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. SUMMARY

loss of the plant and animal life on this planet. It has been conservatively estimated

that as many as 27,000 species are being driven to extinction annually through the
loss of tropical forests alone. As pressures on natural habitats around the world intensify,
nature’s endowment of biological diversity is contracting—along with the actual and poten-
tial benefits which humankind gleans from an abundant and diverse biosphere.

In 1995, a group of leading biodiversity experts gathered at the American Museum of
Natural History (AMNH) to assess the status of global biodiversity and discuss how scientists
and policymakers can work together on conservation solutions. This conference, “The
Living Planet in Crisis: Biodiversity, Science, and Policy,” was the first to be sponsored by
the AMNH Center for Biodiversity and Conservation. The Center was established in 1993
to provide a focus for the Museum’s conservation-related activities, and its inaugural con-
ference attracted forty leading international experts and nearly 600 attendees. Several
themes emerged from conference presentations, position papers, and extended panel dis-
cussions: that biodiversity is more extensive than we had calculated in the past; it sustains
the ecological services upon which human life depends; it is eroding at a rate and scale
unprecedented in human history; and, despite gaps in our scientific understanding, we
must move forward with conservation measures or place at risk the very foundation of
human health, agricultural productivity,
economic prosperity, and political and

social stability. This report summarizes the  The American Museum of Natural History established the
Information and ideas generated at the Center for Biodiversity and Conservation in 1993 to mobi-
conference and reflects subsequent discus- . \ . .

lize the Museum'’s extensive resources in the development

sions at the AMNH. . L .
As unprecedented as the biodiversity cri- of an interdisciplinary approach to conservation, one

sis is in human history, so too are the col-  Which will move us from current crisis management
laborative efforts that people must—and toward viable long-range planning. The establishment of
are—undertaking in response. We are cer-  the Center is testimony to the Museum’s ongoing devo-

tainly confronted by a formidable array of iop g the understanding, appreciation, and protection of
difficulties: an incomplete knowledge of biological diversity.

biodiversity, lack of integration among the
relevant sciences, the failure to devise an
adequate formula for figuring resource-loss into the economic and development equation,
and poor communication between policymakers and scientists.

Science must remain the central reference and guide in meeting these challenges and
in shaping sound conservation actions; however, a new kind of science will need to evolve—
one that is interdisciplinary, issue-driven, and willing to communicate effectively with poli-
cymakers and populace. The crisis we are facing demands that science exceed the bound-
aries which it previously defined for itself and turn a new page.

Q t the threshold of the 21st century, we face an unparalleled crisis: the accelerating




1. THE LIVING PLANET IN CRISIS

INTRODUCTION

f all the characteristics of life on earth,

none is so extraordinary as its sheer

diversity: the seemingly limitless array
of lifeforms, the vast genetic variety they con-
tain, the rich ecological associations they form,
and the complex behaviors they adopt in meet-
ing the challenge of survival. This diversity re-
flects life’s capacity to occupy the ever-changing
spectrum of environments on the planet, from
arctic ice cap to dense tropical rainforest, from
sun-bleached desert to sunless subterranean
cavern, from mountain summit to ocean depth.

Every day earth’s biological diversity provides

goods and services used by all people: the air we
breathe, the water we drink, the foods and med-
icines that sustain our lives, the materials that
support our economies, the sights and sounds
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Protozoa
Algae

Plants

Arachnids

Insects

Proportion of the approximately 1.75 million described species in
the major groups of organisms. (* Chordates include mammals,
birds, reptiles, fish, and amphibians.)

Nematodes
Chordates*

Crustaceans

Biodiversity refers to the variety of genetic materials within species,
the variety of species in all taxonomic groups, and the variety of com-
munities, ecosystems, and landscapes within which species evolve
and coexist. Conservation seeks to sustain this variety, as well as the
evolutionary and ecological processes that support it, by guiding
human activities within nature. Fundamental to effective biodiversity
conservation is the precept that it must take into account the multi-
ple levels of biological organization, as well as the multiple scales of
space and time over which the processes that sustain, perpetuate,
ana alter lifeforms operate.

and smells that enrich our quality of life—all
draw upon nature’s rich endowment of genes,
species, habitats, and ecosystems.

Biodiversity, our life-support system, is today
increasingly threatened by human activity:
unabated human population growth, overex-
ploitation of resources, pollution, and global cli-
mate change.l Two sets of data point to an ongo-
ing extinction event of devastating proportions:
1) the large body of observations that document
human-induced extinctions, and 2) extrapola-
tions based on available knowledge of diversity
patterns in the landscape and the rate at which
habitats are being lost due to human activities.
If current trends continue, an alarming percent-
age of the world’s species are likely to go extinct
within the next several decades. Biologist E.O.
Wilson calculates that 20% of the world’s species
will be extinct within the next 30 years and at
least 50% in the decades that follow.2

This crisis has many faces: the desperate
movement of subsistence farmers to forest fron-
tiers and the resulting loss of tropical habitat to
slash-and-burn agricultural practices; the mora-
toria placed on fisheries that were formerly the
world’s richest and most productive; the wide-
spread loss of traditional crops and livestock
breeds from rural landscapes; the bitter reac-
tion of loggers whose livelihoods are under-
mined by the epic success of their industry in



depleting North America’s old-growth forests.
These are all facets of a world-wide ecological
catastrophe, the urgency of which we are just

beginning to comprehend. Unlike most human-

caused environmental perils, however, anthro-
pogenic extinction—the most conspicuous
form of biodiversity loss—is irreversible. A
species lost is lost forever, as is its genetic legacy
and its place in the larger community and
longer story of life on earth.

