradoxically, we have reduced our level of
beef consumption because of health concerns but have largely
replaced the deficit with increased consumption of pork and
poultry, thus increasing the demand for meat supplied by the
very industries usually singled out for “factory farm” abuses.
We decry the plight of wild species facing extinction in de-
veloping nations but increasingly view the wildlife in our own
suburbs as nuisances and pests. Furthermore, we indirectly en-
courage the poaching and smuggling of threatened species
through our growing appetite for increasingly exotic com-
panion animals, including rare parrots, tropical fish, snakes,
and lizards. While we proclaim the dignity of animals and have
ceased to exploit them for work, we now exploit and demean
them in new ways for profit, notably in the entertainment in-
dustry.

Redefining the human relationship with animals is obviously
a work in progress. A lot of sorting out remains to be done, as
different societies and different groups within societies eval-
uate competing needs, interests, attitudes, and goals. This is
true within a given society but even more challenging between
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different societies. The needs and priorities of developing
countries with regard to the use of animals are strikingly dif-
ferent from those of developed countries. It would not be an
exaggeration to say that many of the ideas expressed by citi-
zens in developed nations concerning the welfare of domesti-
cated animals or the conservation of wild animals would be
perceived as hostile by citizens of the developing world be-
cause these ideas appear to put the well-being of animals be-
fore their own well-being.

Veterinarians themselves are not of one mind on issues con-
cerning the use of animals in society. When the ban on grey-
hound racing came to the ballot in Massachusetts, there were
veterinarians speaking out publicly and with sincere convic-
tion on both sides of the argument. Importantly, these veteri-
narians, regardless of their position on the issue, recognized
the professional responsibility that veterinarians have to ad-
dress issues concerning the use of animals and animal well-
being in society and tc assume a leadership role in public de-
bate surrounding such issues. Surveys in the United States have
indicated that the public holds veterinarians in high regard
with respect to their knowledge, professionalism, and integrity.
People look to veterinarians for guidance on complex issues
involving animals. As societies work through their shift in at-
titudes concerning the use and status of animals, veterinarians
need to be in the forefront, leading the debate, not only as re-
spected community members, but as scientists, able to inform
the debate with the results of scientific inquiry on issues of an-
imal well-being. In the global context, particularly with regard
to the role of animals in developing countries, veterinarians
must be dispassionate, careful to balance the needs of people
who depend on animals for their livelihood against the needs
of the animals themselves. The welfare of both people and an-
imals must be considered together.

Discussion Points

1. Goats are an important form of livestock in much of the
developing world. Even in the developed world, particularly
in Europe, a sizable dairy goat industry exists. In the United
States, however, goat numbers are insignificant compared
with other major livestock species. Except for an Angora
fiber goat industry in the Edwards Plateau region of Texas,
goats contribute relatively little to the national economy.
What are the historical, cultural, physical, and economic
factors that resulted in the marginalization of the goat in
American life? How and why did the specialized Angora
goat industry take hold in Texas? What new markets and
opportunities exist to expand goat production in the United
States today?

2. You graduate from veterinary school and join the Peace
Corps. You are assigned to an upcountry region in Ghana to
work on a women’s poultry cooperative project. Shortly
after arriving, you befriend a stray dog in the village where
you are living, After a few days the dog is living in your
house and you have developed a companionable relationship
with it, typical of what you would do back in the United

States. It becomes evident however that the villagers find
your behavior to be quite extraordinary, and your
relationship with the dog has become a major topic of
conversation. What might be some of the villagers’ issues
concerning your relationship with the dog? How would you
explain your relationship with the dog to them? Would you
keep the dog?

3. People in the developed world continue to consume vast
quantities of meat but also express concern about the
management conditions under which meat-producing
animals are kept. Most people also expect meat to be
available at low prices. Issues of ethics are often weighed
against economics. Is it possible to improve the welfare of
meat-producing animals significantly and still deliver the
same volume of product without increasing the consumer
price significantly? Is society at large prepared to pay a
higher price in exchange for knowing that food animals are
being treated more humanely?

4. Do you eat insects? If not, why not? Is their anything that
you are comfortable eating based on your background or
experience that others around you might find objectionable?
Discuss the reasons why. Identify a country in which insects
or rodents contribute to the food supply, and formulate a
development project for managed production of insects or
rodents to improve food security.

5. Why is it more likely that South Koreans will abandon the
tradition of eating dogs than that Cameroonians will
abandon the practice of eating primates? In the current,
integrated global economy, why is international pressure
more likely to influence the former rather than the latter
nation’s behavior?

6. Identify some examples of recent legislation, proposed or
enacted, that reflect growing societal concerns for the
welfare of domestic or wild animals. As a veterinarian, do
you support or oppose the legislation you have identified?
Identify a classmate or colleague with an opposing view
and, working together, draft the wording for a legislative
proposal on the subject that is acceptable to both of you.
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OBJECTIVES FOR THIS CHAPTER

After completing this chapter, the reader should be able to

* Recognize the diverse roles of animals in agriculture and daily life, particularly in

developing countries

* Appreciate how climate, landscape, and culture affect animal health and husbandry

practices

¢ Identify the various animal management systems used by farmers and herders

worldwide

* Discern the relative merits of local (indigenous) and imported (exotic) breeds of

livestock

* Understand the different approaches available for improving animal health and

productivity

Introduction

SRR NETNR

As discussed in Chapter 2, the domestication of animals began
in earnest during the Neolithic era, often in relation to the de-
velopment of crop agriculture. For the next 10,000 or so years,
domesticated animals played an integral part in the daily lives
of most of the world’s people. The Industrial Revolution,
which began in the mid-18th century, changed that relation-
ship dramatically, as mechanization in all facets of human ac-
tivity began to reduce the direct dependence of people on
domesticated animals. Nevertheless, in developing countries,

where the effects of industrialization have not been as perva-
sive, a large proportion of the human population continues
to reside in rural areas and is still directly responsible for their
own food production. For these people, livestock continue to
provide many of the goods and services with which they have
been traditionally associated since the time of domestication.

While many of the functions of animals in human society have
been diminished by technological advances, one traditional
use strongly persists—the use of animals as food. Global de-
mand for foods of animal origin increased steadily over the last
half of the 20th century and continues unabated. Meeting this
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growing demand for foods of animal origin has strongly in-
fluenced how animals are raised and, importantly, how they
will be raised in the future. In 1999, the world’s population
reached 6 billion people, and it is expected to reach 7.2 bil-
lion by 2010. Most of this population increase will occur in
developing countries, particularly in urban centers within
these developing countries. It is estimated that demand for
meat will grow by 0.6% per annum in developed countries
and 2.8% per annum in developing countries, while demand
for dairy products is projected to grow at 3.3% per annum
over the next decade. Significant challenges exist to meeting
this relentless demand. Veterinarians will play a pivotal role in
meeting these challenges by developing new approaches for
improved animal health and productivity around the world.

For veterinarians to work effectively in animal agriculture in
a global context, they must appreciate the diversity of ap-
proaches to livestock production that still exist in the world
today. Veterinarians must be cognizant of the underlying in-
fluences and constraints that dictate the persistence of tradi-
tional approaches to livestock keeping and must understand
the factors that determine acceptance of, or resistance to,
change among animal keepers around the world. They must
recognize when technology transfer between the developed
and developing word is appropriate and beneficial and when
it is not. To assist in creating such awareness, this chapter pro-
vides a review of the following topics: factors that influence
the use of different types of livestock in different locations, the
pattern of distribution of the world’s livestock species, the var-
ied uses of animals and animal products, the types of man-
agement systems under which animals are kept, constraints
that exist on animal production, and different approaches to
improving animal production, including improvement of an-
imal health.

Factors Influencing the
Agricultural Use of Animals

The various species of domesticated livestock are not uniformly
distributed around the world. A variety of factors determine
their presence in different locations. Among these factors are
history, culture, geography, climate, economic conditions, and
the physiological adaptability of the animal themselves.

History

The presumed geographic origins of the various species of do-
mesticated animals were shown in Figure 2.1. Over time, do-
mesticated species spread from their centers of origin to new
regions. This process occurred either gradually or abruptly, de-
pending on historical circumstances. The introduction of cat-
tle from the Near East into Europe, for example, occurred
gradually over millennia, as climate change, expanding human
populations, degraded agricultural lands, armed conflicts, and
later, commerce and trade, pushed people northward and

westward with their livestock. Similarly, the domestic pig and
chicken spread gradually from their centers of origin in Asia.

In contrast, the period of exploration, global navigation, and
colonization that began in Europe in about the 15th century
led to the abrupt introduction of domesticated animals into
new lands. In the case of South America, for example, cattle
and other domestic species were introduced during the period
of Spanish exploration and conquest in the 16th century. In
Australia, cattle and sheep were introduced in the late 18th
century, in association with the establishment of the British
penal colony there. In both South America and Australia, cat-
tle keeping, and sheep raising took hold because the local con-
ditions, notably, extensive grasslands, were amenable to the
establishment of cattle and sheep industries.

Likewise, the introduction of new types or breeds of livestock
occurred throughout the period of colonization of Asia and
Africa by Europeans, particularly in the 19th and early 20th
centuries. European settlers often recognized landscapes and
climates that suggested conditions suitable for commercial
farming activities similar to those they knew at home. Even
near the equator, highland plateaus or hill country could offer
milder temperatures, adequate rainfall, and suitable grazing
conditions for high-producing dairy cattle imported from Bu-
rope, and commercial dairy farming became established in
places such as South Africa, Kenya, and India.

Some modern introductions have become anachronistic.
Camels were introduced into Australia in the mid-19th cen-
tury, with the idea that they would be useful in the develop-
ment of the arid regions of the country and help to link the
more developed east with the developing west. The camels
were used in the construction of the overland telegraph and
the transcontinental railway, and they provided reliable trans-
port to railheads for wool from remote sheep stations. Many
camels became feral, and wild herds reached numbers as high
as 100,000. Police in the outback patrolled on camelback as
late as the 1950s. Today, however, the use of camels has been
superseded by mechanized transport and the development of
highways, and their role has been relegated to recreational uses
such as camel racing and tourist safaris.

Culture and Religion

As discussed at length in Chapter 3, culture and religion greatly
influence which species of animals are used in a given soci-
ety and for what purposes. India, for instance, with close to 1
billion people, has the highest cattle populations of any nation
in the world, yet also has one of the lowest per capita rates of
beef consumption, because the slaughter and eating of cattle
is prohibited in Hinduism. Yet cattle remain critically impor-
tant to the agricultural economy of that nation by providing
much-needed draft power for the cultivation of small farmers’
croplands.

Such cultural influences on the use of animals are widespread.
In some parts of Africa, farmers would not dream of plowing



with a single ox, convinced that a pair of oxen is essential for
the task. In other parts of Africa, certain tribes will not work
with cattle at all, believing that it suggests an inferior social sta-
tus. Likewise, some groups perceive goat’s milk as having me-
dicinal properties, while others consider it unpalatable for any
reason. Clearly, the success of efforts to improve animal pro-
duction will depend in good measure on a basic understand-
ing of the cultural and religious preferences of the society
involved. Cross-cultural education is a necessary prerequisite
to any such effort.

Geography and Climate

Geography and climate are important factors in defining the
distribution of livestock species and their use. Among the im-
portant features that determine the presence of domestic ani-
mals in a given region are rainfall, temperature, terrain, and
vegetation cover. In turn, these factors may be influenced by
other important variables such as soil type, altitude, humid-
ity, and day length. Overall, these factors are used to define dif-
ferent agroclimatic zones on the earth.

Rainfall is a key determinant of the species of domesticated an-
imals present in an area. The pattern and amount of rainfall
strongly determines the existence and types of vegetation cover
that are possible in a region. This, in turn, influences land use
patterns for that region, such as the grazing of animals versus
the planting of crops. In many natural grassland areas, rainfall
is neither sufficient nor distributed appropriately to support
the growing of crops, but it will support growth of indigenous
vegetation such as grasses, forbs, and shrubs. In such areas, the
grazing of ruminant animals, capable of converting natural
vegetation to animal protein, represents the only human use
of that land for the purpose of food production. Approximately
60% of the world’s land mass is composed of grasslands and
rangelands. By comparison, only 11% of the world's land mass
is suitable for crop agriculture, which underscores the vital
importance that grazing animals have in expanding the capac-
ity of the Earth to feed people.

Sere and Steinfeld of the Food and Agriculture Organization of
the United Nations (FAO) have classified the world’s agrocli-
matic zones with special reference to livestock production sys-
tems. In their classification, growing season is used as the
frame of reference, with growing season being a function pri-
marily of rainfall volume and pattern, balanced against the rate
of evapotranspiration, the latter being an important factor in
determining the availability of soil moisture.2° The following
categories are defined:

* Arid: Growing period of less than 75 days

* Semiarid: Growing period in the range of 75 to 180
days

* Subhumid: Growing period in the range of 181 to
270 days

* Humid: Growing period of more than 270 days
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As temperature and day length also influence the length of the
growing season, geographical location is also factored into
classification schemes for patterns of livestock distribution and
use. Hence, the following categories are included:

* Tropics: The region of the world lying between the
Tropic of Cancer (23°26’ North latitude) and the
Tropic of Capricorn (23°26’ South latitude), an area
generally characterized by persistently warm
temperatures and minimal seasonal fluctuation in day

length.

» Subtropics: Regions of the world directly bordering
on the tropical zone, with greater seasonal variation in

day length and temperature.

» Temperate: Generally, the region of the globe between
the subtropics and the polar regions. More specifically,
in the context of growing seasons, it indicates areas in
which mean monthly temperatures fall below 5°C for
one or more months.

* Tropical highland: Areas in the tropical zone in which,
because of altitude, daily mean temperatures are
cooler than in low-lying areas and range between 5

and 20°C during the growing season.

Various agroclimatic and ecological categories may be com-
bined to characterize a production system in a certain area. A
quick look at any atlas indicates, for example, that in the trop-
ics there are arid, semiarid, subhumid, humid, and highland
areas roughly equivalent to areas of desert, seasonal grass-
lands, permanent grasslands, forests, and croplands. Within
these different areas, different systems of livestock production
may be practiced in accordance with the potential for grazing
and/or growing crops in each area. In the semiarid tropics,
where cropping is severely constrained by rainfall, extensive
grazing of cattle, sheep, goat, and camel herds by pastoralists
may be the major human activity in the region and the prin-
cipal source of food. In the humid tropics, on the other hand,
mixed cropping by sedentary farmers is likely to be the prin-
cipal form of food production. Small livestock, such as pigs
and chickens, are included on such farms for diversification
of risk, food, and income, while large livestock, such as oxen
or buffalo, serve primarily as draft animals and sources of ma-
nure for fertilization.

Economic Development

The degree of economic development has a profound influ-
ence on the use of animals in any given society, both for agri-
cultural and nonagricultural purposes. The level of technical
modernization, the degree of prosperity and extent of urban-
ization, and the availability of credit and capital flow are
among the economic factors that influence the use of animals
and the demand for animal products.
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Technical Modernization

In general, the greater the technological advance in a society,
the less likely it is that animals are used for labor. Modern farm
machinery reduces the need for animal draft power for plow-
ing, seeding, harvesting, threshing, and other cropping activi-
ties, while chemical fertilizers diminish the use of manure as a
soil enricher. Railroads, highways, and automotive transport re-
duce the use of animals to bring farm produce to market.

At the same time, technological advances significantly influ-
ence how food-producing animals are raised and animal food
products are marketed. The intensification of livestock pro-
duction, with large numbers of animals raised under care-
fully controlled, uniform conditions of housing and nutrition
is made possible by the application of industrial technology
and the exploitation of modern transportation infrastructure.
Animal production is no longer tied directly to the land. Feeds
can be imported from great distances, and animal production
can be moved closer to major markets. In addition, refrigera-
tion technology, modern container ships, and air transport
open up distant markets for otherwise perishable animal and
vegetable foods.

In less-developed countries, animals still play a considerable
role in providing agricultural power and overland transport.
Animals also remain an important food source in developing
countries, but many animal production systems remain closely
tied to the land, either through extensive grazing or by the in-
tegration of animals into cropping systems so that crop
byproducts can be used as animal feed and the manure from
animals can, in turn, be applied to croplands for fertilization.

Prosperity and Urbanization

Economic growth in recent years has led to greater per capita
income in many developing nations. This has resulted in in-
creased demand for foods of animal origin consistent with the
cultural preferences and religious practices of a given nation,
be it demand for dairy products in India, pork in China, or
goat meat in Africa and the Middle East. In most countries,
economic development is closely linked to urbanization, so
consumer demand is increasingly concentrated in urban cen-
ters distant from food-producing areas. This has focused crit-
ical attention on the capacity of traditional domestic livestock
production systems to meet growing demand and the effec-
tiveness of traditional marketing systems and rural infrastruc-
ture to deliver goods reliably to urban markets.

Credit and Capital Flow

Improving production capacity and efficiency often requires
the investment of capital and the availability of credit. Poor
farmers in developing countries commonly have little or no
access to credit and very limited cash resources, which severely
constrains their ability to innovate and improve productivity.
In such cases, animals themselves become an important form
of capital, serving many of the roles of a modern finance sys-
tem, including risk diversification, investment, savings, and
liquidity. Cattle and goats may be grazed together in semiarid

regions, because cattle, though more highly valued, are more
likely to be lost during periods of drought when the grasses
disappear. Goats, which can survive the loss of grazing re-
sources through their capacity to browse trees and shrubs,
are more likely to survive. Since goats are also more prolific
than cattle, with a shorter reproduction cycle, goats serve in
effect as an “insurance policy,” allowing the herder to survive
the drought and recover more rapidly when the rains return.
For settled farmers, poultry, pigs, small ruminants, or rabbits
often serve as a living savings account and a ready source of
cash in emergencies, through the sale of eggs, birds, meat,
milk, or young stock.

Animal management systems are shaped to a great extent by
economic conditions. In developed countries in which capi-
tal is available and labor is expensive or in short supply, in-
vestment in buildings, equipment, and automated systems
for intensive livestock production is favored by economic cir-
cumstances. Likewise, in many developing countries in which
labor is abundant and cheap but capital flow is limited, low-
input, low-cost, labor-intensive animal-production systems
such as grazing or mixed small-scale farming reflect a rational
use of available economic resources. However, as demand for
animal products grows in developing countries, there is in-
creased pressure to improve the productivity and output of
traditional systems as well as to introduce more-modern, cap-
ital-intensive systerns.

Physiological Adaptation

The suitability of different species of domestic animals and dif-
ferent breeds within a given species for a specific geographi-
cal and climatic situation will vary depending on intrinsic
characteristics of the animal itself. The attributes that determine
an animal’s usefulness in a given setting include feeding habits,
ability to conserve water, disease resistance, and its production
characteristics.

Feeding Habits

The feeding habits of animals are a critical determinant in their
distribution. Ruminant animals, through the action of the
rumen and its microflora, can break down cellulose in plant
materials and use it as a nutrient source. Not only does this
allow vast areas of grassland and scrubland not suitable for
crop production to be exploited for food production through
the grazing of ruminant animals, it also allows crop stalks and
other fibrous agricultural byproducts to be used as animal
feed, ensuring a role for ruminant animals in mixed farming
systems.

In addition to true ruminants, including cattle, sheep, and
goats, the camelids, which have compound stomachs, and
equids, with an enlarged cecum adapted for cellulose diges-
tion, also can use grass and fibrous plants efficiently as a food
source. Monogastric animals such as the pig and poultry, how-
ever, are less well adapted for cellulose digestion and will not
perform well with diets based on grasses or stover. Tradition-
ally, pigs did well in woodland settings, where they foraged on



the forest floor for a wide variety of feedstuffs. Similarly, chick-
ens are well adapted to village life where they can forage freely
for grain, insects, household wastes, and other food sources.

One of the many reasons why pigs and poultry are so widely
used in intensively managed, confinement production systems
is that they will thrive on a concentrate or grain-based ration
in contrast to ruminant animals, who require significant
roughage in their diet for proper digestive function and health.
In such confinement systems, where animals may be housed
distant from the croplands where feeds are grown, it is easier
and cheaper to ship concentrate feeds than bulk roughage
feeds.

Within the group of true and functional ruminants, there is
considerable variation in diet selection, and this contributes
significantly to animal distribution. For example, cattle and
sheep are essentially grazers, requiring grass as the principal
foodstuff. Goats and camels, however, are grazer/browsers, ca-
pable of consuming a wider array of fibrous vegetation in-
cluding brush, shrubs, cacti, and various parts of trees. This
gives them a greatly increased foraging range compared with
that of cattle and sheep. It also favors their survival in semi-
arid regions and during periods of drought. In areas where
grasslands contain abundant trees and shrubs, goats are fre-
quently kept in mixed herds with cattle and/or sheep for more
efficient use of the nutrients available. Furthermore, goats are
being used increasingly as an alternative or adjunct to chemi-
cal spraying for weed control in pastures, while at the same
time improving the offtake of livestock products in the form
of goat meat and fiber. The Australians and New Zealanders
have been most active in using goats in this way.

Water and Energy Conservation

The ability to conserve water also influences the distribution
of livestock. Camels are well known for their usefulness in arid
and semiarid regions, in large part because of their ability to
go for long periods without drinking. During periods of lush
grass growth and cool temperatures or when succulent plants
are available, camels may not need to consume any free water
at all, being able to meet their water needs through the mois-
ture present in green feed. Because of their ability to clear large
quantities of salt in the urine, camels are also able to consume
and tolerate brackish water that would be toxic or fatal to hu-
mans or other livestock. How long a camel can go without
water varies, depending on a number of factors, including
the succulence and availability of feed, air temperature, and the
amount of work being performed. There are reports of camels
going 30 days under drought conditions without water and
surviving, but this is extreme. Working or lactating camels
should be watered every 6 days or more often as long as water
intake does not result in reduced feed intake.

Some goat breeds have adapted very well to desert conditions,
such as the black Bedouin goat of the Middle East.?! These
goats also show notable water-conserving ability, though the
mechanisms may differ from those in the camel. Black
Bedouin goats can consume large amounts of water in a short
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time, up to 40% of their dehydrated body weight, after an
extended period of water deprivation. They do not, however,
absorb the water rapidly. Instead the rumen serves as a water
reservoir, with as much as 80% of the water consumed re-
maining in the rumen for up to 5 hours. During this time,
glomerular filtration rate, renal blood flow, and urine output
all decrease, with the kidneys working in concert with the
rumen to conserve water. Desert goats frequently go up to 4
days without drinking, with no ill effects. Cattle are more likely
to show ill effects from dehydration within 2 days of water
deprivation. These differences in water conservation affect herd
composition in arid and semiarid areas. In Afghanistan, for in-
stance, pastoralists graze mixed herds of sheep and goats and
carry their belongings on camels and sometimes donkeys. Cat-
tle are not included in the dry pastoral grazing systems of this
country, though cattle are found throughout the country in set-
tled farming areas where water supplies are more reliable.

Conservation of energy in the form of fat storage is another
adaptation that allows livestock to survive in semiarid or
drought-prone areas where grazing can be scant or absent for
extended periods. Camels conserve fat in their humps, which
can visibly shrink as fat is metabolized during periods of meta-
bolic need (Fig. 4-1). Less well known to westerners are the
fat-tailed breeds of sheep that store large fat reserves in their
tails. These sheep are common in much of Asia, particularly the
colder and drier regions from Mongolia southwestward into
the Indian subcontinent and the Near East. Herders may
demonstrate a preference in winter to consume the fat tail of
the sheep rather than the flesh, recognizing that the fat pro-
vides a higher concentration of calories (Fig. 4-2).

Disease Resistance

The ability of certain species or breeds within a species to re-
sist disease has been recognized and exploited by livestock
keepers around the world, and therefore, disease resistance or,

A two-humped, or Bactrian, camel in the Gobi

Figure 4-1.
region of Mongolia during an extended period of drought and
poor grass growth, Note the shrunken, flopped-over appearance of
the humps, indicating that the camel has been drawing on its fat
storage for energy during a period of nutritional shortages. (Photo
by Dr. David M. Sherman)
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Figure 4~2. Fat tail sheep carcasses. The fat tail sheep breeds are
usually found in harsh, marginal environments of Asia, the Middle
East, and northern Africa, where low and unpredictable rainfall
makes grazing unreliable. The fat deposited in the tail serves as a
reserve store of energy for the animal. It is also a highly prized and
important source of fat calories for people living in the same harsh
environments. The fat tail is prized by hard-working people as a
concentrated source of energy in the diet. (Photo by Dr. David M.
Sherman)

notably, the lack of it, affects the distribution of domestic an-
imals. Some examples are given below.

Trypanosomiasis The presence of tsetse flies and the risk of
trypanosomiasis associated with this insect vector has effec-
tively closed off vast areas of grassland otherwise suited for
cattle grazing, thus limiting the potential for livestock to con-
tribute to the food supply in Africa (see sidebar “Trypanoso-
miasis Control in Africa” in Chapter 1). There are, however,
some local breeds of ruminant livestock that show trypan-
otolerance. N'dama cattle for example, are Bos taurus-type cat-
tle of the humid coastal regions of West Africa. This is a
long-horned, compact breed with good beef conformation
but relatively poor milk production. While trypanotolerance
is considered to have a genetic basis, the expression and
mechanisms of trypanotolerance are not completely under-
stood. Tt is clear however, that these animals can withstand a
much greater challenge with trypanosomes and express
milder clinical disease than other breeds when infected. Many
development agencies, governments, and commercial enter-
prises have introduced N'dama cattle into tsetse-infested re-
gions to take advantage of their disease resistance, and they
are now widely present on savanna grazing lands in the Cen-
tral African Republic, Gabon, Nigeria, and the two Congos. In
addition to N'dama cattle, West African Shorthorn cattle breeds
(Bos taurus brachyceros) such as Muturu are also considered try-
panotolerant, as are Djallonke sheep and West African Dwarf
goats.

Tick Resistance Ticks are a major constraint on livestock pro-
duction, particularly in tropical regions. In addition to pro-
ducing direct damage to skin, ticks serve as vectors for many
important infectious diseases, transmitted to hosts during

feeding by ticks. Among these economically important diseases
are East Coast fever, heartwater (cowdriosis), anaplasmosis, and
babesiosis. Managing tick burdens on extensively grazed cattle
in the tropics requires significant effort and expense. It has be-
come clear over time that Bos indicus breeds of cattle demon-
strate a significantly greater capacity to acquire resistance to
tick attachments than Bos taurus breeds. This is one reason why
Bos indicus breeds of cattle such as Zebu, Brahman, and Sahiwal
have found favor in grazing systems in the more humid, trop-
ical regions of Australia, South America, and the southern
United States.

Resistance to Toxins Different species vary in their suscepti-
bility to plant toxins, which may limit their distribution for
grazing. Goats, for example, show far greater tolerance for con-
sumption of oak (Quercus spp.) leaves, stems, and acorns than
cattle and sheep. Serious clinical disease including hemorrhagic
enteritis and nephrosis can occur in the latter species when oak
is consumed. Goats have higher levels of tannase enzymes in
the rumenal mucosa able to break down the gallotannins re-
sponsible for the toxic effects in cattle and sheep. This is likely
to have resulted as a selective advantage linked to the goat’s
browsing behavior. At any rate, this makes goats valuable to
farmers and herders with access to land containing scrub oak.
Goats can clear oak from such pastures effectively and safely,
making them safe for grazing cattle and sheep. In semiarid
regions, goats often eat a wide variety of plants that are po-
tentially toxic and only get into trouble with them during pe-
riods of drought when alternative feed sources become scarce
and the goats are obliged to consume considerable quantities
of the potentially toxic species.

Production Characteristics

Certain traits possessed by different species and breeds of an-
imals make them suitable for use in certain agroclimatic zones,
production systems, or specific activities. The foot structure of
the water buffalo, for instance, makes the animal more suitable
as a draft animal than cattle for working in the mud of wetland
rice-production systems in southeast Asia. The camel, so well
adapted to arid conditions and so vital as a source of trans-
portation, also provides excellent quality fiber, ample quanti-
ties of milk, and, at slaughter, hides and meat under conditions
in which other animals might not survive. Cattle breeds in
India are characterized by strong necks and forequarters, con-
sistent with their primary use in plowing, compared with beef
breeds elsewhere, which have strong, well-muscled hindquar-
ters. Sheep breeds with hair instead of wool are better adapted
to tropical conditions, both humid and semiarid, than the
wool sheep breeds so well known in temperate regions. Hair
sheep are indigenous to tropical west Africa, including the
Sahel, where they are most abundant, but are also found in the
Caribbean, Brazil, southern India, and parts of southeast Asia
and are used primarily for meat production. Animals adapted
to cold mountainous regions, such as the cashmere goat and
the yak, allow herders in Central Asia to exploit grazing areas
that might otherwise be unproductive.



The selective breeding of domestic animals to suit the needs
of society is not a new phenomenon. There is pictorial evi-
dence that the ancient Babylonians and Egyptians had devel-
oped definitive breeds of dogs, cattle, and sheep by the
beginning of the second millennium Bc.> However, breeding
livestock to increase production of foods of animal origin was
intensified dramatically under the stimulation of the Industrial
Revolution as a response to the expanding market demand
for meat and milk among the growing population of city
dwellers. Great Britain was especially active and successful in
producing new breeds of production animals. One advantage
Great Britain had was its status as an island nation. While breed
improvement also was occurring in continental Furope, seri-
ous animal plagues during the 1800s, such as foot and mouth
disease, contagious bovine pleuropneumonia, and rinderpest,
periodically wiped out large numbers of animals, including
improved purebred breeding stock. As an island, Great Britain
was relatively protected from these plagues, and its steady
progress in animal breeding was preserved. Major breeding
advances were made with dairy cattle such as the Guernsey and
Jersey, mutton-producing sheep such as the Suffolk and South-
down, and also swine. In the 19th century, when consumer
tastes in pork began to change from fat pork and bacon to lean
ham and chops, breeders in Britain were able to transform
the hog in record time, replacing large, roly-poly breeds like
the Berkshire and Yorkshire with leaner, longer pigs such as the
Large White. Thus many of the high-producing breeds of live-
stock common today are only 200 or so years old.

Animal Distribution and Use

The world census of major domesticated animal species in the
years 1975 and 2000 is shown in Table 4-1. In the following
sections, a brief status report on the various domestic animal
species is presented, highlighting the importance of each
species in different regions or nations and their principal uses.
Statistical information and production rankings presented in
these sections are for the year 2000 and are derived from the
agricultural databases of the FAQ, available on the internet at
http://apps.fao.org/.

Cattle

Cattle continue to serve as multipurpose animals, used for draft
power; food in the form of milk, other dairy products, meat,
and blood; and hides for leather production. Historically, the
distribution of cattle was closely linked to the availability of
grazing lands, and a considerable portion of the world’s cattle
are still grazed extensively on rangelands. In certain regions,
usually in developed countries, modern transportation infra-
structure and high-yield crop agriculture have allowed inten-
sification of cattle production. In these situations, grains are
transported to feedlots for beef production and to large com-
mercial dairies for milk production.

Cattle populations and cattle productivity are not always di-
rectly proportional. India, for example, with the largest num-

Table 4-1

of Livestoc
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World Populations of Different Species
1975 and 2000

Livestock Type® 1975

Geese 62,777,000 234,680,000
Ducks 295,953,000 884,532,000
Rabbits 180,143,000 474,828,000
Chickens 5,913,474,000 14,446,913,000
Goats 403,923,631 720,007,792
Turkeys 144,031,000 240,391,000
Buffalo 113,140,310 164,968,015
Pigs 685,705,556 908,104,421
Cattle 1,187,104,340 1,350,130,000
Donkeys 39,084,317 43,398,200
Camels 16,448,358 18,228,926
Sheep 1,046,298,160 1,057,908,000
Mules 13,459,667 13,571,414
Other camelids 6,229,200 6,200,000
Horses 61,870,259 58,807,504
Species are listed in descending order relative to the
proportional increase in their population between 1975 and
2000. Geese had almost a fourfold increase in their global
population, while the world horse population actually
decreased over the last quarter of the 20th century. Data from
the FAOSTAT Agriculture Database of the FAQO, accessible on
the web at http://apps.fao.org.

ber of cattle of any single country, ranks eighth worldwide
in beef and veal production. The largest national cattle popu-
lations, in descending order, currently exist in India, Brazil,
China, the United States, Argentina, Sudan, Ethiopia, Mexico,
Russia, and Australia. The countries with the highest outputs
of beef and veal production, in descending order, are the
United States, Brazil, China, Argentina, Russia, Australia,
France, India, Mexico, and Germany. The countries with the
highest outputs of cow milk production are the United States,
Russia, India, Germany, France, Brazil, the United Kingdom,
Ukraine, New Zealand, Italy, and Poland. The fact that coun-
tries such as Ethiopia and Sudan have high cattle numbers but
do not rank highly in beef or milk production reflects the fact
that most cattle in these countries are maintained for subsis-
tence purposes and may not enter into commercial market
channels.

There is a tremendous variety among the world’s estimated
920 cattle breeds, and they can be categorized in a number of
ways. A main distinction is the differentiation of Bos teurus and
Bos indicus breeds. The Bos indicus breeds are cattle with a promi-
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nent hump over the withers and a loose, pendulous dewlap.
They most likely originated in the Indian subcontinent and are
well adapted to tropical and subtropical climates. Bos taurus
breeds are the humpless breeds more familiar to Europeans
and Americans. They can be longhorned or shorthorned. Cat-
tle breeds used for food are also categorized according to their
principal use, either as beef breeds, dairy breeds, or dual-
purpose breeds.

Selective breeding, particularly over the last 200 years, has
produced distinctly high-producing dairy breeds such as the
Holstein, but even this breed is not always exclusively ex-
ploited for milk. In parts of Europe, the Holstein is consid-
ered a dual-purpose breed, and male offspring are routinely
raised for beef production. Cross-breeding is widely used to
develop breeds that meet specific local needs. Jamaican Hope
cattle, for example, are derived from Zebu and Jersey crosses,
with the intention of creating a high-producing dairy cow
that is well adapted to climatic, nutritional, and disease con-
ditions in the humid tropics. A useful resource for learning
about the world’s cattle breeds as well as breeds of other do-
mestic animals is at the website of Oklahoma State Univer-
sity (http://www.ansi.okstate.edu/breeds/).

Sheep

Sheep are distributed throughout temperate, subtropical, and,
to a lesser extent, tropical regions and are reasonably well
adapted to regions of low rainfall, i.e., semiarid environments.
Sheep are common in both developed and developing coun-
tries. Worldwide, sheep are exploited mainly for meat pro-
duction. Wool production is also an important economic
activity, though the development of synthetic fibers in the 20th
century depressed global wool markets. There are specialized
commercial sheep milk production and cheese-making in-
dustries, mainly in southern Europe, for instance, the pro-
duction of Pecorino Romano cheese in Italy and Roquefort
cheese in France. Sheep also serve as a source of milk in some
pastoralist cultures and among subsistence farmers. The vast
majority of the world’s sheep are managed under extensive
grazing conditions, either for subsistence or for commercial
exploitation, though there is some intensive lamb production
n feediots in the western United States.

Countries with the largest numbers of sheep include, in de-
scending order, China, Australia, India, Iran, New Zealand,
Sudan, the United Kingdom, Turkey, South Africa, and Pakistan.
The largest wool-producing countries in the world, in de-
scending order, are Australia, China, New Zealand, Iran, Ar-
gentina, the United Kingdom, Uruguay, South Africa, Sudan,
India, and Turkey. The 10 largest mutton or sheep-meat pro-
ducing nations are China, Australia, New Zealand, the United
Kingdom, Turkey, Iran, India, Spain, Pakistan, and Syria.

There are well over 650 breeds of sheep worldwide, only a
small proportion of which are regularly exploited for com-
mercial purposes. Most are local, indigenous breeds charac-
terized by morphological features reflecting adaptation to local
conditions, not necessarily linked to production characteris-

tics. Wool breeds of sheep originated in cooler temperate re-
gions where the wool coat served as protection against cold
weather. Tropical breeds of sheep, used primarily for meat, lack
the wool coat and possess a hair coat similar to that seen in cat-
tle, as is common in the sheep breeds of Africa such as the Dor-
per. Breeds indigenous to semiarid regions where dry-season
grazing may be sparse have developed fat tails as a source of
stored energy. Selective breeding has allowed the manipulation
of desirable traits to meet commercial demands. The Merino
sheep, for example, is a fine wool breed originally developed
in Spain. The extremely fine wool of small fiber diameter,
makes it desirable for the production of high-quality woolen
textiles. The medium-wool Merino is now the predominant
sheep breed in Australia. Breeders there have been able to im-
prove carcass quality so the animal has become dual purpose.
Other dual-purpose breeds exploited commercially include
Columbia, Corriedale, Finnsheep, Polypay, and Targhee. Other
important wool breeds include Rambouillet for fine wool and
Border Leicester, Cotswold, and Romney for longer, coarser
wool,

Major commercial meat breeds include Cheviot, Dorset,
Hampshire, Southdown, Suffolk, and Texel. In addition, there
are many regional breeds adapted to local conditions, such as
the Dorper sheep of South Africa and the Awassi sheep of the
Middle East. The Awassi breed is a hearty, fat-tailed, long-
wooled breed, well adapted to semiarid conditions and capa-
ble of producing considerable quantities of milk, as much as
725 kg over a 210-day lactation. Average nondairy sheep
breeds in the United States produce about 45 to 90 kg of milk
per lactation by comparison.

Goats

Goats are well adapted to a wide range of climatic and agroe-

cological conditions and are widely distributed in temperate,

tropical, subtropical, semiarid, and even arid environments.

The diverse feeding habits of the goat, as a browser and grazer

allow it to survive in niches unsuitable for cattle and sheep.

While some goats are found in developed countries, often as-

sociated with commercial goat dairy and cheese-making en-

terprises, the vast majority of the world’s goats are found in

developing countries, where they are commonly held by sub-
sistence farmers, nomadic herders, and landless rural people.
Goats can be critical to the survival of these people. All 10
countries with the highest numbers of goats are categorized
by the FAO as developing countries. In descending order of
goat populations, they are China, India, Pakistan, Sudan,
Bangladesh, Iran, Nigeria, Ethiopia, Somalia, and Mongolia.
Four of these nations, Bangladesh, Ethiopia, Somalia, and
Sudan, are further categorized by FAO as least-developed coun-
tries (LDCs). This designation is based on criteria of low in-
come, weak human services, and a low level of economic
diversification.

There are at least 265 breeds of domesticated goats in the
world. As with sheep, a relatively small number of these breeds
have been selectively bred for one or more specific production



characteristics such as milk, meat, cashmere, mohair, or skin
quality for leather production. The vast majority of goat breeds
are local, indigenous breeds well adapted to survival in diffi-
cult conditions but with comparatively little selection for pro-
duction characteristics. Ethiopia alone has 14 recognized
indigenous goat breeds. Indigenous breeds serve a variety of
needs. The Koochi nomads of Afghanistan, for example, rely
heavily on their hearty, long-haired goats for numerous prod-
ucts and services. The coarse hair is shorn and felted for use
in tent making Finer fibers are separated for use in rug mak-
ing and textile weaving Skins are tightly sewn to produce leak-
proof water-storage containers. Goat milk and meat are
consumed as food, and surplus goats are sold when necessary
to provide cash for purchase of other basic necessities not pro-
duced directly by the Koochi themselves. Such reliance on
goats is commonplace throughout much of Africa and Asia.

It is a curious fact of life that goats, frequently kept by the
world’s poorest people, produce a range of luxury products
highly prized by the world’s most affluent citizens. Such prod-
ucts include cashmere coats, mohair sweaters, kidskin leather
goods, and chevre, or French-style goat cheese. Commercial
industries have developed around these various products in
different parts of the world, using selected breeds of goats.
Goat dairying for the production of cheese is primarily a Eu-
ropean enterprise, with intensively managed goat herds found
primarily in France, Spain, and Italy. Dairy breeds of goats in-
clude Saanen, Toggenburg, Alpine, and Nubian. In South Asia,
especially India, goat milk is also an important food product,
and there are specialized dairy breeds of goats with high milk
production, notably the Jamnapari breed.

Mohair is the fiber produced by Angora goats. These small,
fine-boned, long-haired animals are found predominantly in
dryland grazing areas of Turkey, South Africa, and Texas. Cash-
mere is an even finer-diameter fiber than mohair and is highly
prized for textile manufacture. Goats have primary and sec-
ondary hair follicles. The primary follicles produce coarse
guard hair, and the secondary follicles produce a downy, in-
sulating undercoat, which is harvested as cashmere. Indige-
nous goats in the cooler Himalayan region of Asia produce
varying degrees of cashmere fiber, which is sheared or brushed
out in the springtime. Four countries, China, Mongolia, Iran,
and Afghanistan, produce roughly 97% of the entire world
supply of cashmere.

Goat meat is consumed widely in Asia and Africa and also in
Latin America and the Caribbean. Most indigenous goat breeds
serve as a source of meat, though more often than not, they
are not selectively bred for improved commercial carcass qual-
ity. One notable exception is the Boer goat of South Africa,
which has been bred as a meat-type goat and exhibits the
blocky, heavily muscled phenotype usually associated with
well-known beef cattle breeds.

Skins are a byproduct of goat slaughter, so comparatively lit-
tle selective breeding has gone into production of quality
skins. Nevertheless, some breeds are widely recognized for
their superior skin quality, such as the Red Sokoto goat of
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Nigeria. Historically, raw skins, primarily from Africa and
Asia, were shipped to Europe for production of finished
leather goods, but increasingly, developing countries with
large numbers of goats and other livestock, such as India,
Pakistan, and Ethiopia, are developing their own tanning in-
dustries and expanding the manufacture and export of fin-
ished leather goods.

Buffalo

Asia, where the water buffalo was originally domesticated, re-
mains the primary home of this versatile animal, where it is
closely associated with wetland rice farming and milk pro-
duction. The 10 countries with the largest numbers of water
buffalo are, in descending order, India, Pakistan, China, Nepal,
Egypt, the Philippines, Vietnam, Indonesia, Myanmar, and
Thailand. Countries outside Asia with relatively large buffalo
populations include Brazil and Italy.

The buffalo provides multiple products, and services includ-
ing draft power for agriculture and transport, milk and meat.
There are a variety of types and breeds. The Swamp buffalo,
characterized by large, backsweeping horns is primarily a work
animal, particularly for use in rice cultivation, and a source of
meat. Swamp buffaloes originate in, and remain most com-
mon in, eastern Asia. River buffaloes, which originated in, and
remain more common in, western Asia, are the dairy type of
water buffalo, used both as a source of milk and for draft
power. They are characterized by tightly coiled or drooping,
straight horns, and as many as 18 different breeds are recog-
nized in the Indian subcontinent, including Murrah, Nili, Ja-
farabadi, Surti, and Nagpuri. While cow dairying has increased
in recent decades, in years past, as much as 60% of the milk
consumed in India was buffalo milk, which still accounts for
more than half of overall milk production in the country. In
India and Egypt, demand for buffalo milk can be so high that
buffalo calf survival is compromised by the aggressive collec-
tion of milk for sale. There is also a Mediterranean type of buf-
falo, derived over 1000 years ago from the River buffalo, with
good meat and milk characteristics. This buffalo type is used
in the mozzarella and ricotta cheese industries of Italy.

Buffalo do not tolerate extremes of temperature very well and
do not adapt to cold climates. In hot climates, buffalo, with one
tenth the density of sweat glands of cattle, require regular ac-
cess to water, and preferably, opportunities to wallow. Though
often perceived in the west as aggressive or dangerous animals,
domesticated buffaloes are, in fact, usually quite docile and are
frequently tended by children (Fig. 4-3).The buffalo is par-
ticularly well adapted for agricultural work in wetland or
paddy rice farming. Consistent with its normal wallowing be-
havior, the buffalo suffers no ill effects from having its limbs
and hooves submerged in water for extended periods, in con-
trast to cattle, who may develop foot rot or skin lesions. Its
body weight is well distributed over the feet and legs for effi-
cient traction, and its large, squarish hooves help it to move
more easily in the soft mud found in rice fields. The buffalo is
a slow-moving animal. Typically it is worked for about 5 hours
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The two-humped Bactrian camel is more
prevalent in east Asia, notably Mongolia
and China, while the one- humped drom-
edary camel predominates in western Asia
and North Africa. The camel is exploited as
a multipurpose animal providing trans-
portation, agricultural labor, milk, fleece,
meat, and manure for both nomadic and
sedentary peoples. There are numerous
breeds of dromedary camel and a variety
of ways of categorizing them. Many breeds
are local and are given the name of the eth-
nic group of herders that keep them.
Broadly, the breeds can be grouped ac-
cording to their primary use—beef, dairy,
dual purpose, or racing. Working camels
perform many different labors from plow-
ing, drawing water, and carrying riders to
hauling heavy cargoes, either on their
backs or harnessed to wagons. It is not un-
common to see camels in urban settings
hauling heavy loads of basic materials such
as timber, bricks, or crushed stone for road
making. They are enormously strong and
quite tractable.

Serious prolonged droughts in the Sahel
region of Africa in recent decades have
often been associated with considerable
human suffering and loss of ruminant
livestock. These events have prompted ef-
Buffaloes are

Figure 4-3.
an important livestock
species in Asia. Top, A
landless herder grazes his
milking buffalo on stubble
in crop fields in Pakistan.
Bottom, A young Chinese
boy in Sichuan province
rides his family buffalo
home from work in the rice

forts by governments and development
agencies to encourage Sahelian cattle
herders to integrate camels into their
herding practices as an effective buffer to
catastrophic loss during severe drought.
For example, during a severe drought in
northern Kenya in 1984, Samburu people
were obliged to sell or trade their starved,
emaciated cattle for maize to survive, even

per day in southeast Asia and takes between 6 and 10 days to
plow, harrow, and grade a 1-hectare (ha) rice field. For dry
field work, cattle, mules, or horses are usually preferred be-
cause they are faster than buffalo.

Camels

Camels are closely associated with arid and semiarid regions
of the world, as is reflected in the list of the 10 countries with
the largest camel populations: Somalia, Sudan, Pakistan,
Ethiopia, India, Kenya, Chad, Saudi Arabia, Niger, and Mon-
golia. The Sahelian region of Africa, the Middle East, the desert
regions of the Indian subcontinent, and the Gobi region of
central Asia are well represented in this list.

fields. (Both photos by
Dr. David M. Sherman)

though the loss of their cattle jeopardized
their long-term future. However, nearby
Rendille people, who herd camels, were
still collecting an average of 5 L of milk per
day from each of their Jactating camels and were able to avoid
short-term starvation and long-term economic disaster.’
Camels can be successfully moved longer distances between
water sources in search of available grazing sites than cattle and
small stock, which may need to drink three or four times more
frequently than camels. Furthermore, because of their diverse
foraging habits, camels can find suitable browse to eat where
cattle, sheep, and possibly even goats may not find sustenance.

Camel racing is a traditional sport in the Arabian countries of
the Middle East, associated with weddings and special festivals.
In recent times, however, camel racing has been organized into
a formal industry with an extended racing season. Government
leaders in the region have sought to bring modern veterinary



science to this growing industry to improve the performance
and breeding of racing camels. In the United Arab Emirates
alone, three research centers have been established for this pur-
pose, the Veterinary Research Center in Abu Dhabi, the Camel
Reproduction Centre in Dubai, and the Embryo Transfer Re-
search Centre for Racing Camels at Al-Ayn.

Horses, Donkeys, and Mules

There are at least 240 breeds of horses in the world, includ-
ing ponies, warm-blooded horses, and working breeds. Coun-
tries with the largest horse populations, in descending order,
are China, Mexico, Brazil, the United States, Argentina, Mon-
golia, Ethiopia, Colombia, Russia, India, and Kazakhstan. Many
of these countries, notably in South America and Central Asia,
have large, open plains where grazing animals are still man-
aged extensively, and the horse continues to be an important
work animal for herders and ranchers required to cover long
distances. In other countries, such as Ethiopia, the horse serves
as a beast of burden in field, village, and urban settings, while
in the United States, the horse has become largely a recre-
ational animal used for pleasure riding, showing, equestrian
competition, racing, and rodeo.

Horse meat is eaten in Japan, central Asian nations, and some
European countries, notably Belgium and France. France con-
sumed 37,000 tons of horse meat in 1998, and 34,300 tons
of the total were imported, principally from Poland, Canada,
and the United States. Horse meat imported from Serbia in
1998 was responsible for a human outbreak of trichinellosis
in southwestern France. The 10 biggest producers of horse
meat are China, Mexico, Kazakhstan, Argentina, Italy, Mongo-
lia, Australia, Kyrgyzstan, the United States, and Canada. Horse
meat is also used as an ingredient in pet foods.

Donkeys remain critically important in the daily lives of many
poorer rural and urban citizens in the developing world. A
list of the 10 countries with the highest donkey populations
underscores this dependency. The countries are China,
Ethiopia, Pakistan, Mexico, Egypt, Iran, Brazil, India, Nigeria,
and Afghanistan. As this list suggests, donkeys may be found in
a wide range of climatic and ecological zones. However, they
are particularly common in semiarid areas and in mountain
areas, especially in Africa and Asia. The central highlands of
Ethiopia, where donkeys abound, is a good example (Fig. 4-
4). Donkeys are involved in agricultural work and transport,
either carrying basic commodities, such as fuel wood, or agri-
cultural goods on their backs, or by pulling carts and wagons.
Donkeys in the developing world, like the people who com-
monly own them, are often overworked and undernourished
and commonly lack access to health care (see sidebar “Pity the
Poor Donkeys” in Chapter 3).

Mules are also used primarily as work animals. Bigger and
stronger than donkeys, they are more likely to be used for
plowing. Mule populations, like donkey populations, have been
essentially static in recent years. While mules are often found
in the same regions and under similar circuamstances as don-
keys and horses, they are more commonly found in Latin
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Figure 4-4. Donkeys in Ethiopia carrying straw that is used both
as animal feed and as building material. Ethiopia has one of the
highest donkey populations in the world. The animals are used
extensively for transport. (Photo courtesy of FARM Africa-UK,
London, England)

America and are not well represented in much of Africa out-
side highland regions. The 10 countries with the largest mule
populations are China, Mexico, Brazil, Ethiopia, Colombia,
Morocco, Peru, India, Argentina, and Iran.

Swine

Pigs are found throughout temperate, tropical, and subtropi-
cal areas. They are uncommon in semiarid and arid zones and,
for religious reasons, are not kept widely in Islamic countries,
though even in such countries, pigs are sometimes raised to
meet market demands of non-Muslim minority populations
or foreign visitors. In temperate zones, notably in Europe,
North America, and China, swine raising has been histori-
cally linked to cereal crop production, with grain-fed swine
being raised for commercial markets. Tropical pig raising has
traditionally been more subsistence oriented, with pigs fed
household wastes and crop byproducts to supplement rooting
and scavenging. These pigs are destined for home use or for
sale at local markets. Subsistence swine raising is especially
common in southeast Asia, the Pacific Islands of Oceania, and
Latin America.

While small-scale swine production remains a widespread ac-
tivity, there has been an explosion of growth in intensive,
commercial swine production around the world in places
where economic growth in recent decades has increased con-
sumer demand for pork, most notably in Asia. In China, for
instance, meat consumption per capita per year increased
fourfold from 1977 (8 kg) to 1994 (32 kg). Pork accounted
for 75% of this increase. Currently, the 10 top swine-pro-
ducing nations in the world are China, the United States,
Brazil, Germany, Spain, Vietnam, Russia, Poland, India, and
France.
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There are many breeds of swine in the world. Many are in-
digenous breeds found only locally. Others have been widely
adapted for commercial purposes. Modern-day swine breed-
ing is a dynamic activity, as breeders work to develop new
types of pigs with conformational characteristics and unifor-
mity that adapt well to current production conditions and mar-
ket demands. Custom breeders can work with producers to
develop new hybrid types of pigs to fit specific niches of cli-
mate and consumer preferences for certain product charac-
teristics.

Chickens

Domestic chickens are found throughout tropical, subtropical,
and temperate regions. The production of chicken meat and
eggs is one of the fastest growing sectors of the global livestock
industry. Chickens are kept under a wide range of management
situations from simple subsistence, where a few chickens may
run free in the farmyard, to midsized commercial, family-run
operations (Fig 4-5), to large-scale intensive commercial pro-
duction units where tens of thousands of layers or broilers may
be maintained under carefully regulated conditions of climate
and nutrition. The 10 nations with the highest populations of
chickens are, in descending order, China, the United States,
Brazil, Indonesia, Mexico, India, Russia, Japan, Iran, and Turkey.

At the subsistence level, village and farmyard chickens are usu-
ally multipurpose. They fit well into mixed farming systems,
scavenging for grubs in farmyards and feeding on household
wastes and crop gleanings. They provide eggs and meat for the
family, as well as a ready source of cash when needed. When
chickens are penned, their manure can be collected for appli-
cation to gardens or into fish ponds.

Figure 4-5.

the provincial capital, Chengdu, in Sichuan Province, China. The expansion of urban markets
for foods of animal origin in Asia have stimulated the creation of many such poultry
enterprises in periurban areas. {Photo courtesy of Dr. Pu Jiabi, Heifer Project International-

China)

A private, family-run, cross-bred broiler chicken operation on the outskirts of

Considerable research effort is put into improving produc-
tion efficiency in the modern poultry industry. Today, a com-
mercial broiler chicken can be brought to market at a weight
of 1.85 kg in less than 6 weeks on a total input of 3.4 kg of
grain. Not long ago, it took 14 weeks and 7.2 kg of grain. The
10 nations with the highest production of chicken meat are
the United States, China, Brazil, Mexico, the United Kingdom,
Japan, Thailand, France, Canada, and Argentina. The 10 nations
with the highest hen’s egg production are China, the United
States, Japan, Russia, India, Mexico, Brazil, France, Germany,
and Italy.

There are many different breeds of chickens in the world, in-
cluding many locally distributed indigenous breeds. As with
swine, commercial breeders have made tremendous gains in
the creation of highly productive breeds that are well adapted
to intensive commercial production under different environ-
mental conditions.

Other Poultry

While the chicken is the major poultry species in the world,
domesticated ducks, geese, and turkeys are also exploited by
human society. Regional preferences for these other poultry
species are marked. Duck raising, for instance, is important and
common mainly in Asia. Seven of the 10 nations with the
highest numbers of ducks are in Asia, mainly in the east and
southeast regions of the continent. The top 10 countries are
China, Vietnam, Indonesia, France, Ukraine, Thailand,
Bangladesh, Malaysia, the Philippines, and Egypt.

The preponderance of ducks in Asia reflects the integration of
duck production into wetland rice farming. Flocks of ducks are
part of the rice production cycle, turned on to fields during
the early rice growth period and again
after harvesting. Being excellent for-
agers, ducks in the early period are use-
ful in controlling weeds and insects
while returning manure to the soil.
Postharvest, they can effectively glean
rice grains left behind in the fields, con-
verting them to meat and eggs. It is
common in rural Asia to see a duck
herder guiding a large flock down a
country road where the ducks can feed
on roadside vegetation, from irrigation
ditches, or in open fields. In addition to
traditional methods, ducks are increas-
ingly being raised in confinement and
fed grain under commercial conditions.
Australia, for example, has a growing
commercial duck industry.

Goose production is also largely re-
gional, with Europe and the Middle East
predominating, though China has the
single highest number of geese, where
they may be herded like ducks (Fig.
4-6).The 10 countries with the high-
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production. In 1995, that contribution had increased to
18.5%. The annual percentage growth rate of cultured finfish
and shellfish production increased from about 5.5% in 1991
to 14% in 1995.

The 10 cultivated species with the highest world production
output in 1996 were kelp, Pacific cupped oyster, silver carp,
grass carp, common carp, bighead carp, Yesso scallop, Japan-
ese carpet shell, crucian carp, and Nile tilapia. When product
value is taken into account, the list assumes a somewhat dif-
ferent character. Some of the high-value products, such as tiger
prawns and Atlantic salmon are targeted for high-end markets
in developed countries and demand a high unit price. The top
10 value products for 1996 were giant tiger prawn, Pacific
cupped oyster, silver carp, kelp, common carp, grass carp, At-
lantic salmon, Yesso scallop, Japanese carpet shell, and bighead
carp.

Aquaculture has a long history. It is believed that the Chinese
have been raising carp in ponds for at least 3000 years. Today,
Asia still remains the major center of aquaculture, particularly
with regard to carp and prawns. China is the world’s largest
cultivator of carp, though India, Indonesia, Myanmar, Thailand,
Laos, Russia, and Ukraine also produce notable amounts of
common carp. Thailand is the world’s largest producer of giant
tiger prawns. Other Asian countries actively involved in prawn
production include China, the Philippines, Indonesia, India,
and Bangladesh. Shrimp culture is expanding outside of Asia,
however, particularly in Latin America, where Mexico, Ecuador,
and Colombia produce prawns.

Tilapia production is strongest in China, the Philippines, Thai-
land, Indonesia, and Egypt. China alone is responsible for 48%
of global tilapia culture. Production of Nile tilapia there in-
creased from 18,000 metric tonnes in 1984 to 315,000 met-
ric tonnes in 1995. Mexico, Costa Rica, and the United States
also have active, albeit smaller, tilapia industries. The key area
of aquaculture where Asia is not dominant is salmonid pro-
duction, largely because the salmonid species are cold water
fishes. The top three producers of cultured Atlantic salmon in
1995 were Norway, Chile, and the United Kingdom, which to-
gether accounted for 83% of world production. Forty-eight
countries are involved in culture of rainbow trout, but four
countries accounted for roughly half of all world production
in 1995, namely France, Chile, Denmark, and Italy.

Other Species

A number of additional species of animals, both domestic and
wild, are exploited by human society for food, labor, or other
goods and services. Many are locally or regionally important.
Llama and alpaca, camelids found in the Andean highlands of
South America, remain economically important to local resi-
dents. The llama provides meat and draft power, while the
lighter, finer-boned alpaca is used primarily for its fiber. In
recent years, llamas and alpacas have become popular with
breeders and hobbyists in North America, and populations are
increasing in the United States and Canada.

Guinea pigs, or cavy, are raised in some South American coun-
tries for meat. Peru, for example, has over 20 million guinea
pigs and produces about 17,000 tons of meat annually, almost
as much as the country’s sheep industry. Guinea pigs, though
native to South America, have been adapted elsewhere in the
world as well. It is estimated that [0% of households in south-
ern Nigeria raise guinea pigs for food. These small, prolific,
and tractable rodents are easily raised indoors on household
wastes, and therefore can provide a source of animal protein
to landless families, even in urban settings.

Like guinea pigs, rabbits offer tremendous potential for the
landless or urban poor to supplement their diets with animal
protein. Rabbits are also tractable and prolific and can do rea-
sonably well on household wastes and forages cut from fields
and roadsides and brought to the hutch. Rabbit production is
reasonably well established in many places in the world. China
produces the most rabbits, mainly through household or small
farm production. Other countries with sizable rabbit popula-
tions include Korea, Uzbekistan, Italy, Kazakhstan, France, Ger-
many, Egypt, and Ukraine.

There are numerous additional species of animals found in var-
ious places around the world that could be more widely ex-
ploited for food and adapted to more-productive management
systems. Some may have the potential for a wider distribution
and acceptance beyond the locale where they are currently
known. These animals fall into a number of categories includ-
ing birds, rodents, reptiles, and ungulates. Avian species with
potential for wider use include Muscovy ducks, quail, guinea
fowl, and pigeons. Underexploited rodents include the agouti,
capybara, hutia, mara, coypu, paca, and vizcacha of South
America and two African species, the cane rat, and the giant
rat. Among the reptiles, the green and black iguanas of Central
America have the potential to be raised for food production.
A number of ungulates are prized for their meat and show po-
tential for either domestication or at least controlled ranching.
These include the duiker of sub-Saharan Africa, the mouse deer
and muntjac of south Asia, the water chevrotain of west Africa,
the musk deer of central Asia, the water deer of China and
Korea, and several small deer of South America, including the
pudu, the huemul, and the brocket.

Conservation-minded readers may bristle at the notion that these
wild species should be exploited for food. However, the reality is
that local citizens already put significant pressures on wild pop-
ulations of these undomesticated species through an active
“bushmeat” trade facilitated by hunting and trapping activities
that are often illegal and widespread. If veterinarians and animal
scientists can work with local people to develop ways to raise
these animals productively under controlled management con-
ditions, this would help to meet demand for animal products
from these species while removing some of the hunting pressure
on wild populations. The current status of these various animals
and what is known and unknown about their management and
production is presented in an informative publication entitled
Microlivestock.'® The use of game farming and game ranching as
conservation tools is discussed further in Chapter 7.



Role of Animals in Agriculture
and Daily Life

Domestic animals provide a wide range of goods and services
to people in their daily lives. In the developed world, animals
are an important source of food, but only a relatively small per-
centage of the population has direct contact with food-pro-
ducing animals. For most citizens in developed countries, daily
animal contact is with companion animals whose main func-
tion is to provide friendship and recreation. In the develop-
ing world, the situation is quite different. Direct contact with
livestock is a regular feature of daily life, and many people in
developing countries, especially in rural, agricultural areas, de-
pend on livestock for a variety of goods and services includ-
ing food, manure, draft power, herding, protection, financial
services, and cultural and religious uses. Each of these func-
tions is discussed below.

Food

The anthropologist Marvin Harris observed that many differ-
ent cultures, from hunter-gatherers to complex industrial so-
cieties, express preferences for foods of animal origin, even
when adequate foods of plant origin are available.” In his book
Good to Eat, he notes that “virtually every band or village soci-
ety studied by anthropologists expresses a special esteem for
animal flesh by using meat to reinforce the social ties that bind
campmates and kinfolk together.”

Harris contends that the main reason primates, including
chimpanzees and baboons, as well as humans, actively seek out
foods of animal origin is that such foods have attributes that
make them especially nutritious. Key among these attributes
are abundant high-quality protein and a variety of essential mi-
cronutrients in relatively high concentrations and in readily ab-
sorbable forms.

Protein is an essential nutrient for growth and development of
muscle and other body tissues. Human proteins are composed
of 22 amino acids, 8 of which, the essential amino acids, can-
not be synthesized by human beings and must therefore be
consumed in the diet. Ideally, to optimize dietary efficiency,
the essential amino acids should be available in the diet in
quantities proportional to the amounts required for protein
synthesis. Otherwise, any single essential amino acid in short
supply becomes a limiting factor in the production of new
protein, and other amino acids in excess supply are burned as
calories rather than contributing to protein construction. The
nutritional attraction of foods of animal origin, including
meat, eggs, and dairy products, is that they are excellent
sources of highly concentrated, digestible protein containing
suitably balanced supplies of essential amino acids.

While all essential amino acids are available in foods of veg-
etable origin, they are not available from any single vegetable
source in proportions suitable for maximally efficient use. For
example, beans have a low protein efficiency because they lack
the essential amino acid methionine. Similarly, whole wheat
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has a low protein efficiency because of a relative shortage of
lysine. To achieve a suitable daily intake of lysine for adequate
daily protein needs using bread alone, an 80-kg man would
have to consume 1.5 kg of whole wheat bread each day. By
contrast, 340 g of meat would provide sufficient quantities of
all the required essential amino acids in proportional balance
to meet daily protein production needs. By combining differ-
ent foods of vegetable origin (e.g., rice with beans, or wheat
breads with lentils or other legumes) the essential amino acids
can be better balanced in the total diet. Nevertheless, foods of
animal origin remain the best solitary source of protein, both
qualitatively and quantitatively, and are valuable additions to
the diets of individuals with higher protein needs, notably
growing infants and children, pregnant women, and the in-
firm and convalescing.

Moderate protein and energy malnourishment affects one
third of the world’s children and results in low birth weight of
infants, stunting of young children, deficits in cognitive func-
tions, and decreased immune functions. Numerous interna-
tional development organizations, including the FAQO, the
World Bank, and a variety of nongovernmental aid agencies,
have recognized the major contribution that foods of animal
origin can make in addressing protein and energy malnutri-
tion in the young

In addition to high-quality protein, foods of animal origin are
excellent sources of iron, zinc, iodine, vitamin A, folic acid,
and B vitamins. Vitamin B,,, or cyanocobalamin, an essential
nutrient, is not available from foods of plant origin. In the case
of the other micronutrients, they may be present in a variety
of foods of plant origin, but concentrations and availability
from such plant foods may make them less useful sources.
For example, in the case of iron, cooked maize contains 0.5
mg of iron per 100 g, but only 5% is absorbed. Cooked beans
contain 2.9 mg of iron per 100 g, but absorption is also only
5%. Beef contains 1.7 mg per 100 g, but absorption is 20%,
so the iron available from meat is more than twice that from
beans, even though the absolute concentration in meat is
lower.

Tron deficiency is a serious nutritional problem in much of the
developing world. For the average citizen in Bangladesh, for
instance, only 2 to 3% of caloric intake comes from meat, and
the overall diet is deficient in bicavailable iron. In that coun-
try, as many as 45% of preschool-age children are anemic, as
are over half the adult women. Even small increases in meat or
fish could improve overall nutrition and help to correct the
problem of iron deficiency anemia with improved mental de-
velopment of children and increased vitality and work capac-
ity in adults.

The content and composition of fats in foods of animal ori-
gin has become a major issue in human diet and health in the
last half of the 20th century. Foods of animal origin are rela-
tively high in cholesterol and saturated fats, compared with
foods of plant origin, and consumption of high levels of these
compounds have been associated with increased risk for a
number of chronic diseases. An enormous amount of scientific
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investigation has been carried out over the last few decades,
much of it epidemiological. Hu and Willett of the Harvard
School of Public Health have carried out a critical review of the
literature on the relationship between consumption of ani-
mal products and the risk of chronic disease.® They examined
dozens of studies, including correlational studies, case control
studies, prospective cohort studies, and controlled clinical tri-
als, in an effort to determine the health effects of specific types
of animal food products on a variety of diseases including
coronary heart disease, hemorrhagic stroke, breast cancer,
colon cancer, and prostate cancer. A tabular summary of their
findings is presented in Table 4-2. There were several notable
conclusions:

¢ Foods of animal origin cannot be lumped together
when discussing health effects. Different products can
have different effects on the same disease, and the
same product can have different effects on different

diseases.
¢ Health effects of white meat from fish and poultry

differ from those of red meat from beef and pork in
epidemiological studies, and health policy

recommendations must take that distinction into

account.

* Similarly, eggs and dairy products must be
distinguished from meats. There is little consistent
evidence that egg consumption contributes to chronic
disease, despite the high cholesterol content of eggs.
Dairy products can have both positive or negative
effects relative to chronic disease, but some of the
negative effects may be ameliorated through

consumption of low-fat dairy products.

* Diets containing substantial amounts of red meat and
red meat products probably increase risk of coronary
disease and some forms of cancer, and substitution of
white meat for red meat can have clear health

benefits.

With ready access to the latest medical information, abundant
food supplies, and a plethora of choice, many citizens in de-
veloped countries are altering their eating habits by increasing
their intake of foods of plant origin, reducing their overall
intake of foods of animal origin, or substituting some animal-

Table 4-2 A Qualitative Assessment of Associations of Animal Product Consumption with Risk

of Chronic Diseases

Red Meat
(beef, pork, Dairy
lamb) Poultry Fish Eggs2 Products
Coronary heart Probably 1 Possibly { Probably { Probably no Probably small 1*
diseases (CHD) increase in risk
Hemorrhagic stroke* Possibly | Possibly { Uncertain® Probably no Possibly
increase in risk
Breast cancer Possibly 1 Probably no Probably no Probably no Probably no
relation relation relation relation
Colon cancer Probably 1 Possibly Possibly Probably no Probably no
increase in risk increase in risk
Prostate cancer Probably 1 Probably no Probably no Probably no Probably 1
relation relation relation

*Up to 1 egg per day.

PIt is possible that substitution of low-fat dairy (e.g., skim milk) for high-fat dairy products (e.g., whole milk) decreases risk of

inevitably consumed.

probably similar to those for CHD.
It is unclear whether it is due to fat or calcium.
°Data are limited. It is possible that higher intake increases risk.

1 increase in risk: |, decrease in risk.

Information provided by F. B. Hu, Harvard School of Public Health, Cambridge, MA, 1999, personal communication.

cardiovascular disease for individuals, but this is largely irrelevant for population disease rates because the dairy fat produced is almost

“The associations between animal products and risk of ischemic stroke, which is more common in the U.S. than hemorrhagic stroke, are




derived products for others. In the United States between 1970
and 1996, for example, there was a 15% decrease in red meat
consumption and a 23% decrease in egg consumption, along
with a 90% increase in poultry consumption, and a 143% in-
crease in cheese consumption.?? By 1996, total meat, poultry,
and fish contributed nearly a third less saturated fat to the per
capita American food supply, and fluid milk contributed 50%
less saturated fat. Paradoxically, however, total per capita fat and
oil consumption was up 21% over the same period, and over-
all caloric intake was up 15%. One third of adults in the United
States were considered overweight by the early 1990s, com-
pared with one quarter of adults in 1970. Overnutrition has
emerged as an important public health and policy issue in the
United States and other developed countries. Overweight and
physical inactivity account for more than 300,000 premature
deaths each year in the United States, second only to tobacco-
related deaths. '+

Meanwhile, in the developing world, undernutrition continues
to be a major constraint on human, social, and economic de-
velopment, with an estimated 800 million people worldwide
not having enough to eat on a daily basis. A high value is still
placed on foods of animal origin in much of the developing
world, and whenever expanding incomes permit it, consump-
tion of animal products of all types increases, within the
framework of social, cultural, and religious preference and sub-
ject to availability. In areas of food scarcity, animal fat is still rec-
ognized and valued as a highly concentrated source of calories.

The increased demand for food of animal origin is closely cor-
related with economic development, industrialization, and ur-
banization. As such, Asia has seen the strongest growth in
consumption of animal products. Latin America has also
shown marked increases in consumption but not to the extent
of Asia. Africa, which has lagged behind in economic devel-
opment, has shown the smallest growth. Between 1967 and
1997, the per capita growth in meat consumption of all types
in Asia increased by 293%, in Latin America by 50%, and in
Africa, by 5%. It is instructive to note that meat consumption
in Asia, despite its rapid expausion, still falls considerably short
of meat consumption in the developed world, even though cit-
izens in developed countries have ostensibly been scaling back
on meat intake. In 1997, for example, per capita meat con-
sumption in the United States was 118 kg, compared with
42.5 kg in China.

Sustaining the phenomenal growth in production for all types
of animal products, illustrated in Figure 4.7, offers consider-
able challenges for the future. Policy analysts at the Interna-
tional Food Policy Research Institute (IFPRI) suggest that
meeting the explosive demand for livestock products will re-
quire social and agricultural transformations equal in scope
and magnitude to those that characterized the Green Revolu-
tion of the 1950s and 1960, which led to tremendous in-
creases in crop productivity.* As early as 1975, scientists were
warning that constraints on land and energy resources would
make it impossible to feed the world population (4 billion at
the time, now 6 billion) an American-type diet, in which 69%
of dietary protein came from foods of animal origin.??
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Figure 4-7. World production of animal protein by source,
1950-1996. (Reproduced by permission from WorldWatch
Institute. Source: Brown LR. The Agricultural Link: How
Environmental Deterioration Could Disrupt Economic Progress.
World Watch Paper no. 136. WorldWatch Institute, 1997.)