BACKGROUND: THE ROLE OF EXTINCTION
AND THE GEOLOGICAL RECORD

xtinction, of course, is not a recent phe-

nomenon; it is, in fact, a natural process

inherent in evolution. At least five mass
extinction episodes are recorded in the planet’s
geological record. Paleontologists differentiate
between the high extinction rates that marked
these mass extinctions and the normal “back-
ground extinction rate” recorded in other peri-
ods. According to conservative assessments, the
current rate of human-exacerbated extinction is
at least 1,000 times greater than what would have
occurred naturally.3 In fact, we are now experi-
encing a rate of extinction that rivals the mass
extinctions of pre-history. When Homo sapiens
evolved 100,000 years ago, the number of
species on earth was at its peak; if the current
rate of extinction continues, we will approach
the lowest levels of extant species since the end
of the Age of Dinosaurs, 65 million years ago.4

For thousands of years, human beings signifi-

cantly modified earth’s ecosystems, favoring
some species while driving others to extinction.
During the late Pleistocene (less than 2 million
years ago), some 70% of North America’s large
mammals went extinct soon after human beings
arrived over the Bering land bridge.> Although
overhunting has been widely accepted as the
cause of these extinctions, introduction of viru-
lent diseases by humans and their commensals
and global climate change may also have played
significant roles. Human populations in the
Pacific Islands eradicated as many as one-fifth

of all birds—perhaps 2,000 species—over the
last 1,100 years through overhunting and habi-
tat alteration.6 (At present, about 10% of the
world’s extant bird species—almost 1,000—are
listed as threatened.’)

Although the phenomenon of human-
induced extinction is thousands of years old,
the scope and intensity of the current crisis is
unprecedented. Human destruction of species
and habitats is no longer confined to particular
localities or regions; it is now global in scale,
affecting a much broader range of organisms.
In the past, large and conspicuous species (espe-
cially birds and mammals) were at greatest risk;
now, invertebrates, other small animals, marine
and other aquatic organisms, and, significantly,
plants are also threatened. In other words, entire
species clusters and the habitats they occupy are
now under assault.

First sighted on the island of Mauritius around 1600, the Dodo was
extinct less than eighty years later. The disappearance of the Dodo rep-
resented above by a model, is attributed primarily to human activities—
destruction of forests and introduction of non-native animals.



It has been suggested that, since as much as
99% of all species that ever lived are now extinct,
today’s losses are not significant. Furthermore,
since the earth rebounded so magnificently from
the greater biodiversity catastrophes of pre-histo-
ry, it can fare no worse from those that belong to
human history. Though this may be possible, it is
important to remember that recovery from the
five previous mass extinctions took anywhere
from five to ten million years.8 As the average
lifespan for terrestrial species lies in the low mil-
lions (usually less than five), the recovery from
the next mass extinction will require a span of
time far in excess of the probable remaining
lifespan for our species. Altering our behavior to
prevent the needless loss of plant and animal life
will depend on the full recognition of the conse-
quences of that loss, at all levels, in our lives.

THE VALUE OF BIODIVERSITY

iodiversity generates a wide array of direct

benefits for people in the form of food,

energy, fiber, medicines and other goods.
These biological resources provide sustenance
and are the basis of local and national
economies. Biodiversity also serves us in more
indirect ways by maintaining the eco-
logical and biophysical processes

mals, fungi, and microorganisms. The earth’s
organisms are not merely “bystanders,” but
essential participants in the workings of the plan-
et’s atmospheric, climatic, hydrologic, and bio-
geochemical cycles.

e Through photosynthesis, green plants
remove carbon dioxide from the atmos-
phere and replenish the supply of oxygen.

A diverse group of microbes, the Rhizobia,
convert atmospheric nitrogen into a form
that plants can utilize.

» Phytoplankton in the oceans provide the
foundation for marine food chains and
help regulate global atmospheric cycles.

= Organic materials in dead and decaying
organisms are decomposed and recycled by
fungi, bacteria, saprophytes, and scavengers.

e Hydrological functions within watersheds
are regulated by the biodiversity within the
area’s soils, watercourses, and upland and
wetland biotic communities.

Only in the last several decades has science
begun to comprehend these cycles (at various
scales) and to reveal the functional role that bio-
diversity plays within them. As human pressures

upon which environmental quality
depends, which, in turn, is an indis-
pensable anchor to social and politi-
cal stability. Beyond such tangible
assets, there are cultural, recreational,
aesthetic, and spiritual benefits that
derive from exploration of and con-
tact with life’s variety. Our hopes for a
sustainable future lie in an acknowl-
edgment and understanding that all
of these benefits derive from the
abundance of life around us.

Biological diversity maintains
essential ecological services.
The indispensable ecological services

that keep the earth a habitable place
are performed by myriad plants, ani-

“The Life of the Forest Floor” diorama at the American Museum of Natural History repre-
sents a cross-section of forest soil, enlarged to 24 times its actual size. The diorama illus-
trates the amazing array of organisms which decompose and recycle organic materials.
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on landscapes, aquatic systems, and ecological
processes continue to rise, the need for sustain-
able management of resources will require even
deeper understanding of the structure and func-
tion of ecosystems, the role that biological diver-
sity plays within them, and the impact of human
activity upon them.

Biological diversity provides the basis for
human health.

Biodiversity contributes to our well-being by pro-
viding medicinal compounds, inhibiting

pathogens, and maintaining environmental qual-
ity. Conversely, human-caused changes in the dis-

tribution and magnitude of biodiversity affect
human health by increasing the risk of disease
and decreasing our options for finding cures.

Many of the links between human health and

biodiversity are direct and obvious; others are

more subtle.9

e Traditional plant- and animal-derived medi-
cines remain the primary sources of health
care for some 80% of the world’s popula-
tion — nearly 4.5 billion people.10

« Fifty-seven percent of the 150 most pre-
scribed drugs have their origins in biodiver-
sity.11 In addition to these are less often
used drugs such as Vincristine, derived
from the Madagascar periwinkle
(Catharanthus roseus) and the preferred
treatment of childhood leukemia, and
Taxol, first derived from the bark of the
Pacific yew (Taxus brevifolia) and an effective
treatment for ovarian and breast cancer.

» The biological adaptations of a wide range
of terrestrial and aquatic organisms provide
us with medical models that enable us to
understand human physiology and disease;
for instance, understanding why bears do
not lose bone mass during their long hiber-
nation could lead to treatments for osteo-
porosis, which costs the U.S. economy $10
billion in direct health care costs and pro-
ductivity losses each year. Many species of
bear are endangered today.12

If you
think the
Endangered
Species Act
protects
only

spotted owls,
think agai.

A poster in support of the Endangered Species Act illustrates how a drug
derived from the Madagascar periwinkle is an important treatment for
childhood leukemia.

« Disruption of ecosystems may cause changes
in food supply and water quality, which in
turn affect nutrition and sanitary condi-
tions. Such changes reduce resistance to dis-
ease even as they increase exposure to
pathogens and disease vectors. In Ghana,
for instance, where the tropical forest has
been reduced to 25% of its original size,
approximately 75% of Ghanaians depend
on wild game to supplement their diet.
Forest depletion has resulted in a sharp
increase in malnutrition and disease.13

» As ecosystems are disrupted, changes occur
in the numbers, kinds, and relationships of
species within the system, including those



that cause and spread human disease.
Increasing disturbance of tropical forests in
Africa, for example, is believed to be a con-
tributing factor in the emergence of the
Ebola virus and other contagious disease
agents in recent years.

“The wild beasts of this century and the next are microbial,
not carnivorous. "4

 Biodiversity also contributes to our emo-
tional and psychological well-being.
Recently, psychologists have begun to study
how mental health and social conditions are
affected by life in a human-dominated
world increasingly devoid of the beauty,
tranquillity, and stimulation afforded by
contact with other lifeforms.1°

As biodiversity is lost, humankind’s storehouse
of potential cures and treatments shrinks. At the
same time, ancestral knowledge of medicinal sub-
stances is rapidly eroding. This is occurring even

as new diseases are emerging and human
pathogens are growing resistant to antibiotics.
These examples demonstrate that we are often
unable to fully understand complex interconnec-
tions within nature, to comprehend how human
health is affected by those interconnections, or to
predict the consequences of biodiversity loss.

Biological diversity is the source
of agricultural productivity and
sustainability.

Agriculture arose as a result of humankind’s con-
scious alteration and refinement, over thousands
of years, of wild plants and animals. The long-
term productivity of agroecosystems still depends
on the diverse organisms found within them.
Agroecosystems include not only the plants and
animals we use directly, but other living compo-
nents which allow the system to remain produc-
tive and healthy.

< Rhizobial bacteria make nitrogen available
for use by crops, pastures, forests, and natural
vegetation. The economic value of this activity
has been estimated at $50 billion annually.16

« More than 40 crops produced in the

Bees, important pollinators, are threatened by exposure to pesticides and

changes in their environment. This is Callonychium, a pollinator in Argentina.

United States, valued at approximately $30
billion, depend on insect pollination.1? Of
these, only 15% are serviced by domestic
honeybees; the rest are pollinated by wild
bees and other wildlife. Bees and other
insects, butterflies, birds, bats, and various
small mammals pollinate 75% of the
world’s staple crops and 90% of all flower-
ing plants.18 Populations of both wild and
managed pollinators are, in many
instances, in sharp decline due to expo-
sure to pesticides, habitat fragmentation,
and climatic fluctuations.

e Farmers around the world spend about
$25 billion annually on pesticides. Yet, nat-
ural parasites and predators in the world’s
ecosystemns provide an estimated five to
ten times this amount of free “pest con-
trol.” Without wild species, losses due to




pest damage would be catastrophic, and the
costs resulting from increased use of chemi-
cal controls would be economically and
environmentally prohibitive.19

“Bats, hummingbirds, moths, and butterflies are among the pollina-
tors that seasonally migrate, long and short distances. Their migrato-
1y routes are often well-defined ‘nectar corridors” where the sequence
of flowering offers the pollinators sufficient energy to sustain their
Journey. Many of these corridors are no longer fully intact, however:
land conversion has eliminated some floral resources over twenty-to -
sixty-mile segments, in some cases longer than the distance energy-
depleted pollinators can fly in one day.” 20

« At the larger landscape scale, natural plant
and animal communities—forests, savan-
nahs, grasslands, wetlands—play a critical
role in the functioning of hydrological
cycles and systems. When these natural
habitats are destroyed through unsustain-
able agricultural and forestry practices, or
urban encroachment, the result is often a
serious decline in the fertility of arable land
due to increased erosion, compacting, salin-
ization, and acidification. It is estimated
that 2 to 3 million hectares of cropland are
lost annually to erosion and that as much as
one-fifth of the world’s cropland is suffering
from some degree of desertification.21

= Animal, fungal, and bacterial agents are
essential to the breakdown and recycling of
organic matter, maintaining the fertility of
cultivated soils by allowing nutrients to be
reincorporated into the production cycle.