Certainly, expanded livestock production, particularly inten-
sive commercial production, will have significant ramifications
on agriculture and the environment. Some of these effects are
already becoming evident. Industrial livestock production re-
quires considerable use of grain as animal feed for growing
and finishing meat animals as well as for promoting egg and
milk production. There is growing concern that the dedication
of increased agricultural land for cereal grain production to
feed livestock may actually reduce grain supplies for direct
consumption by people. Even if grain supplies remain ade-
quate, there is also concern that demand for cereal grains as
livestock feed will drive up world grain prices, causing hard-
ships for the poorest people in developing countries, particu-
larly in countries that must import grains to feed their people.
The impact of expanding livestock production in China alone
has caused serious concern about the future of world grain
supplies (see sidebar “The Challenge of Feeding China”). In
addition, expanded animal production can potentially result in
a number of environmental problems if such problems are not
anticipated and properly managed. Environmental problems
associated with both extensive and intensive livestock pro-
duction, such as land degradation in the former and ground-
water contamination in the latter, are discussed in more detail
in Chapter 6.

Manure

Traditionally, manure has been an important and valuable
byproduct of livestock raising, with varied uses, and in many
situations today, manure continues to be a valuable commod-
ity for use as fertilizer, fuel, and animal feed.

Use As Fertilizer
The chief limiting nutrient in crop agriculture is nitrogen.
Much of the improvement in crop yields associated with the
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The Growing Challenge of Feeding China

hina is a country with a history marked by periods of famine and food scarcity. Historically, food scarcity in China was as-
sociated with crop failures due to floods, drought, and other natural disasters leading to shortages of basic food for people
in the countryside. Today, China faces a different sort of food supply problem, namely, the production of adequate supplies
of grains to feed its growing livestock population. In the last 50 years, the
challenge of feeding China has shifted from a context of overcoming rural
hardships and poverty to meeting the demands of urban prosperity. In the last
30 years, China has become industrialized, its urban populations have ex-
panded, the purchasing power of the populace has increased, and demand
for foods of animal origin has skyrocketed. This has created an ever-increas-
ing need for cereal grains to feed livestock. There is currently a serious de-
bate about whether or not China has the capacity to produce enough grain
domestically to meet this growing demand and, if not, what effect large-scale
importation of grains into China will have on world grain markets, grain sup-
plies and world hunger. Consider some of the following items:

¢ The Chinese economy is expanding rapidly and producing considerable
prosperity for an expanding segment of the national population. Since
1978, the gross domestic product of China has quadrupled.

* Over the last 15 years of the 20th century, per capita income in China
rose 170% for urban dwellers and 150% for rural dwellers.

* Per capita consumption of animal products in China has increased dramatically in recent decades. Between 1967 and 1997,
per capita consumption of poultry increased by 781%, pork by 355%, whole milk by 394%, and eggs by 785%.

» China is urbanizing rapidly. The share of the urban population increased from about 23.7% in 1985 and is projected to reach
almost 50% by 2030. The consumption of meat and other livestock products is 2 to 3 times higher in urban populations than
in rural populations and has been steadily increasing.

* If the goals of population control policies in China are met, the population of the country in 2030 will be 1.6 billion. How-
ever, at the actual growth rate (1.4%) measured during the 1990s, the population of China in 2030 could be as high as 2 bil-
lion. If the latter number is reached, it represents a 25% greater need for food.

* Income elasticity, a proportional measure of the increased demand for goods as incomes rise, is very strong for livestock
products in general and for certain livestock products in particular. Demand for milk and milk products, poultry meat, and fish
have increased more than proportionally with income, with reported income elasticities of 1.5, 1.46, and 1.34, respectively.
Income elasticity for pork, beef, and mutton were all 0.57, while income elasticity for crop products was low, 0.3 during the
1990s.

* Livestock production has risen dramatically in China, particularly after the agricultural reforms of the 1970s that allowed pri-
vate livestock ownership. For example, between 1980 and 1995, poultry meat production increased from 1 million tons to
9.35 million tons, and egg production increased from 2.57 million tons to 16.77 million tons.

* During the same period, industrial feed production increased from 2 million tons in 1980 to 50 million tons in 1995. Pigs re-
ceived 42% of this expanded production, layers and broiler chickens 50%, fish 5% and the remaining 3% was allocated as
feed for cattle and other animals.

Green Revolution of the 1950s and 1960s is attributable to the
increased use of chemical fertilizers containing nitrogen, phos-
phorus, and potassium to enrich soil and promote plant
growth. Yet for many small farmers around the world, chemi-
cal fertilizer remains a costly, difficult-to-obtain, external input
that they can neither afford nor acquire. When livestock are
present in the farming system, the manure from these animals

serves as fertilizer. Considerable manure is produced by ani-

mals. The weekly output for a 2-kg hen is 0.8 kg of manure;
for an 80-kg pig, 40 kg of manure; and for a 650-kg cow, 150
kg of manure. In addition to providing nitrogen, phospho-
rus, and other micronutrients to soil, application of manure
also helps to improve soil by increasing moisture retention and
cation exchange capacity and by adding organic matter to the
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* If grain is fed to livestock under commercial production systems, it takes approximately 2 kg of grain for each kg of poultry
produced, 4 kg for each kg of pork, and 7 kg for each kg of feedlot beef.

* Grain production increased in China from 200 million tons in 1965 to 467 million tons in 1995 as a result of agricultural
policy reforms and a number of technological improvements including increased fertilizer application, mechanization, irri-
gation, improved hybrid crop varieties, and multiple cropping. Nevertheless, China became a net importer of grain for both
human and animal consumption beginning in 1995, including soybeans, maize, wheat, and barley.

* Arable land available in China for crop production decreased by approximately 8% between 1965 and 1995, from 103.3
million ha to 95.0 million ha, largely as a result of urban expansion and industrialization.

e Efforts to derive greater outputs from remaining lands are beginning to produce negative environmental consequences such
as soil erosion from overcultivation, groundwater contamination from excessive fertilizer application, and depletion of water
supplies through excessive or inefficient irrigation. This suggests that it is not likely that cereal grain production will continue
to increase at the impressive rates reported between 1965 though 1995.

Some observers have expressed serious concern that the Chinese population, expanding in size and affluence and in its hunger for foods
of animal origin, is indirectly creating a demand for cereal grain to be used as animal feed that will not be able to be met by domestic
production within China. This will mean steady increases in grain importation into China. Lester R. Brown at the WorldWatch Institute
cautions that this situation will have profound effects on world grain supplies and prices and ultimately influence the availability of grains
available for direct human consumption.2 Brown looked at various possible scenarios for grain consumption and production in China
by the year 2030 and suggested that required Chinese grain imports may be in the range of 207 to 390 million tons. To put these num-
bers in perspective, the world's entire amount of grain exported in 1994 was 200 million tons. In 2030, Brown projects that 10 of the
world’s developing countries, themselves with expanding human populations, will need to import 190 million tons of grain for direct
consumption by people to meet basic food needs. Grain is traded as a market commodity, so increased competition and demand will
undoubtedly lead to higher prices. As a result, some of the least-developed coun-
_—
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tries of the world may be unable to afford to purchase the quantities of grain

necessary to meet basic food needs. -

Clearly there are challenges ahead and perhaps more questions
than answers. Is it possible to meet the growing demand for

livestock products in China without creating major distor-
tions in world grain markets? Is it more rational for China to
import finished pork and poultry products from the United

States and developed countries to meet growing demand or

to import the grains to raise their own livestock? Are there
alternative strategies for feeding livestock that can reduce the
pressure on grain supplies? In a country like China with a large
rural population, inexpensive labor, and many small mixed
farms, can small-scale sustainable pig and poultry production
meet growing demand using a model similar to the
Indian dairy industry or is intensive commercial production the
only answer for improving efficiency? These are questions wor-

s
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Commercial Swine Breeding Farm in Sichuan Province, China.

thy of consideration by veterinarians interested in the challenges
of international veterinary medicine.

(Photo courtesy of Dr. Terry S. Wollen, Heifer Project International,
Little Rock, Arkansas)

soil structure. Even when chemical fertilizer is available, some
of the costs of use can be offset by using manure as the foun-
dation for fertilization and then purchasing only the additional
fertilizer necessary to meet the supplemental requirements of
the soil. In southeast Asia, for example, application of manure
to fields for intensive rice production is important as a source
of phosphorus. While meeting only 6 to 10% of the nitrogen

requirement of the rice crop, it can provide up to 59% of the
required phosphorus.

In traditional farming systems, animal management practices
are often organized with an eye toward maximizing the cap-
ture of available manure. Housed animals may be kept in ele-
vated structures with slatted floors so that manure and urine
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that drop below the animal house can be easily collected for
distribution on fields. Animals that are routinely taken out to
graze daily are still likely to be penned at night, in part for pro-
tection, but also to concentrate manure in a location in which
it is easily collectible and not lost. In areas where pastoralists
are present, farmers with croplands will strike deals with the
herders, allowing them to turn their herds into harvested fields
to glean stover and leftover grains, so that the farmer can have
the benefit of the manure deposited in his fields while the
animals are grazing.

Use As Fuel

In the developed world, there is reliable access to energy
sources for commercial and household uses such as lighting,
heating, and cooking. In much of the developing world, where
energy infrastructure is lacking or the cost of energy is pro-
hibitive for poor households, families often have to identify
and procure their own energy sources for household use. Fuel
wood from trees and shrubs is the most common source of
household fuel where forest resources abound. However, in
semiarid regions with large human populations and limited
economic development, such as the Sahel region in Africa and
many parts of south Asia, deforestation has been severe, and
adequate fuel wood supplies are lacking. In these areas, ma-
nure has become an important source of fuel, primarily for
cooking. It has been estimated that 50 to 60% of the animal
manure produced in India and Pakistan is used as fuel rather
than as fertilizer.

Manure can be used as cooking fuel in two ways, either burned
directly or anaerobically digested to produce methane gas,
which is then burned. Direct burning requires collection of an-
imal manure, a task usually performed by children or women,
who may follow grazing animals and pick up manure. The ma-
nure is then mixed with straw and water and formed into flat
cakes that are laid out in the sun to dry, with intermittent turn-
ing. When dry enough for storage, they are stacked and set
aside in a place safe from rain. Often, an actual mud or dung
house is built to store the stacked cakes (Fig 4-8). The dried
cakes are burned as cooking fuel in simple stoves or pits. While
the use of manure as a fuel has the advantage of reducing de-
pendence on nonrenewable fossil fuels or limited forest re-
sources, it has an adverse consequence as well, since manure
burned as fuel basically becomes lost as fertilizer, thus reduc-
ing the fertility of local soils and their crop productivity.

Biogas production represents a more sophisticated and versa-
tile approach to using manure as a fuel. Through the use of
anaerobic digestion and related appropriate technology,
methane gas can be produced, collected, pressurized, and piped
for use as a fuel for heating, cooking, or lighting, while the di-
gested, spent slurry can still be used as a valuable fertilizer. Such
slurry is superior to fresh manure as a fertilizer because the
digestion process converts a considerable proportion of the
nitrogen present into forms more readily accessible for uptake
by plants. Agricultural productivity can increase as much as
30% when digested slurry is used instead of fresh manure.

Dung storage houses in India used for storage of

Figure 4-8.
manure. The manure is shaped into flat cakes and dried for storage
as seen in the foreground. The dung is ultimately used as cooking
fuel, especially in areas where fuel wood is scarce. Note the
decorative patterns on the walls of the storage houses. (Photo by
Dr. David M. Sherman)

The application of biogas technology has advanced consider-
ably in a number of developing countries, notably China. Mar-
chaim reports that China has over 9 million working digesters
in place, providing as many as 25 million people with gas for
cooking and lighting for 8 to 10 months a year, who then use
straw and wood as fuel during the winter months.'? India has
at least 650,000 biodigesters, and South Korea has approxi-
mately 30,000. Many other developing countries have pro-
grams in place to increase use of biogas but have not reached
this level of participation.

Biogas technology is not limited in its application only to sin-
gle households. More-complex technology allows biogas to
be applied in community settings, for large-scale commercial
animal rearing operations, and even at the municipal and in-
dustrial level. Communal systems offer some economy of scale
that make them more efficient than single-household digesters.
China has 800 biogas electric stations producing electricity
for over 17,000 households. The potential for expansion of bio-
gas use as an alternative energy source in China and other coun-
tries with expanding livestock production systems is immense.
Biogas technology may also offer solutions to the problem of
manure waste management in developed countries where in-
tensively housed livestock production systems generate large
quantities of manure. In 2001, for instance, a dairy farmer in
Oregon teamed up with the local utility company to install a
biodigester on his 320-cow farm. Methane produced by the di-
gester will be piped to a company generator to be burned as
fuel to provide electricity for as many as 65 homes.®

Use As Feed

Under normal conditions of alimentation in animals, a sig-
nificant portion of the nutrients available in feeds remains
undigested or unabsorbed in the digestive tract and is passed
in the feces, notably crude protein, B-complex vitamins, and



some minerals. Therefore, manure possesses considerable po-
tential nutrient value itself as a feed for livestock and fish. The
use of animal manure as a source of nutrition for fish in fish
ponds is a well-established, traditional practice in Asia. In the
dike pond system of carp production practiced in South China,
for example, pig feces and urine are routinely added to the
pond as a principle nutrient source for the fish. Pig manure
may contain over 20% crude protein.

The use of animal manure as a constituent of livestock feed in
commercial production systems has expanded considerably in
recent decades as animal production specialists and nutrition-
ists have sought to develop balanced, least-cost rations that will
keep production costs low. Additional impetus for the use of
recycled manure as animal feed stems from efforts to alleviate
the growing waste disposal problem associated with inten-
sive livestock production. The potential of poultry manure and
litter as animal feed has received considerable attention.

Poultry manure contains about 30% crude protein on a dry
basis. Half of this is from uric acid. Rumen microbes, after a
period of adaptation, can use uric acid to produce protein, and
for adapted ruminants, the digestibility of crude protein in
poultry manure approaches 80%, making it a valuable feed
constituent for cattle, sheep, and goats. In commercial poul-
try production, deep litters are used under cages to absorb ma-
nure to reduce odors, moisture, and contamination. The litters
themselves are frequently agricultural byproducts such as cit-
rus meal, peanut shells, or sugar cane residue (bagasse), with
some potential nutrient value. Manure-laden poultry litter re-
moved from poultry houses can be dried and used as feed for
both dairy and beef cattle, though it must be supplemented
with more energy-rich feed constituents. It has no noticeable
affect on the taste and smell of beef or milk. Poultry litter can
also be ensiled, adding to its versatility as a cattle feed.

The practice of feeding manure to livestock offends some sen-
sibilities and raises health concerns about both the livestock
being fed and the people who ultimately consume livestock
products. These concerns need to be addressed. However, in
the face of growing demand for livestock products and the
associated pressures on cropland to produce animal feed at the
expense of human food, innovative approaches to livestock nu-
trition need to be developed and applied. The use of manure
as a feed offers one such approach and also helps to address
the problem of waste disposal from intensive livestock man-
agement systems.

Draft Power

Draft animals remain a critical source of agricultural and mo-
tive power in the developing world. The FAO estimates that
52% of the cultivated land in developing countries, exclud-
ing China, is farmed with draft animals. Only 22% of land is
farmed with tractors, while 26% is still worked with hand
labor. By contrast, in developed countries, 82% of cultivable
land is now farmed with tractors. The use of draft animals is
not uniform throughout the developing world. It is estimated
that in Africa, 90% of agricultural power is provided by human
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labor, 8% by draft animals, and only 2% by tractors. The po-
tential for wider application of draft power in Africa is recog-
nized by researchers, policymakers, and development agencies.
The International Livestock Research Institute has been very
active in promoting the acceptance and improved use of draft
animals in different regions and farming systems of Africa.!®

The persistence of draft power in the developing world is pri-
marily due to economic constraints. Many poor farmers lack
the capital for investment in mechanized farm equipment or
have inadequate land holdings to justify the purchase of trac-
tors or other farm machinery. Even with sufficient capital, ad-
ditional constraints may exist, such as limited availability of
equipment, replacement parts, qualified repair service, and re-
liable, affordable fuel supplies. When overall economic devel-
opment in a country occurs and the buying power of farmers
increases, rapid shifts away from draft animals to mechanized
farming do occur. For instance, in Taiwan, one of the economic
success stories of the late 20th century, rural prosperity resulted
in increased mechanization of agriculture and an associated de-
cline in buffalo numbers from 325,000 in 1960 to 123,000 in
1974, largely replaced by hand tractors (Fig. 4-9).

Nevertheless, draft animal use is still widespread and offers
some practical and environmental advantages. Draft animals
are, for the most part, self-repairing and self-propagating. They
do not require nonrenewable fossil fuels to operate, but rather
are fueled by renewable, locally produced energy sources,
namely, forages and other crop products and byproducts. Draft
animals can be integrated into small farming systems and pro-
vide additional services to the farmer in the form of manure,
offspring, and milk when cows are used. In some situations,
animal tillage actually may be preferable to tractor tillage in
that it is less damaging to soils, resulting in less compaction
than tractor use. For millions of cash-poor, hand-laboring,
small-scale farmers in Africa and elsewhere, the introduction
of sustainable draft power can reduce labor burdens and im-
prove the overall productivity of small farms.

Animals used for draft purposes around the world include cat-
tle, buffalo, horses, donkeys, camels, and elephants. Selection
depends on local conditions of geography, climate, soil charac-
teristics, farming system, animal adaptation and availability; the
type of work required; and cultural preference. The advantages
of water buffalo over cattle for use in wetland rice farming in
southeast Asia, for example, was mentioned earlier in this chap-
ter. When cattle are used for agricultural work, it is usually cas-
trated males, known either as oxen or bullocks, that are used.
Oxen are more tractable than bulls and are preferred over cows
because of relative size and strength. However, the opportunity
costs of maintaining draft oxen for agricultural work are high.
They may be used intensively for short periods of the year but
must be fed and cared for year round. During this time they will
produce manure but may produce little else of value. There is
much interest in promoting the use of cows as draft animals,
as the animals can provide milk and offspring in addition to
labor, thus offering the farmer and family greater returns year
round for the investment in feeding and maintenance.
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Figure 4-9. Small tractors like the ones pictured here from
China (top) and Brazil (middle) are replacing draft animals in
many developing countries. The machines can be used for field
work but can also be hooked to a wagon or trailer and used as
road vehicles to transport loads to town. When draft animals are
replaced by machines, feed rescurces can be used instead to feed
food-producing animals. However, these small tractors are
polluting, use nonrenewable fossil fuels, and are costly to purchase
and maintain relative to draft animals such as the Brazilian horse

shown at bottom. (All photos by Dr. David M. Sherman)

However, the successful use of cows for draft purposes requires
much greater attention to health and nutrition if the animal
is going to be able to provide all the various services that are
expected. Fertility and milk production often decline in draft
cows unless adequate supplemental feed of high quality is pro-
vided. Similarly, the use of draft animals in pairs rather than
single animals for plowing may increase overall livestock num-
bers and put heavy demands on available feed supplies and the
farmer’s overall resources. There have been numerous efforts,
notably in Ethiopia, to design single-ox yokes and plows and
encourage the use of single-ox plowing.

The use of draft power around the world is not restricted to
the farm. As recently, as 1980, it was estimated that as much as
60% of all goods taken to market in India and Pakistan were
transported by draft animals. Today, that percentage is reduced,
but it is still commonplace to see donkey carts, horse-drawn
taxis, and large, heavily laden wagons pulled by camels jostling
for position with cars, trucks, and buses in the congested
urban streets of south Asia. In rural areas, draft animals con-
tinue to be used to carry burdens such as straw, fuel wood, and
drinking water from the fields and countryside back to the vil-
lage and to carry produce and other agricultural products to
district or regional markets. In Latin America, donkeys and lla-
mas are used to bring coffee and other mountain-grown prod-
ucts down from the slopes, and in India, the Army still uses
mules to carry ordinance up to remote military outposts on
the mountainous borders with China and Pakistan.

The successful use and ensured productivity of draft animals
requires good health and access to veterinary services. There
are numerous health constraints on working stock. Skin
wounds associated with ill-fitting yokes and harnesses are
commonplace, as is lameness associated with overwork and
poor foot care. Undernutrition and parasitism are widespread.
Regrettably, poor farmers and teamsters who use draft animals
often lack the financial resources to obtain adequate veterinary
service, or such service may not be available. Improving access
to veterinary care for draft animals is an important and worth-
while goal for improving agricultural productivity and eco-
nomic development in developing countries.

Herding and Protection

Livestock herders face a number of risks and hardships, in-
cluding predation and theft of their stock. Dogs have long been
used by herders in different parts of the world, as a means of
reducing these risks, and a number of livestock-guarding dog
breeds, such as the Aidi of Morocco, the Akbash and the Kan-
gal of Turkey, the Komondor of Hungary, and the Ovtcharka
breeds of Russia and Central Asia, have been developed over
the years to specifically address this need. The use of dogs as
protection naturally extended to sedentary farmers to defend
their penned livestock and to villagers to protect their fami-
lies and household goods.

Today, in an era of intense, accelerating, global urbanization,
the dog as a protector of property has become widespread in
the world’s cities. It is difficult to obtain statistical information



on urban dog populations or their rate of growth, but one
need only listen to the incessant din of barking, howling, and
other forms of canine expression that marks nightfall in any
contemporary African city to be convinced that dogs are ubig-
uitous. In much of Asia, Latin America, and Africa, members
of the expanding urban middle class increasingly live in sin-
gle-family houses surrounded by a high wall with a metal gate.
Worries about crime are widespread, and security is a com-
mon concern. While the number of home security options
continues to expand, the use of dogs, turned out to patrol the
walled compound at night, remains a preferred choice. From
1950 to the close of the 20th century, the number of people
living in urban environments increased from 0.75 billion to
approximately 2.75 billion people, or about 46% of the
world’s population. This increase has led to a concurrent in-
crease in the number of urban dogs, many of which are used
for protection purposes. This increase in turn has encouraged
demand for small animal clinical veterinary services in urban
centers around the world, a demand that so far, has not al-
ways been successfully met. The potential for increased small
animal practice in urban areas of the developing world remains
high. Urbanization also leads to increases in stray dog and cat
populations, with attendant problems of animal suffering and
public health problems such as rabies.

Financial Services

An Afghan friend visiting the United States in 1996 was asked
what most impressed him about America. What most im-
pressed him, he said, “was that you could stick a plastic card
into a brick wall and in response, money came out.” While cit-
izens in developed countries can take the ATM machine and
other financial services for granted, many citizens in the de-
veloping world have little or no access to even the most basic
banking services, such as savings accounts or credit. This re-
mains particularly true in rural areas, where animals serve the
function of “cash on the hoof.”

For farmers, herders, and landless villagers, livestock often
serve a variety of financial functions. Steady income can be de-
rived from regular sales of milk, eggs, or manure. Periodic
income can be generated from sale of meat or hides from
slaughtered animals, wool or hair from seasonally shorn ani-
mals, or from fees for services involving the use of their ani-
mals, such as breeding, plowing, or transport.

Farmers with excess cash income from the sale of crops and
no bank to deposit it in may buy additional animals as means
of savings. These animals serve as an investment of “principal,”
and the offspring they produce are the “interest” on the ac-
count, which can be held or spent. When cash markets are not
available for crop surpluses, these crop surpluses will be fed to
animals as a means of storing the surplus and drawing upon it
later for food or cash to meet recurring demands such as pur-
chase of seed, fertilizer, and equipment; payment of school
fees; or unforeseen expenses such as medical bills. Small stock,
such as sheep, goats, poultry, and rabbits are often used as sav-
ings accounts rather than larger, more-expensive animals such
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as cattle for practical reasons. Just as there is more opportunity
and less risk in having a mixed investment portfolio, so it is
with having a mix of small ruminants and poultry rather than
owning a single cow.

Cultural and Religious Uses

Before humans domesticated animals, they observed and stud-
ied them. By learning the behavior and habits of wild animals,
humans were able to draw them gradually into the sphere of
human society as domesticated versions of their wild progen-
itors. During their study, humans reflected on the similarities
and differences between themselves and various kinds of ani-
mals, and in the process, animals came to be imbued with spir-
itual and symbolic significance for human beings. Human
ideas about animals and what they represented became an in-
tegral part of religious ritual and cultural expression. Specific
animals became associated with certain human traits or came
to represent significant deities in polytheistic religions. Ani-
mals were used in ritual to seek help, give thanks, purge sin,
acquire virtue, or appease the gods.

Animals continue to serve a variety of cultural and religious
purposes in human society. For instance, the use of animals
in sport and recreation is almost universal, though it takes
many forms, be it rodeo in the United States, bullfighting in
Spain, hare coursing in England, Buzkhazi in Afghanistan, goat
racing in Tobago, cock fighting in the Philippines, camel rac-
ing in Dubai, horse racing in Mongolia, or chukar partridge
fighting in Pakistan. A considerable number of the sporting ac-
tivities that involve animals are so-called blood sports that lead
to injury or death of animal participants. Social and political
pressures are increasing to curb bloodsports, but it should be
recognized, in a cross-cultural context, that sentiments against
such activities are by no means universal.

The breeding and showing of animals, though frequently serv-
ing a commercial purpose, also provides an important social
function for the people involved. Fairs and festivals that focus
on the display of animals and the awarding of prizes are com-
monplace around the world (Fig. 4-10). Pet keeping may also
be considered principally a recreational activity, though the
psychosocial benefits of animals serving in the role of com-
panions are being increasingly recognized. This recognition
has led to the increased use of animals for therapeutic purposes
in a number of settings, including prisons, nursing homes, and
hospitals.

In traditional societies, animals continue to serve a number of
cultural and religious functions beyond recreation or diversion.
In animal-centered cultures, such as the pastoralist societies of
Africa, animals play a number of important social roles beyond
providing a livelihood. The Karimojong of Uganda, for in-
stance, use their livestock to cement social contracts between
families or clans, such as occurs when cattle are offered as part
of the bride price prior to marriage. The Karimojong also carry
out ceremonial sacrifice of cattle in recognition of the spiri-
tual significance of cattle in the culture. By drinking the blood
and eating the meat of the sacrificed ox, Karimojong men ac-
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Figure 4-10.

Showing prized livestock at fairs has a worldwide appeal for animal keepers. At Pakistan’s annual national

agricultural show in Lahore, it was not difficult to get camel, goat, horse, and cattle owners to pose proudly with their animals. (All

photos by Dr. David M. Sherman)

knowledge their dependence upon the God who provided
them with the gift of cattle and allowed them to prosper. The
sacrifice also serves to maintain the link with their forefathers,
who also tended cattle received from God. The individuality and
personality of young Karimojong men are closely linked to
their cattle. Each Karimojong herder has a special relationship
with a particular ox that was received from his father as a calf
and whose name he adopts as his “name of respect” when ad-
dressed by his inferiors (Fig. 4-11). He will risk his life to save
his special ox in the event of an enemy raid and might even
commiit suicide in the event of its death.'*

Animal Management Systems

Livestock are managed under a variety of production systems
around the world. The production system that prevails in any
given place reflects the local available resource base. The key
determining resources are land, labor, and capital, though cli-
mate, geography, and culture also play important roles in shap-
ing the management system. Traditional systems, prevalent in
developing countries, tend to reflect conditions of abundant

land, cheap labor, and limited capital. However, in many areas
of the world, population increases and economic development
are placing new limits on land availability and forcing some
changes in traditional patterns of animal keeping. The more
modern, mechanized, and intensive systems of livestock man-
agement, seen primarily in developed countries, generally re-
flect the prevailing conditions of expensive or limited land,
scarce or expensive labor, and abundant capital.

Brief summaries of the main animal management systems
present in the world today are presented in the following sec-
tions. These systems include pastoralism, agropastoralism, tran-
shumance, ranching, mixed subsistence farming, mixed
specialty farming, intensive industrial livestock production,
and aquaculture. In addition, the role of livestock in the lives
of landless villagers and urban dwellers and the role of live-
stock in sustainable agriculture are discussed.

Pastoralism

Pastoralism is a mobile system of keeping livestock in which
herders move repeatedly with their grazing animals in search
of suitable pasture and water, usually on a seasonal basis. Pas-



Figure 4-11.

David M. Sherman)

toralists are found primarily in semiarid regions of the world,
where inadequate, erratic, or seasonal rainfall will not support
reliable crop production. The grazing of livestock on these dry
rangelands represents the most appropriate and practical way
to use the land productively for food production. The tradi-
tional pastoral system depends on virtually no external inputs.
Solar energy is converted to animal protein via the grazing of
animals on natural, rain-fed grasslands . The main input is the
labor of herders tending and defending their grazing stock.
Connections to crop agriculture are minimal. Crop farmers,
when present in pastoral regions, may invite herders to graze
their animals in harvested fields to forage on crop residues so
that the farmer may benefit from the animal manure deposited
in the fields.

An estimated 180 million people worldwide are engaged in
pastoralism, tending approximately 960 million ruminant live-
stock on some 10 million km? of arid or semiarid rangeland.
Some of the world’s pastoralist groups include the Taureg and
Bororo of the western Sahel in Africa; the Maasai, Turkana,
Samburu, Karimojong, and Dinka of eastern sub-Saharan
Africa; the Bedouins of Arabia; the Raikas and Gujars of Ra-
jasthan in western India; and the Koochi Pashtun of
Afghanistan. Most pastoralists communities represent specific
ethnic groups divided along tribal lines, with their own char-
acteristic culture and preferences for animal species used.

The movements of pastoralists are not random. Rather, they
represent accumulated experience about a variety of factors,
including rainfall patterns, geography, forage quality, land
rights, tribal conflicts, and disease risks. In consideration of
disease, for example, African herders seasonally move cattle
away from areas when tsetse flies are active, to reduce the risk
of trypanosomiasis. Similarly, in eastern Africa, where wilde-

A favorite ox, decorated by a Karimjong herder in northeastern
Uganda. The Karimojong are one of numerous cattle-based, pastoralist cultures in
Africa that derive spiritual, social, and utilitarian value from their cattle. (Photo by Dr.
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beest herds are still prevalent, herders will
keep their cattle away from grasslands where
wildebeest are calving to reduce the risk of
exposure to malignant catarrhal fever.

The mix of species kept by pastoralists will
depend largely on local conditions of feed
and water availability. When there is sufficient
water, cattle are usually present and are often
the focus of the herding group. The Maasai,
Dinka, and Karimojong of east Africa are, for
example, cattle-based cultures (Fig. 4-12).
However, in some pastoralist regions, condi-
tions are too consistently dry or vegetation
too sparse to support cattle. In these areas, for
example, Afghanistan or Arabia, grazing herds
are composed primarily of sheep, goats,
camels, and possibly donkeys. Even in cattle-
based cultures though, herds are often
mixed, with sheep and goats maintained
along with cattle. This represents a strategy
for reducing and diversifying risk of cata-
strophic loss in drought-prone environments.

Maintaining large herds is another common strategy for min-
imizing risk in the face of harsh and unpredictable conditions.
The rationale is that the greater the number of cattle present
when a drought begins, the greater the proportion of cattle
that are likely to survive the drought and serve as seed stock
for repopulation. Furthermore, traditional pastoralism is a sub-
sistence undertaking. Livestock are raised primarily for the use
of herders and their families, for food as well as for a variety
of cultural purposes. Traditionally there is not a great inclina-
tion to sell off animals to external markets for commercial pur-
poses, though in more-recent times, considerable efforts have
been undertaken by governments and development agencies

A Karimojong herder tends cattle in northeastern

Figure 4-12.
Uganda. Pastoralism represents the most rational use of semiarid
rangelands for production of food through the grazing of
ruminant animals. The Karimojong also tend sheep and goats,
which may be herded with the cattle or tended separately by
young boys. (Photo by Dr. David M. Sherman)
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to encourage greater offtake from pastoralist herds. A key rea-
son, beyond promoting economic activity, is that large herds
are often cited by renvironmentalists as an important cause of
land degradation and desertification in the fragile environ-
ments where pastoralists are generally found. The role of pas-
toralism in land degradation is, in fact, a complex issue about
which there is still significant debate, as discussed further in
Chapter 6.

The pastoral way of life is under siege. Many governments
view pastoralists as backward and unproductive, and some
have explicit policies to encourage pastoralists to give up their
traditional way of life and pursue sedentary livelihoods. Even
without the pressure of hostile governments, economic de-
velopment and population growth are undermining traditional
pastoral livelihoods. Traditional grazing lands have been an-
nexed into protected wildlife areas, converted to crop pro-
duction, switched over to commercial ranching, or simply
disappeared under the advance of urban expansion. Com-
plaints of land degradation intensify as livestock populations
are increasingly crowded onto shrinking areas of traditional
grazing,

The irony in the assault on pastoralism is that livestock graz-
ing, as traditionally practiced by pastoralist herders, may be the
most cost-effective way to exploit semiarid grasslands for food
production. It is true that some grasslands can be converted
to crop production, but this often requires intensive capital in-
puts in the form of irrigation, fertilizers, pest control, and
other technical resources. Even ranching systems may not be
as cost-effective or productive as traditional pastoralist systems.
Recognition of the importance of traditional pastoralism has
increased in recent years, and considerable efforts have been
made to better understand pastoralist culture and practices,
to recognize the productivity of pastoralism, and to develop
support services to ensure its future. The current status of pas-
toralism and prospects for the future have recently been re-
viewed.! A good source for more information about
pastoralism is the Pastoralists Development Network (PDN),
which now functions through the internet under the auspices
of the Overseas Development Institute. An extensive range of
PDN papers is available on-line at http://www.odi.org.uk/
pdn/index.html.

Agropastoralism

Agropastoralism is a form of pastoralist livelihood in which
some crop agriculture is carried out in addition to extensive
grazing of livestock. Livestock keeping remains the principal
economic or cultural activity of the community, while cropping
serves as a means to diversify risk by providing alternative
sources of food or cash income as well as a source of supple-
mental feed for livestock during periods of poor grazing.

Some pastoralist groups, such as the Maasai, have been his-
torically disdainful of crop agriculture and the neighboring
peoples who practice it. Others, however, have electively in-
corporated cropping activity into their overall survival strat-
egy, such as the Barabaig of north central Tanzania. While their

culture is centered around cattle, and milk and blood are their
preferred foods, the Barabaig have a long-standing practice of
supplementing their diet with maize. Maize may be obtained
by barter or purchase from sedentary farmers, but the Barabaig
themselves engage in maize cultivation on small plots of one-
quarter acre. Similarly, archeological and anthropological in-
formation on southern African tribes, notably the Tswana,
Zulu, and Shona, suggest that these cultures have carried out
extensive grazing in conjunction with crop production for at
least 700 or more years. Agropastoralism is also traditionally
practiced among people living around the oases of the Sahara
desert, who use irrigation to grow date palms and extensively
graze camels, sheep, and goats beyond the periphery of the
oasis settlement.

While some pastoralist groups have chosen agropastoralism,
other groups have been pushed into crop production by
changing circumstance. Government policies promoting set-
tlement, the loss of prime grazing lands to commercial agri-
culture ventures, urban sprawl, war or civil insecurity, and
expanded populations within the herding communities them-
selves are just some of the pressures that have made herding
more tenuous and increased the need for herders to seek mod-
ified means of livelihood. When possible, most pastoralist
groups resist outright sedentarization. Instead, the family or
clan may be split, with some members remaining behind in
settlements to cultivate crops along with some milking animals
and perhaps poultry, while others continue to graze mixed
herds of livestock extensively. During dry seasons, livestock
may be returned to the family settlement to consume crop
residues as supplemental feed. In the Sahel region, many
among the Taureg and Wodaabe pastoralists have made the
transition to agropastoralism in response to many of the pres-
sures cited above.

While subsurface water supplies may be available in some
places, allowing continuous or rotational cropping, in most
cases, crop cultivation in agropastoralist systems is rain fed,
depending primarily on seasonal rainfall, which is often vari-
able in semiarid regions. In Africa, millet and sorghum, which
are relatively drought resistant, are preferred cereal crops,
though in areas of higher rainfall, maize is also grown.
Groundnuts may be cultivated as a cash crop, and vegetable
gardens are also cultivated and assume greater importance
when rainfall will support them.

Transhumance

Transhumance is a form of extensive livestock management in
which herders and their animals move seasonally between two
specific regions. In many transhumant cultures, one seasonal
site may be a permanent settlement, as in Scandinavia, Austria,
Germany, and Switzerland. Traditionally, cattle, sheep and goat
herders in these countries would move their animals up into
the mountains as the snow melted, to take advantage of sum-
mer mountain pastures between May and September. Access to
the high mountain pastures was difficult, and herders would
remain with their flocks in the mountains for the grazing



season. They would frequently engage in cheese making to
convert the summer milk into a storable form. In the winter,
animals would be returned to the valleys below for winter
grazing or to be housed and fed stored feeds, depending on
the severity of winter conditions. The prevailing cold temper-
atures and short days of winter in these temperate countries
generally required the construction of permanent animal
housing in an established, settled site.

In other places, where winters are less severe, permanent set-
tlements may not be part of the transhumant system. For in-
stance, in Iran, tribal Bakhtiari, Basseri, Quashqai, and Lur
herders may graze their sheep and goats on the grasslands of
the central plateau during winter and then migrate as much as
1000 km to use the rich upland pastures of the Zagros Moun-
tains in the summertime. As this example suggests, precise cat-
egorization of certain types of extensive grazing is sometimes
difficult. Pastoralism and transhumance represent a continuum
of adaptations rather than discrete categories of extensive live-
stock management.

Ranching

Ranching can be viewed as a commercial form of pastoral-
ism. It involves the extensive grazing of livestock on large
farms, estates, or leased rangelands. There is little or no rela-
tion between ranching and crop production. Ranching repre-
sents another means of using rangelands for food production
by exploiting the capacity of ruminant animals to convert plant
material not directly edible by humans to animal protein.
While traditional pastoralists engage in livestock keeping as a
subsistence activity, ranching is managed for profit, with the
offtake and sale of livestock as the principle objective. The issue
of offtake is important. In the 1960s, many foreign assistance
programs in Africa were aimed at encouraging traditional pas-
toralists to take up ranching. Some of these programs failed,
at least in part, because their advocates did not recognize that
pastoralists are culturally disinclined to sell “excess” cattle.
Ranching projects would identify specific carrying capacities
for cattle on a given acreage on the assumption that the peri-
odic sale of young and culled cattle would maintain a suitable,
stable herd size. When pastoralists-cum-ranchers kept their cat-
tle instead, as was their traditional practice, the overpopu-
lated ranch lands soon became degraded and nonproductive.

Historically, ranching has been a low-input enterprise. It re-
quired low labor inputs and low capital investments but large
areas of land. Since rangelands were generally perceived as not
suitable for other uses, the cost of rangeland was generally low.
This situation is changing in modern times, and ranching is
becoming more costly. With the advent of modern irrigation
technology, some rangelands have become suitable for crop-
ping, increasing land value. Other rangeland may increase in
value as it is eyed for commercial development, suburban ex-
pansion, or recreational use. In the face of encroaching devel-
opment, most ranches now require fencing, which is relatively
costly. Ranchers may also need to invest in pasture improve-
ment through fertilization and seeding with more nutritious
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grasses and legumes to compensate for range degradation and
to improve nutrition for grazing cattle. Grazing fees for ranch-
ers using government-owned land are also increasing. In the
face of higher costs, ranchers must become expert managers
to protect profit margins.

Cattle ranching is a major form of livestock keeping in North
America, Central America, South America, and Australia and
has also been introduced into Africa with some success. The
major sheep ranching area of the world is Australia and New
Zealand, with considerable sheep ranching still occurring in
South America, notably, in Uruguay and Argentina. Sheep
ranching, though important in the 19th century, has declined
in the United States. In general, goats are not kept in ranching
schemes. They are more often kept under situations of tradi-
tional pastoralism. Fiber-producing goats, however, may be
managed commercially under extensive grazing systems. For
example, Angora goat ranching is practiced in the Edwards
Plateau region of Texas, with mohair harvested for sale.

The best cattle ranching in South America occurs in the tem-
perate Pampas region of Argentina and Uruguay, where fertile
soils, warm temperatures, and adequate rainfall support good
grass growth. Ranchers have been able to enhance productiv-
ity in the Pampas by introducing Hereford cattle and other im-
ported European breeds and by sowing rye grasses, clover, and
alfalfa in the more humid regions. In Brazil’s Matto Grosso
region, conditions are drier and harsher, and pasture im-
provement is more difficult to achieve. Cattle can take up to 6
years to reach slaughter weight under these conditions. Im-
proved Zebu types of cattle are kept in this region, as they are
more drought and disease resistant than the European breeds.

In Australia, the central desert is more or less surrounded by
rough grazing land. In dry areas, it may take up to 400 ha
(1,000 acres) to support a single steer, and ranches of 40,000
ha (100,000 acres) are not uncommon. Zebu-type cattle, such
as Brahmin, are more common in the tropical northern re-
gions of the country, while Furopean breeds are raised in the
more temperate, southern regions. Sheep ranches can also be
up to 40,000 ha (100,000 acres). Merino sheep producing a
fine-quality wool predominate, and Australia is the world’s
major producer and exporter of wool.

In Africa, ranching is most common in the southern nations
of South Africa, Zimbabwe, and Namibia, where historically,
white settlers developed commercial agricultural enterprises.
Cattle, sheep, and Angora goats are raised under ranching con-
ditions. Some cattle-ranching schemes have taken hold in east-
ern Africa as well. The savannas of Africa often represent a
mixture of grasses along with shrubs and trees. Research has
shown that cattle, sheep, and goats grazed together under
ranching conditions can use such a diversity of forages more
productively and increase the overall offtake. An even more ef-
ficient exploitation of the various plants available on savanna
can be achieved by the inclusion of indigenous wild ruminants
in ranching schemes, since over the evolutionary time frame,
these various species have frequently identified noncompeti-
tive feeding niches in the savanna ecology. Indeed, game
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ranching offers an alternative approach to commercial use of
grasslands, and interest in game ranching, particularly in South
Africa, has been increasing in recent years as discussed further
in Chapter 7.

While ranching represents an important and useful means of
producing food and fiber for human consumption, it has been
associated in recent times with environmental problems, par-
ticularly land degradation and deforestation. Land degradation
is associated primarily with overstocking of animals, excessive
concentration of animals around specific sites such as water-
ing points, and the failure to move animals regularly through-
out the grazing area. Deforestation has become an issue in
ranching, particularly in Latin America, where rainforest has
been systematically cleared and then used, at least initially, for
cattle ranching. The relationship of ranching to these environ-
mental problems is discussed further in Chapter 6.

Mixed Subsistence Farming

In the spectrum of animal management systems under dis-
cussion, mixed subsistence farming is the first that represents
a fully sedentary system. The primary focus is usually crop cul-
tivation on a small parcel of land, sometimes as little as 0.2
ha (0.5 acre) as in some Middle Eastern countries, 1 ha (2.5
acres) in Bangladesh, or 4 ha (10 acres) in the Punjab region
of northern India. In the 1980s it was estimated that there
were over 100 million farms in the developing world with a
size under 5 ha (12.5 acres) and an additional 50 million
farms of less than 1 ha (2.5 acres).

Though crops may represent the main source of food for the
farm family, animals play a vital role in supporting the overall
farming operation. They provide animal traction for working
the fields, manure to fertilize the soil, transport of goods to
market, food, fiber, a savings account, cash income, and risk
diversification. The integration of crop and animal agriculture
is a key feature of the mixed subsistence farming system.
Mixed subsistence farming relies on few external inputs, and
there is a high value placed on the use and cycling of all avail-
able nutrient resources within the farming system. Animals are
an essential part of this nutrient recycling, through consump-
tion of household wastes and crop residues such as stubble and
straw and the return of manure to croplands.

Mixed subsistence farming represents the most widespread
form of agricultural activity in the world today. An estimated
440 million farmers in developing countries practice mainly
subsistence agriculture, and subsistence crops cover more than
50% of land resources in most low-income countries. Subsis-
tence farmers are found primarily in humid and subhumid
tropical regions of the developing world, where rainfall vol-
umes and patterns adequately support crop production. Mixed
subsistence farming is constrained in semiarid regions by lack
of rainfall, but the use of irrigation has allowed the system to
take hold in some dry regions as well, notably in south Asian
countries such as Pakistan and Afghanistan and north African
countries such as Egypt. Historically, mixed subsistence farm-
ing was common in temperate and tropical highland regions

of the world, but economic development and new market op-
portunities have stimulated a shift away from subsistence farm-
ing to income-driven, specialty mixed farming, such as
commercial dairying, as discussed in the next section.

Regional, climatic and cultural differences influence the mix of
crops and livestock that are used in mixed subsistence farm-
ing. In much of Asia, rice is the principal crop, with water buf-
falo primarily used for draft power. Pigs, ducks, geese, chickens,
and fish are well integrated into the farming system through
various nutrient-cycling practices. In Latin America, maize,
beans, potatoes, and rice are important crops, while oxen, don-
keys, mules, or horses may be used for animal traction. In high-
land regions, llamas may be used for transport. Animals for food
or cash include pigs, small ruminants, llamas, cattle, poultry,
rabbits, and guinea pigs. In the Pacific Islands of Oceania, sub-
sistence farmers are likely to grow root crops such as taro, yams,
and sweet potatoes; keep pigs in the farmyard; and supplement
their animal protein needs by fishing.

In dry north Africa, such as in Egypt, subsistence farmers
commonly grow barley and wheat as staple crops plus a vari-
ety of fruit and nut trees as well as pulses such as beans, peas,
and lentils. Fields are worked primarily by oxen, and small ru-
minants and poultry are kept. In the drier, low-rainfall regions
of sub-Saharan Africa, sorghum and millet are the principal
crops, with oxen, camels, or donkeys providing draft power,
and small ruminants, chickens, and possibly a cow rounding
out the farm animal population. In subhumid areas of Africa,
maize is the predominant crop, and the animal populations are
similar, though, for non-Muslims, pigs are more likely to be
present, and the potential to sustain one or more dairy animals
is higher than in drier areas. In humid Africa, bananas and root
crops such as cassava and yams assume greater importance, and
pigs, poultry, and small ruminants are common in the farm-
yard. The mixed farming systems of the developing world,
both subsistence and commercial, contain approximately 67%
of the cattle and 64% of the small ruminants in the world, and
these numbers are increasing most rapidly in the humid and
subhumid regions. Sheep and goat numbers are increasing at
a much faster rate than cattle numbers, suggesting that human
population pressure continues to reduce farm size and access
to feed resources for larger stock.

In recent years, farming systems analysts and policymakers
have begun to pay more attention to the farming practices of
mixed subsistence farmers and the lessons that can be learned
from them. The integration of livestock and crop production,
the practice of nutrient recycling between crops and livestock,
the maintenance of soil fertility through fallowing, the rota-
tion of crops to reduce pest buildups, conservation of soil and
trapping of rainwater through terracing, and the relative in-
dependence from nonrenewable external energy inputs are
highly desirable aspects of subsistence farming from the stand-
point of protecting environmental quality and promoting agri-
cultural sustainability. At the same time, there is recognition
that in the face of growing human populations, expanding
pressures on arable land resources, and demand for increased



quantity and diversity of food supplies, mixed subsistence
farming systems need to become more productive and con-
tribute more to meeting food demands beyond those of the
immediate family. There is also recognition that population
pressure is causing subsistence farmers to abandon some de-
sirable practices, such as fallowing. Some critics contend that
subsistence agriculture has become nonviable in the modern
world and requires a radical overhaul, with strong emphasis
on commercialization.

Nevertheless, the potential for improved production for many
subsistence farmers is considerable and could be achieved if
these farmers had, among other things, land tenure reforms to
improve opportunities for land ownership; more available
credit for improved seeds, fertilizer, and equipment; better ac-
cess to improved animal genetics; better interaction with ex-
tension and veterinary services tailored to the needs of small
farmers; better market information, organization, and access;
and improved rural infrastructure such as bridges, paved roads,
and phone service to support increased productivity and entry
into a market economy. The challenge, of course, is to preserve
the sustainable aspects of small mixed farms while increasing
productivity to meet growing food demands in the market-
place. These aspects of rural development are discussed further
in Chapter 5.

Mixed Specialty Farming

Mixed specialty farming is a sedentary system of agriculture
that integrates crops and livestock for the primary objective of
producing livestock and/or livestock products for sale and
profit. Crop production is not geared toward feeding the farm
family as in mixed subsistence farming, but rather toward
feeding the livestock. Forage crops and cereal grains suitable as
animal feeds predominate crop cultivation in this system. Typ-
ical livestock products may include dairy products, eggs, poul-
try, specialty fibers, and market animals for slaughter, such as
hogs, sheep, or goats, the choice depending on production po-
tential, market demand, and culture. With regard to dairy
products, for example, a famnily with a specialized dairy farm
in the United States is likely to produce cows’ milk, a French
family might produce goat milk, and a Pakistani family, buf-
falo milk.

Mixed specialty farming represents the transition of mixed
subsistence farming into the commercial sector. The process
occurs usually in response to external factors that create a mar-
ket demand for livestock products along with the development
of suitable infrastructure and public policies that enable farm-
ers to move livestock products to market successfully and
achieve a reasonable profit. Some of these factors include gen-
eral economic development; increased population; enlarged
urban markets; increases in per capita income; farm-to-market
infrastructure improvements such as paved roads, mechanized
transport, and refrigeration; and deregulation of prices paid to
farmers for their products (Fig. 4-13).

The transition from small-scale subsistence farming to spe-
cialized livestock production has been going on in different

Mixed specialty dairy farm on the outskirts of
Kampala, the capital city of Uganda. This farm demonstrates

Figure 4~-13.

substantial capital investment in improved Holstein cattle,
permanent buildings and fencing, as well as land for forage
production and pasturing. Increased urban demand for milk
products can stimulate the transition from subsistence farming to
mixed specialty farming such as this. (Photo by Dr. David M.
Sherman)

settings under different sets of circumstances for quite some
time. An excellent example of this transformation occurred in
what was to become the Corn Belt in the American Midwest
during the second half of the 19th century. In 1862, to pro-
mote settlement of the hinterlands and land ownership among
citizens, the U.S. Congress passed the Homestead Act, which
offered ownership of a 160-acre parcel of land in the Ameri-
can prairie to any family willing to pay 10 dollars and work
the land for 5 years. The response was enormous, and many
easterners moved their families to the Midwest, including Iowa
and Nebraska. These initial settlers, who came to be known as
sodbusters, converted the dense grass prairies, formerly grazed
by bison, into crop fields, in the process using the top layer
of sod as building material to construct their simple cabinlike
sod dwellings. Initially, these settlers engaged in mixed subsis-
tence farming, not unlike what one would observe today in
many parts of Africa, Latin America, or Asia. Crops of wheat
and barley were planted, and vegetable gardens were culti-
vated, emphasizing root crops with good storage characteris-
tics such as beets, squash, melons, and potatoes. A flock of
chickens ran free around the sod house to produce eggs, along
with several pigs to produce meat and lard. The more fortunate
families had a milk cow and calf tethered nearby. A pair of
horses or mules was present for field work and trips to town.
(Fig. 4-14).

Then conditions began to change. The Civil War created a con-
siderable demand for preserved meat products to feed the
Union Army, which in turn stimulated growth and develop-
ment of the meat-packing industry. By 1861, the city of
Chicago had replaced Cincinnati as the main center of meat
packing in response to this Civil War demand. By 1865, nine
separate rail lines were converging in Chicago, and the Chicago
Union Stock Yards were opened, with large pens capable of
holding up to 100,000 hogs at any given time. Following the
Civil War, demand for pork products remained high as a result
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of urbanization and industrialization in the Eastern cities, a
growing export market to Europe, and completion of the
transcontinental railroad in 1869, which served growing mar-
kets in the West. In 1872, Armour & Company developed the
first chill room at its Chicago slaughtering plant, to allow year-
round slaughter and sale of fresh meat. By 1881, refrigerated
rail cars were sufficiently advanced that shipment of dressed
carcasses to coastal urban markets from Chicago was routine.

These developments were not lost on the homesteaders and
their offspring in Iowa and Nebraska. The soils and climate of
the region had proved excellent for production of feed corn,
and hogs thrived on a corn-based diet. Many farmers in the re-
gion began to grow corn as the principal field crop and to feed
hogs for sale to Chicago. By 1885, the US. corn crop exceeded
2 billion bushels, double what was produced in 1870.The vast
majority of that corn went into hog feeding, and the subsis-

Figure 4-14.
Nebraska in the 19th century. The mix

Top, Sodbusters in

of livestock and the rudimentary
housing are not unlike what is often
found in some rural areas of Africa,
Asia, and Latin America in the present
day. Bottom, A subsistence farm family
in the Ethiopian highlands at the end of
the 20th century living under similar
circumstances. (Top photo with
permission of the Nebraska Historical
Society; bottom photo courtesy of
FARM Africa-UK, London, England)

tence homesteaders of the prairie had become the specialty
hog producers of the Corn Belt. In, 1867, following the end
of the Civil War, there were approximately 1.75 million hogs
in Iowa; a half-century later, following the end of World War I
in 1919, there were 10.92 million.

The shift to commercial hog production in the Corn Belt un-
derscores how external factors create opportunities for small
farmers to enter commercial markets. The same situation is
now being repeated elsewhere in the world, as economic de-
velopment, increased market demands, and technological ad-
vances are stimulating change. The traditional rice/water
buffalo subsistence systems of China and other south Asian
countries offer an example. Many southeast Asian nations have
undergone substantial urbanization and industrialization in
recent years, with growing demand for food animal products
in urban markets. Technological advance has also reached a



growing number of subsistence farmers, who have purchased
small, diesel-powered, mechanical tillers to prepare their rice
fields, thus reducing or eliminating the need to maintain
water buffalo. Many have given up their water buffalo and
used the available feedstuffs instead to raise dairy cattle or
hogs to produce income-earning commodities for domestic
urban markets.

Another dramatic example of the shift to specialty farming is
the growth and development of the small-scale dairy industry
in India over the last 40 years (see sidebar “People Power: The
Success of Cooperative Dairying in India”). Everywhere that
urban demand for milk is rising, some farmers have taken the
initiative to develop small specialty dairy enterprises.

The same forces that create new opportunities for mixed spe-
cialty farming can also create threats and challenges. Even the
successful hog-producing descendents of the sodbusters in
lowa must continue to respond to changing market forces. In
recent years, as the global market for pork continues to ex-
pand, competition has increased, production costs have risen,
and the nature of hog farming has changed. Large corporations
have entered the hog business to capitalize on economies of
scale in large, industrialized, hog-production operations and
have used their international marketing experience to establish
a competitive edge. Many American family farmers have rec-
ognized that they must respond to these changes or lose their
livelihood. Some have become hog-raising subcontractors to
large corporations, while others have become involved in ef-
forts to pass state laws that limit corporate farming.

Intensive Industrial Livestock Production

Intensive industrial livestock production is a commercial sys-
tem of livestock raising in which animals are confined and fed
in buildings or yards. The production process is carefully man-
aged to achieve well-defined production and market goals. In-
tensive systems are found most commonly in highly
industrialized countries, in which adequate capital, techno-
logical expertise, transportation infrastructure, and energy sup-
plies are reliably available to support such enterprises. By 1996,
industrial livestock systems were responsible for 43% of total
global meat production. This included over half of world pork
and broiler poultry production and 10% of beef and mutton
production. The most highly developed countries, as reflected
by membership in the Organization for Economic Coopera-
tion and Development (OECD) were respomnsible for 52% of
world industrial pork production and 58% of industrial broiler
production. The OECD countries include most western Euro-
pean countries, the United States, Canada, Japan, Australia, and
New Zealand.

In intensive industrial livestock production systems there is
frequently a disconnection of the traditional link between crop
and animal agriculture. A central characteristic of industrial
production is the concentration of large numbers of animals
into production units to achieve production efficiency through
economies of scale. In many instances, the feed requirements
of the animals in a large unit exceed what can be produced lo-
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cally, so that feed, mostly in the form of cereal grains, may be
produced in areas geographically separate from the animal-
production units. As such, industrial systems are sometimes re-
ferred to as landless production systems, since decisions about
crop production are dissociated from decisions about animal
production, and the closed loop of nutrient recycling that
characterizes mixed farming systerns is often lost. Animal are
not available to do work or consume crop residues, and ma-
nure from the animals is not readily available to return to the
cropland as fertilizer. Feeds become a traded commodity, and
manure potentially becomes a waste management liability.

Other economic, environmental, and marketing factors influ-
ence the location of animal production units at sites distant
from crop production. In developing countries, for instance,
where transportation infrastructure is poor, production units
are frequently located close to urban markets where the live-
stock products will ultimately be sold. This is because relatively
nonperishable, densely packed grains are more economical to
transport than bulky live animals or perishable animal prod-
ucts requiring refrigeration. On the other hand, animal-pro-
duction units cannot be too close to cities because odor and
animal wastes may create social and environmental problermns
not acceptable to urban dwellers or government. Efforts to de-
velop intensive swine production in Singapore in the 1970s
were largely derailed because of such odor and waste consid-
erations.

Farming systems analysts find it useful to distinguish between
two main types of intensive industrial livestock production-
monogastric systems and ruminant systems. Monogastric sys-
tems include swine and poultry, either for egg or -meat
production. Ruminant systems include sheep for meat pro-
duction and cattle for meat or milk production. Physiclogical
and nutritional differences between monogastric and rumi-
nant animals strongly influence the management of indus-
trial production systems. Monogastric species are more easily
and advantageously used under industrial production. They
have short growth and production cycles, have high prolifi-
cacy, and perform well on grain diets. In contrast, ruminants
tend to have longer growth and production cycles, have lower
prolificacy, and require roughage in their diet for optimal per-
formance. As cereal grains are highly concentrated sources of
energy and can be densely packed for shipment, the cost and
logistics for transporting grain long distance to production
sites are more favorable than those for transporting roughage
in the form of hay, haylage, and silage.

Ruminants, on the other hand, can use grasslands more effec-
tively than monogastrics. The beef feedlot system of the United
States exploits this characteristic of cattle. Because rangelands
are abundant, cow-calf operations are managed as extensive
ranching systems to produce weaned calves that are then con-
tracted or auctioned to feedlots for finishing on grain diets.
Specialized beef breeds used in this system are selected for
good survivability and growth under grazing conditions. In
parts of Furope, on the other hand, grazing land is in relatively
short supply. As a result, a high percentage of the cattle being
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People Power: The Success of Cooperative Dairying in India

was a sizable increase in urban populations within the country, and this was accompanied by a noticeable urban demand

for dairy products. Several private entrepreneurs responded by opening dairy-processing plants and by contracting with city
governments to provide milk to the cities. However, these businesses remained uninvolved in the milk-production side of the
dairy business. Plant owners relied on middlemen to identify milk sources and deliver milk to the plants. As demand for milk, yo-
gurt, butter, and ghee increased, middlemen ranged deeper into the coun-
tryside to identify milk sources. In the mid-1940s, most cattle and milking
buffalo were owned by small subsistence farmers or landless peasants
who possessed only one or two milking animals. The animals were used
primarily for draft purposes, but when milk was available, some was sold
to neighbors or at local village markets for sporadic cash income. Many
of these small farmers were approached by middlemen to sell to the pri-
vate milk plants. The milk plants were enormously profitable, including
the one serving Bombay, and in 1946, milk producers in the Kaira Dis-
trict of Gujarat, about 425 km north of Bombay, asked for an increase in
their milk price to share in the prosperity. Their request was refused and,
in response, they went on strike, organized themselves, and created the
Kaira District Cooperative Milk Producers Union, composed of two vil-
lage-level milk societies. In the first year of 1946, the two societies col-
lected an average of 250 L of milk per day. In 1948, they were collecting
5000 L/day. By 1952 they were large enough to get the Bombay govern-
ment to agree to sign a supply contract with the Union, and by 1955, they
had built their own processing plant in Anand with help from UNICEF. By
1965, an expanded plant was processing pasteurized milk, milk powder,
sweetened condensed milk, dried baby food, and cheese. The number
of village societies in the cooperative had increased from 2 to 421, the
number of farmer members swelled to 85,000, and 60 million kg of milk
was collected in the year, about 160,000 L/day.

D uring the period of World War Il and leading into the emergence of India as an independent democratic state in 1947, there

INDIA

Society members received steady income from milk sales but also agreed to have the Union retain a portion to promote activities
that would benefit all Union members. In turn, the Union developed and provided a variety of support services. On the business
side, the Union provided services related to milk processing and quality, new product development, marketing and distribution,
and price negotiations. On the production side, it offered farmer members access to organized veterinary service, genetic im-
provement through record keeping, bull selection, progeny testing, and artificial insemination and provided extension services re-
lated to health, nutrition, management, and other subjects geared toward improving productivity. Cropping strategies and feeding
emphasis shifted toward improving milk production. Farmers who previously fed their animals roadside grasses, millet straw, and
cotton seed began to sow alfalfa to feed to lactating animals. A shortage of alfalfa seed offered opportunities for some farmers to
develop businesses cultivating alfalfa seed for other farmers. In 1964 the Union established its own feed mill to produce a low-cost,

Intensive industrial production of poultry and pigs has in-
creased dramatically in recent years in response to growing
market demand for livestock products, especially in Asia. Cur-
rently, about one third of world industrial pork production

finished in feedlots there are Holsteins purchased from dairy
operations.

Menogastric species are also more efficient converters of con-

centrate feeds into animal protein than ruminants. It takes ap-
proximately 2.5 to 3.0 kg of grain to produce 1 kg of live
weight gain in pigs, and 2.0 to 2.5 kg of feed to produce 1 kg
of live weight gain in broiler chickens. By contrast, it takes 8.0
to 10.0 kg of concentrate feed to produce | kg of live weight
gain in a feeder steer during the period of feedlot produc-
tion, though one should remember that the steer achieved a
considerable amount of growth and development on a grass
or roughage diet prior to the finishing period.

now occurs in Asia. Ruminant industrial production has not
been as widely embraced, though in certain specialized cases,
local economic conditions have facilitated the introduction of
intensive production, for example, large-scale dairying in oil-
rich Saudi Arabia, and beef production in Japan, where pro-
longed economic growth and a demand for beef has allowed
consumer prices that are high enough to cover production
costs in a country with very limited land available for cattle
grazing.
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balanced ration that farmer members could purchase to feed their buffaloes and cows. By 1970, the Union had a staff of 2000 peo-
ple, including 39 veterinarians, 78 dairy specialists and 29 engineers serving the needs of farmer members.

Over the decades, with the support of their Union and with increasing demand
in urban markets, thousands of subsistence farmers have been able to make
milk production their primary activity, earn a steady income, and realize a
level of prosperity and security that was previously unattainable for the rural
poor. By 1996, 50 years after its conception and successful evolution, the
Kaira District Cooperative Milk Producers” Union Ltd. has 943 village soci-
eties, has 513,280 farmer members, and produces well over 740,000 L/day.

The value of the Kaira Cooperative should be recognized in both economic
and social terms. Not only was it a great commercial success, it was also a
phenomenal achievement in rural development. The Cooperative improved
the quality of life for tens of thousands of the rural poor without serious dis-
location of their traditional way of life. At the same time, it strengthened
communities through democratic participation in the village milk societies.
The Cooperative movement represented an indigenous approach to devel-
opment that took into account the conditions that prevailed in India, namely
a large rural population with limited capital for investment. Rather than con-
solidating and intensifying farming through capital investment, the dairy in-
dustry was developed through participation of legions of small farmers and
livestock owners. These successes were not lost on government. In 1965,
Prime Minister Lal Bahadur Shastri called for the creation of the National
Dairy Development Board (NDDB) to disseminate the philosophy and ac-
complishments of the Kaira Union throughout rural India.

The NDDB has been very successful in achieving its goals, creating a na-
tional network of dairy cooperatives through Operation Flood, a develop-
ment assistance scheme supported by the World Bank and the European
Union, largely through the donation of European milk powder and liquid
butter. The sale of these commodities was used to create greater urban demand for milk products and to finance the establishment
of cooperatives and dairy infrastructure throughout the country. By 1994, there were at least 70,000 village milk societies with 8.4
million farmer members in 170 milksheds throughout the country, collectively producing over 12.3 million L/day. Milk outputs have
improved spectacularly in India over the last 50 years, in large part because of the promotion and establishment of producer co-
operatives and the technical innovations and services that the cooperatives provided to farmer members. India proudly closed the
20th century as the world’s largest milk producer, displacing the United States as number one with a 1999 production of 77.13 mil-
lion metric tonnes, compared with a U.S. production of 73.48 million metric tonnes. Mare information about dairying in India
and Operation Flood can be found at http://www.indiadairy.com/default_nondhtml.html, the website of the India Dairy Industry.

A village Indian woman carrying a milk pail. (Photo
courtesy of Heifer Project International, Little Rock,
Arkansas. Photographer, Matt Bradley)

the countries of the former Soviet Union has been shrinking,
as centralized, state-supported enterprises have been broken
up, and animal production has moved back into the hands of
individual farmers.

The development of livestock production as a high-technol-
ogy business has increased the availability of low-cost livestock
products for millions of people around the world. At present,
industrial animal production is the fastest growing sector of
the global livestock industry, far outpacing extensive grazing

systems and mixed farming systemns. Data reported in 1996 in-
dicated that industrial pork production was increasing at a rate
of 4% per year, broiler production at 5% per year, industrial
egg production at 3.8% per year, and beef and mutton at 2.5%
per year. Global averages mask some of the more dramatic re-
gional growth in certain sectors, for example, 9% annual
growth rates in poultry meat and egg production and 7% for
pork production in Asia. In contrast, industrial production in

Despite its obvious commercial success, industrial livestock
production has its critics, and they represent a variety of per-
spectives and concerns. Those concerned with animal welfare
express dismay about management conditions and practices in
factory farms, which they believe result in unacceptable ani-
mal suffering. Such concerns include densely populated cages,
inability of animals to turn around in their pens, and the de-
beaking of poultry. Environmentalists express serious concerns
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related to the contribution of animal wastes to water and air
pollution and the high use of nonrenewable energy sources in
industrial production. Consumer advocates and some public
health officials decry the use of antibiotics and hormones as
growth promotants during the production cycle.

Social policy analysts raise a variety of issues. Some express
concern that the continued growth of industrial production,
which depends so heavily on cereal grains, may result in in-
creased amounts of arable land being converted to feed grain
production, resulting in grain shortages or excessively high
prices for cereal crops used for direct human consumption.
Other social critics contend that industrial livestock produc-
tion based near urban centers is inconsistent with overall de-
velopment strategies in developing countries that are labor rich
and cash peor because industrial production uses less direct
labor than traditional livestock keeping methods and requires
the use of limited foreign exchange to import grain as animal
feed. Furthermore, there is concern that the growth of indus-
trial production will reduce efforts to improve the produc-
tion capacity of traditional subsistence farmers and may also
remove incentives for government to improve transportation,
communication, and marketing infrastructure in rural areas, if
demand for livestock products is met by industrial production
units close to cities.

Many informed analysts believe that there is considerable po-
tential to improve animal production in traditional grazing and
mixed farming systems, but that inevitably, the steadily in-
creasing global demand for foods of animal origin will be met
primarily by expansion of industrialized animal production. If
this is indeed the case, then intensive, industrial livestock pro-
duction systems will have to continue to innovate and address
the environmental and social concerns that challenge their
long-term sustainability. This will require new production ef-
ficiencies that reduce the requirements for grain and fossil
fuels, greater consideration of animal welfare issues, new ap-
proaches to animal waste management, and careful planning
in developing countries to ensure that industrial livestock pro-
duction does not seriously undermine rural development and
the livelihoods of traditional farmers.

Aquaculture

Aquaculture is the cultivation of aquatic plants or animals for
human use. Various aquatic environments are used for aqua-
culture, with different farmed species being matched to their
natural aquatic ecology. The main aquatic ecosystems affecting
species selection are primarily fresh water, brackish water, and
salt or marine water. Fresh water environments include lakes,
rivers, irrigation canals, ponds (either natural or constructed),
and flooded crop fields. Freshwater species of importance in
aquaculture include carp, tilapia, catfish, and trout. Marine
water environments include the open sea, protected coves and
bays, and, more recently, constructed ponds and tanks with re-
circulated saltwater. Important species in marine water aqua-
culture include filter-feeding shellfish and salmon. Brackish
water environments are linked to coastal areas and include

riverine estuaries, tidal marshlands, and mangrove swamps.
These environments are used for the cultivation of crustaceans,
notably prawns, as well as some finfish including tilapia, and
some mollusks. Many of the natural environments listed in-
clude naturally occurring aquatic species as well, and a num-
ber of environmental concerns have been raised about
aquaculture and its impact on natural flora and fauna, as dis-
cussed further in Chapter 6.

Like agriculture, its land-based equivalent, there are several ap-
proaches to the cultivation and harvesting of aquatic species,
which can more or less be categorized in a manner similar to
land-based farming systems. These categories include exten-
sive aquaculture, mixed system or rural aquaculture, and in-
tensive or industrial aquaculture. Taken together the output
from these various forms of aquaculture is substantial. By
1995, over one quarter of the world’s total food fish supply
was derived from aquaculture activity. The value of aquacul-
ture products in 1995, including seaweed and other plants as
well as finfish and shellfish, was US$42.3 billion.

Extensive aquaculture, like extensive livestock production, re-
quires few inputs and takes advantage of existing resources in
the environment to support the growth of the target species.
Stocking lakes and rivers with young salmon, trout, bass, or
other fish is an example. These juvenile fish live freely in un-
modified environments, grow to maturity by consuming nat-
urally available feed, and are then harvested by fishermen. This
pattern is not unlike the use of grasslands by pastoralists. The
extensive aquaculture system however, does require the devel-
opment and support of hatcheries, in which controlled re-
production provides the spawn and juvenile fish required for
the stocking effort.

Mixed rural aquaculture is more akin to mixed subsistence and
mixed specialty farming. In fact, aquaculture is often an inte-
gral part of these systems, especially in Asia. These are usually
low-input systems, but they vary in their sophistication. Some
may derive seed stock from the wild, while others use hatch-
eries. Some more-specialized enterprises may require supple-
mental feeds or a particular form of netting or penning to
manage the production cycle of the target species. Mixed aqua-
culture systems generally try to fully exploit opportunities
for nutrient cycling in which waste products from other crop
and animal production activities are used to feed fish, and the
manure from fish in turn is used to improve soil fertility of
croplands.

A wide variety of mixed farming situations have been able to
incorporate fish production, especially carp production, into
the overall farming scheme. In China, for instance, small fish
may be introduced into flooded rice paddies shortly after rice
planting to help control potentially damaging insect pests. The
fish also stir up the mud, increasing soil nutrient availability
for the plants, and add their own excreta to enrich the soil. In
these cases, paddies yield both a fish and a rice harvest. In
other cases, separate fish ponds may be established into which
manure of pigs or sheep and even silkworm droppings may be
deposited to promote plankton growth, which serves as the



basis of the fish diet. Ponds may be drained for harvesting fish,
and the rich sediment at the pond bottom is transferred to gar-
den plots and crop fields as fertilizer. In a development project
in the Philippines, goats fed grass and legumes were kept in
pens with slatted floors directly over fish ponds so their ma-
nure dropped directly into the water and increased overall fish
yields in the pond.

Intensive aquaculture, like intensive industrial agriculture, is
a strictly commercial enterprise. Intensive aquaculture requires
more capital, equipment, feed, and technical expertise. Much
industrial aquaculture is aimed at developing products for lu-
crative market niches, and the value of the final product in the
marketplace can justify the high front-end investment in-
volved. Such products include prawns and salmon. Salmon
farming, for example, requires a significant investment in
housing, in the form of sea cages that are predator proof and
escape proof, as well as a considerable, ongoing cost for feed.
Salmonids are carnivorous fish, and farmed salmon are fed a
commercial diet of animal origin that is high in fat and pro-
tein. The ration may be composed primarily of fish meal and
fish oil as well as blood meal, meat meal, and wheat, with a
variety of vitamin and minerals added. A pigment may also
be incorporated into the feed to impart a pinkish color to the
salmon flesh. The feed may be offered in the form of an ex-
truded pellet (Fig. 4-15). Stocking density in pens is very high,
and not unlike intensive livestock units, disease problems are
a major concern. When diseases occur, they can spread rapidly
and widely through a population. Diagnostic services, preven-
tive vaccinations, and tactical treatments are additional costs
involved in such enterprises, and the growth of aquaculture
has created enormous new opportunities for the veterinary
profession.