These functions, and many others integral to
the performance of agroecosystems, reflect the
action of biological agents within the system.
Although artificial methods have been developed
to imitate these functions, they invariably cost
more, pollute more, and require more off-farm

inputs. By contrast, development of more sus-
tainable agricultural systems often involves rein-
troducing biodiversity into the management
plans and practices of farmers.

A special category of biodiversity includes the
genetic lines and species that are cultivated
and/or harvested through the operations of
crop and livestock agriculture, forestry, and fish-
eries. Over the millennia, people have domesti-
cated some 12,000 wild plant species and twenty
to thirty animal species, primarily for agricultural
uses. Agriculture, aquaculture, and forestry still
depend upon wild relatives of domesticated
species for genetic materials that provide disease
resistance, enhance productivity, and improve
adaptability to environmental conditions. A wild
species of perennial corn, for example, proved
to be resistant to seven main types of viral disease
and may hold the key to the future security of
the world’s $60 billion corn crop. This species,
Zea diploperennis, was found in an area of Mexico
experiencing high rates of deforestation.22

In recent decades, the introduction of high-
yielding varieties and the adoption of intensive
agricultural production practices world-wide has
dramatically reduced the number of species of
crops and livestock, as well as genetic diversity
(i.e., breeds, varieties, and landraces) within
species. Today, some 90% of the world’s food
needs are supplied by just twenty crops.23 Due
to this loss of diversity, breeders find it increas-
ingly difficult and expensive to maintain and
increase yields in the face of stresses imposed
by pests, pathogens, and large-scale environ-
mental changes.

Biological diversity underlies economic
stability and prosperity.

Our economic well-being ultimately depends on
biodiversity. As already discussed, biodiversity is
the basis for the maintenance of ecological ser-
vices, human health, and agricultural productivity.
A severe erosion in the overall quality of any of
those vectors could have serious consequences in
the economic sphere.



 As biodiversity is lost and ecological services
deteriorate, the cost in declining human
and livestock health over time could exceed
all other economic gains. The resurgent
spread of malaria is a good example.
Throughout the tropical reaches of Africa,
where deforestation has led to erosion and
flooding, mosquitoes proliferate and with
them the incidence of malaria. The cost of
widespread disease lies not only in health-
care dollars, but in lost productivity. There-
fore, while the World Bank has urged devel-
oping countries to spend more on primary
health care, the loss of productivity among
a debilitated populace weighs in against the
chances for increasing GNP and gaining the
means for better disease prevention.24

« Sacrifice of important non-renewable
resources for short-term gain may have a
negative impact on long-range productivity.
We have yet to develop a way to adequately
figure resource-loss into the economic equa-
tion; generally, we are not weighing short-
term gains against long-term losses. Robert
Repetto, a resource analyst, has used the
degradation of agricultural lands in Java as
an example. He estimated the total cost of
one year of erosion to be about $481 mil-
lion, or the sacrifice of approximately 40
cents of future agricultural income for
every dollar of current income.2°

« Along with population stresses, environmen-
tal deterioration and resource shortages
could lead to massive migrations of people,
not only from rural to urban centers, but
across national borders. Both scenarios,
already being experienced in many developing
countries, have the potential to disrupt labor
markets, weaken the tax base, and under-
mine financial and political institutions.26

Beyond the systemic economic impacts which
could occur due to environmental deterioration
caused or exacerbated by biodiversity loss, we

also must consider our dependency on the thou-

sands of species which we use for food, shelter,

clothing, fuel, medicines, and other commercial
goods. Discoveries of raw materials or functions
within those materials also give us models for
approaching problems; these have led to some of
the latest advances in biotechnology and medical
science. A heat-resistant bacterium found in the
hot springs of Yellowstone National Park, for
instance, provides an enzyme essential to the
development of the polymerase chain reaction
(PCR) technique. This breakthrough, which
allows large quantities of identical DNA to be
produced from small samples, makes possible
research in biomedical science and biotechnolo-
gy.2” With the loss of biodiversity, therefore,
humankind loses both raw materials and inspira-
tion for new technologies.

Biological diversity helps to ensure the
stability of social and political systems.

Human rights do not arise or thrive in an envi-
ronmental vacuum. True societal security
involves interconnected social and environmen-
tal components, and among these is the status of
biodiversity. In many regions of the world, the
accelerating loss of habitats and the long-term
decline in biodiversity contribute to social
inequity and instability.

» People need access to food, clean water,
medicines, and the other resources that
healthy ecosystems provide. In some
areas, especially in the developing world,
loss of biodiversity threatens the availability
of such resources. This can be an acute
threat to indigenous peoples who rely
on such resources for their survival and
livelihood.

« Biodiversity loss is often linked to systems of
land tenure that encourage unsustainable
patterns of resource use. As a result, the
rural poor are often forced to migrate to
remote, ecologically fragile areas or into
cities, which in turn exacerbates existing
environmental problems in those areas.

e The loss of environmental integrity under-
mines the security of nations by increasing



the actual and potential incidence of pover-  Biodiversity is inextricably woven into our

ty, famine, displacement, migration, and cultural expressions. A wide range of arts
even armed conflict. The global community and artifacts derive their materials and

has spent billions of dollars in emergency inspiration from nature’s diversity. These
aid responding to crises ranging from the derivations express local and regional char-
Philippines to Haiti to Rwanda. acter and, in this sense, underlie the cul-

tural diversity through which we explore
and communicate our hopes and tradi-
tions. Plants and animals are woven into
our songs, stories, dances, poetry, and
myths; used in our crafts and cuisines;
reproduced and symbolized in our decora-
tive arts; and celebrated in our rituals, fes-
tivals, and holidays.

Global-scale environmental threats—includ-
ing deforestation, climate change, and rapid
population growth—are associated in complex
ways with biodiversity loss. Although the long-
term social impacts of such massive changes are
difficult to quantify and impossible to predict
with accuracy, they are real and inevitable.

 Biodiversity enriches our experience of
the outdoors. The pleasures to be found

“The linkages between environmental change and conflict are com- through contact with nature depend on
plex, involving numerous intervening variables... The Filpino popula- ~ Piodiversity. The emotional fulfiliment that
, . . . ) comes through contact with other living
help pay their massive foreign debt, the Philippine govemment popular activities: hunting, fishing, hiking,
encouraged the expansion of low-scale lowland agriculture. Both fac- camping, birdwatching, gardening, diving,
, whale-watching, collecting, painting, pho-

tors have swelled the number of landless agricultural laborers. Many tography, and even indoor activities such as
migrated to the Philiopine’s steep and ecologically vulnerable uplands aquarium-keeping and flower-arranging.

where they cleared land or established plots on previously logged
land. This set in motion a cycle of erosion, failing food
production, and further clearing of land. Even margin-
ally fertile land is becoming hard to find, and eco-
nomic conditions are often dire. Civil dissent is ram-
pant in these peripheral areas, which are largely
beyond the control of the central govermment,” 28

Biological diversity enriches the
quality of our lives.

Biodiversity is essential to our human-
ity, serving as the medium through
which unique educational, cultural,
aesthetic, and spiritual values are
expressed. Although these elude mea-
surement, they are pervasive.

hours of enjoyment for New York City birdwatchers.



 Humankind’s intellectual curiosity devel-
oped within a diverse world, and we return
to the natural world to seek understanding
and insight. Genes, species, and ecosystems
are repositories of information about the
ways life has adapted to past environmental
change. Evolutionary biology, genetics,
ethnology, anthropology, psychology, engi-
neering, and philosophy seek to under-
stand the nature of the world and our
place within it in order to gain inspiration
for human invention.

In addition, traditions of faith around

the world have drawn upon biodiversity in
their imagery, giving voice to the mystery,
beauty, and responsibility to be found in
the observation and contemplation of
nature.

In short, we depend on biodiversity not only
for our physical sustenance, but for the vitality
of our creative and spiritual lives.

Biological diversity is intrinsically
valuable.

Many conservationists hold that biodiversity,
apart from the benefits that people derive from
it, also has inherent worth; that life’s varied
expressions, including species and biotic com-
munities, deserve respect by the very fact of
their existence.2® Although these values and the
instrumental values described above are not
mutually exclusive, the recognition of intrinsic
significance places additional responsibility
upon our own species. Intrinsic value also lends
special importance to efforts to protect species
and ecosystems that have become endangered as
a result of human activities. By expanding our
appreciation of the community of life, recogni-
tion of intrinsic value has helped to clarify how,
where, and when such human activities become
threats to biodiversity.
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World population growth and species decline over time

Earth’s population is expected to stabilize at the end of the 21st cen-
tury, and the United Nations” mid-range estimate of the global popu-
lation at that time is 10.2 to 11 billion people —twice the size of
the planet’s current population. While the industrial nations will con-
tribute only about 5% to the increase, our per capita consumption rate
Is expected to remain at 10 to 100 times that of most developing
countries. It is predicted, therefore, that the environmental stresses
caused by a slight population increase in the United States could
exceed those of India and China combined. In other words, one new
American child will consume as much as 10 children born in India,
Aftica, or China.30

THREATS TO BioLoGICAL DIVERSITY
ow is biodiversity being lost? Although
many factors interact in any given place

I I to diminish biodiversity, the main threats

fall into several categories.

Habitat loss and degradation

Habitat loss and degradation is the most signifi-
cant threat to biodiversity. Although human
beings always modified to varying degrees the
ecosystemns they inhabited, the rate and scale of
modification is intensifying and escalating as a
result of human population growth, heightened
economic pressures, and the development of
new technologies. Throughout the world, habi-



tats are being destroyed or altered by intensified
agricultural conversion, soil erosion and sedi-
mentation, deforestation, urbanization, and
industrial development.

e Over half of the earth’s vegetated lands
have experienced medium to high levels of
disturbance.3!

 Agricultural expansion drives most wildland
conversion. Over the last century, the area
of cultivated land worldwide increased 74%,
the area of grazing land 113%.32 In this
same period, the area of forest and wood-
land decreased 21%.33

e An estimated 4.6 million hectares of humid
tropical forest are cleared annually.34

» Other forest types within the tropics are
being decimated by human activities. Every
year, 6.1 million hectares of moist decidu-
ous forest, 2.5 million hectares of montane
forest, and 1.8 million hectares of dry decid-
uous forest are subtracted from the global
inventory of forestland.3°

Of the world’s many habitat types, the forests
of the tropics harbor the largest number of
species and experience the greatest degree of
biodiversity loss. Tropical forests are home to
millions of species, most of which have not yet
been identified or described. Although calcula-
tions of species loss necessarily vary, it has been
conservatively estimated that as many as 27,000
species are being driven to extinction annually
through the loss of tropical forests.36

Tropical forests are of special concern due to
their high degree of species diversity, but many
other habitats are similarly threatened. It has
recently been estimated, for example, that over
the last 200 years the United States has lost more
than 50% of its wetlands, 99% of its tallgrass
prairies, and virtually all of its native oak savan-
nahs.37 Similarly discouraging losses have
occurred among the world’s savannahs, grasslands,
river basins, wetlands, coastal zones, estuaries,
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coral reefs, and other habitats. Even the living
systems of the open oceans have not escaped
degradation and disruption as a result of human
activities.