Livestock Among the Landless/Urban
Agriculture

It is common in rural villages and small towns in the devel-
oping world to find livestock wandering freely in the streets
and alleys. Much of this livestock belongs to local citizens who
have no land to cultivate. While some have regular employ-
ment or businesses in town, many are casual laborers or oth-
erwise underemployed in the rural economy. Livestock offer
the possibility of some supplemental cash income and im-
proved nutrition. Small ruminants, swine, and poultry are the
most common forms of livestock seen running free around
villages, and as impossible as it may seem to the outsider, own-
ership of animals is usually well known to local people.

Many landless livestock keepers invest great effort in manag-
ing their animal charges. Children may tend a small group of
sheep or goats and drive them along roadsides or fence lines
to graze grasses, or the animals may be tethered along the
roadside and moved periodically when they have grazed down
a circle of grass. In other situations, particularly with milking
animals, the animals may be kept penned in the family yard,
while household members go out to cut forage and bring it
back to the animals for feeding. Many smaller animals may also
be kept in the yard or household and fed household wastes
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Feeding captive-bred salmon off of Grand Manan

Figure 4-15.
Island, New Brunswick, Canada. The fish are maintained in
circular, netted pens suspended from large floating rings (top).
Attendants visit each cage twice daily for feeding. Pelleted feed is
tossed onto the surface of the pens by the shovelful (middle), and
the fish roil the surface of the water as they come up to feed
{bottom). A single pen may contain thousands of salmon. (All
photos by Dr. David M. Sherman)

or gathered forage. These include, among others, pigs, rabbits,
rodents, or poultry. These efforts are generally low-input and
low-output systems. There is little or no investment in feed
purchase or health care, and productivity of animals is rela-
tively low. Indigenous breeds are usually involved, which are
well adapted to local conditions and which can perform tol-
erably on less than optimal diets.
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In recent decades, the practice of small-scale, landless livestock
keeping has extended well beyond the villages and small towns
of the countryside and has moved right into the heart of urban
centers and periurban areas. This trend is part of a more gen-
eral trend in urban agriculture that has grown in synchrony
with the general trend of urbanization in the second half of
the 20th century, especially in developing countries. In 1950,
based on FAO data, an estimated 29.7% of the world's popu-
lation (which was then only 2.5 billion) lived in urban areas.
By 1995, 45.3% of the world’s population of 5.6 billion lived
in urban areas, and by 2025, it is projected that the proportion
of urban dwellers will be about 60%.

The urban shift has been most dramatic in developing coun-
tries, Between 1975 and 1999, Lagos, Nigeria, added 10.2 mil-
lion to its population; Bombay, India, 11.2 million; Sac Paolo,
Brazil, 7.7 million; and Shanghai, China, 2.7 million. In Kenya,
rural populations did not quite double between 1975 and
1999, moving from 11.9 million to 20.1 million. In contrast,
urban population increased more than fivefold, from 1.7 mil-
lion to 9.9 million. In 1964, the area of Nairobi, Kenya’s cap-
ital, was 65 km?. By 1998, that area had increased over tenfold
to 690 km?2.

Providing adequate and nutritious food for expanding urban
populations is a challenge in many developing countries. De-
spite the fact that a large proportion of the rural population is
directly engaged in agriculture, there are numerous constraints
on producing and delivering the variety and quantity of foods
required by city dwellers in the same country. For one thing,
commercial agriculture is simply not well developed in many
countries. When it exists, it may be oriented toward produc-
tion of cash crops such as tea or coftee for export to earn for-
eign exchange, while food crops are produced mainly by
subsistence farmers who do not have the resources to produce
much beyond what they need for their own families or to
enter commercial domestic markets. Similarly, traditional
herders may be more inclined to keep animals as insurance
against hard times than to market them to the cities.

However, even when producers want to serve urban markets
there are difficulties. A key problem is lack of adequate infra-
structure. Inadequate feeder roads, poorly maintained high-
ways, high fuel prices, high transport costs, and lack of
refrigerated vehicles are examples of typical constraints. Even
when such infrastructure is available, another obstacle has been
government control of farm prices. There has been a strong
tendency for politicians in developing countries to favor urban
constituencies over rural ones, as historically, urban dwellers
were better educated, more likely to vote, and generally were
better able to make their opinions known to government, since
it is relatively convenient for city folk to mass in front of the
parliament building downtown and hurl stones through the
windows when food prices become too high. As a result,
prices paid to farmers for commodities such as milk have been
held low to provide food to urban dwellers at lower prices. This
has long proved a disincentive to farmers to invest in im-
provements to increase production.

One additional challenge to feeding urban populations is that
many among them are poor. Many move to the city from rural
areas, where employment and income opportunities are low,
with the hope and expectation that the city will offer better
prospects. For many it does not, and income remains low. Even
for regular wage earners, inflationary pressures, devaluations
of local currency, and increasing demand for food in urban
centers mean that purchasing power has diminished, and an
increasingly high proportion of salary goes toward the pur-
chase of food. Surveys indicate that households in the largest
cities in developing countries spend anywhere from 50 to 80%
of their average income on food and that food prices were 10
to 30% higher in urban areas than in rural areas.

For all these reasons, the practice of urban agriculture has con-
tinued to grow along with cities themselves, especially in de-
veloping countries. In different countries of Africa, the
percentage of households engaged in some form of urban agri-
culture ranges from 32 to 70%. Whether on rooftops and me-
dian strips or in window boxes, backyards, and empty lots, the
cultivation of fruits, vegetables, and cereal crops has become a
regular feature of the urban landscape. An estimated 200 mil-
lion people are directly involved in urban agriculture world-
wide. It has been projected that by 2005, urban agriculture
will be responsible for 33% of world food production, and
over 400 million people will be engaged in some urban farm-
ing. As much as 50% of the food consumed in cities is pro-
jected to come from the urban areas themselves.

While many municipalities have laws that specifically prohibit
raising crops or keeping livestock, the practice has become so
widespread and so critically important to the urban food sup-
ply that such laws are rarely enforced any longer. In fact, some
city governments have begun to incorporate urban agriculture
into long-range growth and development plans and have
found international support for their efforts. For instance, the
International Development Research Centre in Ottawa, Canada,
supports a program called Cities Feeding People, which acts as
a resource base for research on urban agriculture. Many inter-
esting and informative reports, studies, and links can be found
at the website (http://www.idrc.ca/cfp/). Much of the statis-
tical information presented in this section comes from papers
available through Cities Feeding People.

Not surprisingly, livestock raising is an important part of urban
agriculture. A broad range of species and animal management
systems are represented in urban and periurban settings. At
its most basic, urban livestock keeping is a low-input, low-
output subsistence system. As in the village situation, poor
people with scant resources may keep some poultry and small
ruminants, allowing them to range freely in open lots, on
roadsides, or in alleyways. However, in urban settings, risks
of loss due to theft and traffic accidents usually prompt more-
careful control such as tethering, confinement to yards, or
supervised grazing. Even in very large and cosmopolitan cities,
such as Cairo, it is not unusual to see flocks of sheep and goats
on the city streets being herded by boys on a regular tour of
known rubbish piles and dumpsters. A survey done in the



1980s indicated that at least 80,000 households raised animals
within the Cairo city limits.

Urban animal keeping is frequently constrained by a lack of
space. Many animals are kept in cages, pens, sheds, or hutches
within the walls of family compounds and raised on kitchen
wastes, roadside cuttings, and possibly some purchased feed.
These animals are for family consumption or informal sale.
Choice of animals depends to some degree on geography and
culture. Raising of chickens, rabbits, sheep, goats, and even cat-
tle is fairly universal. Pigeon keeping is common in North
Africa and the Middle East. Guinea pigs are commonly raised
for food by households in the highlands of South America,
while household pigs are common throughout east and south-
east Asia. Urban and periurban beekeeping is practiced in
much of Africa.

In addition to urban subsistence livestock raising, there are also
smallholder and large-scale commercial enterprises.?? Small-
holder commercial systems are essentially family businesses,
with family members providing the labor for animal keeping.
The degree of investment in feed, housing, and health care de-
pends on the income from sale of products. Animals com-
monly kept for sale include goats, swine, and chickens for eggs
or meat. Of particular significance in the smallholder com-
mercial sector are small dairies. In many cities, demand for
milk is high and may outstrip supply through formal market
channels. There is an important and growing sector of infor-
mal dairying in which families may maintain anywhere from
1 to an average of 10 cows or milking buffalo within the city
limits, in a walled compound with zero grazing. Concentrate
feeds are purchased, and forages are purchased or gathered
from roadsides and brought to the animals. Sales are usually
direct to customers at the “farm” gate or through middlemen
in informal market channels.

Large-scale commercial systems tend to be periurban rather
than in the heart of the city. They are either existing farms that
have been surrounded by urban expansion over the years or
new operations that have been purposefully sited to serve
urban markets. Dairies, swine-production units, and poultry-
production units are most common. While dairy units are
sometimes linked to fodder production when land is available,
swine and poultry units are likely to be zero-grazing confine-
ment systems where purchased feeds are brought to housed
animals.

In general, the urban livestock sector is underserved. Very lit-
tle research or extension activity has been aimed at this sector,
and existing laws and marketing policies often work against it.
As a result, urban livestock production continues to grow in
informal and haphazard ways and does not reach its full po-
tential to contribute to the urban food supply. Veterinary issues
include improved animal health and productivity as well as
public health concerns. Access to veterinary services for urban
producers needs to be improved. Preventive vaccination, mas-
titis control, and artificial insemination to cross indigenous
breeds with more-productive, commercial breeds are some
typical services that are frequently lacking. Similarly, sound ad-
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vice on improved sanitation, housing, ventilation, and ap-
proaches to improving nutrition are frequently unavailable to
urban livestock keepers, especially subsistence livestock keep-
ers. Veterinarians also can play an important role in helping to
develop standards for the health and management of new or
unfamiliar species that may be introduced into urban house-
hold production, for example, the introduction of guinea pigs,
d native South American rodent, into urban African house-
holds, where people are unfamiliar with their management.
Increasingly, development agencies and governments have
been looking at ways to improve access of urban livestock
keepers to such service and advice. Heifer Project International,
for example, has a number of projects aimed at providing tech-
nical support to small-scale urban livestock keepers in Peru,
India, and even the United States.

Public health issues loom large in urban livestock production.
First, in urban settings, livestock and people are often in very
close contact due to lack of land. Secondly, many livestock en-
terprises are small scale and operate in the informal sector
where they are not fully or properly regulated. Animal wastes
may contaminate public areas and water supplies, and the risk
of zoonotic disease by contact with or consumption of ani-
mals, animal wastes, and animal products is high. Of particu-
lar concern is the spread of tuberculosis and brucellosis to
people consuming the unpasteurized milk of infected cattle.
Unregulated slaughter of animals increases the risk of food-
borne illnesses such as salmonellosis or campylobacteriosis.
Similarly, zoonotic parasitic infections such as trichinosis and
taeniasis can result from consumption of inadequately cooked
meat from uninspected animals.

Livestock in Sustainable
Agriculture

N

The tension that exists today between the growing demand for
food and the finite amount of land available to produce it
means that yields of crops and livestock from existing land
must be increased to ensure an adequate food supply for fu-
ture generations. Tremendous advances have been made in in-
creasing agricultural productivity through technological
innovation, particularly in the last half of the 20th century. The
mechanization of agricultural production; the use of chemical
fertilizers, herbicidés, and pesticides; and improved techniques
in plant breeding to create new, high-yielding varieties adapted
to local conditions of climate and disease have all increased
crop outputs dramatically in the last 50 years. Through these
innovations of the Green Revolution, countries like India,
which were grain importers at the beginning of the 20th cen-
tury, are now able to export grain at the beginning of the 2 1st
century. Similarly, the intensification of livestock management,
scientific advances in animal nutrition, the application of se-
lective breeding, and the increased use of sophisticated veteri-
nary services have resulted in dramatic increases in animal
production in recent years.
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These gains in productivity, however, come at a cost. A num-
ber of environmental and social problems have come to be
associated with modern agricultural practices. Mechanization,
when inappropriately applied, can contribute to soil erosion
and/or soil compaction. Crop monoculture, which is favored
by the heavy investment in specialized equipment required to
produce a particular crop, tends to exhaust soil nutrients and
increase risk of disease and pests. The use of agricultural chem-
icals to counteract these effects is associated with a number
of environmental and public health problems including con-
tamination of water, land, and air; death of wildlife; and, most
recently, the potential disruption of endocrine and reproduc-
tive functions in humans and other animals, as discussed in
Chapter 6.

The mechanization and intensification of agricultural enter-
prises also have social consequences by reducing labor re-
quirements and transforming market structures. As a result,
traditional family farm units have become less competitive rel-
ative to corporate enterprises. This has had, in some cases, a
disruptive effect on the viability of rural farming communi-
ties and the families that compose them. Also, modern animal
and crop production depend heavily on a continuous supply
of high energy inputs from nonrenewable fossil fuels, and
some analysts have projected that the known supply of such
fuels will be depleted by as early as the end of the 21st cen-
tury.

Clearly, to make abundant food of high quality and variety re-
liably available to the coming generations, future agricultural
practices must find ways to balance continued gains in pro-
ductivity and output with concerns about environmental qual-
ity, the conservation of nonrenewable resources, public health,
and social stability. The development of methods, strategies,
and policy frameworks to achieve this balance is the essence of
sustainable agriculture.

There is no single definition of sustainable agriculture. How-
ever, several key elements are frequently identified in discus-
sions of the subject. In general, sustainable agriculture practices
should

* Reflect a sense of stewardship for natural and human
resources,

» Optimize the use of on-farm resources,

* Reduce the use of nonrenewable resources and other
external purchased inputs,

+ Take full advantage of natural biological cycles and
biological controls in the farming system,

* Protect and renew soil fertility and the natural
resource base,

* Minimize adverse impacts on human health, wildlife,
and the environment,

* Be economically profitable and provide adequate and
dependable farm income,

s Promote growth, development, and stability for family

farmers and farming commounities.

There has been considerable media attention in recent years
about industrial livestock production or so-called factory farm-
ing. Much of this attention has been unfavorable, and some of
the criticism has been justified. Nevertheless, this media ex-
posure has contributed to a growing societal perception, es-
pecially in developed countries, that all livestock production
activities are inherently inconsistent with environmental
health, social welfare, and the wise use of natural resources.
This is an unrealistic and erroneous assessment, especially
when animal agriculture is viewed from a global perspective.
Most of the world’s livestock populations and the products de-
rived from them are still found in subsistence and small mixed
farming systems, in which the contribution of animals to agri-
cultural sustainability is profound, and their potential for pro-
moting greater sustainability is significant.

The inherent sustainability of subsistence and mixed farming
systems derives from the fact that animal production and crop
production remain directly linked and under the decision-
making control of the same farmer-manager. This increases the
chances that on-farm resources will be used and recycled
within the production system, and it reduces the demand for
external inputs in agricultural production. The presence of an-
imals in the mixed farming system allows crop residues to be
used for livestock feeding. Draft animals provide power for
agriculture and transport without consumption of fossil fuels
or the need to purchase and maintain costly equipment. Ani-
mals such as sheep, ducks, or fish provide weed control in row
crops, while goats provide weed control in pastures, thus re-
ducing the need for herbicides or brush-clearing equipment.
All animals produce manure, which can be used to fertilize
crops, provide fuel for cooking or heating, enrich ponds for
fish cultivation or, in the case of poultry manure, be fed to
other livestock. All of these uses of manure reduce dependency
on external inputs such as chemical fertilizer, fossil fuels, fuel
wood, or purchased feeds. In addition, livestock can improve
the productivity of farmers and their families by improving
overall family nutrition. They can provide a more dependable
source of income through the sale of livestock or livestock
products and offer greater opportunities for risk diversification
in the event of crop failure. If cereal crops are cultivated and
drought occurs after the plants have achieved some growth but
before the seed heads have matured, the value of the crop to
the farmer would be lost unless livestock were present to con-
sume the drought-affected plants.

Such sustainable practices are part and parcel of traditional
mixed farming systems. Yet the productivity of many mixed
farming operations remains low, with many farmers contin-
uing to function only at subsistence levels. Increasing pro-
ductivity in these systems while preserving and enhancing
their characteristic sustainability is the principal challenge for
the future. This dual objective has become a driving force for
much of the rural social and economic development activity
being carried out in developing countries of the world. Many



policymakers and implementing agencies are coming to rec-
ognize and understand the value of animals in improving
both the sustainability and output of smallholder farmers. In-
ternational development agencies, such as FARM Africa and
Heifer Project International, frequently use the introduction
of animals with improved production characteristics as the
basis for rural community development projects that aim to
improve rural livelihood by strengthening sustainable agri-
cultural practices. Such programs are discussed in greater de-
tail in Chapter 5.

Opportunities for promoting sustainability in mixed farming
systerns exist in the developed world as well. Consumer con-
cerns about personal health, food safety, and environmental
contaminants associated with the use of chemicals in agricul-
ture have stimulated a dramatic growth in organic farming in
recent years. Many family farmers have found organic farming
practices to be both sustainable and profitable, especially with
consumers prepared to pay prices as much as 20% higher than
they pay for equivalent conventionally produced foods. Ac-
cording to the FAO, organic agriculture has come to represent
up to 10% of the food system in Switzerland and Austria and
is growing at a rate of over 20% annually in the United States,
France, and Japan.

The potential for improving the sustainability of livestock pro-
duction extends beyond mixed farming systems to extensive
grazing systems. Efforts are needed to restore the inherent bal-
ance between pastoralism and the grazing lands that support
it. One hurdle is to overcome the traditional practice of herders
who keep large numbers of animals as insurance against live-
stock losses during extended periods of drought. Government
policies aimed at providing a safety net for herders in diffi-
cult times and offering them reliable assistance for restocking
lost animals could allow herd sizes to be stabilized at reduced
levels. If such policies are linked to improvements in market-
ing infrastructure and attractive pricing, it could encourage
greater offtake and allow more pastoralist livestock to enter
commercial channels for meat production. In addition, the
growing presence of crop agriculture in former grazing areas
provides opportunities to integrate crop and livestock pro-
duction through greater interactions between settled farmers
and pastoralist herders. Crop residues can be grazed by pas-
toralist livestock in exchange for the manure left behind to fer-
tilize fields, and herders could potentially earn income by
renting out animals for agricultural work to farmers who can-
not afford their own draft animals.

There are also opportunities to enhance the sustainability of
industrial livestock production. In these landless systems, waste
disposal poses a significant environmental problem. However,
biodigestion of wastes to produce biogas can once again turn
manure back from a problem to a resource by reducing the
need for external energy inputs. When industrial livestock pro-
duction units are concentrated in a geographic area, pooling
wastes for-biogas production can result in sufficient biogas
output to substitute for fossil fuels in the commercial pro-
duction of electricity.
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Perhaps the most significant criticism of industrial livestock
production systems, with regard to their lack of sustainabil-
ity, is the reliance of producers on cereal grains as animal feed
In the developed countries, the abundance of locally available
domestic grain serves in part to justify the practice. However,
there is considerable concern about the proliferation of grain-
based intensive production systems in developing countries in
which much of the feed required for animal production needs
to be imported at great economic and social cost. In these sit-
vations, intensive production can be made more sustainable
by research into the use of alternative feeds that are locally
available and may be manipulated to improve their nutritional
value, thus reducing dependency on grain.

Animal production also can be integrated into plantation agri-
culture, notably tree-based production systems, in which a for-
age crop can be planted between tree rows and animals grazed
to produce a livestock output within the overall production
system. In turn, the animals improve soil fertility by drop-
ping manure. The principle of using locally available alterna-
tive feed for intensive animal production also merits further
investigation and application. It represents an important tool
for promoting sustainability in animal production.

Sustainable agriculture is based on a fundamental prermise that
the agricultural production unit represents an ecosystem and
that it should be recognized and managed as such. Just as an-
imals are an integral part of natural ecosystems, they are also
a vital part of agroecosystems. In the developed world, live-
stock increasingly have become the target output of a special-
ized production system, a marketable commodity that results
from the livestock-production enterprise. The epitome of this
approach is the intensive monogastric production unit, which,
while remarkably productive, depends heavily on inputs not
contained within the production system itself. In the devel-
oping world, livestock remain an integral part of traditional
agroecosystems. They are not simply products of the system,;
they are also active contributors to the system and add signif-
icantly to its overall sustainability. Veterinarians who can inte-
grate their knowledge of production medicine with an
appreciation and knowledge of agroecology can contribute
enormously to increasing animal productivity around the
world in sustainable ways.

Approaches to Improving
Animal Productivity

The growing worldwide demand for foods of animal origin,
the continued dependence of millions of people in developing
countries on animals in their daily lives, and the important role
that animals play in promoting sustainable agriculture all un-
derscore the need for more vigorous efforts to improve the
health and productivity of animals around the globe. There are
five general areas in which such improvements can be
achieved. They include improved access to veterinary service
and disease control, improved animal management, improved
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nutrition, rational use of genetic resources, and improved mar-
keting of livestock and livestock products.

Improved Veterinary Service and
Disease Control

Ensuring the health of animals is an essential prerequisite for
improving animal productivity by other means. Improvements
in management, nutrition, breeding or access to markets are
of little benefit if animals cannot be protected from debilitat-
ing or deadly disease. Disease can be a profound constraint
on animal production. Vast areas can be rendered unsuitable
for animal production as a result of disease risk, as is the case
with trypanosomiasis in Africa. Not only does the risk of try-
panosorniasis inhibit animal production in tsetse fly-infested
areas by restricting access to potential grazing lands, it also en-
courages overstocking animals in tsetse fly-free areas. This con-
tributes to degradation of grazing lands, reduced levels of
nutrition, increased susceptibility to disease, and lowered pro-
ductivity of livestock populations.

In addition to endemic diseases such as trypanosomiasis, epi-
demic disease outbreaks can cripple or destroy livestock in-
dustries. Perhaps the most notorious example is the rinderpest
outbreak that occurred in Africa between 1889 and 1897. Pre-
viously unrecorded on the continent, rinderpest was intro-
duced into northern Africa with cattle imported from Europe.
The infection swept southward and killed millions of cattle and
wild ungulates. This caused massive suffering among herders
and farmers who lost their livestock, a direct source of food
and needed labor to cultivate their crops, leading to instances
of starvation. Efforts to control rinderpest on the African con-
tinent continue today through cooperative multinational ef-
forts coordinated through the Interafrican Bureau of Animal
Resources of the Organization for African Unity.

Such epidemics are not merely the stuff of history. In recent
years, a number of important epidemics have undermined live-
stock industries at national or regional levels. An epidemic of
Newcastle disease in domestic fowl in Northern Ireland in
1997 required the slaughter of over 1 million birds, resulted in
direct economic losses exceeding US$ 15 million, and required
suspension of export of poultry products for 8 months, until
disease-free status could be reestablished. An outbreak of
African swine fever in hogs in the Ivory Coast in 1996 cost the
country an estimated $9.2 million. A foot and mouth disease
epidemic in hogs in Taiwan in 1997 affected over 1 million
pigs, led to the slaughter of over 4 million pigs, and cost the in-
dustry more than US$1.3 billion. The emergence of bovine
spongiform encephalopathy (BSE) in the United Kingdom in
1986 has resulted in the slaughter of over 4.5 million cattle and
has cost the cattle industry more than US$3.3 billion. The dis-
ease continues to generate serious public health, economic, and
trade repercussions 15 years after it was first recognized. The
subsequent outbreak of foot and mouth disease (FMD) in the
UK. in 2001 dealt a second devastating blow to cattle farmers
in the nation. Between them, BSE and FMD have challenged the
very survival of the cattle industry in the UK.

Countries that are able to successfully control or eradicate in-
fectious diseases such as rinderpest, FMD, or African swine
fever achieve greater productivity for animals within the coun-
try. In addition, however, they also enjoy enormous economic
advantages through access to international trade in livestock
and livestock products. Such trade is severely restricted for
countries with endemic, highly contagious livestock diseases,
as a result of international agreements administered on behalf
of member nations by the World Trade Organization and the
Office International des Epizooties (OIE) in Paris, France.

Effective control of endemic and epidemic diseases remains an
elusive goal in many developing countries in which many ob-
stacles to effective veterinary service delivery exist, and the risk
of disease still represents a serious constraint on improved an-
imal production. Deficiencies exist in the delivery of services
for both the public good and the private good. Public good
services are defined as those that benefit society and the econ-
omy at large. Such public good services include national ani-
mal disease surveillance and control programs against endemic
and epidemic diseases; the control of zoonotic diseases such
as tuberculosis, brucellosis, and hydatid disease; and other
public health services such as meat inspection, monitoring of
drug residues, and assurance of pharmaceutical safety and
quality. Private good services are those that primarily benefit
the individuals who own or keep animals. Such private good
services include the delivery of clinical diagnostic, therapeu-
tic, and prophylactic interventions and other herd health serv-
ices such as reproductive management.

Veterinary service delivery is such an important aspect of in-
ternational veterinary medicine that a whole chapter of this
book has been set aside to address it. The structure of veteri-
nary service delivery around the world, the constraints facing
veterinary service delivery in developing countries, and some
possible solutions for overcoming these constraints are dis-
cussed in more detail in Chapter 8.

Improved Management

While the world is full of differences, there are some sur-
prising similarities, even in the matter of livestock keeping. As
a large animal medicine resident at the University of Min-
nesota in the late 1970s, the author had many occasions to
treat outbreaks of pneumonia in young dairy cattle during the
cold winter months. Farm visits revealed that the affected
heifers and weaned calves were often kept in tightly closed
barns. The smell of ammonia in the uncirculated air was pow-
erful, and the lack of ventilation undoubtedly contributed to
the buildup of pathogens and the outbreaks of pneumonia.
When farmers were asked why they sealed the animals into
these barns with closed windows and doors, the answer was
inevitably that they were trying to keep them warm, as surely
the cold, harsh winter temperatures would be harmful to
them. Twenty years later, doing development work in
Afghanistan, the author once again came upon young cattle
with pneumonia in winter, sealed tightly in mud sheds with
ammonia-laden air. Once again, when queried on the prac-



tice, Afghan farmers insisted that they were protecting their
cattle from cold winter temperatures. In neither case had the
extension message been effectively transmitted that while cat-
tle can usually tolerate cold winter temperatures, they can-
not tolerate bad air quality associated with inadequate
ventilation.

The point of this anecdote is that there are certain basic ani-
mal health problerms related to management deficiencies that
are encountered regularly throughout the world and are read-
ily correctable. Such predictable problems include a variety of
situations that most experienced veterinarians are already fa-
miliar with at home, such as pneumonia of weanlings in
poorly ventilated housing, neonatal mortality from diarrhea
associated with dirty birthing areas and inadequate
colostrum, coccidiosis in animals and birds kept in housing
with excessively moist floors, nematode parasites in grazing
animals on overstocked pastures, bloat or acidosis associated
with abrupt feed changes in ruminants, mastitis associated
with inadequate hygiene during milking, outbreaks of
clostridial diseases such as blackleg and malignant edema
from grazing unvaccinated animals on previously flooded pas-
tures, and tetanus from poorly executed castrations or care-
lessly tended wounds. Each agroecological zone offers its own
unique health challenges to the animals that reside there, as
a result of the presence of certain disease vectors and specific
endemic diseases not found elsewhere. Nevertheless, consid-
erable opportunity exists to improve livestock health and pro-
duction in traditional livestock management systems by
implementing simple changes in basic animal husbandry and
herd health management.

Another way to improve productivity is by ensuring that
appropriate management expertise, technical support, and
extension information are available when new animal-
production systems are introduced into areas where they were
previously unknown, for example, the introduction of inten-
sive swine and poultry production into developing countries
that are experiencing strong economic growth. Large-scale,
intensive, confinement operations require high degrees of
management experience to function properly and efficiently.
Problems can arise when the appropriate technical expertise
is not available locally or when foreign technical advisers pro-
viding support to the new industry are not fully aware of local
conditions relating to temperature and humidity patterns,
water quality, or indigenous disease problems. The rapid
spread of disease is always a threat when large groups of an-
imals are concentrated in confinement housing. This risk can
be further increased when intensive systems are introduced
into hot and/or humid environments, when nonindigenous
breeds are introduced into the production system, when con-
tagious diseases are endemic in local populations of the same
animal species, and when local managers are relatively inex-
perienced in the daily operation of intensive systems. Proper
management requires an adequate understanding of both the
intensive production system itself and the local conditions
that can affect that system when it is introduced into a new
environment.
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Improved Nutrition and Use of Local Feeds

The lack of reliable and nutritious feed supplies for livestock
is a common production constraint in many livestock pro-
duction systems around the world. Pastoralism, for instance,
fundamentally represents a management strategy that evolved
to deal with the reality of seasonal feed scarcity. Subsistence
farmers, as a rule, generally do not grow nutritious fodder
for their animals, as their small plots are allocated to the pro-
duction of crops directly consumed by people. As a result, an-
imals usually are left to make do on crop byproducts of
relatively low nutritional value, such as straw. Commercial
farmers in developing countries may import improved live-
stock such as Holstein dairy cattle hoping to capitalize on their
dramatic production potential, but that potential is not real-
ized because adequate energy and protein are not available to
feed them at the level necessary to exploit their genetic po-
tential for milk production fully.

Undernutrition not only results in the failure to reach pro-
duction potential in animals, it has other consequences as well.
Disease conditions such as pregnancy toxemia, rumen im-
paction, hypovitaminosis A, and other deficiency-related dis-
ease may result directly from poor nutrition. In addition,
immune function is compromised, and animals become more
susceptible to infectious diseases. Reproductive performance
can be adversely affected, with increased infertility, low con-
ception rates, and higher rates of fetal and neonatal mortality.
The ability of animals to perform work is also affected, which
can be a major problem for subsistence farmers who depend
on animals for preparing fields for planting. In many tropical
regions, the planting season, which is the rainy season, follows
a long dry season by the end of which, draft animals may have
little forage to eat. As a result, these draft animals are often in
their worst condition at the very time that they must work
the hardest to ensure a successful crop for the farmer.

Alternative feeding strategies need to be considered to address
the nutritional needs of livestock in developing countries.
Many innovative options have been explored and successfully
implemented using locally available, alternative feeds. One op-
tion is the use of crop residues that have been manipulated to
improve their nutritional value, for example, straw treated with
urea. Urea is a simple nitrogenous cornpound of relatively low
cost and reasonable availability. Urea provides ruminant ani-
mals with a ready source of nitrogen so rumen bacteria can
take the carbohydrate substrate available from straw and use
it to build much-needed amino acids. This simple technology
has been widely adopted in developing countries to improve
the diet of ruminant animals. The procedures for handling,
mixing, and feeding the urea-treated straw are relatively
straightforward, and adoption of the technique has been rea-
sonably good where it has been introduced, though some
farmers find the stinging odor of urea difficult to work with,
and this sometimes interferes with acceptance of the practice.

Another option is the use of byproducts from food-processing
industries such as sugar production, brewing, and fish canning
and, in urban areas, discards from restaurants and food
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markets. Sugar cane has been used to feed cattle successfully
in Cuba, Colombia, Mauritius, and Trinidad, where whole
chopped cane is fed. In more than a dozen countries of trop-
ical Asia and Latin America, pigs are being fed on diets that suc-
cessfully replace grains with sugar cane juice, palm oil, sugar
palm juice, and cassava tubers. Citrus pulp residues from juice
making are also used for livestock feeding. In China, beef pro-
duction systems have been developed that depend solely on
straw treated with urea and cottonseed cake, with no cereal
grains being fed.

In many developing countries, farmers are being encourage to
integrate leguminous shrubs, trees, and forages into their
plantings, both in the fields and in their gardens. Nitrogen-fix-
ing legumes are an excellent source of protein as animal feeds.
Leaves, twigs, and seeds of various leguminous plants can be
used as feeds. The plants also offer other advantages. They im-
prove soil quality through nitrogen fixing Trees and shrubs can
serve as living fences around fields and gardens and help to
prevent soil erosion, and in addition to providing animal feed,
these perennials can also provide fuel wood for heating and
cooking Table 4-3 identifies some leguminous plants that have
been used to improve the productivity of subsistence farmers
in the tropics.!®

Duckweeds are another potential animal feed gaining in-
creased attention for integration into smallholder farming sys-
tems. Duckweeds are small aquatic plants that form dense mats
which float on the surface of still or slow-moving bodies of
water. They have been recognized as very useful in removing
certain mineral contaminants from wastewater and are being
used increasingly at wastewater treatment plants to help clean
wastewater stored in lagoons. Duckweeds are also very high in
protein, which makes them desirable as animal feeds. Duck-
weeds can be substituted for cereal grains in pig and mature
poultry rations and maintain a high level of feed efficiency. The
use of duckweed as a fish feed has yielded dramatic increases
in fish growth. Duckweed, like urea, can be mixed with crop
byproducts in ruminant diets to improve the overall quality of
the diet and enhance its protein content. Duckweed is also a
good source of phosphorus, a critical nutrient that is defi-
cient in certain livestock-raising areas, for example, in many
parts of Africa. Duckweed production can be integrated into
sustainable smallholder farming systems when farm ponds are
present or can be constructed.!?

Veterinarians need to be involved in the process of identifying
and introducing novel feedstuffs to livestock, as such intro-
ductions, while offering the prospect of improved nutrition,
can sometimes have unexpected metabolic or toxicological
consequences that need to be recognized, explained, and over-
come. For instance, the leguminous tree Leucana leucocephala was
recognized as a potentially valuable source of protein in the
diets of ruminant animals. However, when leucana was intro-
duced into the diets of ruminant animals in some places, there
were no unexpected effects; in other places, cattle, sheep, and
goats exhibited a number of clinical abnormalities including
alopecia or wool loss, salivation, poor appetite, cataracts,
weight loss, and hypothyroidism. Researchers eventually fig-

ured out that the adverse effects were due to a breakdown
product of a plant constituent known as mimosine. This break-
down product, DHP, was produced during mastication. In
some places, cattle, sheep, and goats possessed rumen mi-
croflora that degraded DHP and rendered it harmless, while in
other places, ruminants lacked the appropriate microflora, and
the DHP persisted to act as a potent toxin and goitrogen. It was
learned that leucana could be effectively exploited as a high
protein feed by livestock in areas where there had been prob-
lems if animals received a rumen inoculation with the appro-
priate DHP-degrading microflora.®

Technological innovation also can improve the quality of feed-
stuffs or the animal’s ability to use them. Take for instance the
development of high-lysine corn. Normal dent corn has a pro-
tein content of about 9.4%. However, the levels of two essen-
tial amino acids, lysine and tryptophan, are low, which limits
the nutritional value of corn for nonruminant animals and hu-
mans. Ruminant animals can produce these amino acids via
the rumen microflora. In 1963, researchers at Purdue Uni-
versity, examining soft, opaque varieties of corn, identified a
recessive gene, Opaque-2, which produced higher levels of ly-
sine and tryptophan in opaque varieties, resulting in a more
nutritionally balanced corn. Through cross-breeding, com-
mercially adaptable strains of corn with higher lysine and tryp-
tophan content became available. These high-lysine hybrids
have demonstrated nutritional advantages over normal corn for
swine feeding, allowing more-efficient use of the total amino
acids available in corn for building tissue proteins.

With advances in genetic engineering, it is now possible to
manipulate the animal as well as the feedstuffs being offered.
In 1999, for instance, researchers at the University of Guelph
produced a transgenic pig that can produce additional
amounts of phytase, a salivary enzyme that enhances the di-
gestion and absorption of phosphorus from ingested plant ma-
terials. The impetus for this research was to reduce the amount
of phosphorus excreted in pig manure to reduce the adverse
environmental impact of excess phosphorus entering ground-
waters from pig manure associated with large-scale intensive
hog-farming operations. However, the genetic innovation
would presumably also be useful to increase the efficiency of
phosphorus use by animals raised in areas of the world where
phosphorus deficiency in soils and feeds is a major constraint
on animal production.

Rational Use of Genetic Resources

The use of domestic animals often depends on two major at-
tributes, both of which are controlled, to a large extent, by ge-
netics. These two attributes are productivity and adaptability.
In commercial agriculture, especially in developed nations, an-
imals have been bred largely to improve their production out-
puts. In high-production livestock systems, problems of
adaptability are largely dealt with by manipulating the animal’s
environment to provide suitable conditions of nutrition, hous-
ing, comfort, and health. In subsistence farming systems in de-
veloping countries, the reverse situation often prevails. Farmers
lack the resources to transform environments to suit animals



| Table 4-3 Leguminous Plants Useful for 1

Agriculture Enterprises?

ntegration into

ree Legumes

Small Animal Farm Sustainable

Minimum
Common Rainfall Drought Waterlogging | Frost Nutritive
. Name Scientific Name (mm/yr) Tolerance Tolerance Tolerance | Value
| Pigeon pea Cajanus cajan 300 Very good Poor Poor Very good
| Calliandra Calliandra calothyrus 1000 Fair Good Poor Good
Glyricidia Glyricidia maculata 900 Fair Fair Poor Good
Glyricidia sepium 900 Fair Fair Poor Good
Leucaena Leucaena diversfolia 500 Good Fair Fair Good
Leucana leucocephala 400 Very good Poor Fair Good
| Sesbania Sesbania grandifolia 600 Good Good Poor Good
Sesbania sesban 500 Good Good Poor Good
Tree lucerne | Chamaecytisus prolifer 500 Good Poor Very good Good
Herbaceous Legumes
Minimum
Common Rainfall Drought Waterlogging | Frost Nutritive
Name Scientific Name (mm/yr) Tolerance Tolerance Tolerance | Value
Calopo Calopogonium mucunoides 700 Fair Fair Poor Good
| Cassia Cassia rotundifolia 400 Very good Fair Fair Good
Centro Centrosema pubescens 900 Fair Fair Poor Very good
Desmanthus | Desmanthus virgatus 500 Good Fair Poor Good
. Greenleaf Desmodium intortum 700 Fair Good Fair Very good
. desmodium
! Silverleaf Desmodium uncinatum 700 Good Fair Fair Very good
desmodium
Glycine Glycine wightii 600 Good Poor Fair Very good
Lablab Lablab purpureus 400 Good Poor Fair Very good
Lotononis Lotononis bainesii 800 Fair Very good Good Good
| Siratro Macroptilium atropurpureum | 500 Good Fair Fair Very good
Axillaris Macrotyloma axillare 500 Good Fair Poor Very good
Alfalfa Medicago sativa 600 Very good Poor Very good Very good
Tepary bean | Phaseolus acutofolius 300 Very good Poor Poor Good
Puero Pueraria phaseoloides 1000 Fair Good Poor Good
Graham stylo | Stylosanthes guianensis 600 Fair Fair Poor Good
Verano stylo | Stylosanthes hamata 500 Very good Poor Poor Good
. Seca stylo Stylosanthes scabra 500 Very good Poor - Poor Fair
Red clover Trifolium pratense 600 Fair Poor Good Very good
:} White clover | Trifolium repens 600 Fair Fair Very good Very good
| Vetch Vicia dasycarpa 400 Fair Fair Good Very good
Cowpea Vigna sinensis 300 Good Poor Fair Good

*The qualities of the different plants vary, but in general these legumes provide fodder for animals, fuel wood, living fences, soil
enrichment with nitrogen, and inhibition of soil erosion.
Adapted from Peacock C. Improving Dairy Goat Production in the Tropics: A Manual for Development Workers. Oxford, England:

Oxfam/FARM—Africa Publication, 1996.

why
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and traditionally have depended upon domestic animals that
have largely been selected for their adaptability to survive
under local conditions, frequently without concomitant in-
creases in productivity.

To increase the contribution of domestic livestock to food pro-
duction and economic development throughout the world, an-
imal productivity must be enhanced. However, this should not
be achieved by sacrificing adaptability. The finite availability of
arable land on the planet continues to push farmers and
herders into more challenging and difficult environments. The
need for animals highly adapted to extremes of climate, lim-
ited access to water, or uncertain forage supplies remains
strong. As such, the rational use of genetic resources for im-
proved animal production requires both the use of selective
breeding to improve productivity and the conservation of ge-
netic resources among the world’s domesticated livestock
breeds to ensure continued adaptability to a wide range of
agroecological conditions. Both approaches are briefly dis-
cussed in the following sections.

Selective Breeding

Over the centuries, livestock breeders have learned to identify
desired, heritable traits, select and mate animals that express
and transmit those traits, and thereby develop breeds of do-
mestic animals that suit their needs. Through this process,
wild fowl that produced a single clutch of eggs per year have
given way to domesticated commercial laying hens that pro-
duce eggs on a daily basis. Through the same process, the wild
and fierce aurochs cow, which likely produced just enough
milk to suckle a single calf'in a year, has provided the genetic
basis for the modern Holstein cow, a docile beast capable of
producing as much as 45 kg of milk per day over a 305-day
lactation.

Today, the commercial swine industry is so responsive to con-
sumer tastes and the need to improve production efficiency,
that maintaining breed purity has taken a back seat to meeting
production and marketing goals. Commercial herds are in-
creasingly made up of mixed-breed pigs from a variety of
purebred breeding stocks, such as Duroc, Landrace, Hamp-
shire, or Yorkshire. The selection of purebred boars and gilts for
use in a commercial herd is determined by managers and
breeding consultants aiming to address such specific goals as
reduced backfat thickness, faster rate of gain, and even aesthetic
characteristics of concern to consumers such as lean in the car-
cass, lean in the loin and loin eye area, loin color, loin mar-
bling, and drip loss. Progeny testing, extensive data collection,
and computerized record keeping help breeding associations
fine-tune their selection of future breeding stock.

During the period of European colonization, settlers regu-
larly took their familiar, high-producing breeds with them to
new continents and often settled in areas most conducive to
the productivity and well-being of these animals, leading, for
example, to the establishment of European dairy cattle in the
cooler tropical highland areas in East Africa and South Asia. Set-

tlers also demonstrated significant talent in modifying and
adapting introduced stock to produce animals suited to local
conditions and market demands. Fine-wooled Spanish Merino
sheep were imported to Australia early in the 19th century and
cross-bred with local meat-type breeds to produce Australian
Merinos that produced both high-quality wool for the export
market as well as an improved mutton carcass for local meat
consumption. Thus, Australian Merinos became a cornerstone
of the expanding Australian economy. Adaptation of imported
Merinos played a similar role in the developing economy of
South Africa.

The introduction of high-producing breeds is still used widely
as an engine for agricultural and economic progress in devel-
oping countries. Not all such endeavors have been successful,
however, as there are frequently constraints related to nutrition
and disease, especially in tropical regions. The genetic poten-
tial for increased production, be it of milk, egg, fiber, or meat,
cannot be realized consistently unless that potential is matched
by a feed supply of sufficient quality and quantity to fuel the
expanded production. In many parts of the tropics, soil nutri-
ents may be deficient, rainfall erratic, croplands limited, and
the inputs and practices of crop production generally inade-
quate to meet the greater nutritional demands of potentially
high- producing animals.

Disease is another major constraint. European breeds of dairy
cattle and goats, for instance, can offer substantially increased
milk production in tropical areas through cross-breeding with
local stock, but these imported animals are highly susceptible
to tick infestations and the numerous tropical, tick-borne dis-
eases associated with them. In East Africa, imported Holstein
cattle may need to be dipped for tick control as often as twice
per week to avoid the deadly effects of East Coast fever, a he-
moparasitic protozoal disease caused by Theileria parva and trans-
mitted by the tick Rhipicephalus appendiculatus.

There are several approaches to reducing the impact of dis-
ease on efforts to introduce imported breeds with high- pro-
duction potential. One strategy is to embrace the goal of
producing cross-bred herds rather than creating local, pure-
bred herds, so that valuable adaptive traits of local breeds can
be retained. Another strategy is to import semen rather than
livestock, so that the desired genetic traits can be introduced
without the introduction of animals highly susceptible to dis-
ease, though artificial insemination does require a good sup-
porting infrastructure for semen storage and transport to be
successful. A third approach is to promote zero-grazing prac-
tices whereby valuable imported purebred animals are fed
and housed in pens and not allowed to graze. This reduces
exposure to ticks and other internal and external parasites
and is often used with purebred dairy animals, both cattle and
goats.

In any circumstance in which exotic breeds are introduced, it
is essential to know what endemic diseases occur in a given
region that may pose a health threat to the introduced ani-
mals. With access to such information, a suitable health man-



agement plan, including appropriate vaccinations and para-
site control practices, can be devised before the animals ar-
rive. In the future, transgenic science may allow animal
breeders to develop high-producing livestock resistant to spe-
cific maladies such as tick-borne diseases and trypanosomia-
sis, allowing their introduction into places previously
inhospitable to livestock production. Investigations into the
genetic basis of resistance to important livestock diseases is
likely to be an important and exciting area of veterinary re-
search in the coming years.

Conservation of Genetic Resources

There are an estimated 4500 breeds representing 25 species of
domesticated animals in the world today, and about 30% of
these breeds are considered at high risk of disappearance. Most
of these are local breeds of livestock that are little known out-

able 4-4

Sheep and Goats of the Northwest Arid
and Semiarid Zones

us Breeds of Sheep and Goats in India?
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side their immediate geographical range but are extremely well
suited to their agroecological niche. As an example, Table 4-4
lists recognized, distinct breeds of sheep and goats found in
the Indian subcontinent, most of which are virtually unknown
outside the region but are, nonetheless, well adapted to local
conditions and useful to local livestock keepers.¢

A major factor in the loss of breeds is the increasing reliance
on only one or a few breeds that have been selected for high-
input, high-output production systems. North Americans do
not need to look far from home to see evidence of this trend—
the Holstein cow has steadily displaced all other dairy breeds
as the dominant milking cow on the continent. The high-
volume milk production of the Holstein cow allows profit-
conscious farmers to improve efficiency in their dairy
operations by keeping fewer individual animals to achieve
production targets. For large dairy operations, these high-

Sheep and Goats of the Semiarid Central to
Humid Coastal Southern Peninsula

Sheep Breeds Goat Breeds

Sheep Breeds Goat Breeds

Chokla Sirohi
Nali Marwari
Marwari Beetal
Magra Jhakrana
Jaisalmeri Barbari
Pugal Jamnapari
Malpura Mehsana
Sonadi Gohilwadi
Patanwadi Zalawadi
Muzzafarangri Kutchi
Jalauni Surti
Hissardale

Sheep and Goats of the
Temperate Northern Region

Sangamneri
Malabari
Osmanadabi
Kannaiadu

Deccani
Bellary
Nellore
Mandya
Hassan
Mecheri
Kilakarsal
Vembur
Coimbatore
Nilgiri
Ramnad White
Madras Red
Tiruchy Black
Kenguri

Sheep Breeds Goat Breeds

Sheep and Goats of the Humid
to Subtemperate Eastern Region

Gaddi Baddi

Rampur Bushair Changthangi Sheep Breeds Goat Breeds
Bhakarwal Chigu Chottanagpuri Ganjam
Poonchi Shahabadi Bengal
Karnah Balangir

Gurez Ganjam

Kashmir Merino Tibetan

Changthangi Bonpala

America.

no. 30. Rome: FAO, 1982.

*These animals, including 40 breeds of sheep and 20 breeds of goats, show remarkable adaptation to a wide range of environments,
including harsh desert conditions. In addition to showing good survival characteristics, some breeds have strong production potential. The
Jamnapari goat, for example, is a very good dairy animal, well suited to tropical conditions, that has been exported to Indonesia and South

From: Food and Agriculture Organization of the United Nations. Sheep and Goat Breeds of India, FAO Animal Production and Health Paper
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producing animals also promote economies of scale, allowing
greater increases in overall production per number of cows
added during herd expansions. The net effect is that national
populations of Jersey and Guernsey cattle have decreased dra-
matically, and populations of Brown Swiss and Milking Short-
horn cattle have all but disappeared from the rural landscapes
and dairy barns of North America.

A high degree of economic and technological development
supports the dominance of Holstein cattle in North American
dairying. Modern agriculture on the continent readily provides
the quantity and quality of protein and energy necessary to
meet production potential, usually in the form of cereal-based
concentrates. Environmental influences that may hamper pro-
duction such as high temperature or humidity are managed by
construction of well-designed, mechanically ventilated farm
buildings. Losses from production-related diseases such as dis-
placed abomasum or mastitis are minimized by access to a
well-trained and well-equipped cadre of veterinarians in pri-
vdte practice. Overall production efficiency is supported by
an extensive network of extension e{‘éents and private consult-
ants advising on a wide array of issues including animal nu-
trition, reproductive performance, quality assurance, and
animal health. In summary, the Holstein cow is a highly pam-
pered and protected creature that pays back its attentive care-
takers with voluminous outputs of milk.

Yet, in many developing countries, Holsteins may have a hard
time of it. Inadequately fed, unprotected from prolonged
drought or relentless rain, overrun with parasites, and naive to
deadly infectious agents, Holstein cows may have trouble sur-
viving, let alone realizing their production potential. In con-
trast, local breeds of animals will have developed remarkable
adaptations that promote survival and foster productivity
within the constraints of local conditions. Hence the popu-
larity of milking buffalo in hot and humid India. Many local
breeds of livestock around the world show unique or special
adaptations such as disease resistance, adaptation to harsh cli-
matic conditions, and adaptation to poor-quality or unreliable
supplies of feed and water. Other desirable traits include high
fertility, good maternal qualities, unique product attributes,
and longevity. Such characteristics need to be better recognized
and characterized, and their genetic transmission better un-
derstood. The populations that possess such traits need to be
both identified, described, and protected from extinction.
Their genetic potential needs to be preserved intact but at the
same time be more fully exploited through both selective and
cross-breeding to produce new animals that combine estab-
lished adaptability with increased productivity. It should not
be assumed that local indigenous breeds cannot be selected for
increased production. Rather, it may be that insufficient at-
tention has been paid to these breeds in the past by the world
community of breeders and animal scientists.

There is growing interest and increased, organized effort to
conserve, protect, and promote the use of rare and local do-
mestic breeds of animals. Toward that goal, the FAO has es-

tablished the Global Programme for the Management of Farm
Animal Genetic Resources. The effort includes in situ efforts to
promote the use of indigenous breeds in sustainable agricul-
ture as well as ex situ efforts to collect, store, and preserve ge-
netic material for conservation and research. The program
encourages country-by-country efforts to develop inventories
and collect inforration on the status of indigenous breeds and
promotes international cooperation on conservation efforts
through education, research, and policymaking. FAO also
maintains the Domestic Animal Diversity Information System
(DAD-IS) to manage data for the global program, available on
the internet at http://www.fao.org/dad-is/. This includes the
Worldwatch List for Domestic Animal Diversity, which pro-
vides regional inventories of indigenous breeds of all domes-
tic animal species and the status of existing populations. Other
organizations involved in the conservation of farm animal ge-
netic resources are Rare Breeds International, an international
nongovernmental organization, and the American Livestock
Breed Conservancy, which focuses on North American breeds.
Veterinarians are actively involved in these conservation efforts.
For example, Pacific International Genetics, a private veterinary
group in California, provides reproductive services to the
American Livestock Breeds Conservancy and to other organi-
zations, including zoos, involved in the reproduction of rare
species (http://www.pacintgen.com/).

Improved Marketing of Livestock/Livestock
Products

Even when farmers have the capability to produce farm goods
beyond their own subsistence needs, they must have the means
to market and sell those goods successfully to justify produc-
ing them. One of the major obstacles impeding the transition
of subsistence farming to commercial farming in developing
countries has been a lack of sufficient marketing incentives.
Farmers and herders are simply unwilling to make investments
for improved productivity if they believe that market access
and market prices are not adequate to justify their investments.

There are a number of approaches to improving market op-
portunities for smallholder farmers and herders. Obviously,
improved infrastructure would be an excellent catalyst, and
government policymakers need to make rural road construc-
tion and road maintenance higher priorities in their overall
planning. Government policies related to subsidies and price
setting need to be reviewed and revised when they provide dis-
incentives to farmers to produce. The establishment of mar-
keting cooperatives is another important tool for empowering
and encouraging farmers, giving them added control in ob-
taining fair prices, reducing dependence on middlemen, and
favorably influencing markets for their products. The Indian ef-
fort in milk marketing, discussed elsewhere in this chapter, is
an excellent example of a cooperative effort that increases in-
come and provides incentive for expanded production to sub-
sistence livestock owners. Another approach is to identify
opportunities for farmers to develop and market value-added



products. For instance, farmers with dairy animals may have
trouble selling fresh milk because markets are too far away,
they lack the means of transporting bulk fluid milk to mar-
ket, or they are not able to keep it from spoiling (Fig. 4-16).
On-farm conversion of milk to cheese or yogurt can be ac-
complished through simple, low-cost technologies that in-
crease the value of the product while reducing its bulk and
perishability. Similar options are available with drying meat
into jerky or other products.

Vertical integration of agriculture-based industries within a
country may be another way to stimulate domestic produc-

Figure 4-16. The challenge of
bringing product to market faced by
small-scale livestock producers in
developing countries is illustrated in
this pair of photographs. Top, The
truck of a commercial milk hauler in
France unloading milk collected
from private farms at a cheese-
manufacturing facility. Bottorn, A
Chinese dairy farmer carrying milk
on his back and in an open pail to a
local village market. Improved
infrastructure and the development
of marketing cooperatives can help
small farmers like this achieve
greater prosperity and well-being.
(Top photo by Dr. David M.
Sherman. Bottom photo courtesy of
Dr. Robert Pelant, Heifer Project
International, Little Rock, Arkansas)
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tion, as in the case of China. For decades, China exported its
cashmere fiber in raw form to processors and textile manu-
facturers in Europe and the United States for production of fin-
ished goods. In the last 20 years, however, as part of the general
industrial expansion that has occurred in that country, China
has developed its own cashmere-processing industry and now
manufactures and markets its own finished goods throughout
the world. This economic development has been an enormous
stimulus to local goat production. Chinese animal scientists
have made remarkable advances in improving Chinese breeds
of cashmere goats through selective breeding, resulting in dra-
matic per goat increases in fiber yields and fiber quality. For
example, the improved Liaon-
ing cashmere breed has average
yields exceeding 500 g of cash-
mere down fiber per goat,
whereas unimproved local
goats may produce an average
of 70 g of fiber. Goat numbers
have also increased to meet the
demands of domestic manufac-
ture. Between 1985 and 1994,
the cashmere goat population
in China almost doubled from
28.5 million to 54.0 million.

Increased opportunities for ex-
porting livestock and livestock
products can also be an incen-
tive for farmers and herders to
increase production. However,
many developing countries are
effectively shut out of interna-
tional marketing of animals and
animal products because of dis-
ease constraints, Internationally
established and agreed-upon
regulations strictly limit the ex-
portation of animals from coun-
tries where highly contagious
diseases such as foot and mouth
disease or rinderpest are known
to occur. Until such diseases are
reliably brought under control
and the infrastructure is in place
to reliably monitor and confirm
that disease-free status is main-
tained, many countries will re-
main effectively excluded from
participation in international
trade in livestock and livestock
products. The subject of live-
stock health and international
trade is of major importance in
the present era of globalization
and increased free trade and is
discussed further in Chapter 9.
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DiScusSioN POINtS s e i e sy

1.

As presented in Table 4-1, the five domesticated livestock
species with the largest population growth during the last
quarter of the 20th century were geese, ducks, rabbits,
chickens, and goats, all species of comparatively small size
and short reproduction cycles. Discuss some of the reasons
that these species are becoming more popular and the
conditions under which they are raised. How well does your
own veterinary curriculum prepare you to serve the people
who depend on such small stock for their livelihood? What
are the major disease problems of ducks?

. Data on consumption of animal products in developing

countries are often given on a per capita basis. How can this
information be misleading? What factors need to be
considered in interpreting such data?

. What potential animal and public health problems might be

associated with feeding different types of animal manure to
livestock? How can these problems be controlled so that
manure can be recycled safely as an animal feed?

. Evaluate the potential for commercialization of energy

production from the biodigestion of animal waste in your
area. Are there any ongoing efforts in this regard? Discuss
the pros and cons of such an effort with farmers,
environmental regulators, and utility company
representatives in your area.

. What are some of the major disease problems that occur in

salmon aquaculture? In prawn aquaculture? Are there other
nations where veterinary medicine is farther advanced in
service to aquaculture? Where can you go to find up-to-date
information on veterinary issues and developments in the
aquaculture industry?

. Identify an organic livestock producer in your area and

review his livestock health practices and the medications and
vaccines that are used and those that are prohibited. Assess
the effectiveness of the herd health program and make
recommendations to improve it within the context of the

farmer’s organic farming framework.
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OBJECTIVES FOR THIS CHAPTER

After completing this chapter, the reader should be able to

* Identify key factors contributing to food insecurity and hunger among the world'’s

growing population

* Recognize the complex factors that constrain social and economic development in

many parts of the world

* Understand different approaches to socioeconomic development in developing

countries

¢ Appreciate the elements of sustainable development and appropriate technology

transfer

* Identify the important role that livestock play in socioeconomic development and

improving food security, particularly in rural areas
P g Y. P y

s Discern the factors that contribute to successful and unsuccessful livestock

development projects and recognize the role that veterinarians can play in

international development

Introduction

Globalization of the world economy has been a defining char-
acteristic of our age and has been widely heralded as a pow-
erful engine of prosperity. Certainly, the globalization of
markets, trade, and finance has brought great benefits to many
nations and people. Yet the process of globalization has been,
and continues to be, unbalanced. The 1999 Human Develop-
ment Report of the United Nations Development Programme
(UNDP), Globalization with « Human Face, focuses on the impacts
of globalization and points out some of the disparities that per-
sist in the world, despite the successes of the burgeoning
global economy.!® Some of these disparities are sobering Over
80 countries still have per capita incomes lower than they were
a decade ago. Fifty-five countries actually have declining per
capita incomes, notably in sub-Saharan Africa, Eastern Europe,
and the newly independent nations that emerged from the for-
mer Soviet Union.

The divide between the rich and the poor is also growing larger.
The income of the richest 20% of the world’s population is 74

times that of the poorest 20%. The fifth of the world’s people
living in the richest countries enjoyed 82% of the world's ex-
panding export trade, while the fifth living in the poorest coun-
tries received only 1%.The richest fifth have 74% of the world
telephone lines, while the bottom fifth have only 1.5%. The
29 industrialized nations belonging to the Organization for
Economic Cooperation and Development (OECD), which con-
tain 19% of the world’s population, accounted for 91% of the
world’s internet users in 1999. In 1998, the 200 wealthiest
individuals in the world had combined assets exceeding $1 tril-
lion, almost double the combined gross domestic product
(GDP) of all 48 of the world’s least developed nations, which
are home to 615 million people.

While the disparities in income, material goods, telecommu-
nications, and internet access are jarring, it is disparities in ac-
cess to adequate nutrition that provide the most telling
commentary on the maldistribution of wealth and the per-
sistence of poverty in today’s world. The United Nations esti-
mates that presently, at least 1.3 billion people still live in
poverty, earning less than $1 per day, and that 840 million of
them are undernourished. The vast majority of the world’s
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poor and undernourished live in the rural areas of develop-
ing countries, especially in Asia and Africa.

Worldwide, more than 5 million children die of hunger-re-
lated diseases each year, while survivors are often physically or
mentally stunted, performing well below their potential at
school and work. It is estimated that 17 million children born
each year are underweight in utero. The effects are long lasting
and include impaired immunity, neurological damage, and re-
tarded physical growth. The risk of death for an infant born at
two thirds of normal weight is 10 times that of a normal-
weight baby. The World Health Organization estimates that
for the five leading causes of child death in the developing
world, 54% of cases have malnutrition as an underlying con-
dition. The damaging effects of hunger persist into adulthood
as well. A World Bank study of India found that productivity
losses resulting from hunger cost the economy US$10 to 28
billion per year, an amount equal to 3 to 9% of the country’s
GDP in 1996.

The presence of such misery in the midst of plenty calls out
for corrective action. There are numerous reasons for acting. As
a matter of simple human compassion, it is natural to reach
out to the less fortunate to provide them with the tools nec-
essary to help them to help themselves. As a matter of con-
science, it may seem only fair to work to encourage policies
and practices that more evenly distribute the opportunities for
prosperity created by economic globalization. As a matter of
public policy or enlightened self-interest, it serves all the
world’s citizens to come to the aid of the poor. This is because
poverty and hunger are breeding grounds for emergent dis-
ease, social disintegration, environmental degradation, and vi-
olent conflict, which in today’s closely interconnected world
can affect all the world’s citizens, regardless of their social
status. Many matters of global concern, such as the spread of
AIDS and antibiotic-resistant tuberculosis, poaching of en-
dangered wildlife, accelerating deforestation, and increasing
urban crime or civil war, frequently have their roots in the con-
ditions and actions of people mired in grinding poverty but
quickly spill over into the environs of the affluent. Finally, as
a matter of economic strategy, it makes sense to create oppor-
tunities for the world’s poor so that they too can be more pro-
ductive, accumulate wealth, and actively participate in global
markets as producers and consumers, thus contributing fur-
ther to the continued growth and development of the global
economy.

Since livestock are an integral part of the daily social, eco-
nomic, and cultural lives of countless rural people around the
globe, veterinarians can play an important role in alleviating
poverty and hunger and helping poorer nations to participate
in the global economy. It is estimated that livestock actively
contribute to the livelihoods of 70% of the rural poor, or over
900 million people worldwide. Some of these people are
landless villagers who tether a sheep or goat by the roadside,
others are pastoralists grazing large, mixed herds of livestock
on open grasslands along traditional routes, while others are
subsistence farmers engaged in small, mixed-farming enter-
prises that include a variety of crops and animals. Many of

these cultivators and animal keepers are women, perhaps wid-
owed by AIDS, violent crime, or civil war or perhaps left to
tend a family farm plot by husbands who have sought wage
work in mines or factories in cities far from home. All of these
animal keepers can benefit from improved animal health and
productivity.

As critical as livestock are to the rural poor, a good deal of the
potential of livestock production remains unrealized, owing to
a variety of constraints. Such constraints include, among oth-
ers, limited access to grazing, inadequate land for production
of forages, suboptimal animal nutrition, limited access to im-
proved animal genetics, unfavorable pricing for livestock prod-
ucts, inaccessibility to markets, inadequate research on small
farming and herding systems, lack of appropriate extension
services targeted to the needs of small farmers and herders, the
ravages of animal disease, and the lack of access to veterinary
services. Inadequate animal disease control not only constrains
the well-being of individual livestock owners, it also can have
profound implications on national economies. Many devel-
oping nations would benefit greatly from the export of live-
stock products to generate much-needed foreign exchange.
However, the failure to control highly contagious diseases of
international concern, such as foot and mouth disease, can
effectively seal off export markets, resulting in tremendous
losses to the national treasury, which the country and its citi-
zens can ill afford.

In this chapter, opportunities for the veterinary profession to
improve the condition of the world'’s poor and the animals
they depend on are presented in the context of a discussion
of the demographics of hunger, the causes of poverty, the var-
ied approaches to international development assistance, and
the role of animals in poverty alleviation and socioeconomic
development.

The Concept of Food Security

Since at least the 1960s, thanks in large part to the Green Rev-
olution, the world has produced enough food to keep pace
with its growing population and provide adequate nutrition
for all. So why do so many people continue to be malnour-
ished? Clearly, the production of sufficient food on a collective
basis does not automatically guarantee reliable access to suffi-
cient food on either a regional basis or an individual basis.
Tremendous regional disparities exist in the capacity for food
production, processing, and distribution, based on issues of
geography, economics, technology, culture and public policy.
Even within countries that produce adequate food on a per
capita basis, marked disparities frequently exist in access to
food among the nation’s citizens. In this section, the concept
of food security is addressed and the patterns, distribution, and
underlying causes of malnutrition are discussed.

Defining Terms

Food security is the state in which people have physical and eco-
nomic access at all times to sufficient food to lead a healthy



and productive life. To achieve food security, three conditions
must be met. The first is the availability of an adequate and
reliable food supply. This food may be locally produced or even
imported, as long as it is reliably available. Second is access to
the food supply. Individuals must have the means to acquire
their necessary food through production, barter, or purchase.
Third is use. People must be able to properly store, prepare,
and use foods. In this context, they must also be healthy, as
some conditions, notably parasitism and chronic diarrhea, can
reduce the efficiency with which people can derive nutrition
from available and accessible foods.

Hunger results from food insecurity, the state in which food sup-
plies are not either reliably available, accessible, and/or effi-
ciently used. Food insecurity can be either chronic or
transitory. Chronic food insecurity is a state in which the diet is con-
tinuously inadequate, leading to a persistent condition of un-
dernutrition and all its associated consequences of poor
growth, suboptimal development, increased susceprtibility to
disease, and diminished productivity. Transitory food insecurity is a
temporary decline in access to food that can be due to insta-
bility of food prices, food availability, or purchasing power. The
most extreme example of transitory food security and the most
dramatic, is famine.

Traditionally, hunger has been synonymous with melnutrition,
but this has changed in recent years. Obesity has emerged
as a common phenomenon among the world’s more affluent
citizens, in both the developing and the developed world. It
is becoming increasingly recognized as a public health con-
cern, with noninfectious disease problems such as adult-
onset diabetes and heart disease occurring more commonly
among the overweight. Nowadays, the term malnutrition is
generally applied to both the overfed and the underfed. As
such, the state of chronic food insecurity, or hunger, is now
generally referred to as undernutrition, while the condition of
excessive food intake is referred to as overnutrition. These states
of nutrition are related generally to either inadequate or ex-
cessive intake of food energy in the form of fat, carbohydrate,
and protein. A more-specific form of malnutrition is micronu-
trient deficiency, which involves inadequate intake of necessary
trace minerals and vitamins. Both the underfed and the
overfed can suffer from micronutrient deficiencies. On a
global basis, iron deficiency, vitamin A deficiency, and iodine
deficiency are the most common and debilitating micronu-
trient deficiencies.

Demographics of Chronic Food Insecurity

Agricultural production has increased worldwide in recent
decades. This is mainly due to rising yields for the major
grains—rice, wheat, and maize. According to UNDP figures
published in 1999, the per capita supply of food increased by
18% from 2129 kilocalories (kcal) to 2628 kcal in developing
countries by 1996, and from 2336 kcal to 2751 kcal for the
world as a whole, well beyond the average daily caloric re-
quirement of 2500 kcal for an adult male. This per capita in-
crease in food production occurred even in the face of rapid
population growth from 4017 million in 1975 to 5743 mil-
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lion in 1997.This per capita increase is projected to continue
at least through 2020, based on a number of econometric
food-supply modeling exercises.

Yet statistical averages offer a distorted view of the actual situ-
ation. In reality, there are an estimated 800 million people, rep-
resenting 15% of the world'’s population, that get less than
2000 calories per day, while over 165 million children under
5 years of age are clinically underweight. This means that their
weight is at least 2 standard deviations below the mean weight
for their age group. In reality, there are distinct differences
between regions regarding the availability of calories and
equally significant variations within individual countries re-
garding access to those calories by different segments of the
population.

India is an instructive example of such internal contrasts. This
south Asian nation has made impressive strides in economic
development and food production in recent years. In 1998, the
real growth rate of GDP in the country was 5.4%, compared
with 3.9% in the United States. India has become the largest
milk-producing nation in the world and in 1998 exported
twice as much grain (mainly rice) than it imported (mainly
wheat).The country now has a comfortable, food-secure, mid-
dle class of approximately 250 million people. However, the
total population of India has recently breached the 1 billion
mark, and many of the nation'’s citizens are not yet sharing the
benefits of affluence.

According to Food and Agriculture Organization (FAO) figures
reported in 1999 on data referring to 1996, the daily per capita
dietary energy supply for India was 2470 calories. Neverthe-
less, India still had 204 million people who were undernour-
ished. This was approximately 22% of its citizens and
represented more than all the undernourished people of sub-
Saharan African nations combined. Clearly, the food-secure and
the food-insecure often are living side by side, with a wide va-
riety of economic and cultural factors determining who has
access to available food and who does not. This is true not only
in the developing world, but in the developed world as well.
In the United States, 26 million Americans, almost 1 in 10 cit-
izens, sought emergency food assistance from the charity
America’s Second Harvest in 1997.

Based on FAO data, the distribution of undernourished people
on a regional basis in the developing world is as follows: India,
204 million; China 164 million; other Asian and Pacific na-
tions combined, 157 million; sub-Saharan Africa, 180 million;
Latin American and the Caribbean, 53 million; and the Near
East and North Africa, 33 million, for a total of 791 million
people. In addition, there are an estimated 8 million chroni-
cally undernourished people in the world’s industrialized na-
tions, mainly in Europe and North America, and an additional
26 million in the transitional nations of the former Soviet
Union, Eastern Europe, and Mongolia.

Looking specifically at the world’s undernourished children,
of whom there are an estimated 165 million, almost half, or
86 million, live in just three countries of South Asia—India,
Pakistan, and Bangladesh. An additional 36 million live in East



128 Chapter 5

Animals, Food Security, and Socioeconomic Development

Asia and the Pacific, 32 million in sub-Saharan Africa, 7 mil-
lion in the Middle East, and 4 million in the Americas.

The prevalence of undernourishment within a country is an-
other indicator of the scope and gravity of inadequate nutri-
tion. Figure 5-1 presents a map of the world that identifies
countries on the basis of the prevalence of undernourishment,
ranging from less than 2.5% of the population to more than
35% of the population. High prevalence of undernutrition
suggests a generally low level of economic development in a
country, indicating a high degree of poverty and/or a rapidly
growing population that is outstripping a nation’s capacity to
produce or secure adequate food supplies.

Currently, most of the world’s chronically undernourished
people live in rural areas and, paradoxically, may be directly
engaged in food production, albeit at a subsistence level. How-
ever, food insecurity also exists in urban areas and is likely to
increase as populations in developing countries continue to
shift steadily from the countryside to the cities. Whether in the
cities or the country, certain groups of people can be identi-
fied as particularly vulnerable to food insecurity. These groups
are listed in Table 5-1. Reviewing this list, it becomes readily
apparent that poverty is the major underlying factor that puts
persons at risk of food insecurity. Poverty constrains the abil-
ity of hungry people to access food, even when food is avail-
able, and also limits their ability to produce adequate food,

Undernourished
<2.5
2.5-4.9
5.0-19.9
20.0-34.9
> 35.0

No data

ORE000

Figure 5-1.

even when they are directly engaged in agricultural activity.
In the following section, the factors that contribute to poverty
in developing countries are explored, particularly in relation
to rural poverty and the effect on food production and food
security.

Poverty and Human
Development

For a number of years, the United States Army has used a very
catchy slogan in its recruitment efforts, “Be all you can be.”
The implied message is potent and profound. The Army is say-
ing that within each and every one of us, there is an enormous
potential for expanded capabilities and personal fulfillment. All
that we lack are the opportunities and resources to fully real-
ize our own unique potential. The Army offers to provide those
opportunities and resources to its new recruits and thereby un-
derwrite their development as fully potentiated human beings.
Regrettably for the Army, recruitment figures have been de-
clining in recent years. This is not for lack of an effective slo-
gan. Rather, it is because American society at large, in an age
of unrivaled prosperity and technological advance, offers
young men and women an enormous array of opportunities
for growth and fulfillment without the constraints, risks, and
obligations of military service.