“Humanity, in the desperate attempt to fit 8 billion or more people on
the planet and give them a higher standard of living, is at risk of push-
ing the rest of life off the globe. And that’s really what it comes down
to. Pushing the remaining natural environment and much of the rest
of life off the globe. That's the damage that’s going to be felt as far
into the future as can be conceived.” (E.O. Wilson interview in
Audubon, January 1996)

Habitat loss is especially severe in areas where
population pressures, poverty, and inequitable
land tenure systems leave people with little
choice but to adopt overly intensive resource use
practices. In much of the world, for instance,
people must use traditional fuels—firewood,
charcoal, crop residues, manures—for cooking
and other energy needs. Such practices deplete
soil, water, and biological resources, further con-
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Decline in Atlantic cod catches from 1950 to 1993. Such declines in the
stocks of groundfish which have sustained fisheries in the northern
Atlantic for centuries, pose a threat to the future of the fishing industry
in the region.

straining future options for sustainable develop-
ment. Finding a balance between addressing des-
perate immediate needs while conserving
resources and environmental stability for future
growth is the dilemma facing many of the
world’s developing countries and most biologi-
cally rich habitats.

Overexploitation

Overexploitation of economically important
species and of terrestrial and aquatic habitats was
an important factor behind biodiversity loss his-
torically and remains the leading threat in many
regions of the world.

» Overexploitation is the leading factor
behind the decline of fisheries around the
world. As Elliot Norse noted during the
conference, “Most of the world’s commer-
cial fisheries are overexploited, and some,
[such as] the once-bounteous cod, had-
dock, and flounder fisheries of Georges
Bank in the North Atlantic verge on com-
mercial extinction.” 38 The United Nations
Food and Agriculture Organization now
believes that all of the world’s major fish-
ing areas have either reached or exceeded
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their natural limits and that nine are in
serious decline.39 The decline in fisheries
around the world is not only a concern in
terms of the loss of a valuable food
resource, but in terms of lost livelihoods.
In New England alone, 22,000 fisherman,
or 47% of the current fishing workforce,
are expected to be out of work in the next
few years.40

In North America during the post-European
settlement period, overexploitation con-
tributed to the extermination of the passen-
ger pigeon and the near extermination of
the bison — once two of this continent’s
more numerous species.#1 In 1832, a single
flock of passenger pigeons was estimated to
contain at least 2,230,270,000 birds; 75 years
later, President Theodore Roosevelt spotted
a flock of twelve birds and that was the last
recorded, confirmed sighting.

» The harvesting of wild species to satisfy the
desire of the affluent for non-essential com-
modities like black coral, tortoise-shell,
ivory, or rhino-horn continues to decimate
populations of previously abundant species.
Between 1970 and 1987, an estimated 85%
of the world’s remaining rhinos were lost.
The population of black rhinos in Africa,
once estimated in the hundreds of thou-
sands, was estimated at 3,800 in 198742, but

Glen H. Spain, Northwest regional director of the Pacific Coast
Federation of Fisherman’s Associations: “We’re no bunch of environ-
mentalists, but we have 106 salmon runs already extinct in the
Northwest, and at least 214 runs at risk of extinction in the near
future. Unless land use policies that are driving salmon to the brink of
extinction are changed, nine out of ten salmon species of the
Northwest will be extinct. We will go to the mat to protect this
resource because it’s our lives, our jobs, our homes.” (Quoted in the
National Journal, July 6, 1996)




Vi o |: .'..' ._"' e
Wl o7
P W Ty | A wie A I
i g [Nl = A d £
A s i L7 ’.'."‘I-;:"f‘
i 1R L | . I_,I"-H o
.1 ey - o JI' 3 "!'-\.:" __.' .;.-- - . =
A T el | e e
= e i '1 el L I_ i
. 1 b‘. __' "\ O | .-'I'
Ty W ¥ & L i
= Y [T I P B B
et A R Y _,r '!__ A
ol i 13 il
LA - — i Y N ol o
s, BE—R \ i
A L R
g l L "'_i-lﬂ%/':l':-,. P
o o o ] b - e
e Tl ) L s
el L (TR B e
ny 2=l e
?_‘: T | |t _:II'|
= = A= ATl T
A || =AY
=N | | o 4]
\___,:"f'. ¥ 111 _“" II.EL
e | 1] A i
G| T
BT L L .2 |
] s P Rl -
o\ s S
s ||I"’4""'"T LI'-.
'l;u.-;"".r b :.

A victim of an exotic pathogen, the American chestnut has disapppeared
from much of its former habitat range.

current figures suggest it may be much
lower. The remaining population is scat-
tered in groups that rarely number more
than 50 animals, making them extremely
vulnerable to poaching—the number one
threat to their survival. Rhino horn daggers
sell for thousands of dollars in East Asia and
powdered rhino horn has also garnered a
high price.