Prevalence of undernourishment in the world’s countries as a percentage of population. Sub-Saharan Africa and South Asia

are regions of particular concern, with many nations having a prevalence of undernutrition of 20% or more. (Adapted from Food and
Agriculture Organization of the United Nations. The State of Food Insecurity in the World, 1999. Rome: FAO, 1999. Available on the

world wide web at http://www.fao.org/FOCUS/E/SOFI/home-e.htm)



i

Table 5-1

Victims of Conilict
* Internally displaced persons
* Refugees
¢ Landless returnees
¢ landmine disabled
e War invalids
* War widows and orphans

Groups Particularly Vulnerable to Food Insecurity
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Persons Belonging to At-risk Social Groups
* Indigenous people
e Ethnic minorities
* [lliterate households

Migrant Workers and Their Families
* Migrant herders tending herds of others
* Migrant laborers seeking seasonal work
* Female-headed households left behind by migrant male
laborers

- Marginal Populations in Urban Areas

~* School dropouts

* Unemployed

¢ Rickshaw and motorcycle taxi drivers

* Recently arrived migrants

People living in slums in urban periphery

* Dock workers and porters

* Construction workers

s Workers in the informal sector

* Homeless people

¢ Orphans

e Street children

* Pensioners, elders without family, widows and
widowers, divorcees, invalids and handicapped people

* Beggars

Persons Engaged in Vulnerable Livelihood Systems

e Subsistence or small-scale farmers

e Female-headed farming households

e Landless peasants

e Agricultural laborers

e Fishers

e Nomadic pastoralists

¢ Sedentary herders, small-scale livestock producers, and
agropastoralists

e Forest dwellers

¢ Periurban small-scale agricultural producers and market
gardeners

¢ Day or contract laborers

Dependent Persons Living Alone or in Low-Income
Households with Large Family Size
e Elderly
* Women of childbearing age, especially pregnant and
nursing mothers
e Children under 5 years old, especially infants
e Disabled and ill

http:/fwww.fao.org/FOCUS/E/SOFI/home-e.htm)

For literally hundreds of millions of people in the develop-
ing world, however, the exhortation to “be all you can be”
rings hollow, as it remains largely unachievable. For the poor,
the activities of each day are focused mainly on survival, not
on self-improvement. Poor children are frequently robbed of
their childhood, either by death or illness or by the daily
grind of responsibilities that they shoulder in the quest for
simple sustenance. They may be deprived of education, ill-
clothed, ill-fed, and never reach their full mental, physical,
or creative potential. In the most desperate circumstances,
children may be sold into prostitution, be indentured work-
ers, or even be purposely disfigured to make them more ef-
fective beggars. Abandoned, homeless children living on the
street have become commonplace in various places around
the world and face a daily life and death struggle. In Mon-
golia’s capital, Ulaan Baatar, street children in recent years
have been found living underground in winter among the
city’s subterranean heating pipes to escape death by freezing.
In Rio de Janeiro, in 1993, eight Brazilian street children, re-
garded as a public nuisance, were murdered by off-duty
policemen.

This list was generated through the activities of the Food Insecurity and Vulnerability Information and Mapping Systems (FIVIMS), an
interagency initiative mandated by the World Food Summit in 1996. From Food and Agriculture Organization of the United Nations. The
State of Food Insecurity in the World, 1999. Rome: FAO, 1999. (Available on the world wide web at

Poverty, identified as a major cause of hunger, has complex ori-
gins. Government policies, environmental degradation, ex-
panding population, violence, discrimination, and a general
lack of empowerment are just some of the factors that con-
tribute to poverty and hunger and hinder human develop-
ment. A full discussion of poverty is beyond the scope of this
text. Instead, the discussion focuses on the rural poor in de-
veloping countries, as these are people who are frequently en-
gaged in agricultural activities and often depend heavily on
animals in their daily lives. First there is a brief review of how
poverty is measured, particularly with regard to its effects on
human development. This is followed by a discussion of how
different underlying causes of poverty affect the potential of
the rural poor to be self-sufficient in food production and to
improve their livelihoods through agricultural activity, in-
cluding animal agriculture.

Measuring Poverty

The dictionary describes poverty as the lack of resources for
reasonably comfortable living Yet surely, “reasonably comfort-
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able” is a relative term. Would you be “reasonably comfort-
able” with no access to a telephone or any other form of
telecommunication? How about without access to a car? Ac-
cess to electric lights? A trained physician? Hot and cold run-
ning tap water? A flush toilet? A change of clothes? Soap to
wash them with? A bowl of rice? Sufficient water to prepare
it? Sufficient fuel to cook it with? While people in the devel-
oped world have come to accept a wide variety of conven-
iences and commodities as essential elements for “reasonably
comfortable” living, tens of millions of people in the devel-
oping world continue to struggle daily to achieve simple sur-
vival, making do without reliable access to the most basic
resources such as a bar of soap, a glass of safe drinking water,
or sufficient calories to sustain them.

The scale of poverty is sufficiently large that a variety of terms
have been devised to describe the different degrees of depri-
vation that exist in the world. The UNDE, the principal inter-
national agency concerned with matters of human
development, distinguishes two main categories of poverty-
income poverty and human poverty. Income poverty is the lack
of income necessary to satisfy basic food needs, usually defined
on the basis of minimum caloric requirements, as well as es-
sential nonfood needs such as clothing, energy, and shelter.
Human poverty is defined as a lack of basic human capabilities
such as literacy, proper nutrition, normal life expectancy, and
protection from preventable illness, as well as the goods, serv-
ices, and infrastructure necessary to sustain those capabilities
such as educational and medical facilities, safe drinking water,
and sanitation services.

Indicators of Income Poverty

In the United States, the poverty level is determined as an es-
timate of the income necessary to purchase what society de-
fines as a minimally acceptable standard of living, This is based
on a poverty index or threshold originated by the Social Se-
curity Administration in 1964, which reflected the cost of a
minimum adequate diet multiplied by three to allow for other
expenses. Since then, the poverty threshold has been recalcu-
lated and reported annually by the Bureau of Census and serves
as the basis for determining eligibility for federal assistance
programs. In 1999, the poverty threshold for a family of two
adults and two children was $16,895. This represents a daily
income of $11.57 per person. Approximately 12.5% of Amer-
icans lived below this poverty threshold.

In assessing global poverty, the World Bank defines the poverty
threshold at US$1 a day income. The commonly cited figure
of 103 billion people living in poverty worldwide is based
on this World Bank dollar-a-day figure, adjusted for purchas-
ing power parity (PPP). Some critics suggest that the World
Bank approach is arbitrary and underestimates global poverty.
The 1-dollar threshold suggests that persons earning even 2 or
3 dollars a day are not struggling to meet basic needs. Given
that Americans are considered to require more than $11 per
day to avert poverty, this seems like a reasonable criticism, es-
pecially since persons in developing countries generally have
to spend a far greater proportion of their income on food than

do those developed countries. In some developing countries,
this can be as much as 80% of their income, compared with
Americans who spend about 11% of their disposable income
to purchase food. Furthermore, recent economic changes in
many developing countries associated with the process of
structural adjustment, such as the deregulation of currencies
and the elimination of food subsidies, have resulted in deval-
ued local currencies, reduced purchasing power, and increased
food prices. This has made the slippery slope into poverty even
more precarious for low-income people.

Indicators of Human Poverty

In 1990, the UNDP began to assemble and publish a Human
Development Index (HDI) and has since produced it annually
in its yearly Human Development Report. The purpose of the
HDI was to measure achievements in basic human develop-
ment in one simple composite index. In the annual report,
countries are ranked in descending order of their HDI. This al-
lows country comparisons to be made and progress or decline
in human development to be monitored. The premise of the
HDI is that a measurement of per capita income alone does not
fully reflect the complexity of human development, as income
is only a means to human development and not an end.

The HDI attempts to broaden the measurement of human de-
velopment by assessing three main indicators for quality of life
within a given country: longevity, knowledge, and standard of
living. Longevity is measured as the average life expectancy at
birth. Access to knowledge is measured by the adult literacy
rate and the combined gross enrollment in primary, second-
ary, and tertiary schools. Standard of living is measured as per
capita income, based on the national GDP, adjusted for pur-
chasing-power parity. All of these parameters are combined
in a calculation that represents the country’s HDL The num-
ber is reported as between 0 and 1, with a value of 1 indicat-
ing the highest attainment of human development. In 1999,
Canada ranked first in the world with a HDJ value of 0.932,
while Sierra Leone ranked last with a score of 0.254, to give
some idea of the range. In addition to individual country rank-
ings, HDI values are presented for different regions of the
world. The relative standings of different regions of the world
for 1999 are shown in Figure 5-2.

While no single average measurement can capture the multi-
tude of factors that influence quality of life for individual per-
sons throughout the world, the HDI serves useful purposes.
For anyone new to international work, it provides a useful
overview of the state of the world’s people on a country-by-
country basis. It draws attention to the disparities that exist in
human development around the world and points out where
needs are greatest. There are now 10 full years of HDI data re-
ported by the UNDP. This makes it possible to track progress
or deterioration in the quality of life for citizens in different
countries over the past decade and can provide a rough gauge
of the impact that new policies or significant events, such as
natural disasters, wars, famine, the spread of AIDS, or conver-
sion from a collective to a free-market economy have had on
the well-being of a nation’s citizens.
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Figure 5-2. Human development index (HDI) values for
various regions of the world as reported in the 1999 Human
Development Report of the United Nations Development Program.
See text for an explanation of how HDI values are calculated and
interpreted. CIS refers to the Commonwealth of Independent
States, nations that emerged from the former Soviet Union.
(Reproduced with permission of the United Nations Development

Programme.)

The HDI also highlights the important role that government
and social policy can play in supporting human development.
Countries with equivalent per capita incomes sometimes have
dramatically different HDI scores. This can reflect a govern-
ment’s commitment and ability to implement programs for the
public good in the area of health care and education, thus im-
proving longevity and literacy even when a lack of economic
opportunity keeps income relatively low.

UNDP has developed some additional indices in recent years
to further refine interpretation of the data available about
human development within and between countries. These in-
clude two human poverty indices (HPIs), HPI-1 for develop-
ing countries and HPI-2 for developed countries. There are also
two gender-related indices, the Gender-related Development
Index (GDI), and the Gender Empowerment Measurement
(GEM). A summary of the factors that go into the analysis of
each of the UNDP indices is presented in Table 5-2. The five
highest and lowest ranking countries for each of the UNDP in-
dices are presented in Table 5-3.The Human Development Re-
port including the full tables for all indices discussed here is
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available on the internet at http://www.undp.org/hdro/
99.htm

Constraints on the Rural Poor

One of the most contemptible and slanderous stereotypes that
persist in human society is that the poor are poor because they
are lazy. Such a view can only be held by the untraveled. A
single trip to a poor rural area of any developing country will
immediately dispel the notion that poor people are lazy. On
the contrary, the life of the rural poor is more aptly character-
ized as an exercise of relentless toil. Poor people are not poor
because they are unwilling to work. Rather they are poor be-
cause the enormous work that they do does not readily trans-
late into a higher standard of living or a better quality of life.
This is due to a variety of constraints and circumstances that
limit access by the poor to credit, health services, educational
opportunities, property, material resources, information, mar-
kets, and employment alternatives in rural areas. Some of the
main factors that constrain the rural poor and how they do so
are presented in this section. These factors include population
growth, lack of access to goods and services, issues of land
tenure, gender inequities, economic and political constraints,
violent conflicts, and environmental degradation.

Population Growth

Human population growth and the consequences of overpop-
ulation are serious public policy concerns in the world today.
These concerns are certainly justified, as the rate of human
population growth in just the last 50 years has been phenom-
enal, reaching the landmark number of 6 billion people in
1999. It is thought that more people, 3.5 billion, have been
added to the planet since 1950 than were added during the
total sum of all human history up to that date. The rate at
which each new billion people is added has been accelerating,
and it now requires just over a decade. Currently, the popula-
tion of the world is estimated to reach almost 8 billion by the
year 2025. This means that about 76 million additional peo-
ple are being added to the world annually. These projected
numbers raise important questions about the negative impact
that such population growth will have on the environment, the
preservation of biodiversity, and the overall quality of life that
will be possible for so many people on a planet with fixed
space and finite resources. Perhaps the most fundamental ques-
tion is, how will all these people obtain food?

The rate of population growth has decreased in recent years
from a global high of about 2% in the early 1960s to a current
average rate of less than 1.4%. While this lower average rate ap-
pears to be good news, it does not tell the whole story. The
average rate of population growth in developed or industrial-
ized countries is currently only 0.3%, and some of these coun-
tries, such as Italy, Spain, and Portugal, may actually experience
population loss by the year 2025. In contrast, the annual av-
erage rate of population growth in developing countries is
1.6%, with higher-than-average rates in west and central Africa
(2.5 t0 2.7%), western Asia (2.2%), north Africa (2.0%), cen-
tral America (1.9%), and south central Asia (1.8%). During the
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the Analysis of Each of the UN

Human Development Indices

5 SR

next 30 years, the overwhelming majority of the world’s pop-
ulation growth will occur in developing countries. This is, in
large part, a function of the current age distribution within re-
gional populations and the greater potential for child bearing
among the young. Over 1 billion of the world’s people are cur-
rently between the ages of 15 and 24, and one third of all peo-
ple living in developing countries are under 15 years of age.
As a result, expansion of global populations will remain strong
in coming decades, particularly in developing countries where
the potential for a decent quality of life, as measured by the
HDI, is low.

In light of these statistics and trends, it is not surprising that
there is a strong sense of linkage between hunger, poverty, and
overpopulation in the public mind. Certainly, it is not unrea-
sonable to perceive a connection between poverty and large
family size or high population density. Nor is it unreasonable
to note that regions with the worst poverty, chronic hunger,
and periodic famine, also have high rates of population
growth. However, the cause-and-effect relationship between
poverty and hunger on the one hand and high population on
the other is not as clearly defined as it might appear on first
glance. While the case can be made that high population

Decent Standard Participation
Index Longevity Knowledge of Living or Exclusion
HDI Life expectancy at Adult literacy rate Adjusted per capita
~ Human development | birth Combined enrollment income in PPP$
index ratio
GDI Female and male life | Female and male adult | Adjusted per capita
Gender-related expectancy at birth literacy rate income in PPP$,
development index Female and male based on female and
combined enrollment male earned income s
ratio hares
HPI-1 Percentage of people | Adult [iteracy rate Percentage of people
Human poverty not expected to without access to
_ index for developing survive to age 40 safe water
countries Percentage of people
without access to health
services
Percentage of under-
weight children under
5 years of age
HPI-2 Percentage of people | Adult functional Percentage of people Long-term
Human poverty not expected to illiteracy rate living below the in- unemployment rate
index for survive to age 60 come poverty line (50% | (12 months or more)
industrialized of median personal
countries disposable income)
PPP$, purchasing power parity in US$.
Reproduced with permission from the United Nations Development Programme. Human Development Report 1999. New York: Oxford
© University Press, 1999,

growth contributes to poverty, a case can also be made that
poverty encourages high population growth.

In economic terms, developing countries are characterized
by a lack of infrastructure, investment capital, material in-
puts, and employment opportunities. In social terms, devel-
oping countries are frequently unable to provide adequate
educational opportunities, health care delivery, or social safety
nets. In rural areas, these constraints result in a number of hard
realities. Survival rates of children under 5 years of age are
lower than average, opportunities for income generation be-
yond subsistence agriculture are limited, labor remains the
major input in agricultural activity, and elderly people must
depend on their own children to care for them. With no clear
prospects for a better economic future, having large families
represents a rational coping strategy for the rural poor. High
fertility rates increase the probability that at least some chil-
dren will survive to adulthood. Growing children provide an
added source of labor for tending animals; gathering fuel
wood, manure, and fodder; caring for younger siblings; and
assisting with a variety of other agricultural and household ac-
tivities to sustain the family. Children who reach adulthood can
provide care and support for aging and infirm parents. Clearly,
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there are short-term advantages for the rural poor in having
large families.

Nevertheless, the continued production of large families in the
face of stagnant social and economic development ultimately
contributes to a further destabilization of rural life and di-
minished prospects for a brighter future. This is particularly
true in the area of food production, where fixed quantities of
grazing land and arable land and limited water supplies are in-
creasingly called upon to meet the needs of an expanding pop-
ulation and external inputs such as fertilizer or improved seed
necessary to boost production are unobtainable. In these cases,
expanding populations have some predictable, detrimental ef-
fects. Among these are the elimination of fallow periods on ex-
isting farmlands to grow additional crops, which leads to
decreased soil fertility; the incursion of agricultural activity
onto land not well suited for agriculture, such as steep hillsides
or rainforests with poor topsoil; overgrazing and subsequent
degradation of grasslands by excessive animal stocking; and in
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semiarid regions, depletion of underground water supplies
through drilling of deep wells for watering livestock or irri-
gating fields. The net result of these activities, in the face of ex-
panding population, can be a per capita reduction in food
availability. This has already been occurring in portions of sub-
Saharan Africa in recent decades, and it is estimated that be-
tween 1990 and 2020, the gap between production of, and
demand for, cereals in sub-Saharan Africa is likely to widen
from 1 million tons to 27 million tons.

Under these conditions, a vicious cycle is established. De-
creased per capita food production can lead to greater hunger,
which can lead to higher rates of infant mortality. Couples may
then strive to have large families to offset likely losses of chil-
dren, which in turn further burdens poor families and the lim-
ited resources they depend on. On balance then, it can be said
that rapid population growth and high fertility hold back de-
velopment and help to perpetuate poverty.

Family-planning efforts are one important approach to slow-
ing the rate of population growth in developing countries.
Broadly speaking, these efforts include not only access to a
range of contraceptive methods and improved knowledge
about their use, but also improved prenatal care, child health
care, and greater prevention of sexually transmitted diseases.
International efforts in family planning have produced signif-
icant results. Contraceptive use has increased from less than
10% of couples in the 1960s to about 60% today. During the
same period, average family size has fallen from six children
to less than three.

A strong argument for promotion of family planning has been
that reducing family size will increase economic opportunity
and help families climb out of poverty. Increasingly, however,
policy analysts have proposed that the opposite is also true,
namely, that increasing economic opportunity will lead to vol-
untary reductions in family size. There is certainly a good deal
of circumstantial evidence at regional and national levels to
support this notion, since the population growth rates in
highly developed countries and rapidly developing countries
are much lower than those of the slowly developing and least-
developed countries. Development agencies and government
policymakers have begun to apply this principle at the grass-
roots level within developing countries through policies and
activities that facilitate new income opportunities and en-
courage entrepreneurship among the poor. Microcredit
schemes, discussed later in this chapter, are an important tool
in fostering this approach.

Lack of Access to Goods and Services

Many rural people in developing countries live in comparative
isolation. They may lack access to electricity, telephone service,
newspapers, or even regular mail service. Main roads with reg-
ular public bus service may be several hours” walk from farm-
steads or villages. The nearest trading settlement may have a
limited supply of only the most essential products. The near-
est schools, hospitals, or veterinary clinics may be in the dis-
trict’s administrative town center, perhaps dozens of miles
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away. Such limited access to information, education, health
care, or commercial activity, can promote social stagnation and
a progressive decline in the situation of the rural poor.

Such lack of services reflects the general shortage of financial
resources within the governments of developing countries.
Weak overall economies, an inadequate tax base, and ineffi-
cient tax collections limit the revenues that governments have
available for infrastructure development and provision of pub-
lic services. In some countries, the constraints of limited rev-
enues are further compounded by corrupt practices and
mismanagement that divert significant portions of already lim-
ited funds from their intended use. Yet, even when funds are
available and properly handled, rural areas may be short-
changed in preference to urban areas, as legislators, generally
located in capital cities, tend to be more responsive to the
needs of the urban populace. This trend is likely to increase as
populations continue to migrate from the countryside to the
cities in developing countries. Already 75% of the population
of Latin America and the Caribbean are in urban areas. In Asia
and Africa, about one third of all people currently live in urban
areas, but on both continents the proportion of urban dwellers
is expected to exceed 50% of the total population by 2030.
This means that fewer people in the rural areas, with poten-
tially less influence on government, will be responsible for
producing greater amounts of food for increasingly urban
populations.

However, the lack of goods and services in rural areas places se-
rious constraints on the potential for improved agricultural pro-
ductivity by the rural poor. Perhaps most critical is a lack of
available relevant information to help subsistence farmers im-
prove farming practices and outputs. There are three intercon-
nected reasons for this dearth of information. First, there is a
lack of appropriate research on subsistence-farming systems.
When developing country governments do have money to
spend on agricultural research, either through national agri-
cultural research organizations or through their university sys-
tems, the research most often focuses on improving
commercial agricultural production and is frequently carried
out in experimental stations rather than on privately owned
farms. Similarly, research trials conducted by private agricultural
corporations marketing improved seeds, fertilizers, or other ex-
ternal inputs, also focus on commercial farmers because that
is the segment of the agricultural community with the re-
sources to purchase their products. There is certainly nothing
wrong with supporting commercial agricultural production
through research, but it must be remembered that in many
developing countries most food production may be derived
from the activities of subsistence farmers and herders who lack
the resources, tools, and information to make the transition
from subsistence to commercial farming. Paradoxically, research
specifically aimed at improving the productivity and income of
subsistence farmers and herders is often lacking in those coun-
tries where it could yield the most benefit.

Secondly, the capacity to disseminate research information
through agricultural extension efforts in developing coun-
tries is often limited. Agricultural extension has traditionally

been a public function, and the burden of maintaining an ad-
equate network of well-trained extension workers frequently
is beyond the financial capacity of developing-country gov-
ernments. Extension workers often are poorly paid, lack access
to transportation to visit farmers, and have limited opportuni-
ties for continuing education. They are often required to serve
as generalists, expected to be equally conversant in issues re-
lated to cash crop, food crop, and livestock agriculture. Con-
trast this to the United States, for example, where a whole
cadre of livestock and crop extension specialists may exist at
the state or county level, each serving a specific species or com-
modity in the agricultural sector.

Thirdly, even when information is available, the rural poor may
be unable to use it because of illiteracy. According to the HDI
in 1999, almost half (49.3%) of adults in the least-developed
countries are unable to read and write. Some extension ef-
forts attempt to overcome this by producing extension mate-
rials for radio and television, but again, the poorest of the poor
often lack access to electronic media. Not only do the rural
poor fail to gain information about new technologies, they also
risk, through illiteracy, the improper use of existing technolo-
gies. Failure to be able to read label instructions can, in the case
of fertilizers, result in wasteful overuse or insufficient appli-
cation of costly inputs. At worst, as in the case of herbicides,
insecticides, feed supplements, and some veterinary pharma-
ceuticals, it can lead to toxic overdoses with serious conse-
quences to people, animals, and the environment.

In the context of animal agriculture, one of the most signifi-
cant deficiencies of service to the rural poor is reliable access
to veterinary care. People who depend directly on animals for
agricultural field work, fuel, food, income, and even clothing
and shelter in the form of fiber, felt, and skins often have no
access at all to modern veterinary medicine and must rely
solely on traditional healing practices to keep their animals
healthy and productive. The constraints on veterinary service
delivery to the rural poor in developing countries are discussed
in more detail in Chapter 8. Opportunities to improve veteri-
nary service delivery are also discussed in Chapter 8 and later
in this chapter.

Lack of access to human health care has always been a major
constraint on the rural poor, but the issue of health care serv-
ice delivery has taken on a great urgency in the last decade as
a result of the virtual explosion of acquired immunodeficiency
syndrome, or AIDS. Progress in the control of this important
human disease serves well to illustrate the contrasts in the re-
sources and services available to people in developed and de-
veloping nations. Whereas the disease was initially considered
untreatable and ultimately fatal, within a decade new drugs,
drug regimes, and patient management methods had been dis-
covered and implemented that enabled infected and clinically
ill people not only to survive, but to maintain a high quality
of life. However, the current availability of such treatments,
which are costly and require a fair amount of patient man-
agement, is essentially limited to AIDS patients in the devel-
oped countries. In contrast, many developing countries lack
the financial resources and medical infrastructure to purchase



the drugs and manage the patients. Yet it is in the developing
countries, mainly in Africa, and increasingly in Asia, where the
vast majority of the world’s AIDS cases exist (Table 5-4) and
where the rate of spread of infection remains the highest. The
situation has become so dire that some governments (e.g,
Brazil) have declared that they feel compelled to ignore the
patent restrictions on AIDS drugs and will begin to produce
generic equivalents at affordable prices in their own countries.

AIDS is having a devastating impact on the quality of life in
countries where it is widespread. Policymakers are now rec-
ognizing AIDS not only as a health issue, but as a crosscutting
development issue affecting all aspects of social and economic
life in affected countries. The disease has become a major con-
straint on rural development and contributes directly to
poverty and food insecurity, particularly in sub-Saharan Africa.
This region accounts for more than twice as many HIV-in-
fected people and five times as many AIDS-related deaths than
the rest of the world combined. By the end of 1998, 11.5 mil-
lion Africans had died of AIDS, compared with 2.4 million in
the rest of the world. Most of these deaths occurred in persons
between the ages of 15 and 49 years, the period of maximum
productivity in a typical human life. The AIDS epidemic is hav-
ing a dramatic effect on life expectancy. If the epidemic is not
brought under control, the life expectancy for children born
between 2000 and 2015 will be reduced by decades. For ex-
ample, estimates for life expectancy in Botswana are 73 years
with AIDS under control and only 48.9 years without con-
trol. In Namibia, the numbers are 67.7 years with control and
41.5 without.

i Table 5-4
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AIDS has direct detrimental effects on agricultural productiv-
ity and food security in sub-Saharan Africa. The sickness and
death from AIDS places a severe financial burden on poor fam-
ilies, who may quickly exhaust meager savings and be forced
to sell valuable livestock or go into debt to cover medical care
and funeral expenses. The sickness and death of family mem-
bers can cause serious labor shortages for the myriad, labor-
intensive activities of subsistence farming and herding.
Furthermore, surviving family members may not have the
skills or the strength necessary to take over the specialized tasks
normally carried out by the debilitated or deceased person. For
example, in the case of livestock, children may be unable to
handle large cattle or recognize early signs of disease leading
to increased morbidity and mortality in animals. Veterinary
service delivery itself may be compromised by loss of veteri-
nary professionals to AIDS, as has occurred in a number of
African countries (Fig. 5-3).

The death of a husband to AIDS can cause added complications
for surviving wives and children. First of all, social custom may
designate certain chores and responsibilities that belong specif-
ically to either men or women, making it difficult for a woman
to assume full responsibility for all agricultural activities even
if she has the required skill. Secondly, inheritance rights in
some societies may pass ownership of the farm to male rela-
tives of the deceased husband rather than to the surviving wife.
In some cases, livestock belonging to the man and his family
may be taken from the surviving wife by the husband’s rela-
tives, as has been reported from Namibia.® The net result of
all these complications can be a serious loss of agricultural

Estimated Numbers of Persons Infected with HIV by World

Region in 2000

P [ TotaINo.of HIV | Adult Prevalence
World Region Infections (million) Rate (%)
Sub-Saharan Africa 25.30 8.80
South & Southeast Asia 5.80 0.56
Latin America 1.40 0.50
North America 0.92 0.60
East Asia & the Pacific 0.64 0.07

¢ Western Europe 0.54 0.24

Eastern Europe & Central Asia 0.70 0.35
Caribbean 0.39 2.30
North Africa & Middle East 0.40 0.20
Australia & New Zealand 0.01 0.13
TOTAL 36.10
Data derived from UNAIDS, Epidemic Update: http://www.unaids.org/epidemic_update/index.html) =

!
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Figure 5-3. An AIDS awareness poster on the campus of the
Faculty of Veterinary Medicine of Addis Ababa University, in Debre
Zeit, Ethiopia. Developing countries can ill afford to lose educated
professionals to the scourge of AIDS. In 1999, UNAIDS recorded
that an estimated 10.6% of all adults in Ethiopia were infected
with HIV. While clinical AIDS is being successfully managed with
therapy in developed countries, HIV infection remains a virtual
death sentence in the developing world where the cost of needed
drugs makes them essentially unavailable. (Photo by Dr. David M.

Sherman)

production and entry into a state of food insecurity. A bibli-
ography of articles dealing with the impact of AIDS on agri-
cultural production and food security, including specific
studies relative to the impact on livestock production is avail-
able from FAO at hup://wwwiac.org/sd/wpdirect/
wpre0129 htm on the world wide web.

Land Tenure Issues

The desire of peasants in agrarian societies for improved ac-
cess to land and land rights has been a powerful engine for so-
cial upheaval in human history. The 20th century is well
marked by such events. The Russian Revolution of 1917 was
driven in large part by the objective of achieving land equity
in rural areas through state seizure and collectivization of lands
belonging to an entrenched landlord class unwilling to par-
ticipate voluntarily in land tenure reform. Much of the civil
unrest in Central America in the 1970s and 1980s was related
to land reform efforts and resistance to them by powerful
landowners. In the year 2000, a major disruptive battle over
land rights emerged in Zimbabwe, with the government sup-
porting efforts to confiscate white-owned farms for redistrib-
ution to black Zimbabweans.

Although considerable progress has been made in land reform
in different countries in recent decades, many rural poor en-
gaged in agriculture in developing countries still do not have
the opportunity to own the land on which they grow crops or
graze livestock or even to have secure rights of tenancy to that
land. In Honduras, for example, it is estimated that half the na-
tion’s rural population are landless agricultural workers. Ap-
proximately 90% of the land-owning population holds less
than 1 ha of land, and 66% of farmers who are involved in the

production of staple food grains have access to only 8% of all
cultivable land. Much of the remaining arable land is held by
speculative landholders or used for extensive cattle ranching
Lack of access to land results from a variety of causes around
the world, including

+ The concentration of large tracts of landholdings in
the hands of a wealthy minority, as has been common
in much of Central and South America

* The collectivization of land, with its use mandated by
government, as occurred in many countries under
communism and which is now undergoing major
transformation

+ Laws that essentially prohibit or discourage private
ownership

« Community traditions that permit use of agricultural
land by families but retain communal ownership
rights, as is common in many countries of Africa

 The lack of capital to purchase land, even when it is
available

* The consolidation of land holdings by corporations
for commercial farming activities, as has happened in

recent years in Asia, Africa, and Latin America

As a result, the rural poor engaged in agriculture face limited
options. They may

+ Work as wage laborers on ranches, commercial farms,
or plantations

 Enter into tenancy agreements with land owners,
either as share croppers or by paying fixed rent, often

with short-term leases

* Use land provided by the community without the
right of ownership

« Become squatters and face the uncertainty and danger

of occupying land not their own

+ Obtain affordable land that is less than ideal for
agricultural use (e.g., steep hillsides) or remain

landless

Land tenancy, as opposed to land ownership, is not an inher-
ently bad thing. For some rural poor, the opportunity to rent
land serves as a stepping stone to generate sufficient income
through agricultural activity to ultimately be able to buy land.
The problematic aspect of tenancy is the fairness of the ten-
ancy agreement and whether or not the terms of the agreement
provide any land security to the tenant over an extended pe-
riod. Either secure tenancy or outright ownership of land can
offer important incentives to poor farmers. Labor productivity
is likely to increase when farmers know that the fruits of their
effort belong fully to them and not in part to a landlord or
the state. Investment of labor or capital in long-term land im-



provements such as tree planting or terracing or even short-
term improvements such as application of manure to soil are
also more likely with ownership or secure tenancy, since as
an owner or secure tenant, the farmer has a more direct stake
in the productivity of the parcel of land over the long term.
As a result, stewardship of land may improve with ownership
Or secure tenancy, as greater attention is paid to overall soil and
water conservation efforts.

Also, where access to land is constrained, farmers often have
to divide their parcels for adult offspring to farm, according
to traditional practices. This can eventually lead to farm plots
so small that economies of scale in agricultural production are
not possible and overall production declines. The use of ani-
mals is affected as well, since a time may come when a family
can no longer afford to maintain a draft animal for field work
because the size of the farm will not support the maintenance
of the animal. In some cases, farmers may seek out additional
land through tenancy arrangements to have sufficient cropland
for continued use of their animals or rent out their animals to
neighbors for field work.

Land access issues are particularly important for societies ac-
tively engaged in pastoralism as a principal form of livelihood.
Grazing land is the principal resource in pastoral systems, as
discussed in Chapter 4. In semiarid areas, where much of the
world’s pastoralism occurs, water and grass supplies are lim-
ited, so vast tracts of land may be required to support the live-
stock populations required by communities for their
livelihood. Under these circumstances, direct private owner-
ship of such large land areas is impractical. Therefore, in most
pastoralist societies, grazing lands are held in common, and
grazing rights and privileges are worked out by consensus
within communities. When left undisturbed by outside influ-
ences, this communal system of common resource manage-
ment has worked reasonably well.

Pastoralists around the world, however, are experiencing in-
creased constraints on the availability and use of common
lands. These constraints include expansion of urban areas, con-
version of grazing land to cropping land, establishment of
ranches, exclusion from wildlife refuges, land speculation, de-
creasing water supplies, and greater grazing competition. As a
result, pastoralists are being squeezed onto marginal lands that
then quickly become degraded. This marginalization process,
which threatens the pastoralist way of life and undermines the
environment on which that livelihood depends, is discussed
in more detail in Chapter 6.

Communal grazing also raises a number of issues related to an-
imal health. Control of internal and external parasites, for ex-
ample, becomes problematic when some herders are willing
to invest in parasite control and others are not. There is little
incentive to pay for anthelmintics when animals are immedi-
ately reinfected on pastures contaminated by untreated animals
belonging to other herders. Infectious disease control is also
a potential problem when separate herds converge at common
wells or water sources, which increases the risk of direct dis-
ease transmission.
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Improving access of the rural poor to land remains an im-
portant and valuable imperative for social and economic de-
velopment. The explosive economic growth of China in the
1980s and the associated increase in agricultural production
was fueled in large part by the policy decision to dismantle
rural communes and return land to individual farmers under
long-term leases. This also had a tremendous impact on
poverty reduction in China, with over 100 million people
moving above the poverty line between 1978 and 1998. On-
going land reform efforts around the world involve redistri-
bution of ownership rights, regulation of tenancy contracts,
and the role of land titling The Land Tenure Center at the Uni-
versity of Wisconsin-Madison is a good source of current in-
formation on issues of land tenure and is available on the
internet (http://www.wisc.edu/ltc/).

Gender Inequities

Women are overrepresented among the world’s poor and fre-
quently suffer greater hardships and obstacles than men. On a
worldwide basis, for instance, fernales have less access to edu-
cation than males. At the beginning of the 2 Ist century, two
thirds of the world’s 960 million illiterate adults were women,
and of the 130 million children not enrolled in primary
school, two thirds were girls. On the basis or either law or cus-
tom, women in many countries lack the right to own land or
inherit property, obtain access to credit, attend or stay in
school, earn income, or even appear in public with their faces
exposed, as is currently the case in Afghanistan. Poverty also
limits access by women to gender-specific health and repro-
ductive services, placing them at greater risk to life and limb
as a result of their role in child-bearing and motherhood. Ac-
cording to UNICEF, approximately 600,000 women world-
wide die each year during pregnancy or as a result of
childbirth. Great regional disparities exist, and not surprisingly,
the poorest regions of the world have the highest mortality
rates. A woman's lifetime risk of dying from pregnancy is 1 in
16 in Africa, 1 in 65 in Asia, 1 in 1400 in Europe, and 1 in
3700 in North America. According to the World Bank, com-
plications of pregnancy and childbirth are the leading cause of
death and disability for women aged 15 to 49 in developing
countries.

It is very important in the context of rural development to
recognize the central role of women in agriculture and the
constraints under which they work. It is estimated that
women, through their labor, are responsible for up to 50%
of global food production. In some developing countries, this
proportion reaches as high as 60 to 80%. The FAO states that
women are the main producers of the world’s staple cereal
crops—wheat, maize and rice—which provide up to 90% of
rural food intake. They are involved in every aspect of pro-
duction including field preparation, sowing, weeding, fertil-
izer and pesticide application, harvesting, and threshing They
may play an even greater role in secondary crop production
such as legumes and vegetables in home gardens. They are
also active in animal husbandry, with responsibilities for both
large and small stock. In some countries the role of women
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in rural agriculture, along with their household responsibil-
ities, is increasing as men leave the rural areas to seek cash
employment in urban areas, leaving the women at home to
maintain the subsistence-farming operation. Rural women
work extremely hard, frequently harder than men.Time stud-
ies indicate that the typical workday for women engaged in
smallholder agriculture in a developing country ranges from
12 to 16 hours and includes both agricultural and household
responsibilities. The workload can be even longer during pe-
riods of high production, such as harvest time (Table 5-5 and
Fig. 5-4).

Despite the major economic and social contribution that
women make in agriculture, they experience important in-
equalities. According to the FAO, for example, fewer than 10%
of women farmers in India, Nepal, and Thajland own land. A
study of credit schemes in five African nations found that
women received less than 10% of the credit awarded to male
smallholders. While women do a great deal of the physical
work in agriculture, farming implements and equipment are
rarely designed or constructed with women in mind, and only
15% of the world’s agricultural extension agents are women.
Women's efforts often remain overlooked and undervalued by
politicians, planners, and policymakers when they formulate
programs for economic growth and social development in the
rural sector.

There is however, a growing awareness of the value of gender-
based analysis during the planning stages of development pro-
grams to ensure that the status, activities, and responsibilities
of women are clearly understood, their opinions heard, and
their specific development priorities addressed. Furthermore,
development specialists are now recognizing the added value
that comes from targeting women in rural development pro-
grams. The cost-benefit ratios for investing in women'’s devel-
opment are highly favorable. For example, it has become
increasingly clear that efforts to improve access to education
for women not only improve literacy, but also have a signifi-
cant impact on reducing family size, as educated women are
much more likely to seek out and use family planning services.
Similarly, credit aimed specifically at women is more likely to
improve overall family nutrition and health than credit aimed
at men, because women are more likely than men to channel
extra earnings from their credit-supported enterprises toward
their children’s welfare and household improvements.

Excellent opportunities exist to engage women directly in ef-
forts to improve livestock productivity and veterinary service
delivery in developing countries. Women, in addition to fre-
quently having specific responsibilities for animal keeping, also
frequently have specialized knowledge. For example, when
women are responsible for milking ruminant animals, they
often have a better understanding of mastitis and can recognize
it more quickly than men. Similarly, when women are respon-
sible for dressing out livestock carcasses after men have done
the slaughtering, they may have a much greater awareness of
disease occurrence as a result of closely handling and observ-
ing the animal viscera. They may be able to report with some
confidence the prevalence of certain diseases that routinely

show gross lesions such as pneumonia, liver flukes, or Oe-
sophagostamum infestations. Aid and development agencies are in-
creasingly using microcredit and small-scale livestock
production targeted at wormen'’s groups as a means of improv-
ing income, enhancing the status of women, and empowering
themn with an economic and political voice. The American aid
agency Heifer Project International has created a specific pro-
gram, Women in Livestock Development (WiLD), to encourage
direct involvement of women in rural development schemes
involving animal agriculture (see http://www.heifer.org/
end_hunger/women.htm).

Economic and Political Constraints

The main economic and political constraints within develop-
ing countries that block opportunities for the poor are the
absence of policies specifically aimed at the alleviation of
poverty; corruption; weak governance; and, inadequate repre-
sentation of the poor in the political process. At the interna-
tional level, the major external constraints on poor countries
and the poor citizens within them are foreign debt and in-
equitable trading arrangements. Each of these factors is briefly
addressed below.

Lack of Pro-poor Policies Surprisingly, many developing na-
tions, even those with a high proportion of their population
below the poverty line, do not have specific policies directed
toward alleviation of poverty. In many cases, development poli-
cies are directed in a general way toward economic growth and
expansion, based on the notion that a rising tide will lift all
boats. However, lack of success in poverty alleviation suggests
that this broad-based approach does not always work. Increas-
ingly, policy analysts suggest that governments must develop
and implement pro-poor policies that identify and address de-
ficiencies and inequities within the nation’s political, eco-
nomic, and social structure that specifically work against the
poor. The UNDP Poverty Report calculates that 77% of the
world’s nations have reasonable estimates of the extent of
poverty within their borders, and 69% of these countries have
poverty alleviation plans or specifically identify poverty in
national planning efforts.’” However, only 31% of the world’s
nations have concrete targets and specific timetables for
poverty reduction.

Weak Governance Even when countries have poverty allevi-
ation programs on paper, implementation may be ineffective.
The UNDP identifies several problems with governance that
hamper the delivery of resources and services to the poor, par-
ticularly in developing countries. These include inadequate tax
collection from those who can afford to pay, lack of account-
ability and transparency in the use of funds earmarked for
poverty programs, and lack of sufficient management experi-
ence and capacity to administrate programs properly. A major
part of the crisis in governance in many developing countries
is a lack of principled and selfless political leadership. Presi-
dent Museveni of Uganda observed in a public address in 1991
that in too many developing countries like Uganda, “people
enter politics not to serve but to be served.”
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Table 5-5 Typical Day in the Life of Woman and a Man in the Same Family Living in a Hypothetical Place in

‘ Wan’s Day

Africa and Engaged in Producing Their Own Food and Some Cash Crops

Man’s ”

Rises first

Kindles the fire

Breast-feeds baby

Fixes breakfast/eats

Washes and dresses the children
Walks 1 km to fetch water

Walks 1 km home

Gives the livestock feed and water
Washes cooking utensils, etc.
Walks 1 km to fetch water

Walks 1 km home

Washes clothing

Breast-feeds baby

Pounds rice/cassava/maize
Sweeps the house and compound
Kindles the fire

Prepares meal/eats

Breast-feeds baby

Walks 1 km to cotton field with food for husband
Walks 1 km back home

Walks 1 km to her field

Weeds field

Breast-feeds baby

Gathers firewood on the way home
Walks 1 km to fetch water

Walks 1 km home

Kindles the fire

Prepares meat/eats

Breast-feeds baby

Puts house in order

Goes to bed last

Rises when breakfast is ready
Eats

Walks 1 km to cotton field
Works in the field

Fats when wife arrives with food
Works in the field

Walks 1 km home

Eats

Rests

Walks to village to visit other men
Walks home

Goes to bed

Reproduced with permission from Striking a Balance, a booklet published in 1990 by the Swedish [nternational Development Cooperation

Agency (SIDA).

AR
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Figure 5-4. Rural women at work in the developing world. Clockwise from top left: Carrying fodder in India; carrying firewood in Ethiopia,
picking tea in Sri Lanka; preparing a field in Uganda; carrying water in Uganda; pounding meal in Kenya. On average, 42% of rural women
in developing countries, most of whom engage regularly in strenuous physical labor such as this, suffer from energy-draining iron-

deficiency anemia. Iron deficiency is one of the most common forms of micronutrient malnutrition in the world and is largely correctable
by inclusion of red meat in the diet. (All photos by Dr. David M. Sherman)




Official Corruption Official corruption is the misuse of
pubic power for private profit or political gain. Unfortunately,
corrupt practices remain widespread, especially in poorer
countries in which a lack of resources, limited economic op-
portunities, and exceedingly low salaries and benefits for gov-
ernment workers all conspire to promote a culture of
corruption. Government workers from trolley car conductors
to policemen to postal clerks to cabinet ministers (i.e., anyone
with even a scrap of authority or control) may come to con-
sider the bribe an acceptable method of income enhancement
and a justifiable surcharge for services rendered. Eventually, the
population at large comes wearily to accept the bribe as a nat-
ural, everyday cost of doing business, and the culture of cor-
ruption flourishes.

However, there is an enormous social cost, as corruption se-
verely undermines the development of a vibrant, democratic
society. Corruption has a particularly severe impact on the
poor, who often have inadequate access to resources even
when those resources are not being shamelessly expropriated.
Mobutu Sese Seko, who ruled the African country of Zaire with
an iron fist for more than 30 years, is estimated to have stolen
asmuch as 9 billion dollars in public monies during his reign,
which ended in 1997 through armed revolt. Zaire, now the
Democratic Republic of the Congo, remains tragically under-
developed, despite an abundance of natural resources. In 1999,
people in the Democratic Republic of the Congo had an aver-
age annual income of US$880 and a life expectancy at birth of
50.8 years. The HDI for the country was 0.479, which ranked
it 141 of 174 countries assessed by the UNDP This sorry state
of affairs can be attributed in large part to corruption and a po-
litical leadership more interested in self-aggrandizement than
in nation building. For three decades, corrupt government was,
as one frustrated international aid worker aptly put it, ““a con-
spiracy against the people.”

One dire consequence of corruption in relation to poverty al-
leviation is the effect it has on the humanitarian impulse
among potential donors and benefactors. Widespread corrup-
tion breeds cynicism among the citizens and governments of
wealthy nations, from which much of the funding for poverty
alleviation has come, in the form of foreign aid. The decrease
in foreign aid in recent years is due in part to the perception
that money for poverty alleviation is wasted when sent to cor-
rupt governments. This perception has also helped to foster the
emergence of numerous nongovernmental organizations
(NGOs) and to expand their role in humanitarian assistance.
Foreign donors are increasingly using NGOs as conduits for
foreign aid funds so that the funds are more-specifically di-
rected to targeted projects at the grassroots level rather than
through government channels.

Growing disgust with corruption is also partly responsible for
recent efforts to put this ugly problem under closer scrutiny.
For example, there was a great deal of media attention in 1997
when the International Monetary Fund decided not to release
aid funds to Kenya because of concerns about widespread cor-
ruption and mismanagement The organization Transparency
International (TT) is an independent watchdog group that car-
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ries out research, tracks trends, and reports progress and abuses
on matters of global corruption. This organization offers a bal-
anced view of the corruption issue, pointing out that the will-
ingness of corporate representatives from developed nations
to pay bribes and the willingness of foreign banks to accept
the ill-gotten gains of corrupt officials also contribute to the
culture of corruption. The TI corruption index and other re-
ports can be found on the internet at www.transparency.org.

Lack of Citizen Empowerment In 1986, a peaceful revolu-
tion occurred in the Philippines. The corrupt dictator, Ferdi-
nand Marcos, fled the country following massive national
demonstrations protesting his victorious outcome in what was
perceived as a fraudulent election. In his place, Corazon Aquino
was elected president and pledged a program of land reform,
a new constitution, and establishment of a commission to re-
gain the public wealth that had been plundered by Marcos and
his family. This massive mobilization and peaceful but forceful
expression of collective dissatisfaction by Filipinos was com-
monly referred to in the world media as “People Power.” What
People Power represented was the process of the nation’s poor
and disenfranchised people discovering the strength of their
political voice and exercising it to promote positive change
through the political process. The world paid attention pre-
cisely because it was so unusual for the world’s poor to find
their political voice and become politically empowered. In the
Philippines, political mobilization by the poor has begun to
pay off. In 1987, the Comprehensive Agrarian Reform Pro-
gramme was established to further the goal of land reform. By
1999, more than 5 million ha of land had been distributed to
almost 3 million beneficiaries under the program.

The lack of participation in political decision making among
the world’s poor is a major factor contributing to their plight.
Without effective political organization, the poor can not gain
a hearing on their needs or compete effectively for the limited
resources that poor nations may have available for social and
economic development. In many developing countries, pri-
orities for governmental programs and decisions about allo-
cation of funds at the national level may be influenced
primarily by power brokers, urban constituencies, and the ed-
ucated elite and often do not include considerations for the
rural poor. At the local level, in rural districts, the situation may
not be much better, as local government may be managed by
politician appointees or civil servants drawn not from the local
community, but from a distant party or group in power. The
constituency of such local officials is not the people of the dis-
trict, but rather the group that appointed them to positions of
authority.

Many additional factors contribute to the lack of political em-
powerment among the poor. In rural areas, remoteness, lack
of communication and transportation infrastructure, and a
high level of illiteracy deprive people of information and iso-
late them from the political process. In some cases, a high de-
gree of prejudice exists against some specific tribal, religious,
regional, or caste group, and that community is purposely
excluded from the political process. In other countries, dem-
ocratic principles and institutions do not exist to provide a
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forum for citizen participation. In the worst cases, government
is so authoritative or repressive that any form of citizen or-
ganization or collective expression of political opinion is
swiftly and violently suppressed. As a result, many poor rural
communities have little experience with community organi-
zation, the exercise of democratic discourse, or participation
in the political process. Development projects that involve the
introduction of improved livestock to poor rural communities
or improved access to veterinary service delivery can serve as
effective catalysts for promoting community organization,
democratic institutions, and participatory processes, as dis-
cussed later in this chapter.

Foreign Debt Debt servicing by developing country govern-
ments for debts owed to foreign creditors has become a major
factor in constraining the ability of these governments to ad-
dress issues of poverty alleviation within their own countries.
Poor, heavily indebted countries have to “rob Peter to pay Paul,”
drawing on limited national revenues to repay debts, thus re-
ducing the funds available for domestic programs such as
health and education. For example, in Tanzania, a whopping
46% of budget allocation goes toward debt servicing, while
only 15% goes toward basic social services. The World Bank has
identified 41 heavily indebted poor countries (HIPCs) in the
world community. In 9 of these countries the funds allocated
for debt repayment exceeds the combined expenditure on
health and education annually. In 29 countries, debt-service
payments exceed the amount allocated for health in national
budgets. The combined debt of the 41 HIPCs amounts to ap-
proximately US$127 billion. Ninety percent of this combined
debt is owed to individual governments, the World Bank, and
the International Monetary Fund. Of the 41 HIPCs, 33 are in
Africa, 4 in Latin America, 3 in Asia, and 1 in the Middle East.

The origins and development of the debt crisis are complex.
In general terms, the situation became problematic in the
1980s when world market prices dropped sharply for basic
raw materials and commodities such as copper, iron ore, tim-
ber, sugar, cotton, and coffee. Most poor nations are nonin-
dustrialized and depend mainly on raw material and
commodity exports as their primary sources of foreign cur-
rency to purchase needed imports. Many of these nations also
depended on foreign hard currency loans to meet national
needs. Suddenly they found themselves with greatly dimin-
ished export revenues available for paying off loans. Though
debts were sometimes refinanced or rescheduled by lender na-
tions and institutions, many poor countries fell seriously be-
hind in payments and have been unable to catch up to this day.
This has resulted in a vicious cycle of indebtedness. Without
sufficient funds for nation building, productivity remains static
or declines, and the ability to pay off mounting debts becomes
even more improbable.

High foreign debt load can have a direct adverse impact on
agriculture and food security and can add to the plight of the
rural poor engaged in subsistence farming. In their efforts to
pay off foreign debt, governments may set policies to encour-
age the use of agricultural land for cultivation of cash crops for
export to increase foreign exchange earnings. Land most suit-

able for growing food for domestic consumption may be lost
to commercial cash crop enterprises, and subsistence farmers
may be marginalized to less suitable lands on which farming
leads to environmental degradation and reduced yields.

There has been a growing movement, fueled largely by church
groups, NGOs, and some policymakers in industrialized na-
tions to forgive debt for the poorest, most heavily indebted na-
tions. This is, of course, a controversial subject, but it is seen
by some as both a moral imperative and an economic neces-
sity if the poorest countries are to break out of the downward
spiral of indebtedness and decline. Some critics have been re-
assured by efforts to link debt relief with commitments by
governments to use the freed-up funds for health, education,
and other programs specifically aimed at poverty reduction.
The World Bank initiated a debt-reduction program for HIPC
nations in 1996. By the end of 1999, the World Bank had
reached agreements with 14 HIPC nations to reduce debt by
a total of US$23 billion.

Trade Imbalances Proponents of global free trade insist that
the liberalization of trade directly benefits poor countries
through increased productivity and prosperity. However, many
critics contend that agreements negotiated by the World Trade
Organization (WTO) are unfavorable to developing countries
and may have unintended deleterious effects in poorer nations.
Writing in the Financid Times on June 19, 2000, even the di-
rector general of the WTO, Mr. Mike Moore, was obliged to ac-
knowledge that free trade carries special risks for poor farmers,
although he vigorously defended free trade overall as a pow-
erful tool for poverty alleviation.

There is particular concern about the WTO Agreement on
Agriculture (AOA), which became operative in 1995. Critics
contend that it contains provisions that favor the developed
nations over the developing ones in agricultural trade and may
even produce risks for maintaining food security in develop-
ing nations.

The greatest concern voiced by critics is that if developing
countries abide by the open-market trade policies embodied
in the AOA, then industrialized nations with highly developed
commercial agricultural production could flood the devel-
oping country markets with low-priced food. This could have
several damaging effects. First, it could have a dampening ef-
fect on domestic agriculture. Farmers will not grow food for
domestic markets if they are consistently undersold by im-
ports. This could increase rural poverty through the loss of
livelihood by marginal farmers. Secondly, increased importa-
tion of food from abroad means greater expenditure of for-
eign currency reserves, potentially aggravating the debt
situation and channeling further scant government resources
away from social programs. Finally, food security could be
threatened if domestic food production falls and poor nations
become dependent on food imports. Under such circum-
stances, any unexpected rise in food prices in global markets
could make imported food suddenly inaccessible to poorer
segments of the population, with dire consequences for those

affected.



Many observers also feel that the developing nations are dis-
advantaged in their bargaining with developed nations in the
WTO because they lack the resources to research, prepare, and
present their positions thoroughly during negotiation sessions.
UNDP and other international agencies have implemented
technical training and support programs to assist developing
nations in preparing for meetings on trade policy issues and
are also encouraging regionalization efforts so that neighbor-
ing countries with similar economic conditions and concerns
can have a more effective voice in negotiation. Much of the on-
going protest and demonstration at WTO meetings, which
began in Seattle in 1999, is aimed at calling attention to the
need for fairer representation of developing countries in WTO
negotiating processes and greater sensitivity to their needs.

Violent Conflicts

Major transitions in the pattern of human conflict occurred
during the 20th century. The first half of the century was char-
acterized by global wars of high intensity in which groups of
nations formed alliances to fight each other on multiple fronts.
In the second half of the 20th century, no such world wars oc-
curred, probably, in large part, because of the threat of global
destruction associated with nuclear weapons. However, con-
flict still existed between the two major power blocs of the
communist world and the free world. These conflicts assumed
the form of proxy wars, in which the major Cold War adver-
saries, the United States, the USSR, and China, supported one
side or the other in what otherwise would have been consid-
ered internal conflicts within a single country, such as in Viet-
nam, Nicaragua, Angola, and Afghanistan.

Following, the collapse of the Soviet Union and the end of the
Cold War at the close of the 20th century, human conflict as-
sumed yet another form, the genuinely localized conflict. This
latest manifestation of hostility includes insurgencies, civil wars,
and conflicts between neighboring countries. From a political
point of view, many of the conflicts that persist today, have their
roots in either colonial history or the breakup of the Soviet bloc.
Many African and some Asian nations, for example, have bound-
aries that were created by occupying colonial administrations in
the late 19th and early 20th centuries. These boundaries often
did not reflect the distribution of distinct indigenous groups of
peoples, often dividing some groups while joining others to-
gether under a single administrative authority when it served
the political and economic goals of a foreign power to create im-
balance among these indigenous groups. These colonial bound-
aries were, by and large, retained upon independence and have
emerged as a source of conflict as different indigenous groups
seek autonomy, as in Eritrea, or claim rights of ownership or
management to local resources, as in Nigeria. In the Soviet bloc
countries, different ethnic and religious groups were brought
together under state control, and traditional tensions between
those groups were suppressed by authoritarian rule. Now, as in
the formerYugoslavia and Russia, these ethnic and religious ten-
sions have once again boiled over into violent conflict.

While political history can explain a good deal of current con-
flict, there are two new theories on war that help to explain

POVERTY AND HUMAN DEVELOPMENT 143

why today’s conflicts are found in primarily poorer nations.
The first theory is framed in the context of behavioral ecology
and sociobiology. It suggests a strong correlation between the
outbreak of collective aggression and a rapid population
growth that results in a high proportion of young males be-
tween the ages of 15 and 29 relative to older males.!? The sec-
ond theory links poor agricultural production to the
emergence of conflicts, proposing that when people are un-
able to meet their food requirements, survival strategies often
lead them to join rebellions or engage in criminal activity. In
the period between 1989 and 1997 there were 40 wars
recorded, war being defined as conflicts with more than 1000
battlefield deaths. Over half of these wars, 22 in all, occurred
just in sub-Saharan Africa and southeast Asia, two of the poor-
est regions of the world. It is not surprising then, that theories
are emerging that link poverty, population growth, low agri-
cultural production, and competition for natural resources as
interrelated causes of war.

Wars, in turn, contribute further to the loss of agricultural pro-
duction, disrupt lives, destroy infrastructure, and widen the
circle of poverty and food insecurity. While drought remains
an important underlying cause of famine in the Sahel region
of Africa, armed conflicts have been directly identified as ex-
acerbating causes of famine in Ethiopia and Sudan in past
years. In Afghanistan, it is estimated that there are over 10 mil-
lion land mines and other pieces of unexploded ordinance.
Many land mines were purposely placed in inhabited and agri-
cultural areas to terrorize the population. Land mines not only
prevent access to land, thus reducing food production and con-
tributing to malnutrition, they also maim and cripple both hu-
mans and the livestock they depend on (Fig. 5-5). Drought
coupled with war is doubly disastrous. Afghanistan was af-
fected by the severe drought that hit south Asia in 1999. The
FAO reported that in the Afghan cities of Kandahar and Herat,
livestock were being sold for only 10% of what they had
brought the previous year, as countless desperate rural livestock
herders, unable to find sufficient feed for their flocks, de-
pressed prices by flooding the market with animals in the hope
of obtaining cash to purchase food for themselves.

War also greatly increases the risk that people will lose the live-
stock on which they depend. Livestock are frequently com-
mandeered without compensation to feed armies or rebels
on the move. Seizing or killing of livestock may also be used
as a political weapon to undermine the security of opposing
groups who depend on animals for their livelihood.

Large refugee populations are another consequence of war.
When poor rural people are forced to move by fear of violent
conflict or have the opportunity to return home when conflict
ends, their livestock often move with them. This can create var-
ious problems, including the spread of contagious diseases and
environmental degradation. For example, a large number of
Rwandan Tutsi exiles who had fled their own country for
neighboring Uganda and Tanzania in the 1960s chose to re-
turn to Rwanda after the bloody civil war of 1994, which led
to the restoration of a Tutsi-dominated government. By the be-
ginning of 1995, these exiles had brought several hundred
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Faces of war: Ethiopia and Afghanistan. Top: A

Figure 5-5.
paraplegic Afghan landmine victim with Afghan youths in a
refugee camp in Pakistan. Afghanistan closed out the 20th century
with 20 years of continuous warfare that is still ongoing. Bottom:
Young Ethiopian boys play on damaged tanks left over from the
war of Eritrean independence. Five years after this picture was
taken in 1995, Eritrea and Ethiopia were again at war. Some
theorists suggest that conditions of low-yield, low-input
agriculture coupled with high population growth rates and a
disproportionately high percentage of young men in the general
population predispose to civil unrest and open warfare. These
conditions describe both Ethiopia and Afghanistan. (Photos by Dr.
David M. Sherman)

thousand head of cattle back to Rwanda with them and con-
centrated them primarily in northeastern Rwanda, which was
the only part of the country with expanses of open grassland
suitable for cattle grazing. This region also happened to be the
home of Akagera National Park, an important wildlife refuge
and historic source of tourist revenue for the country. Within
a year, severe overcrowding, overgrazing, degradation of grass-
lands, and outbreaks of contagious bovine pleuropneumonia
(CBPP) and foot and mouth disease (FMD) had resulted in
widespread cattle loss due to starvation and disease. At the
same time, Akagera National Park suffered extreme degrada-
tion, with its grasslands decimated, settlements established
within park boundaries, trees cut for buildings and fuel, and
much of the wildlife either killed or driven away. The park was
home to 50 mammalian species and 180 reptile species, with
over 525 bird species recorded. Some conservationists doubt
that the park can recover.

Veterinary service delivery can be greatly disrupted by war, re-
sulting in serious declines in livestock health and productivity
as well as increased risk to public health. Detailed studies of
such effects are not widely reported, but one such study exists
for Zimbabwe. Lawrence et al. reported on the effects of the 7-
year civil war between 1972 and 1979 that resulted in the cre-
ation of Zimbabwe from the former Rhodesia.? The disruption
of veterinary services during that period resulted in serious
disease epidemics. The termination of tick-dipping resulted
in the deaths of over 1 million cattle from tick-borne diseases.
Over 300,000 head of cattle died from trypanosomiasis after
prophylactic therapy of cattle and tsetse fly control efforts were
disrupted. Control of FMD outbreaks was hampered by in-
ability to vaccinate at-risk herds in adjacent areas because of
hostile actions and risk of death or injury. Anthrax outbreaks,
previously limited to specific areas of the country became
widespread as the ability to enforce control of cattle move-
ments was lost because of collapse of the rule of law. Rabies,
which had been restricted to the border regions with Mozam-
bique and Botswana, became widespread throughout the
country, and many human deaths due to rabies and anthrax oc-
curred. The financial losses associated with the deaths of more
than 1.3 million cattle from previously controlled diseases is
difficult to calculate. Not only were revenues for export beef
lost to commercial farmers, but subsistence farmers and their
families were harmed as well by the loss of wealth, draft
power, and household milk supplies.

Environmental Degradation

Environmental degradation is closely interconnected with
many of the contributing causes of poverty already discussed.
Lack of access to land coupled with high population growth
pushes poor rural people onto lands unsuitable for agriculture,
which contributes to deforestation, overgrazing, and other
forms of land degradation. Lack of access to goods and serv-
ices means that farmers may not learn about or implement
practices that can prevent soil erosion, soil nutrient deple-
tion, or water wastage. Civil wars result in the creation of
refugee camps, which may become semipermanent settle-
ments, for which the carrying capacity of surrounding land
and water supplies are inadequate, leading to severe environ-
mental degradation. Eventually, environmental degradation it-
self becomes a contributing factor to poverty and hunger as
the depleted landscape leads to decreased agricultural produc-
tion and diminished food security. The relationship of agricul-
ture and the environment is discussed further in Chapter 6.

Development and Development
Assistance

Development can be defined as the process of improving the liv-
ing conditions of the whole population of a given culture, re-
gion, or nation to a level that allows all individuals to meet
their basic needs and to live with dignity through recogni-
tion and protection of their basic human rights. Basic needs



include the minimum requirement for food, housing, and
clothing as well as access to vital public services, including safe
drinking water, sanitary facilities, health services, schools, and
public transportation.

Poverty and hunger persist in all nations, and from that per-
spective, all nations are still engaged, to a greater or lesser ex-
tent, in a process of development. In the so-called developed
countries, with high average per capita incomes, poverty does
not persist because of a deficiency of wealth and resources, but
rather from inequities in access to wealth and the opportuni-
ties to achieve it. In developing countries, however, where av-
erage per capita incomes are low, poverty and hunger persist
not only because of inequities in the distribution of wealth,
but also because of inadequate production of wealth. In de-
veloped countries, poverty alleviation depends primarily on
the implementation of social policies that directly overcome
the barriers that prevent the poor from entering the economic
mainstream. In developing countries, poverty alleviation first
requires the creation of the economic mainstream itself and
the political will to develop policies and practices that ensure
that all citizens participate in, and can benefit from, the fruits
of economic expansion.

Development assistance, or foreign assistance, has become a
major enterprise in the last 60 years. A great body of theory
and research has evolved on the subject, and development has
become a legitimate focus for academic study at a number of
universities around the world. A very large and multifaceted
network of organizations, agencies, and institutions exist
worldwide that are engaged in the business of development as-
sistance, representing a variety of roles and approaches to its
implementation. In the following discussion, a brief overview
of development assistance is presented, leading ultimately to
the subjects of rural development, the role of livestock in so-
cioeconomic development, and the participation of veteri-
narians in livestock-based development projects aimed at
reduction of poverty and hunger.

Brief History of Development Assistance

Most of human political history has been characterized by rich
and powerful nation-states invading, plundering, and exploit-
ing poorer and weaker nation-states. The relatively modern
concept of foreign assistance, whereby rich and powerful na-
tions actually help poorer and weaker nations to develop and
prosper, was catalyzed, in large part, by the widespread dev-
astation and human suffering of World War II. This new con-
cept of cooperation was embodied in the United Nations
Charter in 1945, which committed the world community to
“employ international machinery for the promotion of the
economic and social advancement of all peoples.” The United
States was the first to act on this principle in any major way,
primarily through implementation of the Marshall Plan, an aid
program aimed at rebuilding western European nations whose
economies and infrastructures were destroyed during the war.
Between 1947 and 1952, the United States allocated $13 bil-
lion to this European Recovery Program. This successful pro-
gram, as magnanimous as it seems, was not entirely altruistic.
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The very real political goal of the United States, through the
Marshall Plan, was to stabilize Europe quickly to limit the
spread of Communism in this strategically important region.

The Cold War rivalry between the West and the Soviet bloc con-
tinued to drive much of the world’s foreign assistance activity
until the Soviet Union ceased to exist on January 1, 1992. In
the United States, President Kennedy had an important influ-
ence on foreign assistance, creating the independent United
States Agency for International Development in 1961 to replace
the earlier foreign assistance apparatus controlled by the State
Department. Kennedy also launched the Alliance for Progress,
an economic and social development assistance program for
Latin American countries. Again, concerns about the spreading
influence of communist Cuba provided the political motiva-
tion for this program. American foreign aid activities in Asia
and Africa were also driven largely by Cold War strategies. This
sometimes led to foreign assistance being channeled to inept
and dictatorial governments whose practices were abhorrent,
but whose purchased allegiance helped to maintaining the bal-
ance of power in different regions of the world. Much of the
foreign aid provided to these unsavory and frequently cor-
rupt governments resulted in serious misuse or outright theft
of aid funds, fueling a negative perception of development as-
sistance among the American public, which to a large extent
persists to this day.

Another important stimulus for foreign assistance was the
abrupt decline of colonialism and the emergence of a large
crop of newly independent nations, mainly in the 1960s.The
former colonial powers, particularly England, France, and the
Netherlands, committed significant development assistance to
their former colonies to help with the process of nation build-
ing, partly out of a sense of obligation, but also to maintain
and foster cultural, economic, and trade ties in their histori-
cal spheres of influence. The emergence of so many new and
potentially impressionable nations also stimulated the contri-
bution of considerable foreign aid from both the free world
and the Soviet bloc in an effort to attract new allies in the Cold
War. Many of these new nations joined the ranks of the so-
called nonaligned nations and became rather adroit at extract-
ing foreign assistance from both sides in this power struggle.

Since the collapse of the Soviet Union, foreign assistance in the
United States and Western Europe has taken on a new geo-
graphical focus, namely Eastern Europe and the newly inde-
pendent states of the former USSR. There is considerable
concern about the potential for economic stagnation, ethnic
violence, border conflicts, political instability, and the rise of
new forms of authoritarianism in either political or religious
guise. Development assistance to these countries focuses not
only on the traditional area of supporting economic growth,
but increasingly on the building of democratic institutions,
adapting to privatization, and creating a civil society as well.
The end of the Cold War also created the opportunity for large
donors of aid to make more discriminating decisions about
who receives foreign assistance and why, since the importance
of aid as a tool for promoting strategic alliances had largely
been eliminated. This has allowed aid to be more specifically
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targeted at the poor in developing nations and has allowed
donors to place more conditions on the use of donated funds
to be sure that they are used as intended.

Now, at the beginning of the 2 1st century, a large and complex
machinery of foreign assistance is in place. Yet, throughout the
1990s, there was a steady decline in official development assistance
(ODA), defined as aid given to recipient governments by
donor governments or government-supported multinational
agencies. World Bank figures indicate a decline of over one
third in ODA between 1991 and 1997, from approximately
$74 billion to $47 billion. There are a number of reasons for
this. One is disaffection with the foreign assistance machin-
ery itself. The causes of this disaffection are clearly spelled out
in the highly critical book Lords of Poverty by journalist Graham
Hancock.” Hancock charges that much of the money ear-
marked for development assistance is wasted through bureau-
cratic inefficiency, wrong-headed policies, outright corruption,
and the excessive administrative overheads and salaries of of-
ficial aid agencies and their employees. The United Nations in
particular was taken to task, and Hancock’s documentation of
errors and excesses at various UN agencies may be partly re-
sponsible for some the reform efforts that are currently under
way within that institution.

Another reason is that many critical observers believe that aid,
even when it does reach intended recipients, does not reli-
ably produce the intended results. As discussed later in this
chapter, there certainly have been some highly visible and
highly unsuccessful development efforts that support this crit-
icism. However, there have also been some innovations in the
field of development assistance that are helping to reduce the
occurrence of such failures, notably the greater involvement of
NGOs in the implementation of development projects, greater
participation of target communities in the design of develop-
ment projects, and the use of direct, small loans to poor citi-
zens, commonly referred to as microcredit.

A third reason for the decline in foreign assistance is that over
the last decade, private investiment and expansion of free trade
have led many to believe that free markets will accomplish
the job of economic growth in developing countries, thus
making foreign assistance irrelevant. However, current evi-
dence does not support this position. Expansion of free mar-
kets and private investment, while it has been remarkably
successful in selected countries as an engine of economic
growth, is not a panacea. The main reason is that private in-
vestment is unevenly distributed. The greatest cash flow goes
to countries showing the greatest economic growth potential
and, therefore, the greatest return on investment. In fact, in
1997, well over half of the $400 billion of foreign direct in-
vestment went into the 29 highly developed member coun-
tries of the OECD, while less than 5% went to countries in the
poorer regions of south Asia and sub-Saharan Africa combined.
Many of the poorest and neediest nations have been virtually
ignored by private investors, and these countries continue to
require the commitment of, and effective use of, development
assistance.

Institutions Involved in Development

Several different types of organizations are involved in devel-
opment assistance, serving different primary functions. For the
sake of this discussion, three main functional types of organ-
izations are identified. These are donor organizations, which
provide the funds for development assistance; implementing
organizations, which carry out the development projects or ac-
tivities that are being funded; and supporting organizations,
which are involved in various activities such as research, train-
ing, data analysis, and policy advising that inform and
strengthen overall development efforts.

Many institutions carry out multiple activities and are dis-
cussed here in the context of their primary function. For ex-
ample, the primary function of the World Bank in the context
of development assistance is as a donor agency. However, the
World Bank also maintains extensive databases of informa-
tion relevant to development assistance activities. It also sup-
ports a good deal of policy analysis on various issues relating
to development and development assistance and makes avail-
able a wide range of publications on the these subjects (see the
World Bank website at www.worldbank.org). The list of or-
ganizations discussed here is by no means exhaustive. One
directory of development organizations available on the in-
ternet, lists over 18,500 individual organizational contacts
worldwide with some relation to the field of development as-
sistance (see http://www.devdir.org/index.html). The organ-
izations selected for this discussion were chosen because they
are widely recognized as major development assistance or-
ganizations; they are of particular relevance to the issues of
rural development, agriculture, livestock production, and an-
imal health; and they may offer opportunities for veterinari-
ans to become involved in various aspects of development
assistance. A sampling of these organizations is presented in
Table 5-6 along with the mission or goals of each organization
as articulated by the organization itself.

Donor Organizations

In the area of official development assistance, funds for devel-
opment activities are provided to the governments of the
countries in which the development activity is going to take
place. The agreement can be with a multinational organization
or can be a bilateral agreement between a single donor gov-
ernment and the recipient government.

Multinational Donors Multinational donor organizations are
essentially international-membership organizations that are
mandated by their member nations to provide loans or grants
to individual governments to support development projects.
The World Bank, with 181 member nations, is the largest, and
probably the best known of the multinational donor institu-
tions. The World Bank is actually a group of 5 institutions, each
with a particular mandate. The International Development As-
sociation (IDA) of the World Bank provides long-term loans
at zero interest to the poorest of the developing countries,
those with a per capita income in 1998 of less than $895.The
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International Rescue
Committee (IRC)
www.theirc.org

International relief
NGO

The IRC helps people fleeing racial, religious and ethnic persecution, as
well as those uprooted by war and violence.

World Bank
www.worldbank.org

Multinational funding
agency

The Bank uses its financial resources, its highly trained staff, and its
extensive knowledge base to individually help each developing country
onto a path of stable, sustainable, and equitable growth.

African Development
Bank (ADB)
www.afdb.org

Multinational funding
agency for Africa

To assist Regional Member Countries (RMCs) to break the vicious cycle
of poverty in which they are entrapped. Working towards this goal, the
Bank would endeavor to facilitate and mobilize the flow of external and
domestic resources, public and private, promote investment, and
provide technical assistance and policy advice to RMCs.

CARE
www.care.org

International relief and
development NGO

CARE . . . believe(s) that each family should enjoy a basic level of
livelihood security. This means that every family should have: Food;
Health care; A place to live; Education; A safe and healthy environment;
and, The ability to participate in decisions affecting their family,
community and country.

United Nations
Development Programme
(UNDP)

www.undp.org

Multinational
development agency
of the UN

UNDP’s mission is to help countries in their efforts to achieve
sustainable human development by assisting them to build their
capacity to design and carry out development programs in poverty
eradication, employment creation and sustainable livelihoods, the
empowerment of women and the protection and regeneration of the
environment, giving first priority to poverty eradication.

International Committee
of the Red Cross (ICRC)
www.icrc.org

International relief
NGO

To protect the lives and dignity of victims of war and internal violence
and to provide them with assistance.

World Vision
www.wvi.org/

International faith-
based relief and
development NGO

World Vision is an international partnership of Christians whose mission
is to follow our Lord and Savior Jesus Christ in working with the poor
and oppressed to promote human transformation, seek justice, and bear
witness to the good news of the Kingdom of God.

Overseas Development
Institute (ODI)
www.odi.org.uk

British development
policy institute

Our mission is to inspire and inform policy and practice which lead

to the reduction of poverty, the alleviation of suffering and the
achieverment of sustainable livelihoods in developing countries. We do
this by locking together high-quality applied research, practical policy
advice, and policy-focused dissemination and debate.

Food and Agricultural
Organization of the
United Nations (FAO)
www.fao.org

Multinational technical
assistance and
agricultural develop-
ment agency of the UN

The FAO works . . . to alleviate poverty and hunger by promoting
agricultural development, improved nutrition and the pursuit of food
security—the access of all people at all times to the food they need
for an active and healthy life. The Organization offers direct
development assistance, collects, analyses and disseminates
information, provides policy and planning advice to governments and
acts as an international forum for debate on food and agriculture issues.
FAQ is active in land and water development, plant and animal
production, forestry, fisheries, economic and social policy, investment,
nutrition, food standards and commodities and trade. It also plays a
major role in dealing with food and agricultural emergencies.

(continued)
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Swedish International

. Development Cooperation
- Agency (SIDA)

- www.sida.se

Foreign aid funding
agency of the Swedish
government

A world without poverty and oppression will be better for everybody. In
order to solve the major challenges of our era—poverty, environmental
degradation, and conflicts—great co-operative efforts are necessary.
International development co-operation is an investment in ensuring
people a better life, in environmental conservation and peace, in
democracy and equality. It should pave the way for equal relations and
make itself redundant.

United States Agency for
international Development
~ (USAID)

www.usaid.gov

Foreign aid funding
agency of the US
government

The agency works in six principle areas crucial to achieving both
sustainable development and advancing U.S. foreign policy objectives:
Economic growth and agricultural development Population, health and
nutrition; Environment; Democracy and governance; Education and
training, and; Humanitarian assistance.

Norwegian Agency for
Development Cooperation
(NORAD)

www.norad.no

Foreign aid funding
agency of the
Norwegian government

NORAD’s purpose is to assist developing countries in their efforts to
achieve lasting improvements in political, economic and social
conditions for the entire population within the limits imposed by the
natural environment and the natural resource base.

. VETAID
| www.vetaid.org

British [ivestock-
oriented development
NGO

VETAID is a non-profit, overseas development organization working for
poverty reduction and food security of people dependant on livestock.
VETAID’s remit is to improve livelihoods of small-scale farmers and
pastoralists by improving access to livestock health and husbandry
resources, building on traditional livestock practices where possible.

*Organizational types represented include donor agencies, implementing agencies, technical assistance agencies, research organizations, and
olicy “think tanks.” Descriptive information for each organization is taken from that organization’s web site to reflect how the organization
policy p g 8 g

. describes itself.

mission of the IDA is to support efficient and effective pro-
grams to reduce poverty and improve the quality of life in its
poorest member countries. Currently, 78 countries are eligible
to borrow from the IDA.

Regional multinational development banks akin to the World
Bank also exist, notably the African Development Bank and the
Asian Development Bank. The African Development Bank, with
headquarters in Abidjan, Cote d’'Ivoire, has 76 member na-
tions, 53 from the Africa region and 23 from outside Africa,
mostly industrialized nations of Europe and the Americas. The
Asian Development Bank, with headquarters in Manila, the
Philippines, has 58 member countries, 42 within the region
and 16 outside. Its primary mission is to extend loans and
equity investments to its developing member countries for
their economic and social development. The European Union
(EU), through its European Investment Bank and the European
Commission, provides 10% of the worldwide total of official
development assistance (Fig. 5-6.)

The United Nations is also an organization of member nations
who contribute toward the UN operating budget. As such,
those United Nations agencies that have development goals in
their mandate (e.g., the UNDP), have funds budgeted for de-
velopment assistance. The UNDP, established in 1965, receives

approximately $1 billion annually from member nations to
support its programs. Each UNDP country mission has its own
operating budget to support development activities under
grant agreements with host-country governments. Other UN
agencies, such as the FAO, have an intermediate status as
donors. The FAO also has country-specific missions and has
budgets to support some development activities within the
host country. However, FAO is also expected to seek funding
from other donor agencies in support of its country and re-
gional programs. For example, about 22% of its budget for
field program activities comes from the UNDP.

The International Fund for Agricultural Development (IFAD)
is a member-supported specialized agency of the United Na-
tions, established in 1977 as an outgrowth of the World Food
Conference of 1974, which was convened in response to the
serious Sahelian drought and food crisis of the early 1970s.
The IFAD was created with a specific mandate to combat rural
hunger and poverty in developing countries through direct
funding of programs specifically designed to promote eco-
nomic advancement of the rural poor. As such, IFAD activities
are directed at small farmers, the rural landless, pastoralists, ar-
tisanal fisherfolk, indigenous peoples, and poor rural women.
According to information available at the organization’s web-
site (http://www.ifad.org/), IFAD has, since its establishment,
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Figure 5-6.
rehabilitation project in Ethiopia funded by the European Union.
Road building and road maintenance can be important to rural
development, as passable, all-weather roads can improve marketing
opportunities for rural farmers to get their produce to urban
centers. (Photo by Dr. David M. Sherman)

financed 584 projects in 115 countries, to which it has com-
mitted US$7.0 billion in grants and loans. Recipient govern-
ments have contributed US$ 7.4 billion, and multilateral and
bilateral donors have provided US$6.2 billion in cofinancing.
These projects have aimed at assisting 44 million poor rural
households, equivalent to approximately 240 million people.

Bilateral Donors Bilateral donors are individual donor nations
that enter into bilateral agreements with a developing coun-
try to provide foreign assistance. Bilateral donors are, by and
large, the highly industrialized nations of the world. Though
there is variation in how foreign assistance is administered by
donor nations, each usually has a specific agency or govern-
ment department responsible for administering foreign assis-
tance, frequently within a ministry of foreign affairs. For
example, Canada has the Canadian International Development
Agency (CIDA); Denmark, the Danish International Develop-
ment Assistance Agency (DANIDA); Germany, the German
Agency for Technical Cooperation (GTZ): Japan, the Japan In-
ternational Cooperation Agency (JICA) and other agencies
within the Ministry of Foreign Affairs; Norway, the Norwegian
Agency for Development Cooperation (NORAD); Sweden, the
Swedish International Development Cooperation Agency
(SIDA); the United Kingdom, the Department for International
Development (DFID); and the United States, the United States
Agency for International Development (USAID). For the reader
unfamiliar with the universe of development assistance, it is
useful to visit the websites of each of these agencies to gain a
better understanding of their structure, function, goals, and ac-
tivities, particularly the scope and nature of projects in which
they are involved in developing countries around the world.

The United States, through the Marshall Plan, showed tremen-
dous generosity and leadership in the realm of foreign assis-
tance following World War II. More recently, however, that
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generosity has been increasingly constrained. Morrison and
Weiner of the Overseas Development Council reported that the
expenditures for U.S. economic assistance included in Presi-
dent Clinton’s federal budget request for FY2001 were at the
lowest level relative to the size of the U.S. economy since the
end of World War II.'3 Aid spending as a percentage of the
overall US. economy is just half of what it was in the 1980s
and has been in decline since the 1960s. The United States
ranks last among the 21 donor countries in the OECD when
the percentage of the gross national product (GNP} devoted to
foreign economic assistance is used as the yardstick. U.S.
spending on agricultural development programs declined from
US$900 million in 1990 to just US$300 million in 1999,

A survey carried out in 1995 by the Program on International
Policy Attitudes at the University of Maryland (see
http://www.pipa.org) revealed that many Americans are mis-
informed about their country’s commitment to foreign aid,
believing that the government spends 15% or more of the an-
nual federal budget on foreign assistance. In fact, the govern-
ment spends less than 1% of the budget on foreign aid. When
informed about the actual percentage, most Americans sur-
veyed believed that the amount should be maintained or in-
creased, and more than 70% opposed cuts to community-
based programs including child survival, the Peace Corps, hu-
manitarian relief, environmental aid, and family planning.

Private Donors Whether a donor country provides funds for
development assistance through its own bilateral donor agency
or by contributing funds to a multinational donor as a mem-
ber state, it is ultimately taxpayer dollars that are the source of
these funds. In addition, however, many citizens actively
choose to donate money to organizations involved in devel-
opment, from Ted Turner, who pledged $1 billion to the
United Nations in 1998, to the neighborhood children who
collectively have raised $63 million since 1955 by trick or
treating for UNICEF at Halloween time. Private citizens can
choose to donate money or time to a wide range of organiza-
tions involved in development assistanice, which reflect their
own principles, beliefs, concerns, or interests. In addition, cor-
porate and family foundations are becoming an important
source of private funds for development.

Implementing Organizations

Once a commitment of funds has been made by a donor for
specific development projects or services, three main types of
organizations may be involved in project implementation and
service delivery. These are governments and their respective
agencies, contracting/consulting firms, and NGOs. Increas-
ingly, development assistance involves participation of multi-
ple organizations drawn from the three main types.

Government Agencies Traditionally, multilateral donors and
bilateral donors enter into direct agreements with the gov-
ernments of countries receiving development-assistance funds
either as grants or loans. For example, funds for large-scale
projects related to infrastructure development, such as road
building, would be transferred to the recipient government,
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which would then administrate the program through the Min-
istry of Public Works or some other, similarly named govern-
ment agency responsible for infrastructure. In many cases,
however, the recipient country does not have the in-country
technical capacity to carry out the project, so competitive bids
are invited by the government in the form of tenders to out-
side organizations with the capacity to undertake the actual
work of the project. Once the outside contracting/consulting
firm is selected, they work in cooperation with ministry staff
assigned to projects. Typically, senior staff within the contract-
ing group each work with a specific “counterpart” individual
designated by government from the ministry staff.

Contracting/Consulting Firms These are for-profit busi-
nesses that possess a particular area or areas of expertise in
some technical or disciplinary field, and specialize in deliver-
ing technical or management services in a development con-
text. Their range of expertise is varied. Some may be
engineering firms, with strong capability in the area of road
building or irrigation and a good track record of successfully
implementing projects under difficult conditions in develop-
ing countries. Others may have a disciplinary specialty, such as
education or communication, and have a good reputation for
project implementation and innovation. Others may empha-
size a multidisciplinary approach to project management and
implementation, with a focus on rural development There are
even consulting firms that deal specifically with livestock pro-
duction and veterinary matters, for example, RDP Livestock
Services in the Netherlands. Many donors, such as the EU and
USAID, frequently use consulting firms for project implemen-
tation and management. As a result, many U.S. consulting firms
involved in development assistance have their offices in the
Washington, D.C., metropolitan area, where it is easier to stay
abreast of new opportunities. For their part, many European
consulting firms have offices or representatives in Brussels, the
EU headquarters.

Nongovernmental Organizations The NGO is a private, non-
profit organization that is independent of government affilia-
tion. As the community of NGOs is very diverse in its varied
missions and goals, it is hard to provide a single definition for
NGOs. Even the term nongovernmental organization itself is not used
consistently. In the United States, for example, it is not unusual
for NGOs to be referred to as private voluntary organizations,
or PVOs. They are also loosely referred to as private develop-
ment organizations (PDOs}), charitable organizations, nonprof-
its, and humanitarian agencies.

NGOs may raise their operating funds and their project funds
from a number of sources, including individual donations by
private citizens, church groups, service organizations, corpo-
rations, and foundations. Increasingly and importantly, NGOs
also receive funds from governmental aid agencies and multi-
lateral donor organizations when their organizational philos-
ophy permits it. Some NGOs eschew government funding
because they feel it places excessive bureaucratic burdens on
them and that donor priorities may distort their own clarity of
purpose. Many American-based NGOs, however, do receive

funds for their field projects abroad from USAID, USAID for its
part has steadily increased the amount of development assis-
tance that is channeled through NGOs. During the Clinton ad-
ministration, the percentage of foreign aid delivered through
private groups increased from 17% to an expected 40% by the
year 2000.

Incredibly, estimates of the number of NGOs operating around
the world are in the range of 250,00 to over a million dis-
tinct agencies, depending on how an NGO is defined and the
source of the estimate. Several broad categories of NGOs are
generally recognized, based on their location (Fig. 5-7). Inter-
national NGOs have branches in at least three countries, for ex-
ample, Save the Children Alliance. The different country
branches of such international NGOs have shared goals and vi-
sion but likely have separate administrative and fund-raising
operations. Northern NGOs are those based in developed
countries but that work internationally, with project offices in
various countries around the world. Heifer Project Interna-
tional (www.heifer.org), with headquarters in Little Rock,
Arkansas, is an example. Southern NGOs, or indigenous NGOs,
are based in developing countries and most often operate only
within their country of origin. Egypt alone has over 20,000
NGOs registered with the government to operate within the
country. Many indigenous NGOs are grassroots organizations
formed to address a specific community need for a well-de-
fined constituency anywhere from the village to the national

International NGOs
Branches in at least 3 countries
Approximate #: 20,000

Northern NGOs
Based in developed nations
Approximate #: 5,000 (USA 1,000)

Southern NGOs
Based in developing nations
Approximate #: 250,000 +
These fall into one or two categories

GRSOs GROs
Grassroots Support Grassroots Membership
Organizations —- Organizations

Approximate #: 35,000-50,000 Approximate #: 200,000

Figure 5-7.  The distribution and approximate number of

NGOs around the world is represented in this figure adapted from
the April 1995 edition of Connections, published by the Alliance for a
Global Community, a program within InterAction. InterAction, a .
coalition of over 160 American member NGOs, exists to enhance
the effectiveness and professional capacities of its members

engaged in international humanitarian efforts
(www.interaction.org). Arrows represent the flow of funds and

other assistance.



level. In Bangladesh, for instance, the Directory of Develop-
ment identifies 126 different NGOs, most of which are local
NGOs. Their names reflect a diverse list of constituencies and
functions, for example, the Rehabilitation and Development
Organization for the Landless, the Muslim Women'’s Welfare
Organization, Shakti Foundation for Disadvantaged Women,
the Bangladesh Rural Advancement Committee, and the Bogra
Metal Enterprises Development Project. Throughout the coun-
tries of the developing world, there are similar types of in-
digenous NGOs trying to empower local communities,
stimulate economic growth, promote sustainable develop-
ment, protect natural resources, and/or achieve social justice.

It is difficult to categorize NGOs according to function, as their
objectives and activities are so diverse, but some effort at cat-
egorization is useful in trying to understand the expanding
NGO universe. A World Bank analysis suggests six main types:

o Relief and welfare agencies provide aid and other forms of
. disaster relief or ongoing assistance during and
following emergencies, e.g., International Rescue

Committee, Catholic Relief Services.

*  Technical innovation organizations develop new or improved
approaches to problem solving and are involved in
transferring such innovative technologies to targeted
constituencies, such as subsistence farmers.
Appropriate Technology International is an example of
such an NGO. They have been involved in innovative
approaches to veterinary service delivery in East Africa

and elsewhere.

¢ Public service contractors are contracted to handle certain
aspects of official aid programs that they can perform
more effectively than governments because of special
logistical and management expertise. Such
organizations are usually funded by developed-
country governments and work with developing-
country governments and official aid agencies. CARE

is an example of such a public service contractor.

¢ Popular development agencies are groups that usually work to
support efforts for social and economic development,
self-help, and promotion of democratic participation
in society. Such groups may be indigenous Southern
NGOs, or Northern NGOs working within a
developing country. Examples include Heifer Project
International, FARM Africa, and Oxfam.

¢ Grassroots development organizations are indigenous NGOs in
developing countries whose members themselves are
poor and who work for local empowerment and
development. Examples include some of the

Bangladeshi NGOs already mentioned.

DEVELOPMENT AND DEVELOPMENT ASSISTANCE 151

*  Advocacy groups and networks focus on public education,
information dissemination, and lobbying to
encourage awareness and support for issues in which
they believe, such as poverty alleviation, human
rights, or environmental protection. Examples include
Bread for the World, Amnesty International, and the

Rainforest Action Network.

There are several likely reasons why NGOs have proliferated so
widely in the last decades of the 20th century and why bilat-
eral and multilateral donor agencies are increasingly inclined
to fund development projects through, or with the participa-
tion of, NGOs:

* Corruption, inefficiency, mismanagement, and a
perception of poor results have fostered a negative
view of official donor assistance that is channeled
directly to the governments of developing countries.
In contrast, there is a perception of greater
transparency, accountability, and effectiveness of NGOs
involved in development.

* Many of the poorer developing nations are no longer
able to provide basic social services because of weak
economies, limited tax revenues, debt obligations, and
structural adjustments imposed by lender agencies
that resulted in scaling back of government agencies,
staff, and budgets. Similarly, the nations that have
emerged from the former Soviet bloc are no longer
able to provide the extensive social services that were
available under the collectivist state. In all these cases,
citizens have organized their own NGOs to lobby for
better services, protect what is available, or create new
mechanisms for providing social welfare outside of

g overnment.

* The modus operandi of the typical development NGO
generally fosters citizen involvement, self-help and
local problem solving and promotes democratic
decision making within targeted groups. Many
development policy analysts and the donor
institutions they advise see improved governance as a
major avenue to facilitating greater social and
economic development. They also see NGOs as a good
way to instruct people and involve them in good
governance through empowerment and participation.
For example, up until 1988, only about 6% of
development projects funded by loans from the World
Bank involved NGOs. Currently, over 50% of World

Bank loans involve NGOs in project implementation.
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¢+ Because of the downsizing of governments that has
occurred under structural adjustment, many university
graduates in developing countries can no longer
depend on government employment, nor can they be
confident of emigration to developed countries with
greater employment prospects. Many of these
educated persons are finding meaningful work within
their own countries through establishment of, or
employment with, NGOs. The global communications
revolution, with access to email and the internet, has
also allowed people in remote regions and
underdeveloped countries to access information,
develop alliances, and cultivate international support

for their local efforts.

While NGOs are generally considered to have provided inno-
vation, energy, and accomplishment to the world of develop-
ment assistance, NGOs are not without their critics as well.
White and Eicher of Michigan State University wrote a provoca-
tive assessment of NGOs performance, entitled “NGOs and the
African Farmer: A Skeptical Perspective.”!® A key point in their
analysis is that while NGOs enjoy a favorable reputation relative
to developing country governments with regard to the effec-
tiveness of their project efficiency and productivity, there is, in
fact, very little objective research to confirm that NGO per-
formance is, in fact, superior. The authors point to a number of
constraints under which NGOs must work that may actually
result in less than optimal effectiveness and that may make NGOs
less able to handle complex tasks associated with agricultural de-
velopment than national governments, the private sector, or
public/private partnerships. The authors also note that few, if any,
studies have been undertaken to specifically compare the per-
formance of these different organizations or combinations of
organization in carrying out development functions, for exam-
ple, providing farmer-support services in Africa.

Supporting Organizations

Some organizations are not directly involved in project im-
plementation associated with development assistance but pro-
vide valuable support functions to the development
community at large. Key areas of support include research, pol-
icy analysis, advocacy, and training. Agencies involved in these
support functions may be NGOs themselves, while others may
be affiliated with governments, foundations, corporations, or
universities.

Research and Education Organizations A number of uni-
versities and institutes provide training and conduct research
relevant to issues of rural and agricultural development. Three
examples are Wageningen University in the Netherlands,
which offers a doctoral degree program in rural development
studies (www.wau.nl), the Institute for Development Studies
at the University of Sussex in the UK. (www.ids.ac.uk/ids/),
and the Institute of Rural Development at the University of
Gottingen in Germany (www.gwdg de/~uvare/). In the area of
veterinary medicine, the Veterinary Economics and Epidemi-

ology Research Unit (VEERU) at the University of Reading in
the UK. offers graduate degree programs oriented toward vet-
erinarians interested in livestock production and disease con-
trol issues in a developing country context (wWww.veeru.
reading.ac.uk/veeruweb2000/).

An important source of agricultural research targeted specif-
ically to the needs of developing countries is the global
network of research institutions belonging to the Consulta-
tive Group on International Agricultural Research (CGIAR)
(www.cgiar.org). The CGIAR is funded by a consortium of
foundations and governments. There are 16 research centers in
the CGIAR network, each focusing on a particular farming sys-
tem or important agricultural commodity and located in an
area of the world where that particular farming system or
commodity is relevant. Research foci include forests (Indone-
sia), tropical agriculture (Colombia), drylands production
(Syria), potatoes (Peru), rice (the Philippines and Cote
d’Ivoire), aquatic resources (Malaysia), and wheat and maize
(Mexico). Research in animal agriculture and veterinary med-
icine are addressed through the CGIAR system at the Interna-
tional Livestock Research Institute (ILRI), with facilities in
Nairobi, Kenya, and Addis Ababa. More information about the
CGIAR system is provided in Chapter 10.

Policy and Advocacy Organizations A number of “think
tanks” exist that focus primarily on issues of international de-
velopment and its theories and practices. These organizations
do considerable research and analysis, publish extensively, and
advise government officials and other policymakers on mat-
ters of development policy. Two examples of such think ranks
are the Overseas Development Institute in London
(www.odi.org.uk/index.html) and the International Food Pol-
icy Research Institute in Washington, D.C. (www.ifpri.org). A
visit to the websites of these organizations will give the reader
a good introduction to the scope of development issues ad-
dressed and the range of publications available.

Other organizations may provide advocacy and lobbying ef-
forts for their constituencies. InterAction, for example, is an
umbrella organization that serves more than 160 NGO mem-
ber organizations in the United States (www.interaction.org).
Based in Washington, DC, InterAction has its ear to government
to monitor issues related to international development and the
role of NGOs. In 1995, when the US. Congress was consider-
ing major cutbacks in foreign aid budgets and a reorganiza-
tion of USAID that would place it in the State Department and
limit its independence, InterAction mounted a strong and ef-
fective media and lobbying campaign to create greater public
awareness about the importance of foreign assistance and the
role of NGOs in development assistance.

Foreign Assistance and Livestock
in Development

=

For veterinarians interested in rural development in an inter-
national context, the entry point for participation is most likely
to be with development projects involving animal agriculture.



Approaches to improving livestock health and productivity have
changed considerably over the years, reflecting the general
changes in development strategies that have emerged for specif-
ically addressing the needs of the rural poor. In the succeeding
sections, a brief history of the evolution of livestock develop-
ment strategies is presented, followed by a discussion of the role
of livestock in poverty-focused development and the various
tools available to veterinarians and other development work-
ers to improve the conditions of people who depend on ani-
mals. Finally, specific opportunities for veterinarians to work in
a development context are presented.

The Evolution of Livestock Development
Practices

In his book Africa: Dispatches from a Fragile Continent, author Blaine
Harden relates an incredible story from the 1970s of well-in-
tentioned, but misguided and inappropriate rural development
project involving the pastoralist, livestock herding Turkana peo-
ple of northern Kenya and the Norwegian Aid Agency, NORAD.2
At that time, many western observers and policymakers held
the largely unsupported view that pastoralist livestock keeping
was the principal cause for the degradation of the thin soils
and vegetation of the dry Sahelian zone of Africa and thus un-
dermined the pastoralists’ own livelihoods through irreversible
environmental damage. Highly publicized episodes of drought
associated with barren grasslands, widespread losses of live-
stock, and dramatic human suffering among pastoralists in the
Sahel reinforced this perception. The pastoralist way of life was
also under attack from some government leaders and politi-
cians in the newly independent African nations who perceived
traditional nomadic herders as backward and unproductive.
These attitudes and perceptions fed a general attitude that the
life of pastoralist herders must somehow be “fixed.”

In dry northwestern Kenya, where the Turkana live and graze
their cattle, there is a lake, appropriately named Lake Turkana,
which is fed from the Omo river in Ethiopia. The lake contains
Nile perch and tilapia, both excellent food fish with consid-
erable commercial potential. Local fisherfolk, who were not
Turkana people, made a reasonable living by catching, dry-
ing, and marketing the fish. The Norwegians, themselves a fish-
ing culture, proposed an ambitious scheme to recruit the
Turkana away from livestock keeping and transform them into
fishermen, providing them with an alternative source of food
and increased opportunities for cash income. The piece de re-
sistance of this scheme was the construction of a massive
frozen fish-processing plant on the shore of Lake Turkana at
Ferguson’s Gulf, the site on the lake where tilapia catches had
been most abundant in the recent past. In 1971, Norwegian
volunteers arrived to build boats, train fishermen, and carry
out fishing tests. The following year technical consultants ar-
rived, along with 20 fiberglass fishing boats, 4 motor boats,
and a 36-foot fishing research vessel. Norwegian fishing in-
dustry experts were brought in to develop a business plan
aimed at optimizing profits. They concluded that the process-
ing of frozen fish fillets offered the greatest profit potential. As
such, the construction of an ice-making, freezing, and cold-
storage plant was proposed by Norway and accepted by the
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Government of Kenya. The plant was built, as was an improved
road connecting the plant to the capital city, Nairobi, at a com-
bined cost of $22 million. As many as 20,000 Turkana were
enticed to become fishermen, receiving training, nets, and
boats.

Unfortunately for the Turkana, things did not turn out quite as
planned. By the time the processing plant was completed in
1981, it became evident that the energy costs for operating the
diesel-powered cooling equipment in the torrid heat of north-
western Kenya made the processing of frozen fillets unprof-
itable. Furthermore, local clean water supplies were inadequate
for proper plant operation and sanitation. The plant operated
only a few days before it was shut down. Soon after, a drought
in Ethiopia reduced the flow of the Omo River into Lake
Turkana, and portions of the lake began to dry up, including
the Ferguson's Gulf region where the plant had been situated
and the harvests of tilapia had been so rich in previous years.
Suddenly, Turkana people who had been induced to settle near
the lake shore and fish had no source of income. In the mean-
time, their livestock, which were now concentrated around the
lake shore, quickly overgrazed the sparse grass supply and
began to die. Many of the Turkana who participated in the fish-
ing scheme were forced to seek food aid from charitable agen-
cies or face starvation. In the end, rather than helping the
Turkana, the NORAD scheme actually contributed to their
pauperization and the debasement of their traditional way of
life.

This Lake Turkana fishing project, as preposterous as it seems
in retrospect, was not atypical of an approach to foreign as-
sistance that prevailed during the 1960s and 1970s. Some key
elements that characterized this approach include

¢ A project that was donor-driven rather than demand-
driven

* A project that featured large capital investments in
physical facilities with prestige value

* A wholesale transference of developed country
technology to a developing country, with little or no
adaptation to local conditions

* A heavy dependence on external inputs and expertise
to achieve development goals

» Inadequate assessment of project feasibility,
appropriateness, and sustainability

* Inadequate local infrastructure, resources, and
technical capacity to support the project

* A top-down implementation approach that failed to
seek out or consider the ideas, needs, priorities, or
local experience of supposed project beneficiaries

* A project that provided substantial financial benefits to
citizens and corporations in the donor nation who
provided consulting support, management, materials,

and equipment for project implementation
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The Turkana fishing project was, in a large sense, an “antilive-
stock” project in that it tried to lure traditional livestock keep-
ers away from livestock keeping for “their own good” and
ostensibly for the good of the local environment. However,
many “prolivestock” projects of the era, intended to improve
livestock health and production, also suffered from similar
flaws in design and implementation, resulting in outright fail-
ure. To understand these failures, one must recognize that a
major goal of donor nations in undertaking development as-
sistance was to stimulate economic activity within the donor
country. Hence, many inappropriate development schemes
were promoted by bilateral donors because they offered the
potential to increase exports of animals, equipment, and ex-
pertise from breeders, manufacturers, and contractors in the
donor country without due consideration of the ability of the
developing country to use or support the offered improve-
ments.

As a result, sophisticated veterinary diagnostic laboratories
were built and outfitted in countries without a reliable sup-
ply of electrical power to dependably operate centrifuges, re-
frigerators, and incubators. Artificial insemination was
promoted and frozen semen was sold to countries without a
reliable source of liquid nitrogen to preserve the semen, ade-
quate telecommunications for farmers to notify inseminators
when animals were in heat, or sufficient transportation infra-
structure for inseminators to get to farms reliably. Intensive
dairy operations were constructed in unsuitable agroecologi-
cal zones that had neither sufficient forage and grain supplies
available to adequately feed high-producing dairy cattle to
meet their production potential nor a well-developed veteri-
nary service available to keep imported animals healthy and
protect them from local, tropical diseases.

The Holstein cow, through no fault of its own, has become a
symbol of the type of inappropriate livestock development in-
tervention that primarily benefits the exporting nation. This
large, black-and-white dairy breed is indisputably a marvel of
selective animal breeding, with a milk production capacity that
is nothing short of astonishing. However, the Holstein cow is
the product of a particular environment. It is a European cre-
ation that was bred to reflect the agroclimatic conditions, farm-
ing systems, feed base, and market demands of that particular
temperate, industrialized region of the world. Therefore, the
superior use of the Holstein cow is, to a great extent, contex-
tual. Its production potential can only be fully realized when
a broad array of necessary inputs are available to support it.
These inputs are successfully duplicated in other temperate in-
dustrialized regions, such as North America, with relative ease.
Tropical regions, however, are more problematical.

If a picture is worth a thousand words, then the photos of Hol-
stein cows in E. R. Orskov’s book Reality in Rural Development Aid
speak volumes about their frequently inappropriate use as a
tool for rural development.'4 In his very informative text on
approaches to improving livestock production in developing
countries, Orskov has included a series of pictures of unhappy,
underfed, heat-stressed, and heavily parasitized Holstein cows

struggling to survive in developing countries around the
world, including Laos, Mongolia, Chile, Iran, Indonesia, Brazil,
and Mexico. The cattle in these pictures either are poorly
adapted to climatic conditions in the local agroecological zone,
lack adequate resistance to local internal and external parasites,
or are inadequately managed by livestock keepers with insuf-
ficient experience or adequate resources to provide the nec-
essary nutritional and veterinary inputs required to maintain
the health and productivity of these highly bred cattle. This is
not to say that Holsteins cannot be successfully raised in these
countries. Rather it points out the high level of intervention in
terms of management expertise, feed resources, and veterinary
care that must accompany introduction of such animals to re-
alize their production potential. Yet, in many cases, providing
the necessary inputs to maximize production is not profitable,
because so much of the necessary feed, medicine, and supplies
must be imported, often at a cost that strips all profitability
from the dairy enterprise.

Orskov points out that in many of these situations, the Hol-
steins are in such dire straits that they end up producing little
more milk than the local, indigenous cows that they were in-
tended to replace or supersede. Given the fact that local breeds
are usually better adapted to local climatic conditions, possess
demonstrable resistance to local diseases, and are better able to
use locally available feedstuffs, Orskov concludes that if the real
goal of development assistance is to improve local livestock
production rather than to provide economic benefits within
the donor country, it is far more logical to invest time and en-
ergy in efforts to improve the productivity of local cattle
through selective breeding and enhanced use of locally avail-
able feedstuffs than to import so-called high-producing breeds
that will not produce highly under local conditions.

Happily, donor nations have gradually come to understand
these constraints and to reorient their development strategies.
The Netherlands, for example, has a highly developed, inten-
sive dairy cattle industry, and for many years, the nation’s for-
eign assistance programs served largely to create export
opportunities for Dutch cattle breeders. In 1987, the Dutch
government undertook a critical self-appraisal of its foreign as-
sistance programs involving cattle export and concluded that
the importation by developing countries of dairy cattle origi-
nating from the Netherlands to improve livestock production
was not often as successful as anticipated. The findings of this
self-evaluation have been summarized by de Smit.* He iden-
tifies five phases in the evolution of Dutch foreign assistance
involving cattle export:

s Phase 1. Widespread distribution of cattle to small-scale or
subsistence farmers. This effort was largely unsuccessful
because of poor adaptation of imported cattle to local
conditions due to marked differences in climate, feed,
and management. Of particular note was the fact that
subsistence farmers depend on their livestock for

multiple uses, including draft power as well as milk



production and that the imported cattle were poorly
suited to draft purposes, making them less attractive
to subsistence farmers. They frequently suffered from
disease, stress, leg problems, and infertility.

Phase 2. Promotion of large-scale modern dairy farming. When
it became apparent that imported cattle were a poor
fit for subsistence farmers, the Dutch government
decided to promote the establishment of large-scale
dairy farms. This too was largely unsuccessful as there
was insufficient local expertise to manage such farms
successfully, and the imported equipment was not

well adapted to local demands and circumstances.

Phase 3. Support to small-scale farming activities. In this phase

it was recognized that in many developing countries,
local conditions favored the practice of small-scale
farming rather than large commercial farming The
Dutch therefore began to refocus their development
efforts on small-scale farmers by providing a broader
package of development assistance interventions
beyond simple provision of imported cattle. In this
context, it is useful to recall the history of dairy
development in India, which has now become the
largest milk-producing nation in the world. This was
accomplished largely through the creation of
improved marketing opportunities for small-scale,
subsistence farmers rather than by developing large,
commiercial, intensive dairy enterprises (see sidebar
“People Power: The Success of Cooperative Dairying
In India,” in Chapter 4).

Phase 4. The integrated approach. Dutch development
officials, through their efforts in phase 3, became
increasingly sensitized to the needs and priorities of
small-scale, subsistence farmers, particularly with
regard to their requirements and desire for
multipurpose cattle. Efforts increased to carry out
more thorough technological and economic analyses
prior to project implementation and to solicit inputs
from farmers about their husbandry practices and

activities for incorporation into project design.

Phase 5. The comprehensive approach. At this phase, there is
acknowledgment not only that development
interventions should be demand-driven and tailored
to suit the needs and priorities of local farmers, but
also that development efforts need to consider the
broader social, ecological, and macroeconomic
context of the nation or region where development
assistance is being provided. This means directing

additional development efforts toward the resolution
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of large-scale problems that affect the small farmer.
Such efforts may require targeted policy reform or
infrastructure development to address issues such as
agricultural pricing and marketing structures, taxation
systems, road and irrigation networks, land tenure
policies, agricultural research efforts, and the
management of degraded or depleted natural
resources. Only through such a comprehensive
approach can appropriate livestock interventions be
conceived and implemented to full positive advantage
and be an effective tool for poverty-focused

development.

Clearly, as the Dutch example illustrates, many lessons have
been learned over the past decades concerning effective ap-
proaches to foreign assistance in general and poverty-focused
rural development involving livestock in particular. In dealing
directly with poor farmers and herders, a new paradigm for
foreign assistance has gradually emerged, whose essence can
be captured in the dual notions of participation and sustain-
ability. In the following section, the concept of participatory,
sustainable development is explored, with particular reference
to animal health and production in poverty-focused develop-
ment.

Livestock and Poverty-Focused Development

As is made very clear in the book When Aid is No Help by John
Madeley, large-scale, top-down, technology-driven, foreign-
assistance projects often fail to reach the poorest and neediest,
even when they are intended to do so.!! This is especially tragic
when such projects involve livestock, since livestock play such
an important role in the daily lives of the rural poor and offer
great opportunities to improve agricultural productivity, en-
hance family nutrition, raise income, create employment, re-
duce risk, and secure better livelihoods.

Failure to reach poor livestock owners often results primarily
from the failure to include them in the initial stages of proj-
ect definition and design. As a result, their specific needs and
constraints are neither understood nor taken into account. In
some cases, this may be intentional, as when donors and gov-
ernments are seeking to modify traditional livestock practices
that they deem harmful or inappropriate, for example, dis-
couraging communal grazing by pastoralists by promoting
ranching schemes. In other cases, the projects may be designed
to increase animal production in countries receiving aid, in-
dependent of any specific consideration for aiding poor farm-
ers, for instance, the promotion of periurban, intensive,
commercial dairy operations intended to increase milk sup-
plies to urban centers. Still other projects may ostensibly be tar-
geted specifically at the poor but still miss their mark because
of flaws in the project design. Madeley offers several examples
of projects that included either minimal income requirements
to qualify for credit or literacy requirements to receive inputs
or training. These obstacles effectively excluded the poorest of
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the poor from participation in the project, though their needs
and potential to benefit were the greatest.

Even when development organizations do specifically identify
the poor as their clients, projects may still fail. Ronald Bunch,
in his excellent guide to people-centered agricultural devel-
opment, Two Ears of Corn, emphasizes that a key element in any
project’s success is to first properly and carefully identify the
needs and constraints of the client as the client perceives
them.! In any given agricultural system, there are usually one
or two main factors that limit productivity. In providing de-
velopment assistance, the goal should be to work with the
client, who usually understands the local farming system and
its constraints better than the outside consultant, to identify
those limiting factors and then work together to design, test,
and implement the appropriate interventions to overcome the
existing bottlenecks to enhanced productivity and improved
livelihood.

Past project failures involving distribution of Holstein cows
to the rural poor in tropical countries are not an indictment of
the Holstein cow. Rather they reflect a failure to properly iden-
tify constraints to animal production in a local context. In
many cases, the limitations on productivity of indigenous
breeds of cattle are more related to lack of feed resources and
access to veterinary care than to genetic potential. Therefore,

the improved genetic potential possibly available from Holstein
cows is wasted if nutrition and health issues are not first ad-
dressed. To help identify constraints in the planning stages of
a livestock development project that targets the poor, the re-
search and policy group Livestock in Development has devel-
oped a very useful decision tree.!? By working through the
decision tree, development practitioners can determine the
suitability of livestock projects for a group of prospective ben-
eficiaries. The decision tree helps the project planners identify
the specific constraints limiting livestock production in that
community and offers a pathway for developing appropriate
interventions, programs, and policies that will help overcome
the identified constraints, to achieve the necessary and desired
outcomes. The initial portion of this decision tree is presented
in Figure 5-8.

Useful Tools and Principles

Development practitioners generally have come to recognize
several important elements that must be included in their de-
velopment efforts to reach the poor effectively and to develop
program interventions that are both beneficial and sustainable.
These useful tools and principles include community partici-
pation, community organization, the use of appropriate tech-
nology, microcredit, and stewardship of natural resources. Each
of these elements is discussed below.

Are livestock important to the poor?
First identify ecological locations of the poor.
Then assess importance of livestock to the poor in
each agro-ecological zone

v

Ask each of the following questions. If you

answer "Yes" move to the next question —— YES

NO > Consider a different approach

v

'

v

'

v

!

—

Can livestock- Are livestock - Can livestock- Can livestock- Can livestock-keepers Are people Can livestock-
keepers readily keepers keepers water keepers trade readily learn of, or with potential keepers
obtain confident that their animals their animals obtain, technology for livestock- readily protect
veterinary care their access to reliably? and their (including new rearing able to their stock
and drugs for communal feed products easily? breeds) that improve acquire from theft?
their animals? resources is their livelihoods? livestock?
secure?
NO NO NO NO NO NO NO
Proceed to Proceed to Proceed to Proceed to Proceed to Proceed to Proceed to
veterinary feed water marketing technology livestock rule of law
decision tree resource resource decision tree access resource and conflict
decision tree decision tree decision tree access resolution
decision tree decision tree

Figure 5-8. Entry-point decision tree for planning poverty-focused interventions involving livestock. Each of the bottom boxes leads to a
separate additional decision tree. (Reproduced with permission from Livestock in Development. Livestock in Poverty-Focused Development.

Crewkerne, UK: Livestock in Development, 1999.)



Community Participation
Imagine that you decide you needed a sturdy new pickup truck
to improve your livelihood as a large animal practitioner at the
“Extreme Poverty Veterinary Practice.” You go to the large auto
dealership nearby, “Magnanimous Donor Vehicle Supply” A
salesman, Ernest Consultant, comes to greet you. He seems
genuinely polite and friendly, and your initial feeling is that he
is sincerely interested in helping you. But then, something
strange and unexplainable happens. Instead of asking you what
you need and questioning you about the specific requirements
of the vehicle you are looking for, he promptly steers you past
the pickup trucks to the sports car section of the display lot and
begins a heartfelt and enthusiastic pitch for a small, red, two-
seater sports car, the Inappropria 2000. Although the shiny little
red car is undeniably attractive, it is clearly not what you need.
Despite your obvious lack of interest, Ernest persists in his
praise of the two-seater and even offers to give it to you free.
Clearly there is something wrong here. The salesman seems in-
capable of asking you what you need but is prepared to give
you something you don't need. You begin to develop a sense
of deep distrust of Ernest. You suspect he has ulterior motives.
You feel insulted that he has not bothered to solicit your opin-
ions.You start to wonder if there is not actually something se-
riously wrong with the little two-seater and the dealership. You
begin to withdraw, first emotionally and then physically. You
walk away from Ernest Consultant and you leave Magnanimous
Douor, filled with strong feelings of anger, disappointment,
suspicion, and maybe even betrayal.

How could the salesman and the dealer possibly address your
needs if you were never invited to articulate them? Obviously,
they could not, except by sheer chance. Yet, this is essentially
how much development assistance to the poor was carried out
over several decades. Eventually, it became clear to astute de-
velopment practitioners that too many development projects
were failing to alleviate poverty, mainly because the poor them-
selves were not consulted about their lives and their needs. For-
mal recognition of this fact by governments, donor agencies,
and international organizations occurred at the World Con-
ference on Agrarian Reform and Rural Development held in
Rome in 1979, which more or less marks the point that
poverty-focused development efforts shifted toward a more
participatory approach.

Participatory approaches in poverty-focused development are
based on recognition that the poor themselves have a wealth
of useful and relevant knowledge about their own situation
and circurnstances. Unless they are recently arrived refugees,
most farmers, herders, and landless villagers have consider-
able experience with their own agroecology. They know the
rainfall patterns and the soil characteristics. Through genera-
tions of trial and error they have made crop selections and de-
veloped farming practices that suit local conditions. They have
observed patterns of disease in their livestock and can relate
them to certain changes in season, food supply, watering
sources, or even movements of wildlife. They can tell you how
tree cover in the region has changed over the last 10, 20, or
30 years and what effect that has had on soil erosion. They can

FOREIGN ASSISTANCE AND LIVESTOCK IN DEVELOPMENT 157

show you local plants with medicinal value. They can tell who
in their community is rich and who is poor and by what stan-
dards wealth is measured. They can tell you who does what
work and how it is valued. They can identify the constraints
that they recognize in their daily lives that hamper improved
crop or livestock production or more successful marketing of
their products. Most of all, they can inform you, from their
own perspective, what they recognize as the major impedi-
ments to a better quality of life as defined by their own val-
ues and experience.

The prospects for project success are greatly improved by so-
liciting community participation from the beginning and then
continuing throughout the development process. First, there is
the obvious benefit of improved project definition and de-
sign that derives from gathering relevant data from potential
beneficiaries about local knowledge, needs, practices, and ex-
perience in the early stages of project planning. But there are
also intangible benefits from directly engaging the poor in ac-
tive participation. In everyday life, the poor often remain in-
visible to the powerful, and their opinions are rarely sought.
Seeking input from the poor and being willing to listen, con-
firms the value of their ideas and experience, thereby showing
them respect Through this act of inclusion, the poor become
genuine stakeholders in the project and more likely to remain
committed to its successful outcome.

Coming to fully understand all the various aspects of an unfa-
miliar culture and its practices is no trivial task. Anthropolo-
gists may spend years studying a particular group of people
to understand their social structure and their relationship to
place. Yet in the context of development project implementa-
tion and execution, studying people and their customs for
extended periods is often not possible. This is because much
development is carried out with funds from donor agencies
that put contractual limitations on project lifetimes. If funding
is available for a 2-year period to implement a project, it is not
practical to spend the first year learning about the community
of targeted beneficiaries. However, social scientists have devel-
oped a set of approaches, techniques, and methodologies,
often referred to collectively as participatory rural appraisal,
which can be used to gather useful and meaningful informa-
tion about a community and its practices in a relatively short
period. A useful introduction to participatory rural appraisal is
Rural Appraisal: Rapid, Relaxed and Participatory, by Robert Chambers.?

Rapid rural appraisal techniques include open-ended inter-
views and the use of visual depictions of community life cre-
ated by the community members. Such visual depictions may
include graphic calendars of seasonal farming activities; time-
lines of daily chores or seasonal labor distributions; and maps
of natural resource distribution around the village, such as
communal pastures, woodlands, croplands, and water sources.
Participatory group discussions are also used to gather a wide
variety of information including, but not limited to, wealth
rankings in the community, disease rankings in livestock, or
identifying commonly perceived constraints on agricultural
production. Increasingly, gender analysis has been included in
rapid rural appraisals to specifically determine the role of
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women in agricultural life, solicit their inputs, and determine
their particular needs.

Rapid rural appraisal techniques can be useful in veterinary
programs as well. For example, the author was invited to
Ethiopia to provide intensive technical training on dairy goat
health and management to veterinarians from four regions in
Ethiopia who were to provide veterinary support services to a
Dairy Goat Development Project being carried out by the NGO
Farm Africa (see sidebar “FARM Africa’s Dairy Goat Develop-
ment Project in Ethiopia™). To make the 5-day training as rel-
evant as possible to local practitioners, trainees were asked
the first morning to break up into groups according to their
geographic region and to work together within each group
to develop (1) a ranking of the five most important diseases of
goats in their area and (2) a graphic representation of the
farming system in their area, including seasonal rainfall pat-
terns, termperature variations, the major crops with their time
of planting and harvesting, and the time of year that the most
common diseases were most often seen in local

goats. The graphic calendar developed by the

group of veterinarians from Amhara region

along with the seasonal distribution of their five

most important goat diseases is shown in Fig-

ure 5-9. From this information it was possible to ~ Goat Diseases
adjust the training to reflect the diseases of im-

portance to local veterinarians, identify the re-

lationship of animal disease to seasonal changes

and availability of food supplies, and develop a  Reproduction

timetable for strategic interventions to control
internal and external parasites and reduce losses
in newborn animals.

Another area in which participation can pay
great dividends is agricultural research. When
subsistence farmers participate directly in farm
trials, the results are directly applicable to their
own experience and can lead to significant im-
provements in productivity and resource man-
agement. Small, on-farm demonstration trials
often can be devised and integrated directly into
an overall development project at little additional
cost. For example, if improved, crossbred dairy
goats are introduced into a community under
zero-grazing conditions to reduce disease risk,
then goat keepers will have to cut and carry avail-
able forages to feed the confined animals.
Through participation, grasses and shrubs tra-
ditionally consumed along roadsides and field
edges by local grazing animals can be identified,
and a controlled feeding trial can be devised to
determine the relative palatability and nutrient
value of these forages to the newly introduced
goats, thereby identifying an optimal ration
using local feed resources. Similarly, farmers may
have traditional medicines that they use to treat
animals for parasites which can be evaluated
under controlled conditions to establish their

Feed Supply

Crops

Temperature

Rainfall

true efficacy. Such participatory research demonstrates respect
for the poor through solicitation of their ideas and can lead
to innovations that are locally relevant and clearly productive.
Furthermore, when such successful innovations are identified
from within the community, they are more likely to be dis-
seminated and adapted throughout that community because
there is a pride of ownership and a trust that the innovation
is appropriate.

Community Organization

Closely linked to community participation as an effective tool
of poverty-focused development is community organization
through the building of local institutions such as community
self-help groups, agricultural cooperatives, credit societies, and
women’s associations. Community organizations such as these
are a key element in facilitating sustainable progress in rural
development. Such organizations may be formed to address an
immediate technical function such as managing a local well,

Internal parasites Internal parasites
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Figure 5-9. Graphic representation of a seasonal agricultural calendar for the
farming system of North Shoa zone, Amhara Region, Ethiopia, with special
reference to goat production and health. The graph was created by veterinarians
from North Shoa attending a training seminar on dairy goat management. Note the
biphasic rainy season and the increase in internal parasitism associated with each
period of rainfall. Also notice the convergence of high temperatures, lack of rainfall,
and feed shortages from mid-May through June. A high mortality in newborn kids
would be expected at this time. Using the information presented here, consider
some recommendations for strategic deworming and vaccination and for breeding

management to improve kid survival.



irrigation pump, or cattle tick-dipping station; a marketing
function such as negotiating prices for farm products with
middlemen or sharing the transportation costs for marketing
produce outside the immediate vicinity; or a financial func-
tion such as lending money to women to buy livestock. Be-
yond their immediate function however, participation in
groups empowers the poor both socially and politically. Com-
munity organizations provide the poor with an effective in-
strument for participation in local decision-making, help them
to cooperate more fully in the development of their commu-
nities, and give them a collective voice to exert pressure on
local politicians, where necessary, to improve their conditions.

Eventually every foreign assistance project ends, and the for-
eign advisors and consultants go home. If the project has been
any good at all and with a bit of luck, the poor may be left with
a particular technological innovation or material input that im-
proves their immediate situation. More importantly though, if
the poor have been helped to develop and manage self-gov-
erning organizations, then the community is also left with
new-found strength to look after its own affairs confidently
and to create new opportunities for itself well into the future.
Finally, strong local organizations that represent the interests
of the poor can begin to influence the existing institutional
frameworks that determine or control the social and economic
practices of the culture at large. Through this process, institu-
tional priorities can change, and public policies that are more
Pro-poor can emerge.

Appropriate Technology

In the context of poverty-focused rural development, appropri-
ate technology is technology that is suited to the skills, income,
environmental conditions, and resource base of the people by
whom it is to be used. Implicit in that definition is the notion
that use of the technology can be sustained once it is intro-
duced. It is not uncommon for inappropriate technologies
introduced during a development project to fall into disuse
once the project is over and the technical support and capital
subsidies provided by the donor agency are withdrawn. Sev-
eral examples of inappropriate technology were identified
above in this chapter, including the frozen fish-processing
plant at Lake Turkana, the distribution of Holstein cows to sub-
sistence farmers in the tropics without provision for adequate
nutrition or health care, and the introduction of frozen semen
for artificial insemination where liquid nitrogen supplies are
unreliably available.

Even simple technologies that might be taken for granted in a
western context may be inappropriate in a developing coun-
try context. Take the example of collecting blood samples in
the field for veterinary diagnostic testing or disease surveil-
lance. In the temperate, developed world, blood is now rou-
tinely drawn into vacuum-filled tubes and kept on ice in a
cooler box or in a refrigerator on the mobile veterinary unit.
The field veterinarian then drives on well-paved roads back
to the veterinary clinic where there is a reliable source of elec-
tricity and a properly serviced and well- maintained centrifuge
to spin the blood. The serum can then be either tested imme-
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diately or frozen for later use. In remote regions of Ethiopia,
Afghanistan, Mongolia, or any other underdeveloped country
whose economic life depends heavily on livestock, animal dis-
ease surveillance is of critical importance. Yet often there may
be no sources of ice or refrigeration, no paved roads, no reli-
able source of electricity, no trained service technicians to
maintain the operation of centrifuges, and no freezers to store
samples. In that context, the simple vacuum-tube blood-col-
lection system so familiar and appropriate in the developed
world becomes an example of inappropriate technology.

Veterinarians and physicians with field experience in develop-
ing countries have recognized this and have worked to develop
more-appropriate technologies. Such innovations have in-
cluded a hand-cranked centrifuge and even adaptation of a ve-
hicle’s radiator fan to serve as a centrifuge. While clever, these
adaptations still don’t address the issue of maintaining the har-
vested serum under extreme ambient temperatures on long
trips back to a central laboratory. The simplest and most ele-
gant solution to this overall problem has been to collect blood
with a regular syringe and needle and place a few drops of
blood on a strip of filter paper and allow it to dry. The filter pa-
pers are then dropped into eluting solution when the field
team returns to the laboratory, and antibodies are detected
from the eluate by appropriate diagnostic tests. This technique
has been evaluated for diagnosis of a number of diseases, and
diagnostic test results were found to be equivalent to those
from tests run on serum from centrifuged blood samples. Dis-
eases for which the technique has been evaluated include try-
panosomiasis, hydatidosis, toxoplasmosis, and schistosomiasis
in humans; infectious bursal disease and Newcastle disease in
poultry; and anaplasmosis in cattle. Ramadass and colleagues
reported the use of a dried-blood filter paper-based ELISA test
for diagnosis of bovine rinderpest in 1993.15

Bunch, in Two Ears of Corn, offers an excellent analysis of the cri-
teria to be considered in identifying appropriate technology
and ensuring its adoption by targeted beneficiaries.! In sum-
mary, Bunch advises that the technology under consideration
should

s Address a felt need articulated by the beneficiaries

s Offer financial advantages to the user

* Produce recognizable returns quickly

+ Fit local farming or husbandry practices

s Use resources already available to the poor

s Be relatively free from risk to the intended beneficiaries

* Be culturally acceptable

¢ Be labor intensive rather than capital intensive

* Be simple to understand

¢ Be easy to teach and require minimal supervision or
oversight

¢ Be aimed at increasing outputs for which ready

markets exist that are not quickly saturated
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FARM Africa’s Dairy Goat Development Project in Ethiopia

ARM Africa is a British NGO established in 1985 with the goal of reducing poverty in Africa by enabling marginal African

farmers and herders to make sustainable improvements to their well-being through more effective management of their human

and natural resources. In 1988, FARM initiated the Dairy Goat Development Project in Ethiopia, with initial funding from
Band Aid, the musical charity created in 1984 to raise money for African development in response to the dire Sahelian drought
occurring that year. In contrast to the many agencies offering short-term relief
aid to the drought stricken, FARM Africa focuses its efforts on long-term develop-
ment assistance.

The goal of the Dairy Goat Development Project was to provide poor rural women
farmers in the central highlands region of Ethiopia with a means of improving their
families’ livelihood. The highlands region is a desperately poor area beset by a num-
ber of problems. Population density in the region is very high, average family size
is six members, rural infrastructure is poorly developed, and the average size of
family farm plots ranges only between 0.25 and 0.6 ha (0.6 to 1.5 acres). The crops
produced are mainly sorghum, maize, root crops, and some legumes under a rain-
fed subsistence farming system. Yields are generally low, and crop failures are com-
mon. The region is subject to periodic drought and the associated risk of famine.
Soils are sandy or clay loam with shallow depth. The vegetation cover has been de-
pleted by years of intense cultivation, overgrazing, and tree cutting for fuel wood,
which has contributed to high levels of soil erosion.

- Dyjbouti
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4

ETHIOPIA

FARM Africa sought to focus their development effort on the poorest women in this
region. They selected project sites where poverty levels were high and rural infra-
structure, such as schools, health clinics, and roads, was limited. Then, through a community interview process and wealth-rank-
ing techniques, project staff identified the poorest families in these communities, who generally owned no livestock and depended
solely on their subsistence crop agriculture for survival. Participants were given the oppor-

tunity first to acquire indigenous goats through a credit scheme and later to acquire
crossbred goats with higher milk production potential. Acquisition of a crossbred
goat by village women was linked to a package of interventions to ensure that
the goats would be properly cared for and produce according to their im-
proved potential. The package included training in goat management and
nutrition, an agreement to keep the crossbred goats under zero-grazing con-
ditions, and a demonstrated effort to integrate forage crops into the farming
enterprise, usually in the form of leguminous shrubs in backyard plantings,
alley cropping, or living fences. FARM Africa helped to develop seedling nurs-
eries for the preferred forage crops. The crossbred animals available to village

women were produced as part of the overall project by crossing local Somali

goats with imported Anglo-Nubian bucks at two University-based breeding

stations (Alemaya University shown). Later on, crossbred breeding bucks Nucleus breeding herd for the project at Alemaya

were distributed to designated buck keepers at the village level to provide University. (Photo by Dr. David M. Sherman)

breeding services to goats owned by other project participants. Efforts were

also made to identify commercial farmers or business people who would take over management and breeding of the purebred bucks
as a commercial enterprise.

B 2"

FARM Africa’s strategy was to use the introduction of goats as a catalyst to achieve multiple development goals. At the most basic
level, FARM sought to provide goats to poor farm women to broaden their agricultural activity by integrating livestock into their
subsistence farming activity, diversify their risk beyond crop production, provide the potential for additional income, improve
family nutrition, and reduce the threat of famine in the event of drought. However, in addition to direct material assistance to par-
ticipating women and their families, FARM also used the goat distribution scheme to promote community organizations, encour-
age democratic participation, empower women, and expand the access of poor communities to services normally not available to
them such as education, credit, and veterinary services. A key element in this community thrust was the formation of women’s
groups at the village level for project oversight. These local groups were responsible for management and repayment of project
credit, development of a savings and credit fund, and participation in decision making along with FARM Africa staff about various
aspects of the goat project, such as the election of officers for the women’s groups, the selection of group members for training as
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community-based animal health workers (CBAHWs), evaluation of CBAHW performance, and selection of local women to func-
tion as buck keepers for the village breeding program, such as the woman pictured below left with neighbors and the FARM proj-
ect veterinarian. FARM provided training in literacy and numeracy for women’s group leaders. The women’s groups demonstrated
their independence, empowerment, and authority in a variety of ways, including the dismissal of officers who were deemed inef-
fective and the replacement of CBAHWSs who were not adequately serving their communities.

FARM also used the goat project to strengthen rural veterinary services in a
number of ways, including training and outfitting CBAHWs; generating inter-
est among local government veterinarians by recruiting them as CBAHW train-
ers and monitors; establishing veterinarian-operated drug shops to improve the
supply of locally available drugs; and providing continuing-education oppor-
tunities to veterinary professionals through training workshops on goat medi-
cine and production as well as by supporting advanced-degree studies for
selected individuals. The picture below right shows a woman CBAHW candi-
date receiving training on goat examination from local veterinarians, sur-
rounded by interested community members.

The Dairy Goat Development Project received external funding from 1988
through 1997, initially from Band Aid, but mainly from the foreign assistance
agency of the British government, the Department for International Develop-
ment (DFID). During the life of the project, over 1600 families received local
goats, repaid their credit, planted forage, and received training in improved goat
management. Five hundred families obtained crosshred goats. Crossbred goat
owners saw milk production increase from 200 to 300 mL per day from local
goats to as much as 2 L per day from crossbred goats. This provided additional
milk for children and also for sale, allowing women to earn discretionary cash
income. One hundred women were trained as CBAHWs, and
100 women’s groups were established. Some 475 extension staff
were trained in goat production techniques, and 9 government
or FARM staff received advanced-degree training.

Village woman selected as breeding buck manager
with project veterinarian. (Photo by Dr. David M.
Sherman)

il

While numbers provide some indication of achievement, less-
quantifiable measures speak of broader success. The Dairy
Goat Development Project helped to transform the status of
women in the areas in which it operated. The women'’s groups
gave women a
voice in com-
munity affairs.
Their training as
CBAHWs and
their responsi-
bility for breed-
ing animals and Village woman being trained as a CBAHW. {Photo courtesy of FARM
forage nurseries Africa-UK)
demonstrated
their capacity to perform outside the traditional sphere of “women’s work.” The
ability to serve their communities produced a sense of pride and accomplish-
ment among participating women and earned them heightened respect from vil-
lage men. A heightened role for women in community affairs and greater respect
from politicians and government authorities are likely to persist wherever FARM
Africa’s Dairy Goat Development project was active. FARM has since initiated sim-
ilar goat projects elsewhere in Ethiopia as well as in Kenya and Tanzania and has
stimulated great interest in the development potential of goats through initiation
- and support of an East African Goat Development Network (EAGODEN) with par-
Proud recipient of project goats. (Photo ticipation at periodic workshops of representatives from Kenya, Tanzania, Uganda,
courtesy of FARM Africa-UK) Ethiopia, Malawi, Zambia, and the United Kingdom.
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+ Not produce adverse environmental effects

» Be widely applicable to regional farmers beyond the

original target beneficiaries

The terms appropriate technology and inappropriate technology differ
from the terms high technology and low technology. High technol-
ogy interventions can be appropriate interventions under the
right circumstances. At present, biotechnological innovations
are receiving relatively bad publicity in the world media, par-
ticularly with regard to the introduction of genetically modi-
fied food crops. Objections to the introduction of such
technology include issues of environmental safety, public
health, and perceived exploitation of poor farmers by large
corporations who are seeking to require farmers to purchase
seed annually rather than allowing them to save back seed from
previous harvests as is traditionally done. Despite these valid
objections, there are tremendous potential opportunities for
agricultural development, improved human health, and
poverty alleviation to be derived from genetically engineered
crops.

Take for instance the reported development in 1999 of “golden
rice” plants that have been transgenically altered with genes
from a daffodil and a bacterium to produce high levels of beta
carotene, a precursor of vitamin A, in the rice endosperm, or
grain. Milled rice, which is low in vitamin A, is the dietary sta-
ple for billions of the world’s people. Vitamin A deficiency is
one of the three main nutrient deficiencies occurring in the
world’s poorest people, many of whom can afford to eat little
else but milled rice and have little or no access to commercial
vitamin supplements. An estimated 200 million children suf-
fer from vitamin A deficiency worldwide, 500,000 go blind
each year, and over 3 million exhibit eye damage. Incorporat-
ing beta carotene-producing genes into rice plants to increase
the vitamin A content in the diet of hundreds of millions of
the world'’s poorest people is clearly a beneficial development.
Since rice is already grown by poor farmers under local con-
ditions and the mechanics of rice farming are therefore fa-
miliar to them, the genetically engineered rice represents a
potentially appropriate and valuable intervention. For it to be
accepted, however, genetically engineered strains must remain
suitable for local growing conditions, seed supplies must be
readily available and not prohibitively expensive, and the safety
of the genetically altered crops for human consumption and
the environment must be proved.

In the implementation of veterinary programs in developing
countries, there are countless decisions to be made about ap-
propriate technological interventions. Veterinarians must make
choices based on the local availability of products and their ef-
ficacy and safety, familiarity to local livestock owners, ease of
use, and potential environmental impact. It is not appropriate
to introduce a new drug, no matter how well it works, if the
supply of that drug can not be reliably ensured or its proper
use adequately maintained. It may do more harm than good to
create short-term expectations and long-term disappoint-
ments. For example, large-scale livestock projects that pro-

moted the building of tick-dipping stations to control tick-
borne diseases in cattle sometimes had unintended detrimen-
tal outcomes. As long as dipping stations were properly
maintained and insecticides were reliably available, tick con-
trol was effective in reducing tick-borne disease and improv-
ing cattle health and productivity. But when project support
was withdrawn, local communities sometimes failed to main-
tain the dipping stations properly, and local authorities failed
to supply insecticide reliably. In such cases, cattle subsequently
suffered even greater damage from tick-borne disease because,
during the interim period of regular dipping, resistance to
tick-borne diseases diminished in cattle populations as a result
of the temporary reduction to tick exposure. Nowadays, the
availability of pour-on or spot-on tick control medications may
obviate the need for maintaining tick-dipping stations. This is
particularly advantageous in very hot climates with low rain-
fall, where finding water supplies to maintain tick dips and
keep them at proper dilutions may be difficult. However, the
use of these new products must be approached cautiously, as
their cost may exceed the means of many poor farmers, and
the potential for insecticide resistance can also emerge.

Veterinary interventions need to fit into existing husbandry
practices and accommodate logistical constraints. For example,
in places where extensive grazing of sheep and goats is prac-
ticed, there is often the need for an effective antibiotic to con-
trol predictable outbreaks of pneumonia, keratoconjunctivitis,
contagious abortion, and other infectious diseases. In small ru-
minants, common causes of infectious disease include not only
bacteria, but Chlamydia and Mycoplasma spp. as well. In these sit-
uations, if a single effective antibiotic is going to be introduced
to animal health workers serving the needs of extensive
herders, then oxytetracycline represents a good choice of an-
tibiotic, as its spectrum of activity includes Chlamydia and My-
coplasma spp. as well as many bacteria. Yet given the difficulty of
reliably reaching herders who are extensively grazing sheep
and goats, the decision to use oxytetracycline can be extended
a step further. Long-acting oxytetracycline that provides ther-
apeutic concentrations of drug for up to 72 hours with a sin-
gle injection would be much preferred to tetracycline
formulations lasting only 24 hours, because it is logistically
difficult to administer daily injections to animals that are ex-
tensively grazed and moving regularly, especially when veteri-
nary personnel may not have reliable access to transportation.
Even with this level of detailed consideration, the choice of an-
tibiotic may still be problematic. If the animals are lactating
and milk is consumed by the herder or family, then milk dis-
card times also become an issue.

Another important aspect of appropriate technology and its
application is to seek out indigenous knowledge. Veterinarians
working in development have become increasingly open to
seeking out local information concerning traditional medi-
cines and treatments. This willingness to listen and consider al-
ternative solutions is a healthy development and has resulted
in the expanding field of ethnoveterinary medicine. Ethnovet-
erinary medicine and resources related to it are discussed in
more detail in Chapter 8. An example of the potential role of



indigenous knowledge in solving veterinary problems in rela-
tion to the control of external parasites in sheep and goats is
also given in that chapter in the sidebar “Ethnoveterinary Med-
icine: To Spray or Not to Spray? That is the Question.”

Microcredit

Improving access to agricultural credit by small farmers has
long been recognized by development specialists as an im-
portant tool for eliminating poverty. However, providing credit
to the poorest of the poor has, until recently, proved difficult.
Traditionally, typical lending institutions normally insist on
having the applicant put up some form of reliable collateral
as a condition of making the loan, and the poorest of the poor
usually have no collateral to offer. So they are left without
credit or forced to borrow from local moneylenders, fre-
quently at usurious rates that may drive them deeper into
poverty. This situation began to change dramatically in 1976,
when Mohammed Yunus, an economics professor in
Bangladesh, founded the small-scale lending program that
led to formation of the Grameen Bank.

The preceding year, Yunus had carried out a survey on the lives
of poor women and concluded that there would be a much
greater chance for the poor to benefit from their own labor if
they had access to even small amounts of financial capital. The
Grameen Bank was founded in Bangladesh specifically to make
small loans to the poor without the requirement of collateral.
Instead, loan applicants in a village or area had to form into
small groups of five. The groups met regularly to discuss their
aspirations and investment ideas with each other and a bank
representative, and eventually two group members were se-
lected by mutual consent to submit their requests for the ini-
tial loans of up to US$250. The remaining group members
could not receive their loans if the initial two loan recipients
defaulted on their loan repayment. Using this approach of peer
pressure and shared responsibility in lieu of collateral and by
bringing bank representatives to the village rather than mak-
ing villagers go to the bank, Yunus demonstrated that the poor
were, on average, evenl more responsible about loan repayment
than wealthier borrowers who put up collateral for traditional
loans, but who defaulted at higher rates.

Grameen bank was conceived as a rural bank rather than sim-
ply an agricultural bank, based on the recognition that all the
rural poor are not directly involved in agriculture and that
women and the landless especially may have other income-
generating ideas and skills beyond farming that can improve
their own livelihoods and strengthen the overall economic and
social life of the rural community. The idea has basically been
proved correct. Loan recipients have used their loans for a va-
riety of purposes, including shop keeping or other trading ac-
tivities, processing value-added goods from local commodities
such as cheese making or basket making, providing trans-
portation services with draft animals or rickshaws, storing
agricultural produce to take advantage of off-season prices, and
establishing various types of service-oriented businesses, such
as bicycle repair or tailoring. Once initial capital has been ob-
tained, with average loans of about US$70, many of the poor
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have shown remarkable entrepreneurial skill, continually trad-
ing up their initial investments and returns to expand or di-
versify their activities. It is not unusual for family incomes to
triple or quadruple when loans are used to advantage.

Since its inception 24 years ago, Grameen Bank has established
over 1100 rural branches serving almost 40,000 villages. More
than 2.2 million women have received loans, and more than
123,000 men. The total amount loaned has now exceeded
US$3 billion. More information about the Grameen Bank is
available on the internet at http://www.grameen-info.org/.

Among its many accomplishments, the activities of the
Grameen Bank have demonstrated one important fact that
should be of interest to advocates of livestock in development.
The poor, especially poor women, recognize livestock as a
valuable and critical investment to improve their livelihoods.
The purchase of cattle, goats, and poultry is one of the high-
est preferences for women seeking loans from the Grameen
Bank (Fig. 5-10).Through the purchase of livestock, many
women realize increased income and improved nutritional sta-
tus for their children. It is common for women to start with
poultry or goats to sell birds, eggs, kids, or milk and then trade
up to the purchase of a cow for milk production or fattening.
They are then able to generate sufficient income to send chil-
dren to school, improve their housing, or make other pur-
chases to improve the quality of their family’s lives that were
previously unimaginable.

The power of microcredit to change the lives of the poor has
been dramatically demonstrated by the Grameen Bank. That ex-
perience has now been studied, adapted, and refined by nu-
merous organizations, from multilateral donors such as IFAD,
to local NGOs that now provide microcredit to poor people
throughout the world, including inner city communities

A Grameen Bank loan recipient in Bangladesh

Figure 5-10.
tending chicks in her poultry enterprise. The value of livestock and
livestock-based activities to the rural poor as a tool for improving
livelihoods is underscored by the high frequency with which
microcredit is sought for investment in livestock by poor women
around the world. (Courtesy of the Grameen Bank. For additional
photos see http://www.grameen-info.org/)
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within the United States. An international Microcredit Summit
was held in 1997 in Washington, DC. Presentations from that
Summit as well as updated information about new develop-
ments in microcredit are available on the internet at
http://www.microcreditsummit.org/.

Stewardship of Natural Resources

The rural poor have limited access to external inputs in their
daily lives. Much of what they depend on for their livelihood
derives from the local natural resource base of soil, water, sun-
shine, vegetation, and animal life, both domestic and wild.
Several factors are placing increased pressure on the natural re-
source base of the rural poor. These include high population
growth rates, and the dislocation of the poor into marginal
agroecological zones through urbanization, by the expansion
of commercial agriculture, or by civil unrest leading to refugee
movements. Serious problems such as deforestation, soil ero-
sion, land degradation, and the loss of biodiversity are due, at
least in part, to the desperate actions of poor people pushed to
the margins of existence.

To be sustainable, therefore, poverty-focused development
must foster practices that promote stewardship of natural re-
sources. This can be accomplished through efforts to restore
damaged environments, such as reforestation, or by efforts to
minimize further losses, such as terracing hillsides to reduce
soil erosion. It also can be accomplished through the devel-
opment and introduction of appropriate technologies that re-
duce dependence on limited local resources (e.g, solar cookers
that would reduce dependence on scarce fuel wood or drip ir-
rigation practices to reduce water use).