In many cases, overexploitation affects entire
ecosystems through intensified agriculture,
forestry, range management, and other applied
resource management fields. As demands on
resources increase, the pressure to improve effi-
ciency and productivity results in the adoption of

economies of scale and production systems that
reduce diversity. In typical forest plantations, for
example, the diversity of tree species and the
genetic variation within species are often mini-
mal. Genetic and species diversity are similarly
narrowed in hatchery-dependent fisheries, input-
intensive cropping systems, and other monocul-
tural production systems. 43

Exotic species

The intentional and accidental introduction
of alien species into terrestrial, freshwater, and
marine ecosystems poses a significant long-term
threat to global biodiversity. Over time, alien
species can come to dominate their adopted
habitats, driving out more specialized endemic
species and disrupting the ecological processes
within the system. Approximately 40% of the
recorded extinctions of aquatic organisms were
caused by the impacts of introduced species.#4

* In one particularly striking example, two-
thirds of the cichlid fish species in Africa’s
Lake Victoria—about 200 species—have
gone extinct since the Nile perch (Lates
niloticus) was introduced to the system in
the 1950s.4°

« In the United States, the American chestnut
(Castanea dentata), once an important com-
ponent of the eastern deciduous forest, was
almost driven to extinction in the early
1900s by an introduced fungal disease, the
chestnut blight. In turn, seven species of
moths and butterflies that fed exclusively on
chestnuts may now be extinct as well.46

In Guam, the arrival of the brown tree
snake (Boiga irregularis) by air transport
after World War 11 has apparently led to
extinction of six of the island’s ten native
species of forest birds and endangerment of
the remaining four.4’

Island ecosystems are especially vulnerable to
invasive species. Plants and animals on islands
have often evolved in the absence of large mam-
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malian herbivores or predators. Human intro-
duction of these animals, often in tandem with
disruption of the native vegetation, has altered
island ecosystems around the world.

Global change

Global change encompasses a variety of interre-
lated environmental phenomena, including:
global warming due to the greenhouse effect;
depletion of the earth’s ozone layer; tropical
deforestation and other large-scale forms of habi-
tat conversion; acid precipitation and other types
of pollution-related environmental degradation;
and the combination of human population
growth, poverty, and unsustainable patterns of
consumption. These global-scale forces, separate-
ly and in combination, will have unpredictable
impacts on the abundance and distribution of
biodiversity. In turn, the impacts of biodiversity
loss feed back into these global-scale concerns.
As Norman Myers has noted, “We have reached a
point where we can save biodiversity only by sav-
ing the biosphere.”48

» Global climate change could result in major
alterations of ocean currents from sea
warming and changes in salinity. This, in

turn, poses the threat of changed weather
patterns; for instance, India, which receives
70% of its precipitation from the monsoon
cycle, could experience severe and unremit-
ting drought.

« CO: concentrations have risen from the pre-

industrial level of 280 ppm to current levels
of 350 ppm; this may threaten ecosystems
by altering carbon and nitrogen cycles fun-
damental to the interactions among plants,
the atmosphere, and the soil .49

« Warming seas off the coast of San Diego

have been linked to an 80% reduction in
zooplankton and to similar declines in
seabirds and fish; the area is now consid-
ered a “biological wasteland.” 50

Under the ozone hole, phytoplankton out-
put has been reduced by 6-12%, and the
Antarctic krill are also exhibiting significant
reductions. Phytoplankton and krill in the
Antarctic are one of the largest biomasses in
the ocean and are a critical support to the
entire ocean ecosystem.>1

Pollution and contamination

Pollution has an acute impact on organ-
isms and habitats, as well as a long-term
impact on the genetic characteristics of
populations and the physical, chemical,
and biological cycles that sustain diversity.
The effects of pollution may be less visi-
ble or direct than those associated with
habitat loss, but they are no less perva-
sive or lasting. Much of the increase in
concern about biodiversity over the last
few decades stems from recognition of
the impact of pollutants and contami-
nants on wild species and systems.

e The U.S. now applies twice the
amount of pesticides that it used when
Rachel Carson published Silent Spring,
in 1962. DDT has been largely
replaced with organophosphate pesti-
cides that are proving harmful to wild
insect pollinators and domestic honey-

Forest on the border between the Czech Republic and Germany shows evidence of
damage caused by acid rain.
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bees. It has been estimated that the cost to
agriculture of honey bee poisoning is $13.3
million per year.52

» Pesticides that are illegal in the United
States are exported to developing countries
with devastating consequences for North
American avian species. It is estimated that
20,000 Swainson’s hawks, 5% of the world’s
remaining population, were Killed in
Argentina after exposure to monocro-
tophos, an organophosphate withdrawn
from the U.S. market, but exported to
South America. The Foundation for
Advancements in Science and Education
estimates that at least 344 million pounds of
hazardous pesticides (of which number, 28
million pounds were DDT, silvex, hep-
tachlor, and chlordane) were shipped out of
U.S. ports from 1992 to 1994.53

Endocrine disrupters (a chemical pollu-
tant) are among the factors, along with
stratospheric ozone depletion and habitat
destruction, in the marked decline in frogs,
toads, and salamanders. It is believed that
endocrine disrupters mimic normal hor-
mone activity in these animals, thus disrupt-
ing their reproductive cycles. Amphibians
have existed for over 100 million years, hav-
ing survived the mass extinctions of pre-his-
tory; they are pivotal species as they func-
tion both as predators (ridding humankind
of many insects, especially disease carrying
mosquitoes) and as a food source for many
birds and mammals.>4

Contamination of wetlands due to high lev-
els of pesticide residues in runoff from agri-
cultural lands has been a contributing fac-
tor in the loss of over 50% of the original
220 million acres of wetlands in the United
States during the last 200 years.

Acid rain has led to the depletion of
aquatic life in “remote” water bodies due
to its effects on water chemistry, and it is
leading to the destruction of forests
around the world.
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The effects of pollution may be cumulative
and synergistic and, thus, difficult to identify,
analyze, and predict in the field. Because human
health is often affected by the same pollutants,
however, scientific research and environmental
policy in this area are more advanced relative to
other biodiversity threats.