Existing resources also can be used more efficiently, resulting
in greater overall productivity and better resource manage-
ment. Better integration of animals into smallholder farming
systems offers such an opportunity. Livestock can convert crop
residues and kitchen wastes into animal protein. Their manure
can be turned back onto croplands to enrich the soil and im-
prove crop production or used as a substrate in farm ponds to
produce fish for sale or consumption. It can also be used to
produce methane in biodigesters, which can substitute for
wood as a cooking fuel and provide heat and light. Draft ani-
mals can provide needed power for agricultural work with-
out greater dependence on nonrenewable resources such as the
fossil fuels needed to power tractors or rototillers. For ani-
mals to serve effectively in the stewardship of natural re-
sources, they must remain healthy, which requires greater
access to veterinary services for the rural poor.

Opportunities for Veterinarians in
Development Work

Given the important role of animals in the daily lives of the
poor and the constraints that exist on animal health and pro-
ductivity in many developing countries, there are clearly op-
portunities for veterinarians from developed countries to
become involved in development work. That such a need ex-
ists is confirmed by the number of veterinary-focused NGOs

that have arisen in recent years. These include Vetaid (www.
vetaid.org) and Vetwork (www.vetwork.org.uk) in the UK,;
Volunteers in International Veterinary Assistance (VIVA) and
Christian Veterinary Mission (www.vetmission.org/ ) in the
United States; and Veterinaires Sans Frontieres (VSF), with in-
dependent chapters based in France (www.vsf-france.org/),
Belgium, Spain (www.pangea.org/vetsf/) and other European
nations. In addition, there are a number of NGOs that focus
more broadly on issues of rural development but recognize the
importance of livestock in sustainable development. These
NGOs, such as Heifer Project International (www.heifer.org)
and FARM Africa (www.farmafrica.orguk/), increasingly in-
corporate veterinary components into their overall develop-
ment programs and use veterinarians as staff, consultants, or
volunteers.

These veterinary and development NGOs are involved in a va-
riety of activities aimed at assisting the world’s poor who de-
pend on animals for their livelihood. They may work in a relief
context, providing short-term veterinary support for the ani-
mals of refugees and displaced persons during times of war,
drought, and other natural and man-made disasters, or they
may be involved in long-term development projects aimed at
improving the health and productivity of livestock owned by
small farmers and herders through education and training pro-
grams, community organization, or the introduction of new
management techniques and small-scale livestock enterprises.
They may also focus on improving reliable access to veterinary
services for the rural poor. Toward this end, many projects in
recent years have involved the training of paraprofessional,
community-based animal health workers (CBAHWs) who can
help provide basic veterinary assistance to villagers and herders
in remote areas that are served by neither government veteri-
narians nor private veterinary practitioners. An example of a
community-based animal health program is provided in this
chapter in the sidebar on Ethiopia and also in Chapter 8 in
the sidebar on Afghanistan.

Another important development in the last decade has been
the movement in many developing countries to privatize vet-
erinary services by downsizing the ranks of government vet-
erinarians and moving them into the private sector. As there
is little experience with veterinary private practice in many of
these countries, a number of aid agencies are bringing veteri-
narians from developed countries to lend their experience and
expertise as private practitioners to veterinarians in develop-
ing countries who face the unfamiliar and daunting prospect
of making a living from private practice (see sidebar “Hard
Times in Mongolia: American Veterinarians Help with a Diffi-
cult Transition to Private Veterinary Practice”). The general
trend toward privatization of veterinary services in developing
countries and the reasons behind it are discussed further in
Chapter 8.

Animal health issues affecting the poor extend beyond the vil-
lage level. The capacity for nations to diagnose and control in-
fectious diseases is critical to maintaining a healthy national
livestock resource, a strong agricultural economy, and a thriving
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Hard Times in Mongolia: American Veterinarians Help with a Difficult Transition
to Private Veterinary Practice

ongolia is a landlocked country in Central Asia, characterized by vast open grasslands, the rugged Altay mountains, and

the Gobi desert. It is more than twice the size of Texas but has a total population of only 2.6 million people. About half

of Mongolians live in urban areas, primarily in the capital city of Ulaan Baatar, while the other half live in rural areas.
With only 1% of the land suitable for crop production, the vast majority of rural people are pastoralist herders, engaged primarily
in livestock keeping. The basic pattern of rural life in Mongolia has changed little since the time of Genghis Kahn, the great Mon-
golian hero who conquered much of Asia and Europe in the 13th
century. Herders still live in portable gers, the circular dwellings
made of felted wool hung on a wooden frame, whose only door
always faces south. While some herders use motorcycles, most still
move about the plains on horseback, tending mixed flocks of
sheep, goats, and cattle, regularly moving their stock in search of
adequate water and forage. In the colder, more mountainous north,
cattle may be replaced by the heartier, more cold-adapted yak, and
in the drier Gobi region to the south, by the two-humped, or Bac-
trian, camel, but in all regions, sheep and goats prevail. Most of
the herders’ basic needs, including food, clothing, shelter, and cash
income are derived from the animals they keep. Overall, agricul-
ture contributes about 31% of the GDP of Mongolia, primarily
through livestock.

Mongolia

China

For much of the 20th century, Mongolia was an autonomous, communist republic with strong economic and political ties to the
Soviet Union. Under the Mongolian communist system, herders did not own their own animals, but rather, managed them for the
state. Quotas for wool, meat, and milk production were set by government, and herders were responsible for producing the set
quotas. The Soviet Union was the major purchaser of animal products and, essentially underwrote the entire economic life of
Mongolia. Under the socialist system, herders fared reasonably well. They had an assured market for their animal products and
received a regular salary for their herding work. They also received numerous social
welfare benefits from the state, including reasonable access to health care, ed-
ucation for their children, a retirement pension, and free veterinary service
for their livestock from a state veterinary service. Mongolia even had its
own veterinary faculty in Ulaan Baatar, established in 1942.

Significant changes began to occur in Mongolia in the early 1990s.
Despite the relative prosperity Mongolians enjoyed under their
communist regime, they bristled at the overall authoritarianism,
abuse of human rights, and lack of religious freedoms. A democ-
racy movement developed, and in 1990, the communists were
obliged to give up their constitutional powers and free elections
were held. In 1992, the Soviet Union was dissolved, and the eco-
nomic support provided by the Soviets in the form of subsidies and
reliable markets for Mongolian livestock products disappeared. The
weak economy of the emergent Russian Federation offered little
hope that significant sales to Russia would resume anytime soon. As

a result, Mongolia faced serious financial obstacles just as it embarked
on its new experiment in democratic government and free-market eco-
nomics. The loss of trade with the former Soviet Union meant a
dramatically shrunken economy and reduced government rev-

enues. As a result, many government entitlements were eliminated 5 Mongolian ger, the traditional portable home of Mongolian

or reduced, and many Mongolians experienced a reduction in their | 4. (Photo by Dr. David M. Sherman)

standard of living. Many formerly collectivized industrial enter-

prises were privatized, and considerable numbers of urban workers became unemployed. Many returned to the countryside to take
up the activity that has supported Mongolians through the ages, namely, herding.

(contipued)
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Hard Times in Mongolia: American Veterinarians Help with a Difficult Transition
to Private Veterinary Practice (Continued)

One important casualty of the shrinking economy in Mongolia has been veterinary service delivery, a vital activity in a country in
which most citizens depend directly on livestock production. Under the communist system, veterinarians were employed by gov-
ernment and used drugs, supplies, and vaccines that were either produced or procured and distributed by government. Services to
livestock owners were provided free of charge. Abruptly in 1999, however, the government announced that it was privatizing the
government veterinary service. It produced a list of district veterinary clinics around the country that had been operated by gov-
ernment and staffed by government-employed veterinarians. These clinics would now auctioned off to veterinarians or veterinary
assistants through a competitive bidding process that gave no special consideration to the veterinarians who had been staffing the
clinics. At the same time, however, the government retained control over the procurement and distribution of vaccines and drugs
and let it be known that vaccines and deworming medicines were being made available to the newly privatized veterinarians for
free, even though the vets would now have to charge their clients for the drugs to make a living.

[t would not be an exaggeration to say that the delivery of animal health services to herders in Mongolia is currently in crisis. It re-
mains to be seen if the current privatization effort can result in effective delivery of clinical veterinary services in the private sec-
tor. A number of constraints are readily identifiable, including

¢ A reluctance by herders to pay for veterinary services that for decades were provided for free under the communist system,
* Difficulty of herders to pay, because of limited access to cash in a subsistence herder economy,

* A lack of understanding by herders of the range of services that trained veterinarians can offer and how such services can im-
prove livestock health and productivity,

*» A lack of appreciation by herders of the highly favorable benefit-cost ratio of certain veterinary interventions in terms of de-
creased morbidity and mortality and improved growth and production,

e Logistical problems such as low population density, extensive distribution of livestock, and poor communication and trans-
portation infrastructure, which make it difficult for veterinarians to deliver timely and economical service and be financially
successful at the same time,

* A lack of confidence among veterinarians themselves about their professional abilities and the ability to run a private veteri-
nary practice successfully,

* A lack of access to professional information about contemporary developments in clinical veterinary practice,
¢ The absence of a veterinary practice act to provide a clear legal framework for private veterinary practice,

¢ A government-controlled system of vaccine and drug
procurement and distribution that keeps the private
veterinarian’s “means of production” under strict gov-
ernment control, that does not reliably deliver ade-
quate supplies of needed materials in a timely fashion,
and which is unresponsive to changing patterns of de-
mand.

Several American NGOs have been actively involved in
rural development activities in Mongolia in recent years
and have focused a significant portion of their efforts on
the issue of veterinary service delivery. Agriculture Co-
operation Development [nternational/Volunteers in
Overseas Cooperative Assistance (ACDI/VOCA) is one

A Mongolian herder on horseback tending goats and sheep. (Photo by Dr. such agency, with funding from the USAID, with pro-
David M. Sherman) grams in both agronomy and livestock development, in-
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cluding veterinary medicine. ACDI/VOCA employs a full-time American veterinarian on staff in Mongolia but also has had nine
American veterinary volunteers and consultants come to Mongolia to assist in their effort to support the successful privatization of
veterinary services. These veterinarians represented a wide range of professional experience, including private large animal prac-
titioners, academicspecialists, and former officers of the American Veterinary Medical Association (AVMA). Consulting activities in-
cluded evaluations of the constraints on private practice, epidemiological investigations of gastrointestinal parasitism with
development of recommendations on strategic worming, and assistance in the organization of the Mongolian Private Veterinary As-
sociation, including the drafting of a constitution and bylaws. ACDI/VOCA is also involved in providing credit for the purchase of
basic supplies, medicines, and equipment to Mongolian veterinarians seeking to establish private practices in ACDVWOCA's proj-
ect districts. Veterinarians who qualify for credit are also supported with business and technical training.

Christian Veterinary Mission, a faith-based American NGO is also active in Mongolia through the umbrella organization Joint Chris-
tian Services (JCS) International. There are two full-time American veterinarians in Mongolia with JCS, and up to 50 additional short-
and long-term veterinary volunteer/consultants have visited Mongolia since 1994 in support of the veterinary effort there. JCS has
worked closely, one on one, with Mongolian veterinarians in their project districts, providing technical assistance, small business
management, and loans to equip and outfit veterinary practices. In addition, they have been actively involved with the Faculty of
Veterinary Medicine in Ulaan Baatar, participating in veterinary training and providing financial inputs to upgrade laboratory teach-
ing facilities.

A third American NGO, Mercy Corps International, is the implementing agency for the USAID-funded Gobi Regional Economic
Development Initiative. The goals of the Gobi Initiative are to improve agricultural practices in the Gobi region, particularly with
regard to herding and cashmere production; to enhance business practices; to
increase the quality and quantity of market information available to produc-
ers; to improve the capacity of local government to support economic growth;
and to help civil society organizations function more effectively in promoting
beneficial rural policies. Though veterinary medicine was not specifically iden-
tified as a program focus, staff came to realize that veterinary service delivery
was a critical aspect in promoting improved herding practices and cashmere
production. As a result, the Gobi Initiative invited two American veterinary con-
sultants to Mongolia in 1999-2000 to evaluate the state of veterinary services
in their project districts and to make recommendations on how improved vet-
erinary service can be integrated into the overall Gobi Initiative programs

In addition to American involvement in Mongolian veterinary medicine, other
nations are also involved. The technical assistance agency of the German gov-
ernment, GTZ, is also involved in veterinary privatization efforts in the districts
where they work. They are organizing private veterinarians into buying coop-
eratives to help them obtain the drugs and equipment they need at prices that
allow them to provide services to subsistence herders at affordable prices. The
Japanese government is also involved through the Japan International Cooper-
ation Agency, working with the Mongolian government to improve the techni-
cal capacity of the national veterinary diagnostic laboratory facilities and 5 Mongolian herder mounted on a Bactrian camel.
thereby improve national disease surveillance activities. (Photo by Dr. David M. Sherman)

The importance of veterinary medicine to Mongolia can not be overemphasized. As much as 50% of the Mongolian population
depend directly on healthy and productive livestock for their subsistence and livelihood. In addition, the economic future of the
country depends heavily on the renewed capacity to export high-quality and wholesome livestock products to global markets. A
breakdown in veterinary services delivery presents a serious obstacle to achieving this economic recovery. The urgency of the sit-
uation was brought home in March of 2000 when an outbreak of foot and mouth disease occurred in Mongolia, effectively shut-
ting down export markets until the country could demonstrate that the outbreak had been effectively contained.
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export market. Effective control of diseases such as rinder-
pest, East Coast fever, contagious bovine pleuropneumonia,
or foot and mouth disease require suitable diagnostic tests,
effective disease surveillance programs, reliable vaccines, and
well-organized vaccination campaigns. Finding solutions to
these problems also requires a strong commitment to animal
health research in the developing country context. A number
of agencies use veterinary specialists to provide technical as-
sistance to governments in developing countries to address
such issues. These organizations include the International Live-
stock Research Institute (ILRI), the FAO of the United Nations,
and numerous developed-country governments through their
respective foreign assistance agencies. USAID, for example, has
funded a number of large-scale foreign assistance projects that
focused on development of veterinary infrastructure, disease
control research, vaccine production, and/or veterinary serv-
ice delivery. The review by Turk of animal health projects car-
ried out by USAID between 1960 and 1993 provides a useful
overview of the types of issues which need to be addressed,
and some of the problems encountered in the implementation
of large scale aid projects.!®

More information about agencies and organizations involved
in different aspects of development work is available in Chap-
ter 10. A visit to the website of any of the organizations men-
tioned in the preceding paragraphs or in Chapter 10 will give
the reader a better flavor of the scope and variety of the work
that they do in the context of livestock in development and the
range of opportunities available to interested veterinarians.

Discussion Points

1. Over the years, scientists, relief workers, and aid agencies
have sought signs that would give early indications of
impending severe drought so as to better avert major
famines. As such, famine early-warning systems have been
developed. What are the agroclimatic, social, and economic
indicators that help to anticipate famine? What can be done
to minimize the effects on livestock keepers and improve
their prospects for recovery?

2. Identify a country from the former Soviet bloc and attempt
an analysis of the impact of the transition from a socialist
command economy to a private, free-market economy on
veterinary service delivery in the country. What sorts of
assistance might be useful to assist in the transition?

3. Poultry-raising schemes for poor village women are
increasingly popular with NGOs working in poverty-focused
rural development. Imagine you are consulting with an
NGO on a village poultry-introduction scheme and are
responsible for developing training materials related to
health. What diseases and disease-control practices would
yon recommend? You can make the exercise country specific
to reflect local conditions.

4. Practice rapid rural appraisal techniques. Visit a local farm family
and have them develop a seasonal calendar of agricultural and
livestock activities and a timetable of labor expenditures for
each family member relative to the farm operation. Develop a

rough map of the farm inventory and natural resource
distribution. Identify and discuss with the farmer any
constraints that the farmer faces with respect to improving the
productivity and profitability of the farm operation.

S. There is increasing interest in the development community
of linking village- or family-level livestock improvement
projects directly to micronutrient nutrition for children in
that village or family. What are the opportunities to exploit
improved micronutrient nutrition through the introduction
of animals or through increased animal production. What
micronutrient requirements cannot be met through
increased intake of animal products in the diet?

6. Many NGOs, on their websites, describe their specific field
projects in poverty-focused development around the world.
Review some of these projects, select one, preferably
involving livestock, and evaluate it in the context of
sustainability. Will the project offer lasting benefits to
targeted beneficiaries? If you think not, what elements of
project design are lacking that might otherwise promote
sustainability? What questions might you want to ask the
NGO project manager?

7. Many analysts believe that it is in the best self-interest of the
United States to increase foreign assistance to the poorest
countries of the developing world. Identify some of the
potential benefits to the United States of increasing
economic and development assistance to specific countries

in Asia or Africa.
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Introduction

From the moment that our human ancestors discovered the
use of fire, human activities have carried environmental con-
sequences. However, when the human population was small
and technology was limited, Earth generally accommodated
human influences, being possessed of an inherent resiliency
and a strong capacity for regeneration. Today, the situation is
markedly different. Enormous increases in human population
along with powerful technological advancements now allow
human beings to transform the earth in profound and poten-
tially irreversible ways, including alterations in atmosphere and
climate, depletion of nonrenewable resources, accelerating
rates of biological extinction, and persistent contamination
of air, water, soil, and living organisms with manufactured
chemicals and radioactive isotopes. Such profound, global en-
vironmental change may actually undermine the capacity of
the earth to maintain the health and sustenance of the planet’s
biological community, including humankind.

While science and technology have provided society with the
tools for serious environmental perturbation, they have also al-
lowed us to better understand how the global ecosystem func-
tions and to better assess and monitor the environmental ef-
fects of human activity. As scientific evidence of long-term
environmental degradation continues to mount and the con-
sequences of this degradation are better understood by the
public, there is an increased willingness among politicians and
policymakers to understand and address the environmental
costs of social and economic progress.

Virtually every aspect of human activity is now being recog-
nized for its potential impact on the environment. Animal agri-
culture is no exception. In fact, both traditional and contem-
porary livestock production systems have come under criticism
for their perceived negative consequences on the environment.
Pastoralism and ranching, for instance, have been implicated
in the processes of desertification, land degradation, defor-
estation, and loss of biodiversity, while intensive, industrial
livestock production has been associated with chemical pollu-
tion, excessive natural resource consumption, contamination
of groundwater, and even global warming.

Animal agriculture can contribute to these environmental
problems, but the extent to which it does is sometimes mis-
understood or overstated. In other cases, a full understanding
of the role of livestock production is yet to be fully elucidated.
In this chapter, current knowledge concerning the environ-
mental costs of animal agricuiture is discussed, with emphasis
on the relative role of livestock production in environmental
degradation, compared with that of other human activities.

Livestock can, in some circumstances, contribute to environ-
mental problems, but environmental problems can also im-
pinge on the health and productivity of animals. As global de-
mand for animal products continues to steadily increase, it is
essential for veterinarians to understand the constraints that
environmental degradation can place on meeting that demand

now and in the future. Therefore, this chapter also identifies
and discusses global environmental problems that can ad-
versely affect the health and productivity of animals. Such
problems include global warming, climate change, ozone de-
pletion, nuclear radiation, and persistent chemical pollutants
that can disrupt normal endocrine function in domestic ani-
mals as well as humans and wildlife.

Agriculturists and environmentalists have often been on op-
posing sides of issues. However, as the notion of sustainable
agriculture gains acceptance, there is increasing recognition of
common ground. This is true also in the area of animal agri-
culture. Veterinarians have a unique opportunity to show lead-
ership in bringing these two communities together in con-
structive and mutually beneficial ways and in promoting
policies and perspectives that integrate environmental stew-
ardship with livestock production. Livestock can and should
be managed in ways that balance their usefulness and pro-
ductivity with environmental health and a sustainable future.
As such, veterinarians must to be aware of global environ-
mental problems and recognize their role as scientists to con-
tribute to a better understanding of the relationship of ani-
mal agriculture and the environment.

Issues of Land Transformation

RS

Land is our most fundamental and finite natural resource. It
is the principal limiting factor mitigating against continued
human population growth. Approximately 65% of our plane-
tary surface is water, about 5% is ice, and only 30% is land.
Of the land, just 11% is considered arable, or suitable for agri-
culture. Another 60% is grassland and rangelands suitable for
livestock grazing, and the remainder is composed of forest,
wetlands, desert, high mountains, and other lands unsuitable
for food production.

Human population growth and the accompanying demand for
land to support basic human needs has put intense pressure on
existing land resources and has resulted in considerable trans-
formation of the landscape. This transformation is often asso-
ciated with degradation of the land and its productivity. The
World Resources Institute reports that by the early 1990s, al-
most 40% of the earth’s land surface had been converted to
cropland and permanent pasture, largely at the expense of
grassland and forest.

Three categories of terrestrial decline are discussed in this sec-
tion of the chapter. These are land degradation, desertification,
and deforestation. Livestock keeping has been associated with
all three of these types of land deterioration. However, live-
stock are by no means the only cause of these problems or even
the principal cause. In fact, most land degradation is associated
with the planting of crops, either by clearing of new lands or
the overuse or improper management of existing lands. The
forces that dictate land use and land stewardship are complex.
Nevertheless, veterinarians working in a global context need
to understand these processes of land deterioration and be able



to assess the role of livestock from an informed perspective.
This is especially important, as the perception that livestock are
responsible for widespread land degradation has become per-
vasive among policymakers in recent decades and has led to a
retreat from international aid efforts that focus on livestock de-
velopment activities in developing countries.

As human activity continues to degrade land, society looks in-
creasingly to the lakes, oceans, and seas to support the human
demand for food. In so doing, the process of habitat destruc-
tion has been extended to aquatic environments as well. The
last portion of this section looks briefly at the implications of
aquaculture and fisheries on the health of natural aquatic
ecosystems.

Land Degradation

Land degradation is an environmental and societal problem of
global dimensions. The loss of productivity of land used for
food production raises serious questions about the world’s ca-
pacity to adequately feed expanding human populations in the
future. At the same time, the continuing transformation of nat-
ural landscapes for human use, to compensate for the de-
creased productivity of existing land, has serious, negative im-
pacts on ecological health and biodiversity, which in turn can
undermine the well-being of human society.

The Scope of Land Degradation

To say that lJand is degraded implies a value judgment. It means
that there is a human expectation concerning what outputs
that land can produce and that the expected outputs of the land
are no longer being achieved. The cultural values and eco-
nomic status that prevail in any society strongly influence per-
ceptions regarding the inherent value and intended use of
land, and these perceptions change over time.

For example, a square mile of forest in New England provided
Native Americans with significant benefits consistent with
their culture in terms of hunting and foraging, and there is ev-
idence that a certain level of woodland management was prac-
ticed to encourage greater yields of game from the forest. At
that time, the land was most valued as woodland. Subsequently,
European colonists, with their agricultural tradition, perceived
a different value for the woodlands. They cleared the forests
to produce lumber for the construction of permanent
dwellings and to create open flelds for the cultivation of crops
and pastures for domestic animals. Today, with commercial
agriculture having shifted westward in the United States, the
value of former cropland in New England is now most often
measured by its potential for the development of suburban
housing, industrial parks, or shopping malls. Once so devel-
oped, the agricultural value of such land is essentially lost for-
ever, while its newly perceived value as real estate continues to
appreciate. An excellent reflection on the evolving relationship
of land and its inhabitants can be found in the book Ceremonial
Time: Fifteen Thousand Years on One Square Mile.3°

At present, most of the world’s human population is still based
in rural areas, and these people are directly involved in their
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own food production. For most rural inhabitants, the primary
value of land remains, first and foremost, its agricultural po-
tential. In the agricultural context, land degradation can be de-
fined as the process of depleting or destroying the soil by using
its nutrients and minerals faster than natural processes can re-
store them, resulting in a loss of productivity, or offtake.

The problem of land degradation is widespread. Table 6-1
shows the percentage of arable land on each continent that has
been degraded over the 45-year period following the end of
World War I1.2! Globally, this represents 38% of the world’s
total cultivated area, or 552 million ha of degraded land. It is
further estimated that 15% of this land, or 86 million acres,
is degraded to the point that it is beyond restoration or would
require significant engineering inputs to revitalize it.

Both natural and social forces are at work in land degrada-
tion. The transformation of landscape is a natural physical
process that has been going on as long as Earth has existed. Al-
terations of soil due to leaching, erosion, and compaction as
well as alterations in plant cover are always occurring some-
where on Earth in response to climate, weather, and other
physical factors, independent of human intervention. For ex-
ample, upland rivers, swollen by rain, have always carried soil
and soil nutrients downstreamn and deposited them in alluvial
plains, thus enriching the soil downstream while depleting it
upstream.

However, human interventions in the landscape can amplify
these natural processes, often with negative consequences. Take
the river example just mentioned. When forests are cut on
mountains or hillsides near the river’s source, the water-
retaining capacity of the mountain soil is diminished, the force
of the water’s impact on the land is increased, and the stabil-
ity of the soil itself is undermined. In such situations, heavy
rains can have catastrophic effects, causing deadly mudslides
and severely destructive flooding, as water previously retained

e G

Share of Agricultural Land with

Table 6-1

Degraded Soils, by Region, Occurring
over the Period 1945-1990 )
Region Amount Degraded (%)
Australia 16
Europe 25
North America 26
Asia 38
South America 45
Africa 65
Central America 74
From Gardner G. Shrinking Fields: Cropland Loss in a World of
Eight Billion. Worldwatch Paper no. 131. Washington, DC:
Worldwatch Institute, 1996:27.
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by mountain forests, rapidly swells the river. Soil erosion under
such circumstances is extensive. While widespread deforesta-
tion leading to sporadic mudslides and flooding are a dramatic
example of human-induced land destruction, there are other
human activities that contribute to a steady degradation of
land. Crop agriculture is the process most associated with soil
erosion, but livestock grazing and forest clearing are also rec-
ognized as important causes.

Land Degradation and Crop Agriculture

Agricultural cultivation of land can predispose to soil erosion
by exposing the soil to the action of wind and rain. Excessive
plowing or tilling mobilizes soil for potential loss. Removal of
vegetative cover allows soil to remain exposed, and failure 1o
provide adequate moisture allows soil to dry, making it more
susceptible to removal. Once these conditions are in place, soil
erosion becomes more likely because of the action of wind and
rain.

Soil erosion is costly for several reasons. Not only does it lead
to decreased fertility of land and lost crop production, there
are serious off-site costs as well. Soil blown by wind or moved
by rain finds its way into waterways, carrying with it chemi-
cal fertilizers, pesticides, and herbicides. Silting and obstruc-
tion of waterways interferes with power generation, water
flow, and recreational uses. It diminishes flood control and
water storage capacities of dams and reservoirs and slows re-
plenishment of underground springs. The consequences of soil

Table 6-2

Land Degradation

Loss of topsoil

erosion and other causes of land degradation are summarized
in Table 6-2.

While the severe gullying that occurs with flash floods is
strongly associated with the process of soil erosion in the pub-
lic mind, most serious erosion occurs in a more steady and in-
sidious manner, through the process known as sheet erosion.
Sheet erosion is the even removal of thin layers of soil over time
by the steady action of wind or water. Even the slightest grade
in so-called flat lands contributes to sheet erosion. In sheet ero-
sion, the organic matter and finer grains of mineral soil are
preferentially lost because of their lightness, while the heav-
ier sand and bits of rock stay behind.

Water and wind can conspire in other ways to degrade land.
In hot, dry regions, irrigation is often used to bring otherwise
nonarable land under cultivation. While irrigation has proved
to be an excellent tool for improving global food production,
certain problems are associated with it when sites are not care-
fully selected and irrigation systems are not properly designed
or managed. In some circumstances, soluble salts and miner-
als in the soil readily enter the water introduced by irriga-
tion. Hot winds playing over the surface of the wet soil induce
a constant evaporative action that wicks the soil moisture to
the surface, allowing the water to dissipate, while the soluble
salts precipitate out on the soil surface forming a white, chalky
crust and creating concentrated salinity in the upper soil lay-
ers that is essentially toxic to most plant growth. Salinization
is one of the earliest known causes of widespread land degra-

Consequences of Soil Erosion and Other Causes of

Gullying of land surfaces

Reduced area of cultivable land

Silting of waterways from soil runoff, with impairment of water supplies

Contamination of water supplies with fertilizers, pesticides, and herbicides

Loss of soil organic matter, with diminished water and mineral retention

Leaching of soil minerals, with loss of soil fertility

Soil compaction, with diminished seed germination

Decreased productivity of cultivated land

Increased need for costly external inputs to restore or replenish soil nutrients

Waterlogging of soils from improper irrigation, leading to root rot

Salinization of soils from improper irrigation, leading to salt toxicity for plants

Loss or alteration of natural vegetative cover

Loss of biodiversity

Drying and dusting of soils with wind blowing, leading to desertification




dation. Archeologists studying early agriculture in the Near
East have documented the gradual degradation of the irrigated
farmlands between the Tigris and Euphrates Rivers in ancient
Mesopotamia, based on records of wheat and barley planting.
Barley is a much more salt-tolerant crop than wheat. About
3500 years ago, wheat and barley each accounted for about
half the cereal crop in the region. Within 1000 years, barley
accounted for five sixths of the cereal crop, and by 1700 Bc,
wheat cultivation had essentially ceased.?¢ Today, this area, now
in southern Iraq, is largely a wasteland.

In modern times, the process of salinization accounts for large-
scale land degradation in many areas of the world, notably Aus-
tralia, China, and the south Asian countries of India and Pak-
istan, where, respectively, 13 and 22% of irrigated land is now
unusable due to salinity. Salinization is not the only potential
adverse consequence of irrigation. Waterlogging of soils, with
subsequent damage to plant roots, is another important con-
straint in irrigation systems that are not properly drained. In
addition, bringing too much land under irrigation can have
serious effects on water supplies. Underground aquifers can be
lowered or exhausted by overpumping, and above-ground
water sources can be depleted or diverted to the detriment of
other uses. A startling and dramatic example is the ecological
devastation of the Aral Sea and the collapse of its fishing in-
dustry due to the virtual draining of that inland sea to pro-
vide irrigation water for widespread rice and cotton cultiva-
tion in Uzbekistan and Tajikistan.

Soil must be viewed as a finite resource of great value. The av-
erage depth of topsoil in the United States is about 18 to 20
cm. Wind alone can remove a thin layer of 0.4 c¢m, each year
from the surface of tilled land. This wind action removes more
mineral nutrients per acre than would be taken away in a 35-
bu crop of oats or one and a quarter tons of hay. The Dustbowl,
which occurred in the United States in the 1930s, is a well-
known example of the seriousness of soil erosion on a massive
scale. The stage was set for the Dustbowl in the 1920s, when
the southern plains areas of Kansas, Nebraska, Colorado, Texas,
Oklahoma, and New Mexico were brought under cultivation
mostly for wheat production, spurred by the boom economy
that followed World War I. These areas had inadequate rain-
fall, which made them inappropriate for dryland farming.
When wheat prices subsequently fell early in the Depression,
much of the wheat land was abandoned or returned to graz-
ing, thus leaving it exposed to the elements. During the pro-
longed drought that occurred in the early 1930s in the Amer-
ican Midwest, enormous amounts of topsoil were lost to wind
erosion as blowing dust. An area of over 65,000 km? was af-
fected. Clouds of black dust literally darkened the skies as far
east as Chicago.

Out of this experience grew a greater awareness of the need
for soil conservation, supported by both greater research and
regulatory efforts. As a result, many soil conservation practices
are now identifled and encouraged, including no-till farming,
reduced-till farming, terracing of steeply graded land, contour
plowing against the grade of the land, crop rotation, the use of
sod-based crops to bind soil, and the use of cover crops, grass
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strips, and wind breaks to reduce the effects of wind and rain.
Today, in North America, advances in soil conservation prac-
tices are showing some success. Since 1992, U.S. farmers have
reduced soil erosion on croplands by about 1 billion tons
through the Conservation Reserve Program, technical assis-
tance, and regulatory compliance. The greater risk for loss of
prime agricultural land in the United States has become sub-
urban expansion around major metropolitan areas.

Worldwide, land degradation persists as a major problem. The
United Nations Environmental Programme (UNEP) finds land
degradation to be increasing in Africa, Asia and the Pacific, and
Latin America. They consider the situation stable in Europe and
improving in North America.4* Some examples of the extent
and character of land degradation problems as they occur in
different parts of the world are presented in Table 6-3.

Broadly speaking, the human-induced degradation of land
used for agriculture occurs under three sets of circumstances.
The first is when inappropriate types of land are brought into
use. The second is when useful land is improperly managed,
and the third is when there is conflict over the best use of the
land.

Inappropriate Types of Land Are Brought into Use Farmers
have two basic choices with regard to increasing agricultural
productivity. They can increase the output from existing farm-
land or they can bring new land under cultivation. An increase
of agricultural output on existing farmland usually requires the
addition of external inputs such as fertilizers, pesticides, irri-
gation systems, or mechanized equipment, which are com-
monly beyond the economic grasp of subsistence farmers in
many parts of the world. Therefore, cash-poor farmers often
turn to the cultivation of marginal lands or to the conversion
of existing natural habitats into cropland. As a result, steep hill-
sides, grasslands, flood-prone bottomlands, land with poorly
drained soils, tropical forestlands, and other lands not prima-
rily suitable for sustained crop production are brought under
cultivation. In many poor, developing countries with large
rural populations and high population growth rates, expan-
sion of agriculture into marginal lands and wilderness areas
remains the short-term option for increasing food production.

Politics and history can also push poor farmers into the culti-
vation of marginal lands. In Africa, for instance, European
colonists in the 19th and early 20th centuries systematically
identified and appropriated the most productive agricultural
lands to establish commercial farming operations. Indigenous
people were displaced, and sometimes confined, to marginal
lands where efforts at subsistence agriculture were poorly re-
warded and mainly served to exacerbate problems of land
degradation. Today, nations such as Zimbabwe and South Africa
are faced with major political and economic problems as they
attempt to right historic inequities through land restitution
and redistribution programs. At the same time they must ad-
dress the physical problem of rehabilitating degraded lands.

Sometimes, citizens are offered incentives to move to inap-
propriate lands under politically motivated land reform, land
tenure, or land distribution schemes aimed at placating the
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landless poor or establishing political control of specific re-
gions. Such schemes may be associated with ill-conceived poli-
cies that encourage land degradation, such as the clearing of
tropical forests or a requirement for continuous cultivation as
a condition of taking title to the land.

Land That Is Useful Is Not Properly Managed Not all arable
land or grazing land is properly managed for extended pro-
ductivity. Rangelands may be overgrazed by livestock, leading
to alterations in vegetative cover with reductions in nutritive
value of plants and increased risk of soil erosion. On croplands,
irrigation systems may be inappropriately applied or improp-
erly managed, leading to salinization or waterlogging, Sloping
fields may be improperly terraced, contributing to soil erosion.
Grass strips and shelter belts around fields, which protect
against erosion, may be removed to make way for more crop
planting.

For various reasons, soils may become depleted of nutrients.
Farmers may not have adequate capital resources to buy chem-
ical fertilizers, and animal manure may be burned as fuel in-
stead of applied to fields to enrich the soil. Cash crops that
are particularly exhaustive of soil nutrients, such as cotton, may
be planted to provide additional income.

In many poorer countries, technical and financial support for
small farmers is lacking, and this can contribute to the per-
sistence of practices that lead to land degradation. There may
be no credit schemes for farmer inputs. Extension services may
be lacking or geared toward large-scale or commercial farm-
ers rather than traditional, smallholder, subsistence farmers.

Chma Erosion affects more than a th[rd of Chmas terrrtory—some 3. 67 mlfhon square kllometers in GuangXI province,
more than a fifth of irrigation systems are destroyed or completely silted up by eroded soils; salinization has
lowered crop yields on 7 million hectares, use of untreated urban sewage has seriously damaged some 2.5
million hectares, and nearly 7 million hectares are polluted by industrial wastes

Russia Eroded area increases by 400,000-500,000 ha each year and now affects two thirds of Russia’s arable land; water
erosion has created some 400,000 gullies covering more than 500,000 ha

Iran Nearly all-—94%—of Iran’s agricultural land is estimated to be degraded, the bulk of it moderately or strongly;
salinization affects some 16 million hectares of farmland and has forced at least 8 million hectares from \
production

Pakistan Gullies occupy some 60% of the 1.8 million hectare Pothwar Plateau; more than 16% of agricultural land suffers
from salinization; in all, more than 61% of agricultural land is degraded

India Degradation affects one quarter of India’s agricultural land; erosion associated with shifting cultivation has
denuded approximately 27,000 square kilometers of land east of Bihar; at least 2 million hectares of salinized
land have been abandoned

Haiti 32% of land is suitable for farming, but 61% is farmed; severe erosion eliminated 6000 ha of cropland per year in
the mid-1980s

Australia More than 4.5 million hectares of drylands—10% of all cropland—and more than 8% of irrigated area are v 1
affected by salting; area affected by dryland salting doubled in size between 1975 and 1989

From Gardner G. Shrinking Fields: Cropland Loss in a World of Eight Billion. Worldwatch Paper no. 131. Washington, DC: Worldwatch ‘

Institute, 1996:28-29. I

Conflicts over the Best Use of Land Determining how land
will be used is an increasingly complex issue. The intentions
or aspirations of local farmers and herders are often overrid-
den by more-powerful external interests or by events difficult
to control, as in the following examples:

* Industrialization and urbanization have been, and
continue to be, important consumers of prime
farmland as countries develop economically. In
industrialized Asian countries such as Japan and, more
recently, China, cropland is lost at the approximate
rate of 1.4% per year as a result of expanding cities
and factories.

* Some developing nations with significant
international loan repayments to make may offer
incentives to encourage the production of exportable
cash crops rather than locally consumable food crops,
so that the nation can earn much-needed foreign
exchange. Repetitive planting of some cash crops can
seriously deplete soil nutrients.

+ National policies may encourage the settlement or
sedentarization of pastoralists for a variety of social,
economic, and cultural reasons and promote the
conversion of rangelands to irrigated farmlands or
cattle ranches. These alternate uses, if not carefully

conceived and managed, can lead to land degradation.



s Absentee landlords are a growing phenomenon in
developing countries with an expanding affluent
urban middle class that frequently looks to land
purchase and speculation as a means of investment.
Such lands may sit idle, be put to inappropriate uses,

or be managed improperly.

The Role of Livestock in Land Degradation

While crop agriculture is a major cause of land degradation,
livestock production also contributes to this global problem.
The situation in which land degradation is most strongly as-
sociated with livestock is the grazing of rangelands. Rangelands
are grasslands unsuitable for crop production due to inade-
quate moisture, difficult terrain, unsuitable soils, or a short
growing season. Approximately 37% of the earth’s habitable
land is classified as rangelands, and livestock grazing is an
important activity on much of this rangeland. Rangelands ac-
count for 9% of the world’s beef and 30% of sheep and goat
meat production. Broadly speaking, livestock grazing is carried
out for commercial purposes, as in ranching, or for subsistence
purposes, as in pastoralism. Livestock grazing is the only
means of livelihood for about 100 million people in semiarid
and arid grazing zones and perhaps an equal number in sub-
humid and humid zones.

To understand how extensive grazing of livestock can be detri-
mental to rangelands, it is useful to compare it with the natu-
ral grazing systems of wild ungulates. Wild herbivores evolved
as integral components of grassland ecosystems. They play
key roles in normal ecosystem function such as spreading seed;
promoting germination of seed; aerating soil with their
hooves; returning nutrients to the soil through manure, urine,
and degrading carcasses; and generally participating in energy
flow through the ecosystem as solar energy is converted to var-
ious forms of biomass, both plant and animal.

In natural rangeland ecosystems, multiple species of ungulates
with different adaptive feeding strategies are present. For ex-
ample, in the vast grasslands of East Africa, various mixtures of
gazelles and antelopes, buffalo, zebra, and giraffe may be seen
together at a particular site, each group selecting different
plants for consumption, eating different portions of plants,
or consuming plants at different heights. These adaptations re-
duce competition but also promote grassland health. Certain
browsing animals clear shrubs and trees, thus reducing their
shading effect and allowing more penetration of sunlight to
promote grass growth. This, in turn, allows more grazing an-
imals to be present and to replenish soil with their manure and
urine. A recent experiment in the Serengeti National Park in
Tanzania demonstrated that large herbivores played a critical
role in nutrient recycling in that grassland ecosystem.?® In
areas of the park where large herbivores were seen to graze
heavily, nitrogen and sodium in the soil were present in forms
more readily available for uptake by plants growing in those
areas. Similar soils in nearby areas where animal density was
sparse and grazing limited, had nitrogen and sodium present
in forms less available for uptake by plants. It was concluded
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that grazing animals select grazing sites of higher sodium avail-
ability and, in turn, enhance that availability.

Predators also play a role in the management of the grassland
ecosystem. They keep herbivores moving through the land-
scape. This helps to minimize the risk of overgrazing of spe-
cific areas and reduces the risk of soil compaction which oc-
curs when large herds remain too long in a single place.
Predators also help to control herbivore populations, keeping
them in balance with the available nutrient supply. Herbivore
populations are also controlled by fires and droughts, so that
animal numbers will rise and decline in response to changes
in food and water supplies. Fire also plays a role in maintain-
ing the grassland itself. Periodic fires, fueled by the energy con-
tained in abundant grass, serve to control shrubs and brush,
keeping their encroachment on grassland in check.

Domestic animal-grazing systems approximate, but do not
replicate, natural herbivore-grazing systems. When properly
managed, livestock grazing can promote rangeland health
(Table 6-4). However, when improperly managed, the grazing
of domestic animals can distort some of the natural processes
of the grassland ecosystem, frequently with deleterious effects
on the land (Table 6-5). In most ranching enterprises, mixed
wild animal populations on grazing land are replaced by a sin-
gle domestic animal species, usually cattle, and their movement
is restricted by fencing. Predator species are systematically
eliminated to reduce losses of livestock. As a result, ranched
cattle, unlike wild ungulates, neither migrate nor are stimu-
lated to move by fear of predators. They may often stay in one
place too long. They also graze preferentially, selecting certain
grasses over others. If preferred grasses are taken repeatedly
during periods of flowering, nutrient storage, or root expan-
sion, plant vitality and growth suffer. As grass growth is re-
duced, shrubs and brush gain an advantage, and this woody
growth further contributes to reduction of grass growth by
competition for water and by shading. Eventually, the presence
too many cattle for too long a time (overstocking) or an ex-

t Table 6-4 Positive Effects of Properly Managed

Livestock on Rangeland Health

e Removes excessive biomass, which reduces risk of
wildfires; goats are particularly useful in removing brush
understory from woodlands and forests

* Reduces shrub growth, which favors grass growth by
allowing more sunlight penetration to ground

¢ Promotes a favorable mix of plant species on rangeland

« Disperses plant seeds via hooves, hair coat, and manure

* Promotes seed germination with hoof penetration of soil

. ® Breaks dried soil crusts with hoof penetration

* Promotes grass tillering (upward growth of shoots)

e Enriches soil with manure
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Table 6-5 Negative Effects of Livestock on

Rangeland through Overstocking
and/or Overgrazing

* Reduced presence of palatable species of grasses

¢ Encroachment of herbaceous plants and bushes

* Soil compaction with creation of “hardpan”

¢ Soil erosion

* Decreased soil fertility and water infiltration

¢ Loss of organic matter

* Loss of water retention capacity

e Degradation of river and stream banks at watering sites

cessive intensity of grazing relative to the forage available

(overgrazing) can convert an extensive grassland to a scrub-
land of patchy brush interspersed with bare ground. Once
the ground becomes exposed, without the root system of grass
to anchor it, the soil becomes especially vulnerable to erosion
and gullying through the impact of wind and rain. Changes to
the landscape may become irreversible.

Clearly, rangelands are a natural resource that must be prop-
erly managed to remain healthy and productive. In response to
the challenge of understanding the inherent ecology of range-
land ecosystems and how they respond to various forms of
human exploitation, the science of range management has
evolved. The Society for Range Management (SRM) is the pro-
fessional scientific organization concerned with studying, con-
serving, managing and sustaining the varied rangeland re-
sources of the world. Established in 1948, SRM has over 4000
members in 48 countries, including many developing nations.
The organizational mission is to promote and enhance the
stewardship of rangelands to meet human needs based on sci-
ence and sound policy. The SRM journal is available on the in-
ternet at (http://srm.org).

It is beyond the scope of this book to review in detail the prin-
ciples and practices of range management with regard to live-
stock grazing Traditional assessments made by range scientists
include calculations of stocking rates and carrying capacities
for specific rangelands, the types of livestock to be used, and
the specific production goals for the grazing system being
managed. In recent years, greater emphasis has been placed on
patterns of movement and the feeding behavior of grazing live-
stock in recognition of the fact that the key element of dam-
age to rangeland by cattle may be the repeated consumption
of preferred grasses without allowing an adequate interval
for regeneration and growth of those grasses. Certain man-
agement practices are being promoted in recognition of that
fact. These management practices include rotational grazing,
which involves the periodic movement of livestock to fresh,
restricted areas of grazing, and timed grazing, which limits the

time that livestock can spend grazing in one place and coor-
dinates the grazing periods with critical stages in plant growth
cycles.38

There is no one single prescription for using rangeland re-
sources properly, since there is considerable diversity of ter-
rain, climate, soil, and vegetation in different rangelands
around the world. There are also distinct cultural and economic
expectations for the exploitation of these rangelands. Failure
to recognize these differences can lead to inappropriate poli-
cies and even disastrous interventions. For example, many rec-
ommendations by western advisors to encourage fenced
ranching in Africa in place of extensive livestock grazing met
with failure because they did not take into account the extreme
seasonal, interannual, and spatial variability of rainfall in Africa
and did not recognize the traditional practice of herders to use
dry season or wet season grazing areas well outside the limits
of fenced ranches.

Cultural values and economic intentions of the people are very
important in defining land degradation. On cattle ranches,
for example, shrub encroachment is perceived as an important
indicator of land degradation. In the context of commercial
cattle ranching, where the rancher is primarily interested in
maximizing offtake as measured by overall meat production
or calf crop, this is understandable. By nature, cattle are graz-
ers, not browsers, and if shrubs increase and grass supplies di-
minish, ranchers will either have to reduce stocking rates,
which reduces offtake, or provide supplemental feed, which
increases costs. In either case, shrub encroachment at the ex-
pense of grass is clearly an indicator of degraded land from the
commercial rancher’s point of view.

The situation is different when the focus is shifted from the
American West to the African Sahel, where extensive livestock
grazing is the traditional way of life. For many of the pastoral-
ists in this arid, fragile, rangeland ecosystem, the objective of
livestock keeping is often subsistence or survival, not com-
mercial production or trade. These pastoralists generally keep
mixed herds of livestock, including not only cattle, but sheep,
goats, and camels as well. In the Sahel, even though there is a
well-defined wet season from late May to October, rainfall dur-
ing that wet season can be highly unpredictable, and drought
is an ever-present possibility, so mixed herds of livestock rep-
resent a survival strategy based on risk reduction. In fact, pas-
toralists may adjust the mix of various species within their
herds to reflect patterns of available vegetation in different sea-
SOIS Or years.

During prolonged drought, when grasses wither and die, the
pastoralists’ grazing animals, namely cattle and sheep, may also
die, while their browsing animals, goats and camels, are more
likely to survive by eating the remaining woody plants. Brows-
ing goats and camels can continue to provide milk, meat, and
other products to the pastoralists during the drought period to
ensure their survival until the next rains, when they can re-
stock their cattle. For these pastoralists, the presence of woody
plants in rangeland does not represent land degradation. On
the contrary, such plants represent a vital food supply for the



camels and goats on which the pastoralists may depend for
their own survival.

In this context, the concept of overstocking also must be con-
sidered carefully. Pastoralists have frequently been criticized by
outside observers for “keeping too many livestock,” and this
has been identified as a cause of degradation of plant com-
munities on Sahelian rangelands. However, the case can be
made that it is the variability of rainfall, not the number of an-
imals, that determines the composition and health of the plant
community on rangeland. Keeping what appears to be too
many livestock during periods of relatively lush vegetation is
part of a flexible overall survival strategy that pastoralists adopt
to make it through unpredictable and difficult periods of low
rainfall and sparse vegetation in anticipation of potentially high
levels of mortality.

The use of grasslands for ruminant livestock grazing is the
most sustainable and productive use of such land with respect
to food production. While the potential for land degradation
always exists in rangeland livestock systems, the alternatives,
with regard to food production, may be even more destruc-
tive. When good grazing land is coopted for crop production,
it restricts the grazing options of traditional herders. As a re-
sult, overstocking and overgrazing on the remaining grazing
areas of reduced size accelerates the process of land degrada-
tion through poorly managed grazing Time and again
throughout the world, grazing lands traditionally used by pas-
toralists as dry season grazing have been annexed for irriga-
tion schemes as a result of government policy or private en-
trepreneurial initiatives. Ironically, pastoralists are then
frequently blamed for the resulting land degradation that oc-
curs.

Impacts of Inappropriate Livestock
Introductions

While livestock grazing can contribute to rangeland degrada-
tion, appropriate husbandry and informed management can
minimize its environmental impact. Unfortunately, some of the
most egregious cases of environmental degradation by do-
mestic animals have been associated with animals turned loose
to fend for themselves without any human management or
husbandry at all. These situations have become so well known
that they have contributed to a general bias against livestock
with respect to the environment.

The age of European maritime exploration and mercantilism
that began in the late 15th century created global opportuni-
ties for the dissemination of alien plant and animal species into
new environments, either intentionally or unintentionally. The
maintenance of adequate food supplies on extended ocean
voyages was a logistical challenge for seafarers, and one partial
solution to the problem was to set livestock free on island way
stations where the animals could possibly fend for themselves,
multiply, and be subsequently harvested for meat when ships
passed by on future voyages. Goats and pigs were often the an-
imals of choice, in recognition of their superior adaptability
and prolificacy. The problem of course was that without natu-
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ral predators and under favorable conditions of climate and
vegetation, populations of these animals quickly expanded,
and they overran the islands, wreaking ecological destruction
by denuding the islands of vegetation and crowding out in-
digenous species of animals. This scenario was repeated in var-
ious venues for almost 350 years. The Portuguese released a
small herd of goats on St. Helena Island in 1513; Captain Cook
released goats at numerous locations in New Zealand and the
Sandwich Islands (Hawaii) in the 1770s; and Admiral Perry re-
leased goats onto the Bonin Islands off Japan in 1853.

Yet even in these seemingly obvious cases of livestock de-
stroying the environment, the situation was perhaps more
complex than it first appears. Dunbar has critically assessed the
putative role of goats in ecological destruction.'® Among other
examples, Dunbar examines the history of St. Helena island,
an important way station in the south Atlantic for ships mov-
ing between Europe and the Far East around the Cape of Good
Hope. Originally, the island was heavily forested when the Por-
tuguese first deposited goats there. However, the trees on the
island were quickly recognized as a valuable resource by
mariners stopping for ship repairs and fuel on their long voy-
ages. The cutting of trees on the island by sailors became com-
monplace, and eventually the island was denuded. Goats surely
contributed to the deforestation by consuming new seedlings
that sprouted before the young trees could establish them-
selves. Goats, however, did not destroy the forest. Their con-
tribution was to prevent the regrowth of forests that had been
decimated by human activity.

The goat is often cast as scapegoat when environmental degra-
dation is observed and goats are present. However, goats are
famous for their adaptability for surviving under harsh con-
ditions. Often goats remain in degraded environments after the
people and other animals primarily responsible for that degra-
dation have abandoned the premises. The casual observer, ar-
riving late on the scene, may draw the false conclusion that the
goats are at fault, based on the simple circumstantial evidence
that they are present. The eastern Mediterranean region, or Lev-
ant of ancient times, is an important exarnple. After millennia
of deforestation and continuous cultivation without fertiliza-
tion, land in the region became so degraded that most types
of cropping and the grazing of cattle became impossible. Peas-
ants turned to goat herding because goats represented one of
the few agricultural enterprises that such a degraded landscape
would support. Goats are not primarily responsible for the de-
graded condition of the landscape observable today. Rather,
goats are helping local people to eke out a livelihood on a land-
scape severely degraded by the careless management and short-
sightedness of their ancestors. This is not to say that goats can-
not contribute to further degradation if not properly managed.
However, they are not primarily responsible for it.

Desertification

Desertification is the most extreme form of land degradation
and occurs mainly in arid and semiarid environments, espe-
cially in regions adjacent to true deserts. Whereas less-extreme
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forms of land degradation are considered reversible through
proper land management or corrective interventions, deserti-
fication implies irreversible damage to soil, rendering the land-
scape unusable for productive purposes. The terms sandization
and desertization have also been used to describe the process of
desertification. While desertification is often thought of as
the process of deserts expanding by pushing outward, it may
be more appropriate to think of deserts as being drawn out-
ward beyond existing boundaries by mismanagement of adja-
cent lands.

The causes of desertification are usually multiple and complex.
Direct causes can be “biotic,” such as overgrazing and inap-
propriate agricultural practices, or “abiotic,” as in the case of
prolonged drought or climate change. The adverse effects of
these direct causes are frequently exacerbated by misguided
economic and development policies, lack of understanding
of dry ecosystems and their use by local people, political ex-
pediency, and management practices aimed at short-term gains
rather than sustainable use.

The Implications of Desertification

Desertification is an important global issue. It is estimated that
the security and livelihoods of up to 650 million people liv-
ing on desert margins are threatened by the process of deser-
tification. In the context of food production, desertification, as
the endpoint of land degradation, contributes permanently to
the loss of land available for food production, either by live-
stock grazing or through crop cultivation. At present, cropland
availability and cropland productivity are declining on a per
capita basis worldwide. On a regional basis, this trend is par-
ticularly apparent in places where a large percentage of the
available land is in arid and semiarid regions and population
growth rates are high, notably in Africa and south Asia. De-
sertification is also costly from an environmental perspective,
as complex ecosystems in arid and semiarid regions are desta-
bilized and transformed, with a resultant loss of biodiversity.

The Scope of Desertification

Over the millennia, many places on the planet have been trans-
formed from grassland or forest to desert, mostly as a result of
climate change, sometimes as a result of the actions of human
beings. The discovery of cave paintings in Algeria depicting
pastoralists with their cattle, in what is now the heart of the
Sahara desert, bear witness to the changes in landscape that
have occurred over long periods. The paintings of pastoralists
at Tassili-n-Ajjer date back approximately 7000 years. Also pres-
ent at the site are paintings of hippopotami, suggesting a pre-
vious abundance of water in the region. These images reflect
what was possible after the last Ice Age waned and brought a
moist climate to North Africa.

In our own times, there are renewed concerns about the de-
sertification process and its rate of advance. There is recogni-
tion that we are living in a period of notable climatic change,
characterized by global warming and severe El Nifio activity.
These processes can destabilize existing rainfall patterns and

may increase aridity in already dry areas, particularly inland
continental areas. In addition to concerns about climate
change, the role of human agency in desertification has
emerged as an equal or greater concern. Human population
growth has proceeded at alarming rates in many areas at risk
for desertification such as the African Sahel and the Rajasthan
region of India. This has subjected arid and semiarid lands to
excessive pressure and inappropriate use. Furthermore, the
technological power of modern human society to transform
such landscape in destructive ways has also increased. The use
of extensive irrigation and mechanized tillage to convert semi-
arid grasslands into croplands, for instance, can speed the
degradation of soils and lead to desertification if not properly
managed.

The map in Figure 6-1 shows those areas of the world con-
sidered susceptible to desertification, based on geophysical and
climatic factors usually associated with proximity to true
deserts. This map also factors in human population density as
a potential cause of desertification. The actual rate and risk of
desertification in these areas will vary considerably depending
on a number of social factors such as government policies,
agricultural practices, and level of economic development in
different countries and regions. Approximately 30% of the land
surface area of the earth is in arid zones, including true desert.
Some estimates suggest that up to an additional 6 to 15% of
the earth’s land surface may already be affected, to some de-
gree, by the irreversible process of desertification. Areas con-
sidered to be most at risk for advancing desertification today
include northwest China, Central and South Asia, and the
African Sahel.

While desertification is a real concern, there has been consid-
erable debate in recent years on just how severe or extensive
the problem really is. A growing number of responsible sci-
entists and policymakers believe that the problem has been ex-
aggerated. This is due in part to the historic difficulty of ob-
taining and critically evaluating scientific data on a widely
distributed global problem that occurs at multiple sites under
very different and complex circumstances. Another reason has
been an imprecise definition of the term desertification itself.
For a long time, the definitions used failed to differentiate ad-
equately between drought-induced changes in vegetative cover
that are reversible with the return of rains and more-severe
changes in landscape that are essentially irreversible. What is
now identified and discussed as potentially reversible land
degradation was, for much of the 1970s and 1980s, identified
as desertification, which is now more specifically and restric-
tively defined as irreversible change.

The Role of Livestock in Desertification

For veterinarians interested in global issues of livestock pro-
duction, this debate on the scope of desertification is of more
than rhetorical concern. Livestock grazing, the predominant
and traditional form of livelihood in arid and semiarid areas,
is often identified, rightly or wrongly, as a major contribut-
ing factor to widespread desertification. Veterinarians should
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be aware of some of the prevailing attitudes about livestock
grazing in areas susceptible to desertification, the source of
these attitudes, their appropriateness, and the challenges they
present. It is instructive to look at livestock grazing in the
Affrican Sahel to better appreciate the situation.

The Sahel is the margin of arid and semiarid grassland that
roughly defines the southern border of the Sahara desert. It
stretches across the continent from Mauritania and Senegal in
the west to Ethiopia and Somalia in the east. Historically, this
has been a region of pastoralist herders, with livestock grazing
being the most suitably productive use of this land, given the
climate, rainfall, and vegetation. Even livestock grazing, how-
ever, is a risky proposition. The Sahel is characterized by ex-
treme year-to-year fluctuation in rainfall that can cause enor-
mous changes in the character of the environment, with
marked change in the amount of vegetative cover, as shown in
the series of photographs in Figure 6-2.

The desert margin is not defined by a fixed, sharp-edged bor-
der, but rather, by a dynamically shifting front. While vegeta-
tion recedes along that front during periods of drought, the
vegetation is resilient, and the loss of vegetation is not per-
manent. During subsequent periods of rainfall, vegetation re-
turns, and the leading front of the desert recedes. This pattern
is clearly shown in Figure 6-3. During the first interval, be-
tween 1982 and 1984, the desert edge appears to have ad-
vanced southward approximately 240 km (150 miles) across
the width of the continent. However, by 1985 after only 1 year
of rain, the desert edge had essentially retreated back to its
original position, renewing approximately 724,000 km? of
plant cover.#!

These extensive and dramatic changes in vegetation occur in
response to abiotic stimuli, namely variable rainfall or long-
term climate change, largely independent of the influence of
human activity. Paleoclimatological data suggest that there long
have been highly variable cyclical fluctuations in climate in
the Sahel, with intermittent wet and dry periods ranging
from 20 to 270 years in length. In the face of this climatic
uncertainty, indigenous people in the Sahel evolved livestock
production strategies based on long experience with unpre-
dictable rainfall, variable vegetation, and the risk of prolonged
drought that have allowed them to survive. Extensive grazing
of mixed herds emerged as the most rational productive use of
grasslands under semiarid and arid conditions. The ability of
pastoral cultures to adapt successfully to the harsh environment
of the Sahel through mixed livestock grazing is testimony to
their understanding of the complexity, limits, and potential
of that ecosystem.

Social transformations in the Sahel in the last 40 years have,
in many ways, caused more lasting and dramatic perturbations
for pastoralists than has climate change and have contributed
to the perception that livestock grazing is a major cause of
desertification. The modern period of drought, beginning in
the mid-1960s, roughly coincides with the end of colonialism
and the emergence of independent African states. Many emerg-
ing nations embraced the concept of modernization and wel-

There is inherent resiliency in dry land vegetation.

Figure 6-2.
This series of photos shows a steady increase in vegetative cover
over the period 1986 (top), 1987 (middle), and1988 (bottom) at a site
3 km north of the town of Hombori, in Mali. All photos were
taken in October of their respective years. The 1986 photo shows
the vegetative barrenness that persisted for some time after the
severe drought of 1984. However, by 1988, dense grass cover is
evident. The casual observer visiting once in 1986 might
erroneously assume that desertification had occurred. Total annual
rainfall at this site in the drought year of 1984 was 152 mm. In
1986 it was 232 mm; in 1987 it was 218 mm; and in 1988, 302
mm. (Photos courtesy of Dr. Pierre H.Y. Hiernaux, International
Livestock Research Institute, Niamey, Republic of Niger)



Sahara Desert Area; 9,260,000 km

Figure 6-3.  These schematic maps illustrate the dramatic shifts
that occur in the Sahelian region as a result of rainfall, indicating
the dynamic nature of the desert border. The dotted line on each map
represents the northern boundary of vegetation for each year
shown, which is also the southern boundary of the Sahara desert.
El Nifio-associated drought was severe in the Sahel region in 1984
and was associated with a marked recession southward of
vegetation, compared with the situation in 1982. However, as the
1985 photo shows, subsequent rain supported a substantial
northward return of the vegetation cover. The southern border of
Algeria is used as a reference point to visualize the south/north
movement of the vegetation zone, denoted by the diamond-shaped
marker. The shift represented between 1984 and 1985 is 110 km.
This shift of the vegetation zone northward reduced the area of the
Sahara desert by 724,000 km?. (From data in Tucker CJ, Dregne
HE, Newcomb WW. Expansion and contraction of the Sahara desert
from 1980 to 1990. Science 1991;253:299-302.).
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comed foreign aid and technical input to support it. Many new
governments began to look at grasslands with an eye toward
their agricultural potential, misperceiving the appropriateness
and high productivity of traditional livestock grazing. Regret-
tably, pastoralism and pastoralists were identified as the an-
tithesis of modernity. Schemes to settle pastoralists and have
them take up crop cultivation became popular, and when pas-
toralists resisted, it reinforced the perception that they were
backward thinking and uncooperative.

Newly elected governments favored agricultural schemes over
livestock for a number of reasons. Cash crops for export could
earn these young and cash-poor countries much-needed for-
eign currency. Expanding urban populations required increas-
ing amounts of food in the form of grain and, western donors,
impressed by the success of the Green Revolution in Asia, en-
couraged the development of new agricultural schemes using
irrigation and improved seeds and offered foreign aid for im-
plementation.

Agricultural development causes dislocation of traditional
herders and contributes to the perception that livestock are de-
grading the environment. Rangelands converted to cropland
become unavailable to livestock, and pastoralists are thus lim-
ited to decreased grazing areas. The risk of overgrazing on re-
duced land areas is then increased. Frequently, the rangelands
that are converted to crop production are the same rangelands
that pastoral cultures depend on in dry periods for emergency
feed supplies for their livestock. This represents a double jeop-
ardy. When dry periods do come, people are deprived of food
on two counts-the crops fail, and the animals that previously
survived by accessing the land are no longer available either.

Settlement schemes may have adverse consequences as well. By
encouraging pastoralists to become agropastoralists and estab-
lish sedentary bases, traditional grazing patterns can be dis-
rupted. Herders may move their livestock over a reduced range
in the periphery of settled villages, once again contributing
to focal overgrazing detrimental to vegetation and soil. A sim-
ilar phenomenon can occur when governments or aid agen-
cies drill wells or boreholes to provide water for people and
livestock in semiarid regions during dry periods. Herders may
respond to the new water supply by increasing stock num-
bers and restricting their range of movement, leading in some
cases to overstocking and overgrazing in the vicinity of bore-
holes. From a veterinary perspective, these wells can also serve
as point sources for disease spread, as cattle increasingly con-
centrate in the area around the well and augment the risk of
transmitting infectious agents through saliva, feces, or direct
contact.

Thus, it would appear that livestock can potentially contribute
to the desertification process but do so primarily when tradi-
tional patterns of livestock management are disrupted by the
introduction of nontraditional uses of dry rangelands, a mod-
ern phenomenon driven largely by expanding human popu-
lations and the impetus for economic development. Dodd has
reviewed the literature concerning animal impact on differ-
ent types of rangeland in Africa.!® He observes that very few



184 Chapter 6 Animals and the Environment

studies effectively separate the impact of domestic grazing
from weather impacts in their analyses. Similarly, few studies
convincingly distinguish short-term and long-term effects. He
concluded that there was no scientific evidence that nomadic
or even commercial use of domestic livestock causes irre-
versible changes in range vegetation away from watering
points and habitations.

Clearly, there is a need for further, well-defined research to ac-
curately assess the complex relationship of livestock grazing
on the viability and productivity of dry lands and to better un-
derstand pastoral grazing systems themselves. From a policy
perspective, the appropriateness of traditional grazing practices
in many dryland regions must receive greater acknowledg-
ment, and the complex threats that distort those traditional
practices must be recognized. According to de Haan et al., !’
several objectives need to be achieved to ensure a future role
for pastoralists in the stewardship and productive use of dry-
lands through livestock grazing:

* Halt the buildup of further human pressure in arid

zones

¢ Ensure that external interventions take into account
the nonequilibrium status of pastoral systems in arid
zones and enhance, rather than restrict, flexibility and

mobility in those systems

* Strengthen traditional pastoral institutions and
resource management practices by encouraging
pastoralist associations, devolving more administrative
responsibility to local groups, clarifying resource user
rights, and creating reliable mechanisms for conflict

resolution

* Identify effective drought management policies that
encourage and facilitate early destocking in the face of
drought, such as credit and savings schemes and

improvements in marketing of livestock

* Develop incentives for sustainable rangeland use such as
grazing fees, full cost recovery for water supply
improvements and animal health care, and the removal
of price supports and subsidies for competing

agricultural activities that encroach on grazing land

Deforestation

The clearing of forests as a human activity is not new. There is
evidence that inhabitants of New Guinea removed trees by fire,
felling, and the ringing of bark to facilitate growth of yams,
taro, and bananas as long as 30,000 years ago. In Britain, fol-
lowing the last Ice Age 12,000 years ago, people cleared small
areas of forest by fire to promote secondary forage growth to
attract red deer for hunting 3¢ Most of the original forest in Eu-
rope, North Africa, and the Middle East was cleared centuries
ago. Some Caribbean islands, such as Cuba, Haiti, and Barba-
dos, were completely deforested to clear land for sugar cane

plantations during colonial times. The early history of the
United States is closely tied to deforestation. Up to 85% of
original New England forest was cut by European settlers for
agricultural and timbering purposes by the mid-19th cen-
tury. So why has deforestation become such a critical social and
environmental issue in our own lifetime?

Importance of Forests

There are important and valid reasons why the loss of forests
is currently perceived as a crisis. In our scientific age, we have
a greater awareness and understanding of the many impor-
tant roles that intact forests play in maintaining the stability
of the global ecosystem, in supporting diversity of life on
Earth, and in providing goods and services for human use.
These varied roles include

» Conversion of solar energy into biomass. Forests act as
a sink or reservoir for much of the planet’s cycling
carbon. The world’s tropical forests store 46% of the
world’s living terrestrial carbon supply, while their
soils store 11%.

* Buffering against global warming. Forests withdraw
the greenhouse gas carbon dioxide from the
atmosphere for production of sugars through the
photosynthetic process. Photosynthesis converts water
and carbon dioxide to carbohydrates and returns

oxygen to the atmosphere.

* Regulation of climate. Forests help to maintain
regional rainfall patterns by cycling moisture from
vegetation to the air through transpiration.

*  Water conservation. Forests control runoff and
promote the recharging of aquifers. Forest vegetation
structure has evolved to minimize the deleterious
effects of intense rainfall, facilitating the diffusion,
dispersion, trapping, and resorption of water.

* Soil conservation. Forests bind soil with roots, and by
diffusion and absorption of heavy rainfall, they reduce
flooding and subsequent soil erosion. In a study in
Ghana, conversion of savanna forest to agricultural use
increased soil erosion rates from 1 ton per hectare to
100 tons per hectare

* Support of biodiversity. It is estimated that tropical
rainforests contain 50% of the earth’s plant and
animal species, known and yet to be known.

» Storehouse of useful resources. Forests contain
numerous and diverse extractable and renewable
materials for use by human society, including rubber,
chicle, myriad fruits and nuts, oils, traditional
medicines, and building materials, including timber

and vegetable fibers, to name but a few.



¢ Source of hidden treasures. Forests contain yet-to-be-
discovered chemicals and compounds with potential
application in medicine and industry including
among others, antibacterial agents, antiprotozoal
agents, antineoplastic agents, analgesics, and various

resins, gums, and oils.

Furthermore, society has awakened to the fact that the rate
and scope of forest destruction have increased dramatically
in our own time, particularly in the last half of the 20th cen-
tury. This realization has been aided by modern satellite tech-
nology that allows global surveillance and visual represen-
tation of specific vegetation patterns over time. Due to
differences in the various assessment technologies used, as
well as to differences in definition of forest by various agen-
cies and governments carrying out studies, there is still a lack
of quantitative precision regarding the exact extent of forest
loss. Nevertheless, the trends are indisputably and alarmingly
clear. Forests are disappearing at an unprecedented rate. This
is especially, but not exclusively, true for tropical rainforests
in developing countries.

It is estimated that in prehistoric times, the tropical forest belt,
including both moist and dry forest types, covered about 25
million km? of Earth. Currently, the tropical forest belt has been
reduced to approximately 18 million km?, and the estimate
of moist, tropical rainforest cover is between 7.5 and 8 million
km?. About half of all remaining tropical rainforest is contained
within only four countries—Brazil, Peru, the Democratic Re-
public of Congo, and Indonesia, none of which has historically
identified forest conservation as a high national priority.

Rates of forest loss vary between regions. From 1980 and
1990, worldwide loss of woodlands, was 2% of the world’s
wooded land area. However, the loss in developed countries,
where mostly temperate forests prevail, averaged only 0.04%,
while in developing countries, where moist tropical rainforest
prevails, the average was 3.6%. When the analysis is limited
to natural forests only, excluding plantations and other non-
forest woodlands, the average total loss in developing coun-
tries, located mainly in Asia, Africa, and Latin America, was 8%
of total forest area.*> As shown in Figure 6-4, the rates of for-
est loss for each continent vary considerably, but all share the
unfortunate pattern of steadily increasing from 1960 to 1990.
It is estimated that tropical deforestation probably exceeded
130,000 km? a year in 2000.

At current rates of tropical rainforest removal, it is projected
that 90% of the remaining forest could be lost in less than 40
years, well within the lifetime of many readers of this book.
Temperate forests continue to remain susceptible to threats
from air pollution, acid rain, uncontrolled fire, and careless
commercial exploitation. However, it is the breakneck speed
of tropical rainforest devastation and the potential biological,
environmental, and economic losses associated with rainfor-
est destruction that have made rainforests the principal focus
of forest conservation awareness in our time.
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Figure 6-4.  Estimated rate of tropical deforestation by

continent and decade between 1960 and 1990. (Adapted from
World Resources Institute. World Resources 1996-97. London:
Oxford University Press, 1997.)

Causes of Deforestation

Temperate forests are, in general, not currently being subjected
to the same deforestation pressures that are occurring in the
tropical regions. However, they are not immune from ex-
ploitation in the future, particularly when one considers the
rate at which tropical forests are currently being consumed.
The current financial crisis in Russia, for example, could stim-
ulate a major increase in cutting of the vast Siberian forest re-
serves, as the authorities look for ways to generate foreign
exchange income to meet their international debt obligations.
Meanwhile, extensive forest fires in far eastern Siberia in 1998
have destroyed up to 11,700 km? of valuable forest. The gov-
ernment was unable to control them for months because of
lack of financial resources to mount an effective fire-fighting
effort. Fires, either intentionally set to clearing agricultural land
or occurring naturally due to lightning, have become a grow-
ing concern in recent years, as the number and size of such
fires increases. In addition to the direct, adverse effects on the
forest and its inhabitants, large fires, as occurred in Indonesia
in 1998, produce serious air pollution, contribute to global
warming, and can have a detrimental effect on human health.

Temperate forests are also subject to destructive forces other
than direct cutting. Most notably, there has been serious forest
degradation in recent years in northern coniferous forests
across North America, Europe, and Asia, strongly associated
with air pollution. Acid rain and increased ozone levels have
been strongly linked to declining forest health. Widespread yel-
lowing and loss of needles on coniferous trees was first no-
ticed in Germany in the 1970s. By the 1980s the pattern was
widespread in central Burope, and similar debilitation was
noted in the spruce trees of New England. Trees weakened by
the effects of acid rain and ozone have increased susceptibil-
ity to pests and disease, and degradation of temperate forests
has been widespread in the last two decades.

As the rainforests are located primarily in developing countries
in tropical regions, they are subject 10 a set of demographic,
economic and political forces that exert much greater influ-
ence on forest use than is currently occurring in the developed
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countries of the temperate regions. These forces include rap-
idly growing human populations, limited economic oppor-
tunity, sizable foreign debts, oligarchic traditions of political
power and economic control, and lapses in the rule of law,
which, through corruption and cronyism, allow unregulated
destruction of forest resources. For instance, in the face of the
political instability that has confronted Indonesia since the fall
of Suharto in 1998, forest profiteering is running rampant in
that country, with brazen illegal logging now commonplace in
the country’s national parks.3? Under such conditions, tropi-
cal rainforests are too often perceived as a commodity to be
exploited for political advantage and short-term financial gain,
rather than as a valuable resource to be managed for long-term
sustainability and continued prosperity.

Ultimately, the underlying causes of contemporary tropical de-
forestation are poor stewardship, inappropriate policies, and
inattention to significant social and economic problems whose
roots are outside the forest sector. How these various factors
affect forest loss can be appreciated by examining different cat-
egories of forest use.

Forest As an Instrument of Social Policy Forests have been
used by governments to address a number of social problems.
These include various efforts to

¢ Relieve regional overpopulation, especially in urban

areas, by encouraging rural migration

s Encourage settlement of underpopulated areas of a
nation for security or development purposes, as has

occurred in Indonesia

* Respond to calls for land ownership by the rural poor
by opening up forest land for settlement rather than
appropriating agricultural land held by a powerful and
influential elite, as frequently happens in Latin

America

o Compensate for lack of employment opportunities in

the economy at large

To accomplish these objectives, forest land is offered by gov-
ernment for settlement and agricultural development, includ-
ing cattle ranching This has rarely turned out to be an adequate
or even appropriate policy solution for the problems that are
intended to be addressed. The main obstacle to small-scale
agricultural development and cattle ranching in most rain-
forest areas is that it is not sustainable. The soils will not sup-
port it. About 70% of moist tropical rainforests sit on old,
weathered, acidic, and infertile soils from which minerals have
been leached. Rainforest vegetation compensates for nutrient-
deficient soil by various adaptations, including a high per-
centage of above-ground root system networks or root mats
that draw nutrients from the forest floor humus litter with the
aid of mycorrhizal fungi. Whereas in temperate zone forests,
minerals are more evenly distributed between the vegetation
and the soil bank, in the tropics, minerals are mostly in the

plants. In aVenezuelan study, for example, an assessment of cal-
cium found 3.3% in leaves, 62.2% in wood, 14% in roots,
3.1% in litter, and only 17.4% in soil.

Indigenous people in rainforest regions understand this con-
straint of soil infertility with regard to agricultural productiv-
ity. This knowledge helps to explain the traditional slash-and-
burn, or swidden, form of agriculture that has prevailed in
tropical forest systems. Land for cultivation is prepared in the
dry season. Rather than removing the forest vegetation from
the cleared land, it is cut and burned in situ, so that the min-
erals stored in the vegetation are returned to the soil in the
form of ash. Even with this fundamental effort at soil enrich-
ment, cultivation on a given plot of land falls off dramatically
by the second or third year, and the plots are often abandoned
for new ones by about the fifth year of cultivation.

When human populations are low and pressures on the forest
from human encroachment are not excessive, slash-and-burn
agriculture, practiced on small, frequently shifted plots, pro-
duces little long-lasting ecological damage. Clearance and
abandonment of small agricultural plots mimics small-scale
natural forest disturbances such as the falling of a mature tree
during a severe rainstorm. The event is followed by a healthy
ecological succession of flora through the advancing regener-
ation of preexisting seedlings and saplings and by vegetative
sprouting of stem bases and roots. Furthermore, in traditional
swidden agriculture, plots are usually cultivated with multi-
ple root, vegetable, and tree crops. This polyculture system is
more forgiving to soil than crop monoculture. It reduces
weeds and reduces pests by creating habitat for pest predators.

The point of most government-sponsored settlement schemes,
however, is not shifting cultivation, but permanent settlement.
On the thin, nutrient-poor soils of the rainforest, this is a dif-
ficult challenge. Early settlement initiatives in the Amazon
basin of Brazil are instructive in this regard. Not long after
the Transamazon highway was begun, the government, hop-
ing to encourage poor families from the northeast to resettle
in the interior, offered incentives for settlers to establish small
farms and plant upland rice in the Amazon Basin. The project
turned out to be ill conceived and was plagued by difficulties.
Rice production required too many external inputs in the form
of fertilizer, herbicide, and insecticide that farmers could not
afford or obtain. The rice seed distributed was not appropri-
ate, as the stalks collapsed under heavy tropical rain prior to
harvest. Ground doves, rats, soil erosion, and fungal rot
plagued farmers and reduced yields. Farms were placed near
the roadside, and the roadside plantings facilitated rapid spread
of agricultural pests, the road serving as a pest corridor. As
farms failed, they were often bought up by land consolidators
who would convert the cleared land to cattle ranching or sim-
ply hold the land for speculation.

Forest As a Source of Foreign Exchange and Investment
With the world economy expanding as it has in the past two
decades, demand for wood products on world markets has
been high, and developed countries have increasingly looked
to the developing world as a source of lumber for construc-



tion and pulp for plywood and paper products. The develop-
ing countries on their part, often strapped with high debt from
foreign loans, have welcomed foreign investment and corpo-
rate participation in logging and have promoted the sale of
logs and timber in foreign markets as a means of earning
much-needed foreign exchange. As much of the tropical rain-
forest in developing countries is owned by governments, they
have been able to offer it for sale. With money to be made
and government controlling the resources, the situation has
lent itself to considerable graft and cronyism in the distribu-
tion of logging rights. Many retired politicians and generals in
numerous countries have been awarded logging concessions.
These people often have little knowledge or interest in proper
forestry management and are motivated primarily by realiza-
tion of a quick profit. Under such circumstances, management
of forest resources for sustainable production has not been a
high priority. Furthermore, being influential with government
they are able to avoid numerous taxes and duties on forest
products, thus depriving the government of the full value of
their forest resources. For example, in the Philippines, in 1987,
the government received only one sixth of the full resource
value of the 3 million cubic meters of timber harvested that
year, a harvest valued in excess of $250 million.

Often, there is insufficient technical expertise within govern-
ment to properly manage and regulate forests. There may be
few properly trained foresters, and they may lack sufficient re-
sources and transportation to monitor and manage logging op-
erations properly. Wasteful logging practices are well docu-
mented. Loggers may select and cut only 10% of the timber in
an area, focusing on mature trees. Yet in the process, they may
inadvertently destroy up to 50% of the remaining trees, in-
cluding younger stock of the very species they are selectively
logging. In addition, many developing countries, in an effort
to promote employment and economic activity within the
country, have established policies that require processing raw
timber into lumber at domestic sawmills before export. Un-
fortunately, this frequently adds to the wastage of the timber
resource, as the sawmill technology for maximizing yields
from raw timber during cutting is not often available in local
sawmills. Foreign buyers actually prefer to receive raw timber
to be processed after delivery.

Mining is another activity with considerable foreign exchange
earning potential. The Amazon Basin contains deposits of cop-
per, tin, nickel, bauxite, manganese, iron, and, notably, gold,
and the Amazon rainforest has become a major center of min-
ing activity in recent years. The environmental and health con-
sequences of this activity are significant. For example, crude
or pig iron is extracted from ore at the site of iron mining
through a smelting process that requires enormous amounts
of fuel wood, producing heavy pressure for deforestation
around mining sites. Gold mining has an even more perva-
sive impact. Metallic mercury is used to aggregate gold parti-
cles for extraction from the crude ore. At various stages of ore
processing, the mercury is released into either the air, soil or
water. Through oxidative processes, it reacts to become methy-
lated mercury, which is bioactive and toxic and becomes in-
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creasingly concentrated in living tissues as it progresses up the
food chain, including, ultimately, humans. Concentrations of
mercury in human urine samples taken from people in and
around gold mines in Amazonia have reached as high as 840
parts per billion, when 10 ppb is considered normal. People
are exposed primarily through inhalation or by eating con-
taminated fish or other tainted animals. Mercury is present in
wood, so forest burning for any reason, if extensive, can con-
tribute significant amounts to the atmosphere.

Mercury pollution has emerged as a major public health and
pollution issue in Brazil. Organic mercurials are teratogenic
and carcinogenic and also produce neurological disturbances.
In January 1998, medical investigators reported the first cases
of Minamata disease among human inhabitants of the Ama-
zonian Basin, linking the cases to chronic consumption of fish
taken from the rivers. Minamata disease, a neurological form
of mercury poisoning, is named after Minamata Bay in Japan,
where, in the 1950s and 1960s, thousands of people, mostly
fishermen, became ill because of contamination of the bay and
its fish as a result of mercury dumping by a large, local plas-
tics-manufacturing plant. Animals are at risk as well. One of
the first indications of Minamata disease in Japan was abnor-
mal behavior in domestic cats, which danced weirdly and
threw themselves into the bay.

Forest As a Resource for the Poor Forests are a critical asset
for hurman survival in developing countries, where many peo-
ple live in rural areas and have low incomes and few economic
prospects. Many such people depend on subsistence agricul-
ture and gleaning natural resources for survival. In addition to
the clearing of forest land for cropping, an important pressure
on forests by the rural poor is the harvesting of fuel wood for
cooking and, in cooler, high altitude regions, for heating. For
people in developed countries, who have immediate access to
energy for cooking or heating by the flick of a switch, the ex-
tent to which the world’s rural poor depend on fuel wood, the
intensity of the effort they expend to procure it, and the scope
of the environmental impact of fuel wood gathering, are
largely unrecognized. Only 1% of total energy consumption in
developed countries comes from fuel wood, whereas the av-
erage share of total energy provided by fuel wood in develop-
ing countries is 26%. This varies considerably by region, with
Africa deriving 52% of its energy from fuel wood, Asia, 22%,
and Latin America 20%.

Fuel wood supplies are becoming scarce in certain regions,
particularly dry woodland regions where vegetation is less
dense to begin with. Villagers, particularly women and chil-
dren, spend increasing portions of each day ranging farther
from their homes in search of fuel wood, often at the expense
of other important daily tasks and responsibilities (Fig. 6-5).
In some countries, it takes up to 300 person-days of work to
supply the annual fuel wood needs of a single family The pres-
sures on existing woodlands are enormous, and the risk of
woodland degradation high. Based on projections developed
in 1987, it was estimated that by the year 2000, more than
1871 million people in Asia, 512 million in Latin America, 535
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Figure 6-5. School-aged boys spend their days collecting and
transporting fuel wood by donkey in a virtually treeless region of
western Pakistan. In arid and semiarid regions of the world,
people, especially women and children, spend ever-increasing
amounts of time collecting fuel wood for cocking. As fuel wood
resources grow scarcer and gatherers have to range farther afield,
the proportion of the day spent in this activity increases at the
expense of other important and more rewarding human endeavors.
{Photo by Dr. David M. Sherman)

million in sub-Saharan Africa, and 268 million in the Near East
and North Africa would be affected by fuel wood shortages.
The implications for forest and woodland conservation are
enormaous.

Cattle Ranching and Forest Loss

In recent years, there has been much public outcry concern-
ing the destruction of tropical rainforest for the purpose of
raising cattle. Sometimes the criticism is so strident that one is
left with the impression that cattle ranching is the principal
cause of forest loss worldwide. This is far from the case. Cattle
ranching is but one factor in the story of global deforestation.
Cattle raising has been an important cause of forest loss on a
regional basis, primarily in Latin America, where, in particu-
lar countries such as Costa Rica and Brazil, it has had signifi-
cant social and environmental impact. However, elsewhere in

the world, other primary causes of forest loss predominate, no-
tably commercial logging and crop agriculture. The relative sig-
nificance of different causes of tropical deforestation in South
America, Asia, and Africa is given in Table 6-6.

The Spanish brought cattle to the New World in the 16th cen-
tury, so cattle ranching per se is not a new phenomenon in Latin
America. However, early efforts took advantage of existing
grasslands and brushlands for grazing. Some forest clearing took
place in colonial times, but it was usually dry forest. The clear-
ing of rainforest for cattle ranching in Latin America began in
earnest in the mid-20th century, stimulated by the interest of
foreign investors, the support of bilateral aid agencies, and the
aspirations for economic development of national governments.

The results have been dramatic in terms of the transformation
of landscape. In Central America since 1950, about 100,000
km? of tropical forest has been cleared, or 35% of the total
forested area of 290,000 km?. Between 1950 and 1980, about
60% of lowland forests had been felled for agriculture and pas-
ture. Between 1950 and 1992, cattle pastures increased from
30,000 to 95,000 km?, and cattle numbers doubled from 4.2
to 9.6 million head. In the Amazon Basin of Brazil, overall
loss of Amazon forest since the 1960s is about10%, with an
annual ongoing rate of loss of 0.4%, though this varies from
state to state.

Despite initial expectations, beef cattle ranching in cleared
rainforests has not been a great economic success, largely be-
cause most rainforest soils will not support pastures for long
enough periods to make cattle ranching profitable. In addition,
policies that were established to encourage cattle ranching
were often ill conceived and economically short-sighted or put
political considerations before planning objectives. The situa-
tions in Brazil and Costa Rica are illustrative.

Cattle Ranching in Brazil The construction of the futuristic
capital city of Brasilia in the late 1950s symbolized Brazil’s
commitment to modernization and economic development.
In its efforts to stimulate such development, the government
also initiated construction of the Transamazonian Highway in
1958, to provide a vital link for transportation and commerce
in the physically vast nation. The road has become the defin-

E Table 6-6 Differences in Rates and Causes of Deforestation on

Annual Loss Annual Remaining )
0,

of Forest Rate of Forest Causes of Deforestation (% of total)
Region Area (km?) Change (%) Area (km?) Cropping Livestock® | Logging
Latin America 19,000 0.4 4,540,000 25 44-70 10
Africa 5,000 0.5 860,000 55-60 Negligible 20
Asia 22,000 1.1 1,770,000 70 Negligible 20

_ “Cattle ranching is a significant cause of deforestation only in Latin America.

Adapted from de Haan C, Steinfeld H, Blackburn H. Livestock and the Environment: Finding a Balance. Commission of the European
Communities, 1997.




ing force in the transformation of the rainforest landscape.
During the first 20 years of the existence of the highway, about
2 million people entered previously forested regions of Brazil,
and in the same period, 5 million cattle were introduced.

Starting about 1966, the Brazilian government offered owners
of large cattle ranches generous tax breaks and subsidies, en-
couraging a small number of wealthy individuals to establish
vast cattle ranches within Amazonia. As a result, more than 600
cattle ranches, each in excess of 20,000 ha (49,420 acres)
were subsidized by government in the form of long-term
loans, tax credits against investment costs, tax holidays, and
write-offs. Yet, despite this largesse, the ranches were uneco-
nomical, losing more than half their invested capital within 15
years. The beef derived from these subsidized ranches averaged
only 9% of the projected offtake. Rather than serving as pro-
ductive elements in the Brazilian economy, most ranches
served as tax shelters for a privileged, well-to-do few. The
Brazilian government has since suspended incentives for new
cattle ranches in Amazonian forests, but not before the initial
subsidy program cost the treasury more than $2.5 billion in
lost income.3”

Cattle ranching attracted not only the wealthy elite. Many fac-
tors favored cattle ranching, even when it was economically
unsound in the long term. The building of roads into the rain-
forest raised the value of land and fueled land speculation. A
high rate of inflation, which was an important factor in the
Brazilian economy in the 1980s, also made real estate invest-
ment attractive. Forestland clearing to indicate productive use
was required as a condition of title in Brazil, and many spec-
ulators and investors turned to ranching as an attractive startup
venture because it is not labor intensive and requires few in-
puts once the land was cleared. Clearing the land for ranch-
ing also discouraged squatters, mainly the landless poor look-
ing to establish cultivation plots, and who were more likely
to invade forested areas. In Brazil, about 70% of deforested
areas are converted to ranching, at least initially. Currently,
about 10 million hectares or 100,000 km? of what was for-
merly Amazon rainforest has been occupied by cattle ranches.

Despite this extensive conversion of forestland to cattle
ranches, the Amazon region has never produced more than 5%
of total beef output in Brazil, and this has not been destined
for export. The grasslands of the Mato Grosso, the traditional
site of cattle production in Brazil, continue to provide most
of the beef produced in the country for both domestic con-
sumption and export. While there has been much talk of the
so-called Hamburger Connection, in which US. interests pro-
mote cattle production in Latin America to ensure cheap
ground beef prices in the United States, involvement of Brazil
in such a connection has been marginal. There is no importa-
tion of fresh, frozen or chilled beef from Brazil into the United
States because Brazil is not free of foot and mouth disease, and
therefore, such imports are prohibited by the U.S. Department
of Agriculture (USDA). There is a limited amount of canned
and other processed beef products from Brazil, but these are
trivial, as Brazil is not included in the USDA list of the top 35
beef importers into the United States.
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Cattle ranching in the Amazon rainforest has not served the goal
of economic development well. That the Brazilian government
has slowed its schedule for development of the Amazon Basin
in the 1990s and removed new subsidies for large-scale cattle
ranching bear testimony to this view. Ranching has not been
sustainable or profitable and, in some cases, has actually dis-
placed more-profitable and sustainable uses of forest. Studies in
the state of Acre demonstrated that because of poor pasture
quality and low carrying capacity, revenue from uncut forest
could yield four times more revenue from wild rubber and
Brazil nuts on a per hectare basis than from cattle ranching.3

Cattle Ranching in Costa Rica Costa Rica is a small Central
American nation of dazzling natural beauty. Packed into a
country about four-fifths the size of West Virginia are beauti-
ful coastlines on two oceans, mist-covered mountains, active
volcanoes, lush rainforests, rushing rivers punctuated by wa-
terfalls, colorfully bloomed dry forests, fertile valleys, and
enormous biological diversity. More species of land birds breed
in tiny Costa Rica than in all the United States and Canada com-
bined, and it is estimated that as much as 5% of all the world’s
plant and animal species reside in this small country.

Costa Rica was part of the Spanish colonial kingdom of
Guatemala and became an independent republic in 1831.
Today, the country is a constitutionally based, participatory
democracy with strong social institutions. It is distinguished
by the absence of a standing army and, in recent years, by its
recognition of the intrinsic value of its natural resources and
their ecological significance, a recognition expressed through
environmental and conservation policies being implemented
at the national level. Nevertheless, the Spanish colonial expe-
rience has left its legacy in Costa Rica in important ways, in-
cluding a strong identification with cattle raising and the ex-
istence of a small, wealthy, land-owning elite that holds title to
much of the nation's agricultural land. The top 1% of farm
owners own one quarter of the nation’s agricultural land,
while the bottom 50% of landowners own about 3% of the
land. Approximately 70% of the country’s rural population is
landless.

In the 1960s and 1970s, when beef prices were high, Costa
Rica, with strong support and encouragement from U.S.
agribusiness interests, embarked on a large-scale program to in-
crease beef production for export. This was the most direct ex-
ample of the so-called Hamburger Connection, in which Latin
American cattle production was promoted for the U.S. con-
sumer market. The offer of low-interest loans stimulated a rush
to cattle ranching Traditionally limited to the dry, northwestern
province of Guanacaste since colonial times, land clearing for
pasture began in earnest in other parts of the country, notably
the Atlantic lowlands and the Pacific southwest. Forest clearing
on the steep slopes of the Pacific southwest for cattle pasture
has caused serious flooding problems in the adjacent lowlands.
The cattle ranching mania continued into the 1980s. Between
1981 and 1985 Costa Rica felled forest at the rate of 3.9%. By
1983 about 83% of its forest had been felled, much of it to
make way for export beef production, and today, about 70%
of the deforested land in Costa Rica is cattle pasture.
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Cattle ranching in Costa Rica has had environmental and so-
cial costs. In addition to the flooding problems already men-
tioned, the clearing of rainforest in Costa Rica represents a
serious loss of biodiversity. This includes the potential loss of
plant and animal species of tremendous commercial potential
including, for example, fungi in forest leaf litter with phar-
maceutical potential as antiprotozoal agents or poison dart
frogs whose poison structure serves as the basis for analgesics
more potent than morphine but without the side effects. On
the social side, consolidation of land for cattle ranches owned
by a handful of landowners has displaced many landless peas-
ants in rural areas. Ranching offers few employment oppor-
tunities, and subsistence farming or extraction of forest re-
sources become unavailable to the rural poor when the land is
cleared and fenced for cattle.

Even though Costa Rica has become the largest cattle exporter
in Latin America, cattle export has never accounted for more
than 9% of Costa Rica’s total export earnings, always running

behind coffee and bananas, the main crop exports. While Costa
Rica remains an agriculturally based economy, revenue from
tourism has been steadily increasing in recent years, and eco-
tourism has become a cornerstone of Costa Rica’s economic
future. The government and, to a great extent, the citizens have
come to recognize the tremendous economic potential of the
country’s natural beauty and its biclogical richness. A new con-
servation ethic is building in the nation, evidenced in the at-
titudes of the schoolchildren, who speak proudly about their
forests, and the government, which has been actively devel-
oping a nationwide system of parks, preserves, and protected
lands. Most telling perhaps, is the situation in Guanacaste, the
traditional home of cattle ranching, where dry forests were
cleared centuries past to make way for cattle ranches. Some
landowners whose families have been ranching in Guanacaste
for generations, are selling their cattle and converting their
ranches to ecotourism sites. There is even a large-scale effort at
restoration ecology, to reconvert cattle pasture back to dry trop-
ical forest (see sidebar “Restoration Ecology in Action™)

Restoration Ecology in Action: Guanacaste Conservation Area, Costa Rica

n prehistoric times, approximately half the forest cover in Central America was dry tropical forest and half was moist tropical rain-

forest. When the Spaniards came to the New World five centuries ago and began colonization, dry forest areas were prime tar-

gets for land clearance. The dry forests, which predominated on the lower Pacific coastal plains of Mesoamerica, were less
dense and more accessible than the inland, elevated, mountain rainforests and were composed mostly of deciduous trees. Fur-
thermore, the Pacific coastal climate included a long dry season of up to 6 months, which made it particularly easy to clear the
deciduous forests by burning. By the end of the 20th century, dry forests
of Central America, which once covered more than 552,110 km2, were
reduced to about 2% of that area.

in the 1970s and early 1980s, Costa Rica depended heavily on cash crops
and cattle for foreign exchange earnings to settle international debts. How-
ever, in the 1990s, Costa Rica recognized that its natural beauty and bio-
logical richness are its greatest economic assets. The country has embarked
on an extensive and much heralded program of national conservation that
firmly links environmentalism with economic development. The program
focuses on protection of habitat in a national system of parks and reserves,
preservation of biodiversity, and encouragement of ecotourism. This in-
novative program has been implemented through a series of strong leg-
islative initiatives and the cultivation of public/private partnerships that in-
clude national and foreign governments, university consortia such as the
Organization for Tropical Studies (http://www.ots.duke.edu/), and inter-
national wildlife organizations such as the Nature Conservancy
(http://www.tnc.org/). A good example of what has been accomplished is
embodied in the Guanacaste National Park Project, a landmark effort in
restoration ecology.

Guanacaste Province of northwestern Costa Rica was a dry forest region that had been cleared for crop agriculture in colonial times
and then seeded with African pasture grasses for cattle ranching. Many small cattle ranches have been abandoned in recent years,




Compatible Livestock/Forest Use

The experience of Brazil and Costa Rica illustrates that clear-
ing tropical rainforest for the express purpose of cattle grazing
is difficult to justify on either economic or environmental
grounds. Policymakers and funding agencies have recognized
this, and governments have backed away from the subsidies
and incentives for cattle ranching that were offered in decades
past. Market forces may be dampening enthusiasm for ex-
panded beef production as well, since the worldwide growth
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ment, promotion, and implementation of such activities. Cat-
egories of compatible livestock/forest use include the use of
trees as fodder, the use of animals for sustainable extraction
of forest products, the integration of livestock raising into tree
plantation systems, and the rearing of some forest animals for
food production. These are discussed separately below:

Trees As Fodder Rather than cutting down trees to make way
for livestock, a more sustainable approach is to harvest tree
leaves, branches, and seeds and bring them to confined live-

in consumer demand for meat has largely favored pork and

poultry over beef stock. Increasingly, community development projects involv-

ing the rural poor in tropical countries have promoted zero-
grazing livestock-production systems. In such systems, a small
number of animals with high production potential, such as a
milk cow or several milk goats, are kept in total confinement
on a farmstead, and fodder is cut and carried to the animal.
Trees, especially leguminous trees, are a potentially valuable
asset in zero-grazing systems. Legumnes are plants that fix ni-
trogen. As such, they are attractive livestock fodder because

The clearing of rainforest for cattle ranching aside, there are
numerous opportunities for the compatible use of animals and
trees that represent less-invasive and more-sustainable activi-
ties. These opportunities have received far less attention. There
is significant potential for expanding these alternative uses of
livestock and trees and improving their efficiency. There are op-
portunities for veterinarians to be involved in the develop-

but the incursion of adjacent forest onto abandoned pastures by natural succession, which characterizes tropical rainforest regen-
eration, has not occurred. There are two important reasons for this. First is the high frequency of grass fires that occur regularly
during the dry season. These wildfires destroy the seeds and saplings of canopy tree species, blocking their establishment. Secondly,
many seeds of desired successional species are disseminated by birds and small mammals whose presence in the region has di-

minished due to loss of habitat.

The Guanacaste Conservation Area (GCA) (circled on map) was established in 1988 with the goal of reforesting the region and link-
ing the dry forest habitat to adjacent wet forests and marine habitats to ensure the survival of its biodiversity for the future. Tropi-
cal biologist Dr. Daniel Janzen of the University of Pennsylvania has played a key role in marshalling this cooperative effort. Today
the GCA covers about 131,000 ha, built up from the original Santa Rosa National Park area of roughly 30,000 ha through the pur-

chase of unused or abandoned ranchland.

The management plan consists of purchasing land adjacent to core areas of original remnant dry forest and encouraging the
spread of the original forest onto that adjacent land. This is done through the use of controlled burning to create fire breaks
that prevent the extensive grass wildfires that historically have inhibited establishment of forest trees species. Fire lanes are cre-
ated in strategic locations by first mowing and then burning. Subsequently, controlled grazing of cattle on the lanes keeps the
grass down during fire season. Without the threat of fire, seeds and saplings of desired forest tree species can become estab-
lished on the former ranchland. However, not all species of trees have their seeds dispersed by wind. To encourage the return
of birds that play a role in seed dispersal, large trees and hedgerows have been planted on pasture edges to provide protective

habitat for birds.

Community participation is an extremely important component of the overall program, as constant local surveillance for unex-
pected fires and community effort to put them out are critical elements in the success of the program. As such, conservation edu-
cation has been introduced into elementary schools in the region, and many former ranch and agricultural workers are being re-
trained and offered employment in the overall conservation effort as park guards, research assistants, and guides. In addition,
some cattle ranchers have seen the economic opportunity offered by the restoration of wild habitat and have converted their
ranch haciendas to ecotourism lodges, offering forest walks, bird watching, horseback riding and other nature-criented recreational

activities.




192 Chapter 6 Animals and the Environment

they usually have considerably higher protein content that
nonleguminous plants. Legumes occur as grasses, shrubs, and
trees. Leaves, stems, and seed pods are all potentially usable as

fodder.

Tropical rainforests typically contain more leguminous plant
species than any other plant family, so there is tremendous op-
portunity to exploit this resource for animal feed in cut-and-
carry systems. Additional research is required to determine the
feed value of different leguminous trees as livestock fodder and
to identify any detrimental or adverse effects that might be as-
sociated with certain plants, for example the action of mimo-
sine in the Jeguminous tree Leucana leucocephale, discussed in
Chapter 4.

Reforestation plans should also factor in the importance of
livestock in rural societies. For decades, international agen-
cies promoted the importation and planting of eucalyptus trees
for use in reforestation projects in Africa and Asia, especially
around villages. While the eucalyptus is attractive because it is
fast growing and valuable as timber, it has a number of adverse
characteristics. Eucalyptus rapidly depletes soil moisture and
nutrients, thus inhibiting plant growth adjacent to the trees. In
addition, Eucalyptus spp. may contain aromatic oils and
cyanogenic glycosides that make them unsuitable as fodder.
Numerous alternatives to eucalyptus can be used in reforesta-
tion that not only protect against soil erosion, but also provide
animal feed, fuel wood for local use, and even fruit, nut, or pod
crops that can be sold for cash. A number of leguminous tree
species, notably leucaena, pigeon pea, calliandra, sesbania, and
tree lucerne, have been promoted in recent years for planting
around villages for their value as fodder trees and fuel wood.

Livestock for Sustainable Extraction of Forest Products
Many proponents of rainforest conservation emphasize the
economic advantage of sustained harvesting of forest products
from intact forest as opposed to clear-cutting with subsequent
introduction of cropping or ranching. They advocate for es-
tablishing “extractive reserves” in which deforestation is dis-
couraged in favor of the continued extraction of forest prod-
ucts with notable economic value such as rubber, chicle, Brazil
nuts, and timber taken by selective logging.

Animals can play an important role in supporting economic
activity based on forest product extraction. Elephants, for in-
stance, have been used traditionally in logging operations in
Asia to bring logs from the forest interior to collection stations
near logging roads. Elephants produced minimal ancillary
damage to forests during the logging process. In contrast,
large, modern mechanized log haulers and skidders require ad-
ditional trail clearance into forests and damage many young,
standing trees during hauling. The pace and destruction of
mechanized logging has become so severe in recent years that
Thailand introduced a complete ban on logging in natural
forests in 1989. Elephants have an important role to play in
low-impact harvesting of selectively logged trees such as teak
in Asia, and their use should be encouraged.

In the Peten region of Guatemala, many local residents derive
a substantial portion of their income from harvesting forest

products, including chicle, the latex of the chicle tree (Manilkara
zapota) used in chewing gum, xate, the fronds of a common
palm tree used in construction; and the berry of the Pimenta
dioica tree, which produces the kitchen seasoning allspice. These
local people depend on burros and horses to transport the for-
est products back to market. The animals provide reliable trans-
port and draft power with minimum impact on forest ecology.
There is a considerable need for improved veterinary services
for the animals used for forest harvesting, particularly with re-
gard to parasite control and traumatic injury associated with
ill-fitting pack frames.

Integration of Livestock into Agroforestry Systems While
there may be some opportunities to integrate livestock pro-
duction into natural forests without detrimental effect to for-
est ecology and biodiversity, there are a considerable number
of opportunities to integrate livestock production into systerns
of commercial silviculture, or tree farming Tree plantations for
production of commercial products are an important agricul-
tural activity in many countries. In tropical regions, palm oil,
coconuts, rubber, sago, cocoa, and tropical fruits are important
tree crops. In drier countries, dates are grown in tree planta-
tions. In a world where cultivable land is at a premium, max-
imizing outputs from available land should always be a high
priority. Inclusion of livestock and other vegetable crops into
tree plantation systems helps to achieve this goal.

For example, the grazing of beef cattle under coconut palms
reduces grass cover beneath the trees and increases the harvest
yield, as fewer fallen coconuts are lost in tall grass. In addition,
the cattle reduce weeds, improve soil fertility with manure and
urine, and, when sold as beef, provide an additional cash com-
modity for the commercial operation. Such multiple-use
schemes of course require proper management. Animals in-
troduced too soon will damage young trees, while mature
plantations may have a complete canopy that shades out the
sun and reduces grass growth beneath trees. However, there are
numerous examples of agroforestry efforts around the world
that successfully integrate livestock. These include the use of
draft and milking buffalo in oil palm plantations in Malaysia;
sheep grazing under apple trees in Pakistan; poultry, rabbit, and
ruminant grazing in fruit and nut orchards in Chile?; sheep
and cattle grazing in radiata pine forests in New Zealand*?; and
the integration of pine planting into beef cattle pastures in
south Georgia, USA.2¢ Furthermore, many tree plantation
crops, when processed, produce wastes or byproducts with
potential value as livestock feeds. There is considerable un-
tapped potential for development of livestock-production sys-
tems in close proximity to tree product-processing facilities to
maximize use of byproducts and increase profitability of the
overall enterprise.

Veterinarians should be involved in the development of new
agroforestry initiatives that involve livestock, as unanticipated
health problems may develop in animals. For example, in New
Zealand, abortions were noted in pregnant cows that grazed
among radiata pine or were fed wilted foliage or lopped
branches. It turned out that the pine contained a phytoestro-
gen that disturbed reproductive function.



Forests As a Source of Alternative Livestock In many forest
regions, local people have traditionally hunted certain forest
animals as a source of animal protein in their diet. In their in-
cursions into the forest to hunt, using snares and other tech-
niques, many additional animals are often disturbed, trapped,
or killed. In some cases, populations of the desired animals are
diminished to the point of endangerment. One alternative,
which veterinarians can become actively involved in, is the
captive rearing and production of animal species that are cur-
rently hunted. Two examples of this approach involve forest ro-
dents in different parts of the world-the grasscutter or cane rat
of western Africa and the paca of Central America. This topic is
discussed in further detail in Chapter 7.

Challenges for the Future

The accelerated loss of forests worldwide is a major problem,
with important implications for global health and the envi-
ronment. While much attention has been focused in the media
on deforestation for the purpose of cattle ranching, this is but
one cause of deforestation, and it is primarily of regional im-
portance in Latin America. Effective efforts to reverse the trend
of deforestation must recognize and embrace the wider di-
mensions of deforestation, acknowledging the underlying po-
litical, economic, and demographic factors that have, in recent
years, favored forest exploitation for short-term gain. The
World Resources Institute, which tracks global deforestation
and is actively involved in promoting sustainable forest use
policies, has identified a number of key objectives that must
be realized to reverse the current trend of deforestation (see
http://www.wri.org/rio-5/rio5frst.html). These key objec-
tives include

o Building the capacity of forested nations to manage
forest resources sustainably and to respond effectively
to the rapidly changing global timber market,
including pressures from outside logging interests

* Enacting legislation that revamps forest concession
policies

¢ Providing economic incentives for industry to manage
forests more sustainably

* Establishing programs for valuing forests for carbon
sequestration, biodiversity prospecting, and the
nontimber products they provide

o Establishing mechanisms for joint management of
forests by national governments and local
comimunities

* Establishing key forest parks and reserves that protect
critical areas of biodiversity and the cultures of

indigenous forest-dwelling peoples

For veterinarians, there are numerous opportunities in re-
search, education, and extension to participate in the devel-
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opment, promotion, and implementation of more environ-
mentally sound approaches to livestock production that are
better integrated with the sustainable use of forest resources.

Aquatic Environmental Degradation

The world’s oceans, seas, lakes, and rivers are subject to a wide
array of assaults and injuries that degrade aquatic habitat, re-
duce water quality, and diminish the value and availability of
resources that human society traditionally has derived from
aquatic environments. A wide range of activities result in harm
to water resources. Pollution, for instance, is a major threat to
the health of aquatic environments, with pollutants derived
from a variety of sources including acid rain from industrial
emissions, untreated sewage from urban centers, oil spills from
tankers, or chemical runoff from factories and farms, to name
but a few.

The focus of the present discussion, however, is on the im-
pact of fishing and aquaculture on the health of marine envi-
ronments. Since prehistoric times, human beings have looked
to Earth’s waters as a source of sustenance. Whole cultures have
evolved around the pursuic of a particular fish or marine mam-
mal as a source of food. There are numerous examples in North
America of Native American tribes that focused on whaling,
seal hunting, or salmon fishing as their principle means of
livelihood.

Millions of people around the world continue to depend on
fishing as their primary source of food and income. Today,
however, in addition to traditional, small-scale fishing activity,
large-scale commercial fishing has become a major global en-
terprise. Changes in consumer demand and global marketing
along with the increased size and advanced technology of fish-
ing vessels have resulted in the harvesting of enormous
amounts of fish. The size of the global commercial catch and
the methods used to achieve it have become issues of major
concern to environmentalists and policymakers, as there is
growing evidence that fisheries are being irreversibly depleted
and that some modern fishing methods are seriously damag-
ing aquatic habitats.

Aquaculture, or mariculture, if carried out in salt water, is the
cultivation of aquatic flora or fauna under controlled condi-
tions for human use or consumption. Aquaculture practice
has grown dramatically in the last four decades, largely in re-
sponse to consumer demand for fish and shellfish products
and to advances in aquaculture-related technology. Propo-
nents of aquaculture often cite the industry as an important
new source of animal protein to feed the world’s people in
the face of decreasing stocks of wild caught fish. Generally
speaking, this is a valid position. However, certain forms of
intensified aquaculture, notably shrimp production and the
raising of carnivorous fish such as salmon, may themselves
contribute to accelerated depletion of wild fish stocks and
also contribute to environmental degradation. The impacts of
modern commercial fisheries and certain forms of aquacul-
ture on aquatic environmental health are presented in the fol-
lowing sections.
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General Condition of the World's Fisheries

Since the end of World War II, commercial fishing has shown
a strong, steady expansion, growing from 17.5 million tons in
1945 to 92 million tons in 1995. On a per capita basis,
though, fish production worldwide has leveled off in relation
to rapid population growth. Per capita consumption jumped
from 9.5 kg per person in 1955 to 14.7 kg in 1965 but has
only increased to 15.9 kg per person between 1965 and 1995.

The steady increase in fish catches, however, belies some seri-
ous problems in commercial fishing. Yields remain high for a
number of reasons. Modern fishing techniques and equipment
allow more-efficient location and capture of fish stocks. Sonar
and global-positioning systems allow large fishing vessels to
locate fertile fishing grounds accurately and return precisely to
those grounds repeatedly. Newer, larger vessels using larger
nets also can capture more fish. In addition, new fishing
grounds are being identified and aggressively harvested. Most
significant, perhaps, is the taking of large numbers of fish
species that in the past were considered to have little or no
commercial value. This practice is increasing as the more
highly valued species are systematically overfished.

Overfishing is a major challenge of our time. The Food and
Agriculture Organization of the United Nations (FAO) esti-
mates that up to 70% of the world’s marine fish species that
they monitor are currently overfished or fished beyond the
limits of sustainability. Furthermore, FAO analysts suggest that
11 of the world’s 15 major fishing grounds are seriously de-
pleted of fish stocks, and that by the year 2010, global demand
for fish will exceed supply by as much as 40 million tons an-
nually. In the United States, the National Marine Fisheries Ser-
vice has reported that in U.S. waters, 96 of 279 fish species sur-
veyed are essentially overfished.

An important example of the impact of overfishing is the At-
lantic Cod, Gadus morhua, which for centuries served as the eco-
nomic foundation of coastal fishing communities in north-
eastern Canada and the United States from Massachusetts to
Newfoundland. It is believed that Basque fisherman were
catching, salting, and drying cod off North America for Euro-
pean markets as early as the 1300s, long before Columbus os-
tensibly discovered the New World. The abundance of these
bottom-dwelling fish on Georges Bank in New England and
the Grand Bank of Canada was legendary for centuries. In the
Cyclopedia of Commerce and Commercial Navigation, published in New
York in 1858, it was observed that cod is “too well known to
require any description. It is amazingly prolific. Leewenhoek
counted 9,384,000 eggs in a cod-fish of a middling size-a
number that will baffle all the efforts of man to exterminate.”
Yet, by 1992, the Canadian government was obliged to close
Newfoundland waters, the Grand Banks, and most of the Gulf
of St. Lawrence to fishing for cod and other bottom-dwelling
fish. Similarly, restrictive catch quotas and reduced fishing
periods have been established in New England for cod and
other groundfish on the Georges Bank. Though once unimag-
inable, fierce competition and the ruthless efficiency of mod-
ern trawlers had depleted the multitudes of cod.?s

A major contributing factor to overfishing is an excess of ca-
pacity. There are an estimated 89,000 trawling vessels operat-
ing around the world, capable of taking 100 million tons of
fish annually. The FAO estimates that world fishing fleets cur-
rently have about 30% excess capacity. Some conservation
groups put that overall estimate as high as 155% and up to
250% for those nations with the largest fishing fleets. Ac-
knowledging the seriousness of this problem, member nations
of the FAO, in February 1999, agreed to assess the size and
capacity of their fleets and to develop national plans for re-
duction of oversized fleets. The agreement, known as the In-
ternational Plan of Action for the Management of Fishing Ca-
pacity, also requires countries to reduce government subsidies
to the commercial fishing industry. Such subsidies have been
an important stimulus for creating overcapacity. Worldwide,
governments were spending US$15 to 20 billion annually in
support of vessel construction and modernization and other
industry supports.

Environmental Impacts of Commercial Fishing

Traditional, or artisanal, fishing, which occurs on a small scale
and is largely nonmechanized is minimally damaging to the
environment. As the scale of operation increases along with the
degree of mechanization, the environmental impact of com-
mercial fishing increases. A number of issues related to mod-
ern fishing methods are of environmental concern. These in-
clude overfishing, wastage of marine resources associated with
by-catch, threats to endangered species, and damage to marine
habitats.

Overfishing Overfishing itself can cause ecological distortion.
Many commercial fish species are at the top of their food
chains or are a major source of food for other animals. Their
depletion alters the balance of other fish species and marine
mammals. For example, the reduction of cod in the Georges
Bank area of the North Adantic is associated with an increased
number of pelagic, or midwater, species, such as herring,
mackerel, and menhaden. The implications of such unintended
manipulation of fish populations are not always clear, though
sometimes direct relationships can be identified. Off Nan-
tucket, Massachusetts, there is a hook-and-line fishery for tau-
tog, a desirable food fish of the wrasse family. Tautog feed on
the green crab, which in turn are known to feed on small bay
scallop larvae. When fishermen overfished the tautog several
years ago, there was a population explosion of the green crab.
The green crab then fed on the incoming scallop spat, lead-
ing to a collapse of the local scallop fishery. Another example,
on the west coast of the United States, involves the pollock
fishery. In 1998, US. federal officials placed stricter limits on
trawling for pollock in Alaskan waters because of concerns that
the Steller sea lion, an endangered species that feeds on pol-
lock, was being deprived of adequate food supplies.

Given the efficiency of modern fishing practices, fish species
can be seriously depleted before their biology is even under-
stood. This is the case with the orange roughy, a fish found in
the deep waters around Australia and New Zealand. When



North Atlantic whitefish stocks such as cod began to decline
in the 1980s, commercial interests began to look for other
types of nonoily whitefish. The orange roughy was targeted
and heavily fished before it was recognized that the fish can
live for 100 years and do not spawn until about 20 years of
age. As a result, breeding stock were depleted, and some or-
ange roughy populations declined dramatically within a
decade of the start of intensive fishing.

Wastage Through By-Catch By-catch is the untargeted portion
of a commercial catch that is subsequently discarded as un-
wanted. The reasons for discarding by-catch include low eco-
nomic value or limited marketability of the by-catch, quota
limitations on a particular species, regulations restricting size
or age of catch, or prohibition of taking or keeping threatened
or endangered species. By-catches can be enormous. As much
as 25% of the entire global fish catch, or 27 million metric
tons of marine life, are tossed or shoveled back into the sea
from ships’ decks annually. Many of these fish, shellfish, and
mammals are already dead or dying when returned to the sea,
so their commercial value is lost. Furthermore, small, imma-
ture fish are lost to the breeding population, thus further re-
ducing the potential to replenish overall fish stocks. Different
types of fisheries are associated with varying levels of by-catch.
Shrimp trawling, for example, generates considerable by-catch.
For each pound of shrimp retrieved around the world, 2 to 8
pounds of other marine life are discarded.

The wastage of by-catch is particularly anomalous in light of
the fact that up to 30 million tons a year of schooling fish are
caught specifically to be processed as fishmeal and fish oil for
livestock feeds. This includes feed both for terrestrial livestock,
such as cattle, pigs, and poultry, and for intensively raised fish
and crustaceans, such as salmon and shrimp, as discussed in
the later section on aquaculture. It would represent a tremen-
dous efficiency in the commercial fishing industry if the by-
catch presently wasted could be channeled into fishmeal and
fish oil production to reduce wastage of the by-catch and to
reduce fishing pressure on pelagic school fish.

Threatened and Endangered Species A number of threatened
and endangered marine mammals, fishes, and reptiles are sub-
ject to increased losses through commercial fishing. Several dif-
ferent modern fishing techniques are each associated with
direct losses. Drift netting as practiced widely in the 1980s by
the Pacific tuna fishery was associated with the inadvertent
capture and drowning of large numbers of dolphins. Shrimp
trawling is a major source of mortality for endangered sea tur-
tles, which become caught in nets. Longline fishing as prac-
ticed for catching swordfish results in the taking of many
young sharks, turtles, and some marine mammals. Gill nets
used in the shark fishery snag turtles and marine mammals.

Increased awareness and public outcry has led to some efforts
to reduce such losses, but not all of these adverse consequences
are easily corrected. Net sizes have been modified in some
cases to allow unwanted species to pass through, but even
then, a full net often has its openings effectively blocked by
densely packed fish and losses, albeit reduced, still occur.
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Destruction of Marine Habitat Different fishing techniques
vary in their potential for degrading marine habitat. In recent
years, trawling and dredging of the ocean bottom have been
sharply criticized for their destructive effect on the ocean en-
vironment. Not only do these commercial fishing practices re-
sult in considerable by-catch, they also have the potential to
disrupt or obliterate the structural components and organiza-
tion of the ocean floor ecology. Some of the more vociferous
critics have likened bottom trawling of the oceans to clear-cut-
ting of the rainforest.

Bottom trawling is a fishing technique associated with taking
bottom-dwelling groundfish, such as cod, haddock, pollock,
scrod, and flounder, as well as shrimp. Dredging, a similar
process, is used in taking scallops. Bottom trawling involves
dragging a large net along the sea floor behind one or two ships.
Open mouthed nets are often as much as 200 feet wide, with
500-pound weights or doors, at each end. The “upper lip” of the
net is held open by floats. The “lower lip” of the net, known as
the sweep chain, drags along the bottom surface. Comparison of
undersea photographs of areas subjected to trawling with those
of nearby areas free of trawling demonstrate that the sweep
chain indeed scours the ocean floor (Fig. 6-6). On gravelly ocean
bottorn, such as occurs in Georges Bank, all manner of marine
life appears to be obliterated, and it may take as long as 2.5 years
for the normal flora and fauna to be restored, presuming that
the area is not trawled again in the interim. The disturbance of
the benthic community of the sea bottom can seriously dimin-
ish its function as a nursery ground for many aquatic species and
as a source of food for commercial fish. For many years, trawl-
ing was limited to flat areas of the ocean floor because protru-
sions such as coral reefs or rock formations would snag the
sweep chain and disrupt the trawling. However, more recently,
wheellike rollers, or “rockhoppers,” have been added to trawl-
ing nets, enabling their use in more-irregular ocean floor ter-
rain, with attendant risk of damage to coral structures.

While most environmentalists and marine scientists decry the
practice of large-scale, repeated bottom trawling, its deleteri-
ous effects are not fully documented. Some industry defend-
ers suggest that the practice may have some positive influences.
For example, in the case of scallops, periodic disturbances from
dredging may actually improve scallop habitat and increase
yields over time.

In tropical seas, particularly in the Pacific, there are several fish-
ing practices strongly associated with widespread destruction
of coral reefs. The most common and destructive is cyanide
fishing, associated with the taking of live reef fish. The live
catching of colorful, tropical reef fish is aimed at two distinct
markets. One is the hobby aquarium trade, and the second,
newer, rapidly expanding market is the specialty restaurant fish
trade. The demand for live tropical fish is strong in south China,
especially in Guangdong Province and Hong Kong where eco-
nomic prosperity has spurred consumption. Reef fish such as
groupers and parrotfish can be seen in restaurant aquariums,
awaiting selection by patrons. This is an extremely lucrative
market, with high demand driving the capture of live fish. A
serving of Napoleon wrasse lips is reported to cost $250.
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Figure 6-6. U.S. Geological Survey photos of the seabed on eastern Georges Bank, off New
England and Nova Scotia. Top, The seabed at a depth of 89 m in an area not fished with bottom
trawls and dredges. Fragile calcerous worm tubes are plentiful on the seabed. Bottom, The seabed at a
depth of 80 m at a nearby site on eastern Georges Bank that is fished with bottom trawls and
dredges. The seabed floor shows only clean gravel, with scant evidence of life forms. (Photos
courtesy of Dr. Page Valentine, U.S. Geological Survey, Woods Hole, MA)

As a result of this growing market, there has been enormous
fishing pressure on coral reefs in the Indo-Pacific region, par-
ticularly around the Philippines and Indonesia. The method of
choice for taking live fish in recent years has become cyanide
fishing. Divers, armed with spray bottles containing potassium

cyanide, systematically work the reefs. They chase fish into
nooks and crannies in the reef and then spray them with a
cloud of cyanide. When the poisoned fish struggle out of their
hiding places they are seized by the diver and held in nets to
be transported to the surface. When fish do not struggle out of



hiding, the divers will break or tear away the coral to reach
their prey. However, it is not the physical damage to the coral
that is most destructive, The cyanide itself is lethal to the coral
polyps. Within weeks of being sprayed, the affected corals are
bleached white and become covered with algae. Cyanide fish-
ing has become a major industry, and the death of coral reefs
is widespread. It began in earnest in the Philippines in the
mid-1970s and by the late 1980s had spread to Indonesia. It
is now estimated that in Indonesia, only 7% of the nation’s
coral reefs remain in a healthy state. Thirty percent of the reefs
have been essentially destroyed by cyanide fishing, and the re-
maining two thirds are seriously threatened. As the demand for
live fish has increased, cyanide fishing and its attendant de-
struction of coral reefs has spread to south Pacific islands such
as Papua New Guinea and westward to the Maldives in the
Indian Ocean.

Fishing with explosives, commonly referred to as dynamite
fishing, is another negligent fishing practice that is especially
damaging to coral reefs. The practice is particularly widespread
in the south Pacific. It represents a lazy, but dangerous, method
of collecting large numbers of fish rapidly with a minimum
investment in equipment. The explosive is dropped into the
water, and the dead and dying fish float to the surface for col-
lection. In the process, coral reefs are damaged.

Environmental Impacts of Aquaculture
Aquaculture had its origins in China at least 3000 years ago,
with the development of carp cultivation in freshwater ponds;
however, in the last three decades aquaculture has experienced
enormous growth as a global industry. This growth has been
stimulated in large part by the recognition that commercial
overfishing has reduced the stocks of wild-caught fish at the
same time that demand for fish and seafood products is in-
creasing. Between 1986 and 1996 the value and weight of
aquaculture production doubled worldwide, and the aquacul-
ture industry now accounts for 25% of the world’s food fish
supply. Overall, aquacultural output grew at a rate of 11% per
year during the 1990s and may soon overtake beef cattle pro-
duction as a global source of animal protein.

The vast majority of aquaculture enterprises are carried out
with little or no harm to the environment. In fact, many fish-
farming schemes actually contribute to sustainable agricultural
production by recycling waste materials into food. Manure and
other biodegradable wastes are added to freshwater fish ponds,
where they stimulate the growth of algae and plankton that
serve as a source of feed for farmed fish such as carp, tilapia,
and catfish. Shellfish farming, too, has little adverse environ-
mental impact. Cultivators set out immature shellfish, or spat,
in appropriate marine environments where, as filter feeders,
the spat grow by extracting their nutrients from the sur-
rounding water and are subsequently harvested at maturity. In-
creasingly, oysters, clams, scallops, and mussels are being raised
through such cultivation.

Environmental problems arise in aquaculture particularly with
regard to the cultivation of salmon and shrimp, two of the
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faster-growing sectors of the overall aquaculture industry.33
While these two sectors make up only 5% of all farmed fish by
weight, they account for over 20% by value. Currently, a quar-
ter of world shrimp production comes from farmed shrimp,
with a market value of over $6 billion. The world market value
of farmed salmon in 1997 was over $2 billion.

Salmon Farming Salmon farming began in Norway in the
1960s and has since spread to other, mostly industrialized na-
tions with abundant coastline and suitably cool water tem-
peratures. The major producers of farmed salmon today in-
clude Norway, the UK., Canada, the United States, and Chile.
Farmed salmon spend their first year in freshwater ponds. Then
they are transferred to large net pens or floating sea cages an-
chored in coastal bays, where the fish grow to market size over
a period of 1 to 2 years. Salmon are carnivorous fish. As such,
commercial production requires feeding a diet that contains
45% fishmeal and 25% fish oil. To prepare this ration, enor-
mous numbers of schooling fish, such as mackerel, caplin, an-
chovies, and sardines, are caught and processed as feed for
salmon.

The farming of carnivorous fish such as salmon represents one
of the major concerns of environmentalists and social critics,
who question the large-scale harvesting of fish that can be
eaten directly by humans to serve instead as feed for another
fish species that produces only about 1 pound of salmon for
each 2.8 pounds of school fish provided as feed. This may put
additional pressure on natural fisheries that are already under
intense pressure from overfishing. It also may deprive local
human populations of animal protein derived from locally
caught fish, as school fish are diverted to salmon feed. It has
been estimated that the Furopean salmon farming industry
alone requires an amount of fish equivalent to about 90% of
the primary production of the fishing area of the North Sea.
As a result, the industry depends heavily on importation of
tishmeal derived from South American fisheries.

Other environmental and ecological concerns are associated
with salmon farming as well. The concentration of farmed fish
in coastal bays can lead to pollution problems associated with
uneaten feed and the production of large volumes of feces.
Salmon farms in Scandinavia produce feces with a nitrogen
content equivalent to the sewage produced by a city of 3.9 mil-
lion people and a phosphorus content equal to that of a city of
1.7 million people. These pollutants can adversely affect water
quality and the varied forms of marine life present near fish-
farming areas. The escape of farmed fish and subsequent in-
terbreeding with native salmon species is also a concern, as it
may lead to genetic degradation of wild salmon populations
whose genetic makeup is often related to the specific river
habitats where they spawn. Such concerns have been height-
ened by the development of transgenic salmon with enhanced
growth potential. Fish farms also attract predators that must be
controlled. To deter sea lions and seals from raiding caged
salmon, noise deterrents have been used, which, in addition
to deterring the pinnipeds, have discouraged whales and other
fishes from entering traditional feeding grounds.
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In addition, as with any other food animal species, the inten-
sive management of high concentrations of farmed fish under
confinement conditions increases the risk of disease transmis-
sion.This, in turn, leads to increased use of antibiotics and pes-
ticides that may end up in local waters. The diseases them-
selves, if not controlled, may adversely affect native species as
well, with ecological as well as economic implications. (See
sidebar “Salmon Fishing vs. Salmon Farming in Scotland.”)
There are significant opportunities for veterinarians to become
increasingly involved in the development of management sys-
tems and strategies for farmed-fish production that reduce the
risk of disease and minimize the use the drugs.

The salmon farming industry has expanded and matured suf-
ficiently in recent years to have supported the development
of an effective range of vaccines to replace the use of antimi-
crobial agents for most bacterial diseases of salmonids that
occur in Europe and North America. However, there continue
to be research opportunities for the development of vaccines
for bacterial diseases of salmonids raised elsewhere in the
world as well as for bacterial, viral, and parasitic diseases of
other farmed fish. Some current, oil-adjuvanted, intraperi-

toneal vaccines of salmonids produce significant side effects
and merit refinement. Others have questionable efficacy There
are also opportunities for research into the application of
biotechnology to develop new strains of salmonids and other
fish that are inherently disease resistant. Development of im-
proved diagnostic techniques for screening eggs and fry prior
to importation is also an important goal of disease control. As
the conditions for salmon maturation differ from those for
brood stock, the latter are often raised elsewhere and im-
ported, with an attendant risk of introducing disease.

Shrimp Farming Farmed shrimp production has increased at
least sevenfold since the 1980s. The explosive growth of
shrimp farming in the last two decades reflects the general eco-
nomic growth and increasing affluence of the period. Once
perceived as a luxury food reserved for special occasions,
shrimp now have become standard menu fare at franchise
restaurants. Shrimp consumption has increased primarily in
the developed world, especially in the United States, Japan, and
the European Union countries. Together, these developed na-
tions account for about 90% of world shrimp consumption.
The United States is the leading consumer, eating about

Salmon Fishing vs. Salmon Farming in Scotland

t is not difficult to conjure up an idyllic, rustic vision of salmon fishing in Scotland-pristine mountain streams, pink-purple fields
of heather, tweed caps and wicker creels, hand-tied flies, stone castles, and a single-malt whiskey, fireside, at the end of the day.
The power of this image is not lost on the Scots themselves, who managed for decades to market this piscatorial vision effectively

to wealthy anglers who came to Scotland for the cachet, and the catch, of salmon

fishing. Nowadays, however, there is a slight problem. The salmon are dis-
appearing from Scotland’s rivers, and the wealthy fisherman are head-
ing instead to Iceland and Argentina. Scottish conservationists, along

with tourism industry leaders, think they know the reason why the

wild river salmon and the tourists are in decline. That reason,

they believe, is the development of a salmon-farming industry
along the northwestern coast of Scotland.

Coastal salmon farming along the Scottish Highlands was sup-
ported by government as a means of generating jobs and in-
come for the economically disadvantaged region. At present

there are 340 active fish farms, mostly in the northwest. Initially,
angling associations viewed the development favorably, on the as-
sumption that the availability of cheaper, farm-raised salmon would
reduce the poaching of wild salmon, leaving more for the sportsmen.

Salmon has indeed become cheaper, but contrary to expectations, the

wild river salmon have become scarcer. Anglers believe
that the fish farms directly harm wild salmon, as well as
sea trout, in a number of ways. Wild salmon returning
from the sea to spawn in Scotland’s rivers must swim
through estuaries polluted with the concentrated feces
of intensively reared, caged fish. In addition, they are ex-
posed to the diseases of the caged fish, most notably, sea
lice. The sea lice, Lepeophtheirus salmonis and Caligus
elongatus are parasitic copepods particularly troublesome




360,000 tons of processed shrimp per year. Between one half
to two thirds of the shrimp consumed annually are imported,
farmed shrimp. Shrimp imports into the United States in 2000
were valued at US$3.76 billion.

While most farmed-shrimp consumption occurs in developed
countries of the temperate zones, most shrimp farm produc-
tion occurs in developing countries of the tropical zones, es-
pecially in Asia and Latin America. Thailand and Ecuador to-
gether produce 45% of the world’s farmed shrimp, while
Indonesia, China, India, Vietnam, Bangladesh, Mexico, Colom-
bia, and Honduras together produce another 45%.

Tropical warm-water shrimp farming is carried cut in ponds
created near estuaries or coastlines to provide a ready source
of brackish or saltwater for regular flushing of the shrimp beds
for aeration and cleansing. Cultivation ponds are frequently
created near tropical coastline at the expense of coastal man-
grove forests, which are clear-cut and then excavated to create
the ponds. The loss of mangrove forest in Asia and Latin Amer-
ica as a result of shrimp farming has not been trivial. In fact,
it represents a serious environmental and social loss.
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Mangrove forests represent a unique coastal ecology. The man-
grove trees themselves are unique in their reproduction and
growth in brackish water. Their complex water-based root sys-
tem acts as a trap for organic matter and silt, and over time,
mangrove forests add land mass to islands and coastal areas.
Mature mangrove forests serve multiple functions. They act as
a buffer against severe tropical storms, reducing windfalls and
soil erosion. The forests provide habitat for a wide range of ter-
restrial and aquatic flora and fauna. The decaying, dropped
leaves of the trees are an important source of nutrients for ma-
rine life. Furthermore, the relatively calm waters of the inter-
tidal mangrove swamps provide a safe nursery for a multi-
tude of fry and larvae of marine species that ultimately
populate the adjacent seas and estuaries, promoting biodiver-
sity and providing bountiful harvests for local fisheries. Finally,
when properly managed, the mangrove forest provides a sus-
tainable supply of important products for local people includ-
ing fuel wood, charcoal, tannins, and food.

The inherent value of mangrove forests has been overlooked
in the rush to cash in on the expanded global market for farmed
shrimp. InThailand, for example, about 253,000 of the country’s

to cage-reared Atlantic salmon, Salmo salar. They attach to the skin and feed on tissue, produce hemorrhage and anemia, and
create a portal of entry for other pathogens. Critics also believe that chemicals used to treat sea lice, such as dichlorvos, are also

harmful to the wild fish.

Leaders of the salmon-farming industry disagree. They point out that the decline in river salmon is well documented, going back
to the early 1950s, while commercial salmon farming did not begin in earnest until the 1980s. Industry supporters believe that
the reasons for the decline are more complex and far reaching and include commercial overfishing at sea, a major increase in

fish-eating seal populations in the Atlantic Ocean and North Sea,
and general increase in the types and intensity of ocean pollu-
tion. Furthermore, fish farmers believe that it is just as likely for
wild salmon to introduce new diseases into farmed fish as it is
for disease transmission to occur in the other direction. In the
meantime, the farm-fish salmon industry has created thousands
of jobs.

No one disputes that disease can be transmitted to local fish by
fish stocks introduced from other locations. In 1937, Great Britain
passed the Diseases of Fish Act, the first such legislation in the
world, to prohibit importation of live saimonids or eggs after an
outbreak of furunculosis (Aeromonas salmonicida infection) oc-
curred in wild salmon in England, Wales, and Scotland following
importation of live rainbow trout from Germany. Clearly, the ques-
tion of disease transmission between farmed and wild fish is a
major source of conflict, competition, and confusion. The oppor-

tunities for veterinarians to make a meaningful professional contribution in this arena are enormous. Participation of veterinarians
can help improve farm management; improve disease recognition, treatment, and control; clarify patterns of disease transmission;
enhance diagnostic capabilities; develop more-sophisticated epidemiological surveillance; provide informed and balanced regu-
latory oversight; and offer leadership for effective community participation in conflict resolution.




200 Chapter 6 Animals and the Environment

380,000 ha of mangrove forests already have been obliterated
to make way for shrimp farms. Yet the short-term economic
gain of shrimp farming may not equal the long-term losses of
the mangrove ecosystem. Intensively managed shrimp ponds
often have a productive life limit of only § to 10 years because
of degradation of soil and water quality and the occurrence of
disease in the densely populated shrimp beds. In the meantime,
the sustainable harvest of mangrove forest products is lost,
along with significant reductions in local marine life and fish
harvests as a result of nursery grounds being destroyed. The land
under abandoned shrimp ponds often cannot be reclaimed for
agricultural purposes because of intense salinization that in-
hibits crop growth. In addition, there is reduced economic
opportunity for local people. Like most forms of intensive,
land-based agriculture, shrimp farming is capital intensive,
not labor intensive. As traditional forms of fishing and agricul-
ture are displaced by shrimp monoculture, livelihoods may be
disrupted and communities weakened.

Other issues arise with regard to shrimp farming. As the
shrimp beds are often located in or near estuaries, they are
often downstream from agricultural lands to which pesticides
and herbicides have been applied. Runoff contaminates shrimp
beds and represents a potential health hazard for the consumer
market. Intensively managed shrimp ponds are densely stocked
to maximize production. A hectare of natural mangrove swamp
might yield 25 to 100 kg of shrimp (among other things), and
a traditional, extensively managed shrimp pond might be
stocked with up to 20,000 postlarvae, yielding up to 1000
kg of shrimp in a year. In contrast, an intensively managed
hectare of shrimp pond will be stocked with as many as
600,000 postlarvae and yield as much as 10 to 16 tons of
shrimp, at least while it can be maintained in a productive
state. These densely packed ponds are self-polluting and require
massive and frequent flushing with fresh and brackish water
to dilute and expunge effluent. This sometimes depletes local
water tables, as has happened in instances in India and Taiwan.
Effluent is often pumped into adjacent coastal waters, where
it has a polluting effect.

As might be expected in a management system with such high
stocking densities, disease outbreaks are common, and their
control requires considerable input of antibiotics and pesti-
cides. Even with these efforts, massive disease outbreaks occur
that can result in the permanent closure of shrimp ponds. A
World Bank analysis of the shrimp industry in 1996 estimated
that global losses due to shrimp disease are around $3 billion
annually and recommended an investment of $275 million
over 15 years in support of shrimp disease research. Like
farmed salmon, intensively farmed shrimp require consider-
able input of fishmeal and fish oil in their diet and produce
protein at a net loss. Similarly, ponds are frequently stocked
with nonindigenous species of shrimp that can dilute the ge-
netic stock of native species. Disease problems may also spread
to native species.

Despite all the problems with shrimp farming, some govern-
ments have turned a blind eye to their destructive aspects.
Many countries where shrimp farming occurs are in dire need

of foreign exchange to pay off international debts, and the
lucrative shrimp export market offers ready access to foreign
currency. However, other governments are beginning to take
stock of the long-term deleterious consequences. In Decem-
ber 1996, the Supreme Court of India ordered the shutdown
of approximately 40,000 ha of commercial shrimp farms and
established precedents for compensation to people adversely
affected by shrimp farming The Court also ruled that no new
shrimp aquaculture operations can be sited in prime agricul-
tural land, wetlands, mangroves, estuaries, saltpans, or public
land or be located within 500 m of the coast. Shrimp farms
also were prohibited from causing salinity or chemical pollu-
tion of fresh water.

Issues of Climate Change

<

Climate is the prevailing set of weather conditions for a place
or region as determined by temperature patterns and mete-
orological changes over a period of years. A number of dis-
tinct and differentiable climatic categories exist in the world.
The five major categories are: humid tropical climates, dry cli-
mates, subtropical climates, continental climates, and polar
climates. Within these major categories there are numerous
subcategories. These climatic subdivisions are conditioned by
a number of factors, for example, topography, area of land
mass, and nearness to oceans. The prevailing factor in defin-
ing the climate of a region, at least with regard to tempera-
ture, is its latitude, or distance from the equator. The climatic
pattern in any given region of the world plays a dominant role
in shaping both the ecology of that region and its human cul-
tural geography.

Climate is not a static phenomenon. In fact, climate change has
been, and continues to be, one of the most dynamic forces that
define the patterns of life on earth. For example, just 10,000
years ago, a fleeting moment in geological time, much of
North America and Europe were covered by glacial ice and un-
suitable for habitation. All of the human activity, physical in-
frastructure, and economic development apparent today in
Canada, much of the United States, and most of northern Eu-
rope are possible only because of a mild and gradual warming
of the Earth’s atrnosphere that caused the glaciers to recede and
opened huge areas of land for human habitation.

There is considerable evidence that today, we are once again in
a period of significant climate change. What distinguishes the
current situation from previous periods, however, is that
human activity appears to be a driving force in this current pe-
riod of climate change. A number of climatic, meteorologi-
cal, and atmospheric changes, such as global warming, acid
rain, and ozone depletion are increasingly associated with
human activities such as burning fossil fuels, industrial pro-
duction, agricultural practices and such physical transforma-
tion of the landscape as the widespread cutting of rainforests.

The implications of global climate change can be profound.
History tells us that whole civilizations have come and gone



under the influence of climate.?¢ The overall impact of current
trends in climate change remain unknown, and the timetable
of change uncertain. However, computer modeling of some
possible outcomes for different rates and severity of global
warming offer disturbing scenarios for the welfare of human
society and the biosphere in general.

Depending on the continued rate and volume of production
of greenhouse gases, computer models suggest that average at-
mospheric temperatures may rise from 1.0 to 4.5°C over the
next 100 years. Even at the more conservative end of the spec-
trum, dramatic changes in the natural environment are possi-
ble. They include polar ice melts, elevated sea levels, submer-
sion of coastlines and islands, alterations in the hydrological
cycle, and modifications of ecosystems and vegetation. The so-
cial costs of these changes will be felt in the occurrence of
large, environmentally induced migrations of human popula-
tions, changing patterns of agricultural production, shifts in
economic activity, and new patterns of disease occurrence.

It ts beyond the scope of this volume to discuss all aspects of
climate change and their potential effects on the biosphere and
human society. The following discussions focus on aspects of
global climate change that should be of professional interest
to veterinarians, particularly with regard to the health and pro-
ductivity of domestic animals. Topics include global warming,
El Nifio and related phenomena, and ozone depletion.

Global Warming

Earth’s atmosphere is made up of gases. Some of these gases,
notably water vapor, carbon dioxide, nitrous oxide, and
methane, exert a “greenhouse” effect that helps to maintain
the temperature of the Earth’s atmosphere at levels compatible
with life. Like glass in a greenhouse, these gases allow most
wavelengths of solar radiation to pass through the atmosphere
and reach Earth to warm it. However, when infrared radiation
is subsequently reflected back into the atmosphere from Earth's
surface, these gases trap up to 90% of that infrared energy as
heat, which facilitates the stabilization of atmospheric tem-
peratures at a level much higher than that outside the atmos-
phere. Life on Earth as we know it depends on this greenhouse
effect. Without it, average temperatures near Earth’s surface
would be more than 30°C lower.

Global warming is the progressive increase in mean tempera-
ture of Earth's atmosphere. The process is linked to increases in
the historical concentrations of various greenhouse gases, be-
cause increases in concentrations of these gases augment the
overall trapping effect of infrared energy in the atmosphere.

Different atmospheric gases have different radiative indices, or
capacities for trapping infrared energy. The trapping effect of a
molecule of methane, for example, is thirty times that of a
molecule of carbon dioxide. The contribution of an atmos-
pheric gas to the greenhouse effect is therefore a function not
only of its concentration, but also of its radiative index. Even
gases in low concentrations, such as chlorofluorocarbons, can
exert a profound greenhouse effect because of their high ra-
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diative indices. Some greenhouse gases, such as carbon diox-
ide, occur naturally but also enter the atmosphere as a result of
human activity. Others, such as chlorofluorocarbons, are being
contributed primarily by human industrial activity. Further in-
formation on the characteristics of various important green-
house gases and their contribution to global warming is given
in Table 6-7.

Science and Policy

Serious scientific inquiry into the process of global warming
and its implications began in 1979 when the World Meteoro-
logical Organization of the United Nations (WMO) sponsored
the World Climate Conference and launched the World Climate
Program. The main activities of this program were to gather
and analyze data on climate change, share the data with indi-
vidual nations for planning purposes, carry out impact stud-
ies based on available data and computerized models, and carry
out research to better understand and predict future climate
change.

In 1988, in conjunction with the UNEP, the WMO established
the Intergovernmental Panel on Climate Change (IPCC). This
international, multidisciplinary body of scientists was brought
together with a number of objectives: to carry out and evalu-
ate research on the greenhouse effect, global warming, and dli-
mate change; to assess the potential impacts of global warm-
ing on human society and natural ecosystems; and to
recornmend potential courses of action to policymakers for
ameliorating the effects of climate change.

In 1990, the IPCC issued its first “Scientific Assessment of Cli-
mate Change,” which summarized for the world what was
known about global warming. The IPCC documented that a
contemporary warming trend was in fact under way. Global
mean surface air temperature had increased by 0.3 to 0.6°C
over the preceding 100 years, and mean sea level had increased
by 10 to 20 cm over that same period. Since that report, sev-
eral other indicators have been identified that further support
the occurrence of global warming: the 14 warmest years on
record since record keeping began in 1866 have all occurred
since 1980, the rate of ice cap melting in the Andes mountains
of South American has increased since the 1970s, the volume
of glaciers in the European Alps has reduced by half since the
1850s, the north Greenland ice cap has been thinning by 2.5
cm per year, and there has been up to a 25% reduction in the
volume of sea ice around Antarctica

In its first scientific assessment, the IPCC also offered several
scenarios concerning the effects of global warming, based on
whether or not there is any appreciable change in the future
rate of greenhouse gas production on the planet. Under the
“business-as-usual” scenario, which assumed no foreseeable
reduction in the rate of production of greenhouse gas emis-
sions, it was projected that atmospheric carbon dioxide con-
centrations would double over present levels by 2080 and that
average global temperature would increase by approximately
0.3°C per decade. This would result in a temperature rise of
about 1°C by 2025 and of 3°C by 2100. Under this same sce-
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nario, sea levels would rise by about 65 cm (25.6 in.) by 2100,
with the potential to cause extensive coastal submersion and
catastrophic social and economic disruptions.

Public awareness was increased by the first IPCC assessment.
Subsequently, several international conferences have been held
for scientists, government leaders, and policymakers to address
the issue of global warming and develop plans and agreements
on how to curb greenhouse emissions. In Rio de Janeiro,
Brazil, in 1992, the United Nations Framework Convention on
Climate Change (UNFCCC) was developed. The convention
created an international framework for action to limit or re-
duce greenhouse gas emissions. In 1995, the IPCC issued its
second scientific assessment, which concluded that “the bal-
ance of evidence suggests that there is a discernible human in-
fluence on global climate.” The IPCC findings led to the draft-
ing of the Kyoto Protocol in Japan, in 1997. It committed
industrialized countries to quantified targets for abating their
emissions of greenhouse gases. Further discussions and re-
finements of the convention and the Kyoto Protocol were made
in Buenos Aires, Argentina, in 1998. Full texts of the UNFCCC
and the Kyoto Protocol are available on the Internet at
http://www.unfccc.de/.

By March 1999, 176 nations, including the United States, had
ratified the UNFCCC, and 84 nations had signed the Kyoto Pro-
tocol. Under the Kyoto Protocol, the United States would have
been required to reduce greenhouse emissions to 7% below
1990 levels by the year 2012. This would require the elimi-
nation of approximately 500 million metric tons of carbon
pollution each year. In January of 2001, the IPPC issued a draft
summary of its third scientific assessment with upwardly re-
vised projections on the rate of global warming and conclud-
ing that the Earth’s average surface temperature would rise 1.4°
to 5.8°C between 1990 and 2100. However, in March of 2001,
U.S. President George W. Bush said that the United States would
not ratify the Kyoto Protocol, citing economic harm to the
United States and insufficient obligations by developing na-
tions to reduce greenhouse emissions under the protocol. The
United States is responsible for producing one third of all car-
bon dioxide emissions produced by the world’s industrial-
ized nations.

Implications for Agriculture

Global warming has the potential to alter temperature and
rainfall patterns over much of the world, creating new regional
climates with profound impact on agricultural patterns and
productivity. Global warming could produce both positive and
negative effects on agriculture, depending on the intensity of
climatic alteration and the regions involved. The watchword,
in either case, is change. Agriculturists will have to be aware of
the changes that are occurring and, when possible, respond
appropriately. Some of the potential positive effects of global
warming on agriculture are as follows:

o In the high latitudes, potentially cultivable regions

will be extended northward: A 1°C increase in mean
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temperature is projected to move cultivation
northward in North America by 175 km.

» Growing season will be extended in cooler areas. In
the Canadian prairies, growing season would be
extended by 10 days for every 1°C increase in mean
temperature.

* Increased atmospheric carbon dioxide will increase
the growth rate of some crops. Experimentally, a
doubling of carbon dioxide increased wheat, rice, and
soybean yields up to 50% and maize, sorghum,

sugarcane. and millet crops by up to 10%.

On the other hand, detrimental changes for agriculture are
foreseen with regard to global warming, as follows:

* An increase in the number of extremely hot days can
suppress growth of heat-intolerant crops. In northern
India, a doubling of atmospheric carbon dioxide
would result in mean temperatures high enough to
exceed the heat tolerance of wheat and eliminate its
production.

* A reduction in rainfall and soil moisture can make
some regions noncultivable or seriously increase
demands for irrigation: Areas most likely to be
affected are northern, midlatitude, midcontinental
regions. These would include the U.S. Great Plains, the
Canadian prairies, southern Europe, and Ukraine, all
major production sites of cereal grains.

* Accelerated crop development can lead to premature
ripening: This would lead to lower yields of some
cereal crops.

*  Warmer temperatures can result in increases in weeds,
pests, and diseases: A 1°C increase in mean
temperature would increase the range of the European
corn borer northward from 165 to 500 km,
depending on other conditions.

* Rising sea levels and serious flooding can result in
losses of arable land: In Bangladesh, where most of
the population farms in the Ganges flood plain, a I-m
rise in sea level would flood 17% of the country and

displace millions of people.

Animal agriculture, as well as crop agriculture, will be af-
fected by global warming. In the following sections, the po-
tential effects on animal health and production and the im-
plications for veterinarians are discussed. In closing the
section on global warming, the contributory role of rumi-
nant livestock to greenhouse gases through production of
methane is addressed.
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Impacts on Livestock Health

In analyzing global warming models on the future impact of
greenhouse gas emissions, the various agencies and scientific
bodies have examined the potential impact on a wide range of
environmental, social, and economic parameters. The subjects
of animal health and production, however, have received rela-
tively little attention in these exercises, and the veterinary pro-
fession has been underrepresented in the ongoing study of cli-
mate change. On the IPCC, for example, there has been only
one veterinarian among the 50 or so health professionals in-
volved in assessment of health issues.

Yet the potential alterations in temperature, humidity, soil
moisture, growing season, vegetation patterns, arthropod sur-
vival, and pest dispersion being studied by health profession-
als and scientists in other disciplines surely have application to
the future health and productivity of livestock and, therefore,
should be of considerable professional interest to veterinari-
ans. Currently, insufficient data exist to draw specific conclu-
sions about the future effects of global warming on animal
health and production. However the tools of climate model-
ing coupled with our general knowledge of animal manage-
ment practices and the natural history of infectious and para-
sitic diseases permit some reasonable speculation about
possible effects, as discussed in the following sections.

Extensively Managed Animals Global warming will likely
alter the distribution of livestock grazing in different regions
of the world, reducing grazing activity in some areas while
creating new opportunities in others. Global warming will in-
crease the risk of drought wherever temperatures increase with
little attendant increase in rainfall. In arid and semiarid. zones,
such as the Sahel, increased temperatures may lead to an over-
all reduction in soil moisture and reduced vegetation cover.
As grass cover and water supply are the limiting factors in cat-
tle grazing, many pastoralists who keep cattle in mixed herds
with smaller stock may find their opportunities to herd cattle
drastically restricted. Camels and goats, better adapted to dry
conditions, will become increasingly important to arid-zone
people who depend on livestock for survival. The cultural im-
plications for traditional cattle herders and the negative eco-
nomic impact in the region would be profound.

In temperate regions, particularly in more northerly latitudes,
there may be increased opportunities for grazing. Warmer tem-
peratures will mean longer growing seasons. Also, it is believed
that increases in atmospheric carbon dioxide concentrations
will encourage leaf expansion and preferential growth of veg-
etative crops and pastures over cereal crops. In addition, graz-
ing lands at higher altitudes, or upland pastures, are likely to
be more lush, allowing higher stocking rates.

Longer growing seasons and warmer temperatures will affect
the management of grazing animals. Aitken, in Scotland, has
described some of the hypothetical changes in herd health and
management that are likely to occur in association with in-
creased temperatures in the United Kingdom.' Some of the
possible implications for grazing animals are as follows:

s A longer grazing season, with greater dependency on

grass as feed, could lead to unanticipated nutritional
disorders. Earlier availability and use of grass could
lead to an increased incidence of hypomagnesemic
tetany in the spring, while extension of the grazing
season into the fall could increase the occurrence of

cobalt and selenium deficiencies in lambs.

Patterns of gastrointestinal parasitic disease may alter
significantly. Warmer winters would allow greater
overwintering of some nematode ova and larvae and
encourage earlier and more rapid development to
infective stages in the early spring For example, a 2°C
rise in mean temperature would shift the peak hatch
of the sheep nematode, Nematodirus battus, 4 to 6 weeks
earlier than it currently occurs in April and May. This
could be beneficial, as peak larval infectivity may be
in decline by the time spring-born lambs are
consuming large amounts of grass. On the other
hand, a 2°C rise in temperature would extend the
range of the gastric nematode, Haemonchus contortus,
northward and increase its overwintering survival on
pastures. This would lead to heavier year-round
burdens, increased use of anthelmintics, and greater

risk of development of anthelmintic resistance.

Tick-borne diseases may become more widespread:
The tick-borne, hemoparasitic disease babesiosis,
caused by Babesia divergens, occurs in cattle primarily in
the western UK., where a milder, wetter climate
favors the survival and multiplication of the tick
vector, Ixodes ricinus. Increased temperature and
moisture in the British Isles could extend the range of
the vector, exposing immunologically naive
populations of cattle to babesiosis. In addition,
warmer, wetter weather would accelerate the rate of
development of immature stages of the tick, leading
to higher overall rates of disease transmission. Warmer
temperatures also increase the risk that cattle infected
with babesiosis will suffer clinical disease, with a 2°C
rise in temperature potentially doubling the number
of clinical cases. Zoonotic disease patterns of tick-
borne infections could also change. Lyme disease
occurrence could increase, for example, as tick
populations increased around urban areas.

New vector-borne diseases may be introduced: While
the UK. does not currently experience bluetongue of
sheep or African horse sickness, these conditions are
present in the Iberian peninsula. While midges

capable of transmitting both causative viruses are



present in the UK., climatic conditions do not permit
the infection to become established. In the case of
bluetongue, for example, an overwintering generation
is critical for the persistence of midges. A rise in
winter temperatures might permit such overwintering
and allow the establishment and persistence of the
bluetongue virus in Britain after introduction from
the south. The spread of arthropod disease vectors to
expanded ranges and their enhanced potential to
cause disease in humans and animals as a result of
climate change are major concerns of public health
officials around the world.

¢ Microbial infections with wild mammal reservoirs
might increase. Bovine tuberculosis occurs in badgers
in the UK. Warmer winter temperatures with more
available winter food supplies could increase badger
populations and thereby increase contact with grazing
cattle and free-living deer, thus promoting
transmission of the disease. Similarly, increases in
rodent populations could potentially increase the risk
of leptospirosis and salmonellosis in domestic animals

through contamination of pastures and water supplies.

¢+ Reproductive management of herds and flocks may
have to be altered in response to changes in parasite
risk and pasture availability: With seasonal changes in
feed availability and parasite infectivity, breeding and
birthing schedules for various species of grazing
livestock may require alteration to avoid the
occurrence of nutritional deficiencies and parasitic
infections associated with climate-induced alterations
in pasture as discussed in the preceding bulleted

iterns.

Intensively Managed Animals Animals managed under con-
finement conditions may be more protected from the direct
effects of climate change because their environment and nu-
trition are more controlled. However, intensively reared live-
stock such as swine and poultry are fed large amounts of grain,
and the economics of confinement production could be
greatly affected by changes in the market availability of cereal
crops, which may be influenced by global warming. Water
intake will be increased as mean temperatures rise, and in
some areas, water cost and availability could become a pro-
duction constraint because of excessive demands on local
water supplies brought about by global warming. Excessive
heat can reduce feed intake in livestock and thereby decrease
rates of gain and extend production schedules. Efforts to coun-
teract this effect by use of air conditioning will increase fuel
consumption and raise production costs.

Serious adverse consequences may occur in poultry produc-
tion facilities as a result of increased temperatures, with im-
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plications for both productivity and health. Heat stress is a
major management problem in intensive poultry operations.
In 1986, for instance, when average daily temperatures in
Georgia and North Carolina reached 37.8°C (100°F), some
producers were losing up to 500 birds a day from heat-related
problems. Heat stress in poultry has public health implications
as well. Salmonellosis transmitted to people from poultry
products is an important contemporary issue in food safety,
as discussed further in Chapter 9. Poultry frequently carry sub-
clinical Salmonella infections, but can begin to actively shed the
organism under stresses such as heat stress. Salmonella enteritides
shed by stressed chickens can be passed into eggs before the
shell is formed, thus creating a potential source of human in-
fection. Such occurrences could increase with elevated mean
temperatures in warmer regions such as the southern United
States, where intensive poultry rearing is an important industry.

Contribution of Livestock to Global Warming

Methane is a major end product of ruminant digestion, rep-
resenting about 25% of the gas produced when rumen mi-
croorganisms break down complex carbohydrates, including
cellulose. Depending on size, species, and diet, ruminant ani-
mals can produce between 250 and 500 L of methane per day,
which is released into the atmosphere by eructation as part of
normal rumination. With approximately 1.3 billion cattle on
the planet and 1.7 billion sheep and goats, this represents a
considerable volume of methane.

Methane also happens to be an important atmospheric green-
house gas. While it only constitutes about 3% of total green-
house gases, it contributes significantly to the greenhouse ef-
fect because of its higher radiative index. It is considered
responsible for approximately 20% of the total greenhouse gas
effect of global warming. Concerns about methane in the at-
mosphere are heightened by the fact that methane concentra-
tions have increased five times faster than carbon dioxide con-
centrations since the Industrial Revolution.

The contribution of cattle to atmospheric methane is estimated
to be about 20% of the total atmospheric concentration of that
gas. Other sources of methane include wetlands, coal mining,
natural gas exploration, biomass burning, and rice paddy pro-
duction. Additional production of methane from livestock is
associated with storage of animal wastes in tanks or pools,
which, under anaerobic degradation, produces methane. Ma-
nure spread on fields does not contribute significantly to
methane production, as the breakdown of such manure in-
volves oxygen.

Livestock owners and veterinarians may feel defensive about
media reports that trumpet the contributory role of cattle to
global warming. After all, the role of cattle seems insignifi-
cant compared with the contribution of fossil fuel burning and
industrial activity leading to carbon dioxide production. Yet
every cloud has a silver lining. Concerns about methane emis-
sions from livestock can provide opportunities for improving
the nutrition, productivity, and profitability of ruminant ani-
mals around the world, especially in developing countries. The
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rate of methane production in cattle is influenced by a num-
ber of factors, including types of carbohydrate in the diet, level
of feed intake, physical characteristics of the feed, and alter-
ations in rumen microflora. Of particular importance is the
amount of available nitrogen in the diet. When nitrogen is
readily available, rumen microflora can build amino acids from
carbohydrate sources by the addition of nitrogen. When ni-
trogen is limiting, much additional carbon from carbohydrate
is lost in rumen gas as eructated methane.

In developing countries, dietary protein is often the limiting
factor in ruminant nutrition because of high cost and limited
availability. In temperate regions of Asia, for example, winter
feed is often limited to straw left from grain harvests. Such a
diet often barely supports maintenance and survival of the an-
imal, with little opportunity for growth or production. Inter-
ventions that provide cheap dietary sources of available nitro-
gen, for example, urea, as a supplement to straw diets, provide
a double benefit. They improve the nutritive value of the ra-
tion, with attendant improvements in productivity, and reduce
the overall volume of methane produced by cattle. This repre-
sents an opportunity to help the farmer and the environment
simultaneously.

El Nifio/Southern Oscillation (ENSO)
and La Nifa

El Nifio was the name given decades ago, by Spanish-speak-
ing inhabitants of Peru, to the noticeable warming of the Pa-
cific Ocean that periodically occurs along the west coast of
South America and that brings heavy rains and a sharp re-
duction in catches for local fishermen. The association of this
phenomenon with El Nifio, or the Christ child, was that this
periodic warming occurred most commonly around Christ-
mastime. In recent years, meteorologists, oceanographers, and
other scientists have improved their understanding of El Nifio
and now recognize that the phenomenon is part of a recur-
ring pattern of cyclic variations in atmospheric pressure and
ocean currents that can dramatically affect weather patterns
around the globe. Taken together this global cyclic pattern is
now known as the El Nifio/southern oscillation, or ENSO. La
Nifa is a second, distinct alteration of normal equatorial Pa-
cific oceanic and atmospheric conditions, with the potential
to affect global weather, though usually less dramatically than
ENSO. La Nina tends to accentuate normal weather patterns,
making dry areas drier, wet areas wetter, and cold areas colder.
On a regional basis, La Nifla effects are roughly opposite to
those of ENSO.

In contemporary times, major ENSO events have occurred in
1972,1976,1982-1983, 19911994, and 1997-1998. Based
on records kept for about the last 130 years, the 1991-1994
event was the longest ENSO on record, while the 1997-1998
episode was the strongest, with ocean temperatures exceeding
those set in 1982—1983. Some observers believe that the fre-
quency and severity of ENSO events increased through the
20th century on the basis of available historical data. Others
disagree, suggesting that the events are being more carefully
observed or recorded and that a century is too short a period

of observation to draw any firm conclusions about increased
occurrences of ENSO.

Similarly, there is disagreement about the role of global warm-
ing in the genesis of ENSO. Some scientists believe that higher
mean atmospheric temperatures are fueling the generation of
ENSO events, while others believe that the two phenomena are
independent. In 1999, German meteorologists suggested that
if global warming continues at the current pace, by 2050 the
eastern Pacific would become warm enough that the condi-
tions currently associated with intermittent El Nifio events
would become more-or-less constant. While the association of
ENSO with global warming remains a subject of debate, there
is no dispute concerning the fact that ENSO events do occur
and that they can seriously affect many aspects of daily life.
Whatever their professional interests, veterinarians are likely
to encounter the influence of ENSO events in the course of
their professional activities, be they in the area of livestock
agriculture, pet practice, wildlife conservation, or public
health, as discussed below.

Genesis of ENSO

The influence of ENSO on global weather patterns originates
in the equatorial Pacific. Normally, equatorial Pacific climate is
primarily influenced by the so-called Walker circulation, which
begins when the equatorial sun warms the waters of the west-
ern Pacific around Australia and Indonesia so that large vol-
umes of warm, moist air rise high into the atmosphere, creat-
ing a low-pressure system. As the air proceeds to cool in the
higher atmosphere, it dumps its moisture as rain, and the
cooler, drier air is pushed eastward by winds in the upper at-
mosphere. By the time this air reaches the west coast of the
Americas, it is cold and dense enough to begin to sink, creat-
ing a high-pressure system near the ocean’s surface. This dense
mass of descended air then begins to move westward again,
pushed by east-to-west trade winds heading back toward Aus-
tralia and Indonesia. As the trade winds move westward, they
push the top layer of warm ocean water westward as well,
drawing it away from the west coast of South America. In re-
sponse, colder, deeper ocean water, rich in nutrients, is drawn
to the surface, which accounts for the normally bountiful fish-
ing along the Peruvian coast.

In ENSO years, for reasons not fully understood, the east-to-
west phase of the Walker circulation is disrupted. Atmospheric
pressure becomes higher near Australia than near South Amer-
ica, a change referred to as the southern oscillation, and the
east-to-west trade winds decrease or fail. As a result, the
warmer surface waters of the eastern Pacific are not pushed
westward. Instead they generate large volumes of warm, moist
air that rise high into the atmosphere over the western coast
of equatorial South America, producing torrential rains there
and depriving the western Pacific region of the atmospheric
moisture required to produce the seasonal monsoons of south
Asia. The equatorial ocean waters off the Americas stay warm,
so that the normal convection of nutrient-rich, cold bottom
waters does not occur, thus disrupting the marine ecosystem
and reducing commercial fish catches.



Other atmospheric events may be linked to ENSO, extending
its impact on global weather patterns well beyond the equa-
torial Pacific zone where the phenomenon originates. For ex-
ample, in ENSO years, the polar jet stream tends to remain in
the higher latitudes instead of sweeping southward. This pro-
duces milder winters in much of Canada and the northern
United States. High-altitude winds in the tropics tend to dis-
rupt cyclone cloud formation and thereby reduce the number
of hurricanes originating in the mid-Atlantic. Cooling in the
Indian Ocean creates high-pressure fronts that potentially
block rains from reaching southern Africa.

As with ENSO, the development of La Nifia reaches its peak in
the months of December through March, and it may exert its
influence for several months thereafter. However the genesis
of La Nifia and its effects are roughly opposite to those of
ENSO. La Nifia events are associated with stronger than normal
east-to-west trade winds, abnormal cooling in the eastern Pa-
cific, and the movement of warm sea water toward the west-
ern Pacific. This leads to increased rainfall from Australia,
through India, as far west as South Africa. The polar jet stream
moves farther south than normal, causing colder winter tem-
peratures in Canada and the northern United States. Caribbean
hurricanes, encountering no strong western wind resistance,
are more frequent during La Nifia periods. The 1997-1998
ENSO was followed by a La Nifia in 1998 that resulted in some
of the deadliest hurricanes in history, notably Georges and
Mitch. In the past 100 years, there have been, depending on
the definitions of the reporting agency, 23 ENSO events and
15 La Nifia events.

The practical effects of these meteorological cycles on everyday
life can be extraordinary, as the recent ENSO of 1997-1998
clearly demonstrated. Warm Pacific waters began to accumulate
off of Australia in March 1997 and by Septemnber 1997 had
reached the Peruvian coast. Over the following 9 months, until
about June 1998, dramatic weather-related events around the
globe were being linked to ENSO. Many were associated with
catastrophic outcomes. Severe droughts associated with raging
forest fires occurred in Indonesia, Malaysia, northeastern Brazil,
and Florida. Drought and crop failures were felt in Texas, Pak-
istan, northern India, the Philippines, and parts of Australia. Se-
vere flooding with loss of lives, crops, and property occurred
in Peru, California, Sudan, and Kenya.

Some consequences of the 1997-1998 ENSO were more be-
nign. Milder winters in the northern United States and Canada
led to drastic reductions in winter heating costs and fuel con-
sumption. Tropical storms in the Caribbean were less frequent,
and sport fisherman from northern California to Alaska were
catching tuna and marlin, usually confined to more southern
waters. Nevertheless, the 1997—-1998 ENSO is estimated to
have produced over US$33 billion in property damage and re-
sulted in the loss of several thousand human lives.

Impacts on Animal Health and Production

The impact of ENSO events on animals can be direct or indi-
rect and will vary from region to region, based on the type of
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weather changes induced in a specific area. The ENSO of
1997-1998 as well as the El Nifio of 1982-1983 was replete
with examples of how the health, productivity, and survival of
domestic and wild animals may be affected.

wildlife Recent ENSO events have posed notable dangers for
wildlife. Their impact on wildlife have underscored the fragility
of certain unique natural habitats and highlighted the tenuous
hold on survival of some endangered species whose total pop-
ulations are small or who have a restricted geographical dis-
tribution.

In 1997-1998, raging forest fires associated with the ENSO-
induced drought in Indonesia created severe stresses for for-
est-dwelling animals. The orangutans of Kalimantan, the In-
donesian portion of the island of Borneo, especially suffered,
facing mass starvation due to the destruction of their forest
habitat by fire. With vast expanses of forest blackened, there
was little to eat or drink. Infants too weak to cling to their
mothers were falling to their deaths from trees. Orangutans
that fled the forest into areas of human inhabitation were
sometimes killed by villagers. Dozens of young orangutans
were rescued and brought to the Wanariset Samboja primate
refuge for treatment and recuperation, though their future
prospects in the wild remain uncertain. Orangutans on Bor-
neo were already under extreme pressure from hunting and
forest clearing, and some conservation specialists eXPress con-
cern that the fires of 1997-1998 may hasten the extinction
of orangutans on that island.

Coral reefs and the multitude of marine animals that depend
on them have been adversely affected by ENSO events through-
out the Pacific, from the Great Barrier Reef off Queensland in
Australia eastward to various reefs on the Pacific coast of Costa
Rica, Mexico, and the Galapagos Islands. Higher ocean tem-
peratures associated with ENSO events cause coral polyps to
expel their symbiotic algae, which under normal circum-
stances capture many of the nutrients, including calcium that
the coral needs to grow. In 1997—-1998, ocean temperatures in
the Great Barrier Reef reached 31.1°C (88°F), causing wide-
spread algal expulsion and contributing to the coral bleaching
that is occurring in that world-famous ecosystem. The effects
of ENSO continue even after water temperatures begin to cool,
hampering coral recovery. Cooling of the water from such high
temperatures brings coastal upswelling, with an influx of
deeper, nutrient-rich cold water that favors the proliferation of
some important coral predators, notably starfish (Ananthaster
sp.) and sea urchins (Diadema and Eucidaris spp.). These preda-
tors can consume ENSO-damaged coral at a rate faster than the
coral can rebuild. Scientific studies carried out on coral reefs
following the ENSO of 1982-1983 indicate that while recov-
ery is possible, it may be slow, and some coral mortality will
oceur.

Coral bleaching is only one of many impacts of ENSO on the
unique ecosystem of the Galapagos Islands and its wildlife in-
habitants. During the ENSO of 1982-1983, the islands expe-
rienced over six times their normal rainfall, and sea tempera-
tures averaged 3°C warmer than normal. The normally
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abundant ocean fish stocks that supported the islands’ pelagic
birds left the area for cooler seas, and the bird populations suf-
fered. Populations of the flightless cormorants (Nannopterum har-
risi) were reduced by 45%, and 78% of the rare Galapagos pen-
guins (Spheniscus mendiculus) died. There was widespread breeding
failure among waved albatrosses (Diomedea irrorata). Up to 70%
of marine iguanas (Amblyrhyncus cristatus) starved when green sea
algae, the normal diet of these creatures, was replaced by ined-
ible red algae.

The normally dry and sparsely vegetated islands experienced
a spurt of abundant vegetative growth that facilitated an in-
crease in the famous finch populations but also supported
the proliferation of fire ants and rats, alien species previously
introduced to the island with the potential to spread disease
and compete with indigenous species in specialized eco-
logical niches. As the Galapagos Islands are home to the en-
tire world populations of many unique, endemic species,
these ENSO-related losses threaten the survival of some
species.

Elsewhere in the eastern Pacific, the warmer ocean tempera-
tures of 1997—1998 were creating difficulties for other pop-
ulations of marine fauna. Hundreds of nursing sea lions starved
to death off San Miguel Island in California when their moth-
ers were unable to find the squid and small fish that usually
compose their diet. The usual prey had moved to deeper, cooler
waters beyond the diving range of the sea lions. Pup mortal-
ity rates, usually about 25%, reached 70% in the 1997 sea-
son. Warmer waters on the other hand, were attractive to large
schools of predatory mackerel, which moved much farther
north up the Pacific coast of North America than usual. The
mackerel arrived off the coast of British Columbia just about
the time that juvenile Chinook salmon were migrating out to
sea. The mackerel consumed the young Chinook at alarming
rates, adding yet another pressure to an already endangered
species. Large-scale predation of sockeye salmon by mackerel
also occurred in the ENSO of 1992, leading to a very poor
salmon run in 1996.

Livestock ENSO events are characterized by drought in some
regions and excessive rainfall in others. Both situations can
affect the health, management, productivity, and economics of
livestock production. The severity of ENSO effects on livestock,
however, is modulated by numerous other factors associated
with local resource bases and the capacity to plan for, and re-
spond to, crises. Areas with well-developed transportation in-
frastructure, veterinary services, and feed reserves, for exam-
ple, will fare much better during periods of extended drought
or flooding than will areas without such resources.

Under conditions of drought, livestock may die acutely from
lack of water or subacutely from lack of feed. Adaptability of
various species of livestock to drought is an important deter-
mining factor in survival. In arid and semiarid regions, such
as the Sahel in Africa, cattle, sheep, and donkeys are generally
less drought resistant and will succumb before goats and
camels, which are better adapted to store water internally and,
as browsers, to consume a wider range of potential feed

sources. Indigenous breeds of cattle usually fare better than ex-
otic, imported breeds.

Range animals everywhere show choice in diet selection and
under normal conditions will shun unpalatable weeds and
shrubs, many of which are potentially toxic. Under drought
conditions, however, they are far more likely to consume such
plants and develop specific plant-related toxicities. In the
southwestern United States, for instance, several plants are as-
sociated with disease in livestock during periods of drought,
as they may be the dominant plants available on drought-af-
tected rangelands and will be consumed in large quantities.
These plants include bitterweed (Hymenoxys odorata), carpetweed
(Kallstroemia hirsutissima), guajillo (Acacia berlandieri), coyotillo (Kar-
winskia humboldtiana), and the bitter-tasting selenium-accumula-
tor plants such as locoweeds (Astagalus spp.) In addition, pro-
ducers may be obliged to feed poorer quality stored feed to
livestock during periods of drought than they might other-
wise, thus increasing the risk of aflatoxicosis from moldy corn
or silage.

Suboptimal feed intakes for extended periods by livestock can
adversely affect reproductive performance through reduced fer-
tility, increased predisposition to abortion, and reduced offspring
survival through decreased milk production in the dam. There
may also be reductions in immunity, with increased predispo-
sition to infectious disease. Prolonged drought may force pas-
toralists to move stressed and susceptible livestock long distances
in search of food, whereby the animals may come into contact
with other livestock or vectors carrying disease. As droughts
are frequently associated with abnormally high temperatures,
heat stress and hyperthermia are also likely to increase.

In commercial operations, slower growth rates, decreased
weight gains, and lower production outputs such as milk are
to be expected. The Ministry of Agriculture and Fisheries in
New Zealand has analyzed the national cost of the 19971998
ENSO in that country, where drought conditions prevailed.
Overall losses for horticulture and livestock were estimated at
$256 million, $170 million of which was livestock related in
the beef, sheep, dairy, and deer sectors. Centers of loss included
lower lamb and cattle slaughter weights, lower cull ewe
weights, decreased fleece weights, a 20,000 tonne shortfall in
projected milk production, and in deer, lower velvet, fawn, and
meat outputs. In addition, another projected loss of $169 mil-
lion was anticipated for 1998-1999 due to the carryover of
reduced lambing rates, the need to rebuild herds, reduced pro-
ductive life of surviving ewes because of excessive tooth wear
during drought grazing, and other recovery costs.

Heavy rains also affect livestock production. Flooding may lead
to acute death losses by drowning, Suboptimal feed intake may
also result because grazing lands and forage or grain crops
intended for livestock consumption may be damaged. Com-
mercial operations will be directly affected by poorer per-
formance and increased costs of production as feed costs rise.

Increases of certain disease problems can also be expected
with heavy, extended rainfall. Foot rot is associated with per-



sistently wet pastures and grazing lands, and widespread foot
rot had a devastating effect on sheep and goats in the Horn of
Africa during the heavy ENSO-associated rains in late 1997
and early 1998. Foot rot is deadly for extensively managed an-
imals that must move over large areas of land in search of
feed. Diseases caused by spore-forming organisms also gen-
erally increase following flooding of lowlands, as spores deep
in the soil are brought to the surface and subsequently con-
sumed. Anthrax and clostridial diseases such as blackleg and
are notable examples.

Perhaps the greatest potential impact of heavy rains on live-
stock health is a rise in vector-borne disease. Insect vectors,
such as mosquitoes, which require standing water to complete
their life cycle, proliferate during ENSO-related periods of pro-
longed, wet weather. In 19971998, a dramatic and deadly
outbreak of Rift Valley fever, a mosquito-borne viral disease,
occurred in East Africa, causing serious morbidity and mor-
tality in livestock and humans (see sidebar “Kenya and El Nifio
1997—-1998: A Challenge for Veterinarians™). Heavy rain may
also increase feed supplies that lead to expanded populations
of intermediate hosts, such as rodents, involved in the trans-
mission of vector-borne diseases. This may have more direct
consequences on humans and pet animals than on livestock as
discussed below.

Companion Animals During the winter of 1997-1998, atyp-
ical, heavy rainfall inundated much of the American Southwest.
The desert bloomed with an abundant array of wildflowers and
other plants rarely seen in the region, to the delight of visi-
tors and residents. Along with the rains came an explosion of
grasshoppers and other insects, whose numbers became so
dense that people had to take care sometimes not to skid on
them while walking on pavement. Less obvious and more omi-
nous was an explosion in rodent populations, including deer
mice and pifion mice that found abundant food in the in-
creased insect and seed supply. In New Mexico, trapping stud-
ies indicated that rodent populations had increased from an av-
erage of 5 per hectare to 50 per hectare. With the increase in
rodent populations came an increase in flea populations,
which led to an outbreak of plague in domestic animals and
humans.

In January 1998, the first case of plague in the epizootic was
diagnosed in a domestic cat in New Mexico. By mid-July 1998,
there were 20 cat, 3 dog, and 2 human plague cases confirmed
in the northern part of the state, stretching over a distance of
160 km. Plague is caused by the bacterium Yersinia pestis and is
transmitted primarily by the bite of fleas. It is believed that in
the periods between epizootics, deer mice, possibly other ro-
dents, and their fleas may act as maintenance hosts for the in-
fection. Heavy rains facilitate the expansion of rodent popula-
tions by increasing food supplies but also lead to increased
death and injury or rodents because heavy rains will flood
rodent shelters and burrows and force them out. This leads to
increased contact between rodents and outdoor pets who may
become infected with Y. pestis when they ingest rodents or be-
come unwitting hosts to fleas abandoning the dead or dying
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rodents. People may become infected by flea bites, by contact
with infected pets, and through discharges from erupted
lymph nodes in animals with bubonic plague or respiratory
aerosols from animals with pneumonic plague.

Zoonotic Disease and Public Health

Climate is a key factor in defining the geographic distribution
of vector-borne zoonotic disease. Climate essentially sets the
limits of spatial distribution of disease vectors whose life cy-
cles and natural history are constrained by climatic parameters
such as seasonal temperature ranges and rainfall patterns. Based
on field observations and computer models, there is both ev-
idence and concern that global warming can contribute to sig-
nificant alterations in the geographic distribution of serious
human diseases that are transmitted by arthropod vectors such
as mosquitoes. These diseases include, among others, malaria,
dengue fever, yellow fever, and viral encephalitides.

Weather, in contrast to climate, plays a significant role in de-
termining the frequency and severity of vector-borne or
zoonotic disease outbreaks within the existing geographic
range of a specific vector or animal host. ENSO events, with
their power to significantly alter local weather patterns, are
being recognized as important elements in vector-borne
zoonotic disease occurrence. Diseases that are endemic in an
area, meaning that the local ecology supports the persistence of
disease at very low levels, can become epidemic, or widespread
in susceptible local populations as a result of changes in weather
associated with ENSO events.The 1993 outbreak of human han-
tavirus infections in the Four Corners region of the southwest-
ern United States—where the borders of New Mexico, Arizona,
Colorado, and Utah all meet—is a well-studied example, with
parallels to the 1997-1998 plague outbreak among domestic
animals and humans in the same locale. In the case of han-
tavirus, the viral disease is transmitted primarily by contact with
rodent carriers of the virus or their droppings.

Hantaviruses, in the family Bunyaviridee, include human
pathogens responsible for hemorrhagic fevers and nephropa-
thy. The most notable outbreak of hantavirus-associated disease
was in UN and American troops in Korea during the Korean
War of the early 1950s, in which thousands were affected. The
hantaviruses are associated with rodents, which are normally
asymptomatic carriers that shed the virus in saliva and excre-
tions. In the United States, the “Sin Nombre” strain of han-
tavirus has been associated with deer mice (Peromyscus manicule-
tus) in the southwestern United States but until 1993 had not
been linked to outbreaks of human disease.

The Four Corners region had experienced almost 6 years of
drought leading up to 1992. Rodent populations and rodent-
predator populations, such as owls, were severely depressed
during that drought period. Subsequently, heavy, above-
average rainfall associated with ENSO occurred from Novem-
ber 1992 through March 1993, creating opportunities for
marked increases in rodent populations, particularly deer mice
populations at elevations between 1800 and 2500 m and in
pifion pine/juniper forests. As predator populations take longer
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Kenya and El Nifio 1997-1998: A Challenge for Veterinarians

he relentless rains El Nifio brought to East Africa between October 1997 and February 1998 would have impressed even
Noah. In some parts of the region, rainfall for the period was eight times normal, producing floods of biblical propor-
tion. Particularly hard hit was Kenya, where El Nifio took a heavy toll. Economic damage was extensive. Wildlife tourism,
a key element of the economy was disrupted when the dirt tracks in many of
the National Parks became impassable because of persistent mud. Traffic on

Sudan \ Ethiopia the principal commercial roadway in the region, A109, from the port of Mom-
i R basa to the capital, Nairobi, was repeatedly delayed because of flooding,
Lake J A washouts, and collapsed bridges, causing serious disruption to the flow of es-
Sirana j /’ sential goods, with major economic losses. Heavy rains hampered the harvest
Uganda [ { of coffee and tea, major export crops that are critical sources of foreign ex-
: K L « Waji change earnings for Kenya. Food crops such as maize and beans, ordinarily
R ¢ ESomalia planted in October to take
ortheastol advantage of the nor-
_ N Province| mal seasonal rains,
Lake Victoria et '\_i ‘_\ ; were insteaq lost
O, to waterlogging
N from the un-
expected del-
- Mmbais uge that oc-
curred.
| Tanzania While much of

the country experi-
Map of Kenya. enced difficulties dur-
ing these 5 months of
heavy rain, the most seriously affected region of the country was the north-  Washed out bridge on Kenya’s main highway. (Photo
east, where excessive precipitation and flooding set the stage for devas- courtesy of the United States Marine Corps/ U.S. Joint
tating disease outbreaks that resulted in the loss of much human and an- Task Force, Kenya)
imal life and threatened famine in the region. Northeastern Province is one
of the more remote regions of Kenya. It is an area of flat semiarid grazing lands populated largely by tribes of pastoralists with eth-
nic and linguistic links to the Somalis, who graze mixed herds of cattle, sheep, and goats. There
are swamplands in the region, with seasonal rivers that feed into the perennial Tana River,
which flows into the Indian Ocean. There are no large cities, few large towns, some
airstrips, and limited road access.

Drought conditions during the previous 2 years had already caused serious
hardship in the region. Livestock numbers were reduced, and pastoralists
had limited cash to purchase cereal grains. With the nutritional status of
both humans and animals already diminished and disease resistance
compromised, the persistent El Nifio rains that began in October 1997
catalyzed a number of serious human and animal health problems.
Under the wet conditions that prevailed, insect populations exploded,
and vector-borne disease became widespread. Human malaria, transmit-
ted by mosquitoes, reached epidemic proportions. By February 1998, in
Wiajir District of Northeastern Province alone, over 1500 malaria deaths had
been reported, and new human cases were occurring at the rate of 45 per day.
Flooding also overwhelmed limited sanitation systems, and enteric diseases became
widespread. Provincewide, dozens of people were dying daily from malaria,

Relief air drop in Kenya. (Photo courtesy of cholera, starvation, or some combination of the three. With roads impassable and
World Food Programme/Kenya/ B. Barton) airstrips flooded, international relief agencies such as the World Food Programme




ISSUES OF CLIMATE CHANGE 211

of the United Nations (WFP) and even the United States Marine Corps were participating in airdrops of food into the area to pro-
vide emergency assistance for an estimated 500,000 people in peril.

Another serious mosquito-borne disease that affected both humans and livestock in the province was Rift Valley fever (RVF). The
virus is widely distributed in Africa, but major outbreaks are infrequent, occurring in 5- to 20-year cycles. Clinical disease can
quickly reach epidemic proportions, however, when weather patterns produce conditions that are favorable to the rapid prolif-
eration of mosquito vectors, particularly those such as Aedes mcintoshi, which can lay infected, drought-resistant eggs that re-
main dormant in shallow land depressions and then hatch synchronously when the depressions, or dambos, fill with rain or
flood water. In people, RVF has historically produced flu-like signs with low mortality. More recently, though, a more severe he-
morrhagic form of the disease has occurred. This form, with bleeding from body orifices, occurred in Northeastern Province in
1997-1978. Before the epidemic subsided in March 1998, an estimated 89,000 human cases of RVF occurred, with approxi-
mately 450 deaths.

Mosquito-borne RVF also affected cattle, sheep, goats, and camels in the region. Mortality was highest in young animals, while
abortions were very common in adult females. Rains and flooding brought out other animal diseases as well. Infectious foot rot
became a serious problem in sheep and goats with chronically wet feet and led to widespread mortality when it became too painful
for animals to move in search of food. Starvation killed some animals outright, while malnutrition predisposed many small rumi-
nants to respiratory diseases such as contagious caprine pleuropneumonia and pneumonic pasteureilosis, which further increased
mortality. Increased soil moisture also favored the survival and maturation of infective nematode larvae, and haemonchosis became
prevalent in sheep and goats. Similarly, wet fleeces and haircoats predisposed animals to debilitating mange. While most of these
conditions are treatable or even preventable with vaccination, the delivery of animal health care services to pastoralists in remote
regions is difficult even in the best of times, let alone during severe crises. Strategies for delivery of veterinary services in remote
regions under difficult conditions is discussed in Chapter 8 of this book.

By the end of February 1998, when rains ended and flooding subsided, the pastoralist communities of Northeastern Province
were reeling. Many herders were sick and mainourished themselves, had lost family members and animals during the crisis, and
faced an unsure future. The loss of animals, their main source of livelihood, was extensive and severe. Government surveys in March
1998 indicated that 200,000 sheep and 520,000 goats, or 53%
of the small stock in the province, had died since the rains began
in October 1997. Herders were left with depleted herds, few an-
imals to sell, and little cash to purchase maize or other feedstuffs,
which were selling at increased prices because of transportation
difficulties and crop shortfalls. By March 1999, international
health experts declared that the risk of RVF in the Horn of Africa
had returned to negligible levels. Yet this was small consolation for
the pastoralists of Northeastern Province. By mid-1998, the rains
of El Nifio had been replaced by a La Nifia-induced drought and
there were serious concerns about food security for hundreds of
thousands of people and their animals in the region.

Pastoralist cultures face a number of important threats to their sur-
vival. Many of these problems are political, cultural, and eco-
nomic, as discussed in Chapter 4. However, there is increasing
concern that the natural resource base on which pastoralists de-
pend is increasingly at risk because of events linked to global cli-
mate change. The ENSO is one such example. The effects of at-
mospheric and oceanic events originating thousands of miles away
in the equatorial Pacific off the coast of Indonesia are adding sig-
nificantly to the array of man-made problems that threaten the survival of traditional, livestock-based pastoralist cultures in the Horn
of Africa. In addition, El Nifio events are challenging veterinary and human health service providers to devise more-effective ways
of addressing weather-related situations that affect health before, during, and after those situations develop.

Pastoralist children in Kenya. (Photo courtesy of Farm Africa,
London, UK)
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to rebound, there were no effective controls on the expanded
deer mouse population, which in some places was 20 times
normal. This population explosion was presumed to bring
people into more frequent contact with rodents outdoors. By
June 1993, below-normal rainfall had returned to the region,
creating serious food shortages for the expanded rodent pop-
ulation. At this point, rodent invasions of homes in the region
noticeably increased, particularly in rural homes distant from
surface water supplies. This led to greater rodent-human con-
tact. By 1995, the rodent numbers in Four Corners had es-
sentially returned to normal, but from 1993 until 1995 when
the epidemic subsided, 53 human cases of human hantavirus
occurred in the region.

Predicting ENSO Events

During the ENSO of 1997-1998, there was a notable tendency
for the media to attribute every quirky or dramatic weather-
related event during the period directly to El Nifio. Yet local and
regional weather patterns and events are influenced by a wide
range of variables besides the ENSO phenomenon. The pre-
dictable occurrence of ENSO events and their impact on daily
life varies from region to region. In some places the occurrence
and impact are more consistent than in others, with coastal re-
gions demonstrating less-variable patterns than regions farther
inland. This is of particular relevance with regard to agricul-
ture. For grain farmers in the American Midwest, the impact
of ENSO on weather is quite variable, as local weather is in-
fluenced by other factors as well. The rainfall and temperature
data from Hlinois presented in Table 6-8 indicate the relatively
unpredictability of the effect of ENSO events in the state. On
the other hand, wheat farmers in coastal Queensland, the
northeastern state of Australia, have come to consistently ex-
pect drought conditions in association with ENSO events, lead-
ing to serious, sometimes devastating reductions in wheat pro-
duction because of failure of summer monsoon rains that
would ordinarily begin in December. The 1994 wheat crop, in
the midst of the longest ENSO event on record (1991-1995)
was only 12% of normal.

In some parts of the world, Peru and Australia, for instance, the
ability to predict ENSO events would allow planning to reduce
loss of life and property destruction associated with acute cat-
astrophic events such as flooding and allow informed decision
making in economic sectors such as agriculture and tourism,
which are particularly affected by climatic and seasonal varia-
tions. Fortunately, the ability of scientists to track and predict
ENSO events has improved considerably in recent years.

By 1994, the US. National Oceanic and Atmospheric Admin-
istration (NOAA) had set up an informative surveillance sys-
tem to measure critical oceanic and atmospheric indicators that
would herald a developing El Nifio. The tropical atmos-
phere/ocean array (TOA) is a series of 70 monitoring buoys
spread across the equatorial Pacific linked to mobile research
ships, polar-orbit satellites, and NOAA data-analysis stations
(see http://www.pmel.noaa.gov/tao/). Through its World Cli-

Table 6-8 Departures from Normal for

Temperature and Precipitation in Hlinois |
during Strong El Nifio years, 1951-1

Summer (June, July, and August)

Temperature Precipitation

Year °P (%)
1951 +1.9 +21

1957 +0.2 +7
1963 -0.2 -10
1965 -1.7 -1

1969 -1.1 +9
1972 1.7 +4
1976 0.5 24
1982 -2.4 +6
1987 +1.4 +7
1991 +1.4 -21

Winter (December, January, and February)

Temperature Precipitation
Year (°F) (%)
1951-52 +1.9 +13
1957-58 +0.4 -15
1963-64 -1.2 -44
1965-66 -0.4 0
1969-70 -3.5 -34
1972-73 0.0 +5
1976-77 6.8 47
1982-83 +5.1 +14
1986-87 +4.2 -37
1987-88 -1.0 +16
1991-92 +5.2 -12

2 No consistent effect of ENSO is observed on either
temperature or precipitation despite the documentation of ENSO
events in the years listed. The variation indicates that while El
Nifio events may influence weather patterns, local conditions in
some regions can mask or modulate El Nifio effects.

Data derived from the Internet site of the lllinois State
Climatologist Office at
http://www.sws.uiuc.edu/atmos/statecli/EINino/elnino.htm

Copyright ()1999 lllinois State Water Survey




mate Program, the World Meteorological Organization has also
set up a tracking program, the Climate Information and Pre-
diction Services (CLIPS), which collects and coordinates
weather information from national meteorological services
around the globe.

Using the TOA system, NOAA, in April 1997, was able to fore-
tell the impending ENSO event that began to build off In-
donesia and Australia a month later. This allowed time for
proactive planning to ameliorate the negative effects of altered
weather and to capitalize on potential opportunities. For ex-
ample, in Peru, storm drains and channels were systemati-
cally repaired and cleared of debris so that when the torrential
rains subsequently arrived, the damaging effects of flooding
were considerably lessened, with little loss of life.

New surveillance technology and better understanding of the
relationship of ENSO events to disease patterns can also help
to forecast disease outbreaks, thus providing public health of-
ficials with valuable time to increase public awareness and in-
stitute prophylactic measures. The Southern Oscillation Index
has been used to predict the probability of epidemics of vec-
tor-borne diseases in Australia, for example, Murray Valley en-
cephalitis. Satellite remote sensing, which can detect areas of
abnormal precipitation via increases in vegetation, identified
exactly those areas subsequently hit by the Rift Valley fever out-
break in East Africa in late 1997 and early 1998. Remote sens-
ing is also being used to predict cholera outbreaks, which have
now been associated with oceanic plankton blooms that har-
bor the causative organism, Vibrio cholezae.?” Such plankton
blooms have been linked to ENSO-associated increases in
ocean ternperatures and subsequent outbreaks of cholera, thus
establishing cholera as a global pandemic disease whose oc-
currence is tied to climate.!*

Implications for Veterinarians

That weather can affect patterns of disease occurrence is not a
new concept in veterinary medicine. Yet the notion that ENSO
events can influence weather on a regional basis and that these
patterns likely will be predicted with increasing reliability in
the future increases opportunities for improvement of veteri-
nary services.

In the areas of clinical practice, for example, advanced knowl-
edge about potential plague outbreaks in New Mexico would
allow implementation of client-awareness campaigns, vacci-
nation of humans at high risk, such as veterinarians and vet-
erinary technicians, and initiation of aggressive flea control
in local pet populations.

In the area of epidemiology and public health, there are re-
search opportunities to better understand the ecology of im-
portant animal and zoonotic diseases, particularly in relation
to weather and climate. There are also research opportunities
to improve disease prediction and field opportunities world-
wide for better conception and implementation of disease-
control strategies such as regional vaccination campaigns for
conditions such as anthrax, blackleg, or Rift Valley fever.
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In the area of emergency and disaster medicine, there are chal-
lenges for veterinarians to develop appropriate veterinary
knowledge of, and critical-care interventions for, threatened
and endangered species across a wide taxonomic spectrum,
from iguanas to orangutans. In addition, there are opportuni-
ties to improve international emergency response procedures
and to develop strategies and techniques for working effec-
tively and safely with animals in unfamiliar and potentially
dangerous environments under emergency conditions induced
by weather and climate change.??

Ozone Depletion and Ultraviolet Radiation

Ozone, when present in the air we breathe, is considered a pol-
lutant. It is generated in the lower atmosphere from oxygen by
various chemical and electrical processes and is recognized as
a common constituent of polluted air in industrialized soci-
eties, particularly in urban areas. When present in inspired
air, ozone can produce inflammation of the lungs of humans
and animals. Plants, including some important agricultural
crops, such as alfalfa, potatoes, tomatoes, wheat, spinach, and
tobacco, are very sensitive to ozone, and low levels of ozone
can result in lower yields and premature senescence of affected
crops. In the United States, an estimated $2 billion in losses
due to crop darage are incurred annually as a result of the ac-
tion of ozone and other photochemical oxidants.

When ozone is present in the stratosphere, however, it plays a
critically important role in sustaining life on the planet, as it is
primarily responsible for removing harmful ultraviolet radia-
tion from sunlight before it reaches Earth. Ozone’s beneficial
role in the stratosphere and the dangers associated with de-
pletion of stratospheric ozone are discussed in the following
sections.

Genesis of Ozone Depletion

Ultraviolet (UV) radiation is part of the spectrum of electro-
magnetic radiation emitted by the sun and transmitted to the
earth. UV radiation has higher energy and shorter wavelength
than visible light. Three categories of UV radiation are recog-
nized, according to their physical properties and photochem-
ical effects. These are UVA, with wavelengths of 315 to 400
nm; UVB, with wavelengths from 280 to 315 nm; and UVC,
with wavelengths of 200 to 280 nm.

UV radiation has harmful biological potential. It can disrupt
the replicative and metabolic processes of single-cell organ-
isms or unprotected cells in higher organisms and ultimately
kill them. It is unlikely that the complex, terrestrial life forms
we recognize today on earth could have evolved successfully if
the full load of UV radiation reaching the outer limits of
Barth’s atmosphere actually penetrated to Earth’s surface. For-
tunately, during the course of development of the planetary
biosphere, a protective mechanism evolved that filters out most
UV radiation in the stratosphere, 10 to 50 km above Earth's
surface. The key element in that filtering process is stratos-
pheric ozone.
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Ozone (O;), or triatomic oxygen, is the most chemically ac-
tive form of oxygen, but is also an unstable molecule. Oxy-
gen (O,) itself can absorb shorter-wave UV radiation. It is the
absorption of incoming solar UVC radiation by oxygen in the
stratosphere that results in the generation of ozone. In turn,
ozone can absorb UV radiation of longer wavelengths, up to
about 310 nm, and is responsible for filtering most of the UVB
radiation entering the stratosphere. Ozone, being unstable, is
also broken down by a variety of natural chemical processes.
As a result, a normal equilibrium of stratospheric ozone con-
centration is achieved. The distribution of ozone above the
earth, however, is not uniform. The ozone layer is normally
thicker over the polar regions than at the equator, so that in
general, less UV radiation reaches Earth at high latitudes than
at lower latitudes. Moving in a direction from the poles toward
the equator, there is about a 4% increase in UVB radiation
reaching the earth per degree of latitude change. UVB radia-
tion also increases in intensity at higher altitudes.

The phenomenon of ozone generation from oxygen in the
stratosphere was first explained in 1930.In 1957, atmospheric
scientists began regular monitoring of ozone concentrations
in the ozone layer. It was recognized that the distribution of
ozone in the ozone layer has a natural variability based on solar
intensity and atmospheric circulation, with concentrations
varying seasonally as much as £20%. By the late 1970s, cu-
mulative monitoring data had identified some disturbing de-
velopments in normal ozone distribution and concentrations.
Average global concentrations of ozone were down by 5%, and
scientists observed that at the beginning of spring in the south-
ern hemisphere, stratospheric ozone over Antarctica was about
35 to 40% lower than the average for data from the 1960s. By
1984, it was reported that this so-called ozone hole formed
over Antarctica in the spring, remained there for about 2
months and then moved over Australia and New Zealand. The
event recurred annually, though the cause of the ozone deple-
tion was unknown. The explanation, however, was not long
in coming. It involved the appearance of synthetic organic
compounds in the stratosphere.

Chlorofluorocarbons, or CFCs, are synthetically derived or-
ganic compounds that were developed in the 1930s prima-
rily as refrigerants to replace ammonia. The CFCs were chem-
ically stable, nonflammable and nontoxic and found
widespread commercial and industrial use as coolants, in plas-
tics manufacturing, and as propellants in aerosol sprays. By the
early 1970s about 1 million tons of CFCs per year were pro-
duced for industrial use. Because of their relatively high sta-
bility, CFCs released into the air were able to gradually accu-
mulate in the earth’s atmosphere without degradation by
sunlight, water, or oxidation. However, existing natural pat-
terns of global atmospheric circulation drew CFCs high into
the stratosphere and concentrated them over Antarctica. High
in the stratosphere, the chemical stability of CFCs was com-
promised. At altitudes above 28.8 km (18 mi) the high-energy
UV radiation of the sun can breakdown CFCs and release
highly reactive chlorine atorns. When chlorine reacts with two
molecule of ozone it breaks down the ozone to oxygen and

generates the free radical, chlorine oxide. Chlorine oxide in
turn catalyzes a repetitive chain reaction in which a single
chlorine atom released from CFC can remove up to 100,000
molecules of ozone from the stratosphere. Researchers have
identified other compounds that can contribute to ozone de-
pletion, notably carbon tetrachloride, methylchloroform, ni-
trous oxides, and the pesticide, methyl bromide. However,
based on detection of increased levels of stratospheric fluorine
as well as chlorine, CFCs have been confirmed the major cul-
prit in ozone depletion.

Projections derived from the accumulating data on ozone de-
pletion suggested that during the 1990s, a maximum 6 to 7%
reduction in normal ozone concentration would occur at mid-
latitudes in the northern hemisphere during summer and fall.
At this reduced ozone level, the average annual dose of harm-
ful UV radiation reaching Earth would increase by 6 to 12%.
Epidemiological data suggested that for every 1% drop in
ozone concentration at midlatitudes in summertime, there
would be a 0.5% increase in the incidence of ocular cataracts,
and a 2% increase in the incidence of nonmelanomic skin can-
cer in humans.

Widespread public acceptance of the information linking CFCs
to ozone depletion and its implications for human health was
surprisingly swift. Politicians and policymakers, working with
scientists, were quick to develop and adopt international agree-
ments to meaningfully reduce the dangers of ozone depletion.
The Montreal Protocol on Substances that Deplete the Ozone
Layer was drafted in 1987, only 2 years after the ozone hole
over the Antarctic was definitively confirmed by satellite. The
Montreal Protocol, ultimately ratified by 180 nations, estab-
lished policies that would reduce the release of CFCs into the
atmosphere to a level half that of 1986. That treaty was subse-
quently made stronger by approval of various amendments in
London in 1990, Copenhagen in 1992, and again in Mon-
treal in 1997. These amendments resulted in agreement for a
complete ban on the manufacture, importation, and use of
CFCs in industrial countries by 1996 and in developing coun-
tries by 2010. Current information on the status of imple-
mentation of the Montreal Protocol and its various amend-
ments, as well as their full texts, can be obtained at the website
of the Ozone Secretariat of the UNEP (http://www.unep.ch/
ozone/index.shtml).

International cooperation on ozone depletion through the
Montreal protocol is a triumph of global environmental
diplomacy, with great potential benefit for the protection of
human, animal, and environmental health. For example, com-
puter modeling has indicated that in a “business as usual” sce-
nario, with no reduction in the use or manufacture of CECs,
human skin cancer rates in the United States and northwest-
ern Europe due to increased UV radiation from ozone deple-
tion would increase by approximately 325% by the year 2100.
This would represent an additional 1.5 million cases in the
United States and 440,000 in Europe. With phased reduction
of CFC use as originally agreed in the Montreal Protocol, the
increase in skin cancer rates would be reduced to about 98%.



With implementation of the total ban on CFC use agreed upon
in the Copenhagen Amendments, the increase in skin cancer
cases by the year 2100 for the same regions would be only 2%.

Unfortunately, ratification of the Montreal Protocol and its
amendments does not mean that all risks of harmful biolog-
ical effects associated with UV radiation have been eliminated.
Several factors suggest that problems of UV radiation expo-
sure associated with ozone depletion will persist for decades.
Some of the factors contributing to this persistence are as fol-
lows:

# CECs currently in the lower atmosphere will remain
there for a long time. As CFCs are highly stable in the
atmosphere, accumulated concentrations remain high.
These CFCs in the lower atmosphere will continue to
move up to the stratosphere for years to come, and
there they will ultimately be degraded to produce
ozone-depleting chlorine.

s+ Some skin cancers are triggered by childhood
exposure to UV radiation but are not expressed until
adulthood. The risk of basal cell carcinomas of the
skin, for example, increases with age but is strongly
determined by UV exposure during childhood.
Today’s children may still be manifesting basal cell
carcinomas 60 years from now even if ozone

depletion is slowed.

s Global warming may contribute to ozone depletion
even in the face of reduced atmospheric CFCs. In
1998, new atmospheric research suggested that
increasing concentrations of greenhouse gases may be
leading to colder, more-stable vortex circulations in
winter that accelerate the removal of ozone at high
latitudes. This effect may continue even after
stratospheric chlorine levels begin to decline.

s Some continued use of CFCs can be expected into the
future. The Montreal Protocol permits total phaseout
of CFCs in developing countries to be complete in
2010. Furthermore, in an imperfect world, total
compliance with the CFC ban cannot be expected.
Already there is a considerable illegal, black-market
trade in CFCs smuggled into the United States where
demand remains high in automobile repair shops and
refrigeration companies for restoration of older
cooling systems that used CECs. In Miami alone,
federal agents seized over 1 million pounds of
contraband CFCs in an undercover operation

designated “Cool Breeze.”

As a result, environmentalists and health professionals, in-
cluding veterinarians, must continue to be able to recognize
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and respond to the known potential harmful effects of UV ra-
diation and to be alert to any as-yet unrecognized impacts on
health and the environment.

Biological Effects of UV Radiation

Conjugated bonds in organic molecules effectively absorb UV
radiation. The radiant energy of absorbed UVB leads to pho-
tochemical reactions that can produce molecular damage. In
living systems, this molecular damage can lead to functional
disruptions or death of cells. In the conjugated bonds of aro-
matic rings, as are found in DNA base pairs, the absorption of
UV radiation is greatest in the UVB range. Damage to molec-
ular DNA from UVB radiation is significant. It is estimated that
a single epithelial cell in the epidermis of a light-skinned per-
son spending a sunny summer day at the beach can develop
100,000 to 1,000,000 damaged sites in its DNA. While liv-
ing cells possess the capacity to repair DNA, some damage may
persist and result in faulty replication of DNA, leading to mu-
tation and possibly oncogenesis.

Complex organisms have evolved a variety of protective adap-
tations to minimize the potentially deleterious effects of nor-
mal levels of solar UV radiation. However, increased levels of
UV radiation can overcome these defenses and pose additional
danger for simpler, less well adapted organisms, for example
marine plankton. While UV radiation striking a person will not
penetrate beyond the depth of the dermal layer of the skin, UV
radiation striking the ocean can penetrate tens of meters into
clear water. Plankton serves as the foundation of the global ma-
rine food chain. Proliferation of plankton can be depressed
by UV radiation, and rates of phytoplankton production meas-
ured in waters around Antarctica, under the ozone hole, are re-
duced. The potential effects of plankton reductions on marine
biodiversity in general and commercial fisheries in particular
should be of concern to human society. Furthermore, phyto-
plankton contain chlorophyll and act as a sink for carbon diox-
ide, so reduction of phytoplankton in the world’s oceans may
also contribute to global warming.

In addition, the eggs and developing larvae of various fish, am-
phibians, and other aquatic species that develop in shallow
water may experience mutation that leads to either death or
developmental anomaly when exposed to excessive UV radi-
ation. In recent years there has been a global alarm bell sound-
ing with regard to a widespread decline in amphibian popu-
lations and a growing incidence of freakish amphibian
malformations, such as frogs with multiple extra legs. Though
the causes of this worldwide phenomenon are not fully un-
derstood and indeed may vary among locations, there is evi-
dence that increased UV radiation associated with ozone de-
pletion can induce death and deformities in frog embryos and
may weaken the immune system, making mature amphibians
susceptible to parasitic diseases.®

Health Effects in Humans

Humans, like other higher organisms, have evolved a range of
adaptations in response to the presence of the normal levels
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of UV radiation found in sunlight. Along with other mam-
mals, they even use UV radiation to their advantage for the
production of vitamin D, an essential vitamin associated with
calcium metabolism, as previtamin Dj is formed in epidermal
cells of the skin in response to UVB irradiation. To avoid the
harmful effects of excessive exposure to UV radiation, human
skin has several protective features. These include a thick, ker-
atinized outer layer of epidermis with a high cellular turnover
rate, a high capacity to repair damaged cells, an active skin-
based immune system to remove dead or nonrepairable cells,
and the presence of melanocytes, the melanin pigment-con-
taining cells that are mobilized in response to increased ex-
posure to UV radiation. Dermatologists classify six skin types
largely on the basis of the number of melanocytes present. The
higher the proportion of melanocytes, the darker the skin and
the less likely the risk of sunburn and other adverse effects
of UV radiation. Caucasians, with skin scores of 1 and 2 have
a relatively high risk of developing skin cancer from pro-
longed exposure to sunlight. That risk is increased by ozone
depletion.

The scope of human health effects of solar UV radiation have
been thoroughly reviewed and are not discussed in detail
here.!$The eyes, skin, and immune system are mainly affected.
Ocular conditions include severe, noninfectious keratocon-
junctivitis or “snow blindness,” pterygium formation, droplet
keratopathy, and possibly cortical cataracts of the lens. Skin
problems associated with UV radiation include sunburn, pre-
cancerous lesions such as actinic keratosis, and several forms
of skin cancer, including squamous cell carcinoma, basal cell
carcinoma, and malignant melanoma. UV radiation can also
suppress immune responses, largely in the cellular arm of the
immune system in the skin, increasing the risk of skin cancer
and also contributing to the expression of certain infections,
for example, cold sores, associated with latent herpes simplex
infection. In leprosy patients, the lesions of leprosy are more
common on areas of the body more consistently exposed to
the sun, such as the face and arms. There are also indications
that immune responses to vaccinations may be less pro-
nounced following excessive exposure to sunlight.

Health Effects in Domestic Animals

Skin cancers are much less prevalent in domestic mammals
than in humans. In large part, this is because the fur or hair
coat offers additional protection against the penetration of UV
radiation to the skin. Also, the skin of animals tends to be
darkly pigmented, especially when the hair color is dark. Nev-
ertheless, several diseases of animals are known to be associ-
ated with exposure to UVB radiation. The damaging effect of
increased UV radiation exposure in animals is most likely to
be expressed on nonpigmented, relatively uncovered portions
of the body. These include the eyes, eyelids, ear tips, teats, and
mucocutaneous junctions. Epidemiological data on the inci-
dence of UVB-related diseases of animals are sparse, but it is
reasonable to assume that as with human skin cancer, increases
in effective UVB radiation reaching the Earth because of ozone
depletion can result in increased cases.

The animal diseases in which UVB radiation is known to be a
causal factor are squamous cell carcinoma in cattle, cats, horses,
and sheep; infectious bovine keratoconjunctivitis, or “pink-
eye,” in cattle; pannus in dogs; and skin lesions in fish. Photo-
sensitization in cattle is certainly associated with exposure to
certain wavelengths in sunlight, though UVB has not been
specifically implicated. The differential impact of sunlight on
pigmented and nonpigmented skin of animals is dramatically
represented in clinical cases of photosensitization in Holstein
cattle. In these cases, photodynamic agents in the skin react
with solar radiation to produce a solar dermatitis that is severe
enough to cause skin sloughing on the white-haired and light-
skinned portions of the animal but not on the dark-haired,
heavily pigmented portions (Fig. 6-7). Sunburn, or solar der-
matitis can also be a problem for light-skinned animals, par-
ticularly where hair cover is sparse, such as on the teats. Saa-
nen goats and Holstein cows, for example, are prone to getting
sunburned teats, which can interfere with milking and pre-
dispose to mastitis.

Squamous cell carcinoma is the most widely recognized dis-
ease of animals in which occurrence is linked to the intensity
and duration of exposure to UV radiation. The disease is of

Left flank and hindquarter of a Holstein cow with
skin lesions due to photosensitization. Note the characteristic

Figure 6-7.

pattern of lesions, with the surface areas of lesser pigmentation
and white hair cover far more severely affected than the black areas
of hair and skin. The occurrence of photosensitization in domestic
animals could increase as a result of ozone depletion and an
attendant increase in ultraviolet radiation. (Photo by Dr. David M.

Sherman)



considerable economic importance in the beef cattle indus-
try, as it occurs commonly in white-faced Hereford cattle as a
neoplastic condition of the eyes and eyelids, often referred to
as “cancer eye.” Simmental and Holstein cattle, other breeds
with relatively little pigmentation around the eyes, also develop
ocular squamous cell carcinoma, but not as commonly as
Herefords. Economic losses from cancer eye are associated with
treatment costs and/or premature culling. The lack of pig-
mentation on the eyeball and the eyelids of white-faced Here-
fords predisposes them to the condition, compared with other
beef breeds. It is rarely seen in animals less than 4 years of
age and has a peak incidence at 8 years of age, suggesting a cu-
mulative radiation dose effect similar to that recognized in hu-
mans for skin cancer. In parts of Australia, 6% of all Hereford
cattle may be affected with ocular squamous cell carcinoma,
and the closer Herefords are kept to the equator, the higher the
incidence of the disease. The role of UV radiation in the patho-
genesis of bovine ocular squamous cell carcinoma is generally
accepted. However, since the linkage was established over 40
years ago, there have been no specific epidemiological stud-
ies to identify or correlate changes in rates of ocular bovine
squamous cell carcinoma with increased effective UVB radia-
tion due to ozone depletion. Such studies would be of con-
siderable interest.

Other species of domestic animals also develop forms of squa-
mous cell carcinoma associated with exposure to UVB radia-
tion. In cats, squamous cell carcinomas of the eyelids, con-
junctiva, and nictitating membranes are most common in
white-haired cats over 5 years of age with nonpigmented eye-
lid margins. White cats are also more likely to develop squa-
mous cell carcinoma of the lips, nose, and ear tips, areas lack-
ing pigmentation and poorly protected by fur. Squamous cell
carcinoma of the ear tips is also seen in older white sheep,
where cumulative exposure to solar radiation is associated with
summer grazing. In horses, squamous cell carcinomas of the
eyes and periorbital tissues occur more common in individu-
als over 8 years of age with lightly pigmented or nonpig-
mented eyelids. In the United States, Appaloosa and draft
breeds of horses are most commonly affected, and the pat-
tern of disease occurrence illustrates the role of UVB radiation
in the occurrence of the disease. The incidence is higher at
higher altitudes and at latitudes closer to the equator, where
mean solar radiation is greater. Cutaneous melanomas are rare
in dark-skinned horses, but surprisingly common in older gray
or white horses, with up to 80% of gray and white Lipizzaner,
Arabian, and Percheron horses affected. The tumors usually de-
velop at the base of the tail or perineum but may be found
elsewhere and may metastasize to lymph nodes. While the pro-
file of disease occurrence suggests UV radiation as a potential
contributing factor in the pathogenesis, there has been little or
no research to establish such a link.

Infectious bovine keratoconjunctivitis (IBK), or pinkeye, is a
common disease of cattle worldwide. It is caused by a specific
bacterial pathogen, Moraxella bovis. However, experimental stud-
ies have clearly demonstrated that exposure to UVB radiation
increases the clinical severity of infection. It also promotes
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transmission of the infection between cattle, because UVB ex-
posure itself produces irritation to the eye that prompts cattle
to rub their eyes on inanimate surfaces that may be contami-
nated with the infective lacrimal secretions of other clinically
infected cattle. The prospect of increased cccurrence of IBK as-
sociated with increased effective UVB radiation due to ozone
depletion should be of concern to veterinarians. Already, IBK
is commonly cited as a predominant disease of cattle in dis-
ease surveys carried out around the world. Losses associated
with the disease are significant. Acute inflammation of the eyes
creates discomfort and impaired vision that is associated with
decreased feed intake, especially in grazing animals, which ac-
tually may die of starvation. Less dramatic, but still costly ef-
fects include weight loss, slower growth of calves, decreased
milk production in cows, and associated treatment expenses.
Increased occurrence of IBK worldwide would be costly in
terms of both animal suffering and economic loss.

Pannus is an ophthalmological condition of dogs, also known
as Uberreiter’s syndrome, or chronic superficial keratitis. The
disease is more common in larger breeds, most notably Ger-
man Shepherds, and manifests as a progressive, proliferative,
superficial keratitis that begins at the lateral limbus and grad-
ually extends to cover the cornea. Epidemiological studies car-
ried out in the 1970s suggested that the disease in the United
States was more common in population centers at higher alti-
tudes where incident radiation in the UV wavelength was con-
siderably higher than at sea level. It is hypothesized that
chronic, high-intensity exposure to UV radiation in certain
breeds produces alterations in corneal tissues that make them
appear foreign to the host. An autoimmune response to these
antigens manifests as corneal inflammation.

Investigations into the effects of UV radiation on fish health
date back to 1930, when mortality in brook trout, Salvelinus
fontinalis, was observed in response to exposure to certain wave-
lengths of UV light. As the aquaculture industry continues to
expand, the practice of confining fish in cages in relatively
shallow water may result in increased manifestations of UVB-
related fish diseases of veterinary concern. Fish are susceptible
to solar dermatitis, or sunburn. In 1985 it was reported that
farmed rainbow trout, Salmo gairdneri, kept in shallow, unshaded,
clear-water ponds at high altitude in Bolivia developed severe
necrosis of the dorsal fin. The fish would actively seek what lit-
tle shade was available adjacent to the pond walls. Similarly,
in 1987, Atlantic salmon, Salmo selar, raised in sea cages off the
west coast of Ireland developed severe dorsal skin lesions dur-
ing the summer months and experienced a high mortality rate.
While several factors contributed to this disease outbreak, ex-
posure to prolonged summer sunlig