DIMENSIONS OF THE CHALLENGE

iodiversity loss is outpacing our current
ability to understand the causes and nature

of the crisis, to determine effective and
timely conservation interventions, and to mobi-
lize policymakers, public opinion, and resources
to staunch the damage. The crisis is pushing us
to mobilize on a number of fronts simultaneous-
ly, exceed the parameters of our previously
defined disciplines, and to develop systems of
study and response that mirror and embrace the
complexity of the problem before us.

Scientific understanding of biodiversity
IS limited.

While estimates of the total number of species
vary widely, all experts agree that millions more
remain to be discovered, primarily insects, other
small invertebrates, and microorganisms. Of the
estimated 7 to 20 million species on earth, biolo-
gists have discovered and described about 1.75
million species. This means that 80% of the
earth’s species remain unknown, their roles
unrecognized, their potential benefits for
humanity untapped. And if our knowledge of
species is limited, our understanding of their
genetic characteristics, population dynamics, and
evolutionary and ecological relationships is nec-
essarily even poorer.

Scientific expertise needs to be expanded.

Although the role of science is changing in
response to the biodiversity crisis, the number of
people trained to provide scientific expertise
remains inadequate. Biogeography, taxonomy,
plant and animal ecology, and other disciplines
that provide us with our basic understanding of
the distribution, identification, classification, evo-



lutionary history, and ecological relationships of
organisms are poorly funded relative to other
branches of biology. Institutional and govern-
ment commitment to these basic fields has been
slipping. Expertise in these areas is especially
limited in the biologically-rich developing coun-
tries, where it is most needed.5°

The sciences underlying conservation are
Inadequately integrated.

Solutions to conservation problems invariably
require integration of knowledge and experience
from a wide range of biological and social sci-
ences, as well as other fields. Conservation prob-
lems often arise because resource managers have
been taught to concentrate on particular compo-
nents of ecosystems—soils, water, trees, forage
grasses, game animals, threatened species, and so
forth—rather than the interaction of all the biot-
ic and abiotic components within the system.

Viruses  Bacteria

Protozoa

Plants

Nematodes
Chordates

Crustaceans

Arachnids

Other
Insects

Traditionally, protected areas have been
managed for game animals, a compara-
tively small proportion of living species,

as represented by the circle.
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The scientific and political aspects of
biodiversity conservation mesh poorly.

As Jeffrey McNeely observed, “Science and policy
provide two rather different approaches to reali-
ty... Ideally suited to carry out research, scien-
tists are seldom suitably placed to understand
the pressures under which policymakers work...
But policymakers are seldom scientists and do
not have the time to digest detailed information
that would enable them to make full use of scien-
tific advice.”®” This inherent limitation is exacer-
bated by the lack of facility in communication
between scientists and policymakers. Thus, it is
important to create a dialogue that builds on a
shared understanding of both scientific and
political realities. Receptivity to the need for
such a dialogue would be greatly enhanced by
building a broader base of public support for
biodiversity conservation policies.

“But market failure is not just a local phenomenon. Many environ-
mental assets have global economic value. This is most pronounced
and least understood for biological diversity, but extends to global cli-
mate change. All forests, for example, store carbon so that, if cleared
for agriculture, there will be a release of carbon dioxide that will con-
tribute to the accelerated greenhouse effect and hence global warm-
ing... Global “missing markets” do a lot to explain the skewed
development paths of resource rich countries, and hence the loss of
so much of the world’s environmental assets.” %6

Our economic systems do not fully
account for biodiversity’s value.

Only recently have economists begun to devote
greater attention to the full array of values that
biological diversity serves. Many of biodiversity’s
benefits are poorly reflected by traditional mar-
ket values. Conversely, the loss of biodiversity
imposes costs that are real, but difficult to quan-
tify. In addition, many existing incentives con-
tribute to a policy environment in which biodi-



versity loss is encouraged and rewarded. Such
market distortions place natural diversity and
habitats at a disadvantage relative to those forms

of economic development that have easily identi-

fiable returns. As Robert Repetto writes: “ A
nation could exhaust its mineral reserves, cut
down its forests, erode its soils, pollute its
aquifers, and hunt its wildlife to extinction—all
without affecting measured income.”>8

Our institutions are poorly prepared to
respond to the biodiversity crisis.

Societies must now assume responsibility for

charting a new course of action before the cumu-

lative loss of biological diversity robs us of the
opportunity to secure a sustainable world for
future generations. The social institutions that
we depend upon to provide leadership within
society—governmental bodies (at all levels),

schools and universities, the law, the media, busi-

nesses and corporations, religious institutions—
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Forest cleared for industry
makes way for economic
gain, but often does not
fully account for costs
resulting from resource
depletion, environmental
degradation, and biodi-
versity loss. Pictured is a
sisal plantation which has
replaced spiny forest in

must assume civic and scientific leadership in the
conservation of biodiversity.

Our educational system prepares us inad-
equately to meet these challenges.

The biodiversity crisis is also an educational cri-
sis; that is, it reflects faults in the way we teach
ourselves to think about and respond to the nat-
ural world. Educator David Orr writes: “We have
fragmented the world into bits and pieces called
disciplines and subdisciplines, hermetically
sealed from other such disciplines. As a result,
after twelve or sixteen or twenty years of educa-
tion, most students graduate without any broad,
integrated sense of the unity of things.”>®
Without such a sense, we are prone to the distor-
tions, biases, and blind spots inherent in our
own professional training and experience. While
disciplinary competence remains indispensable,
it must be complemented by the interdiscipli-
nary skills that lead to solutions.



1. INTEGRATED APPROACHES TO BIODIVERSITY CONSERVATION

SCIENCE AND PoLicy

As Jeffrey McNeely noted:
Legislators need scientific advice to translate their

servation scientists is the acknowledgment ideas into draft legislation; the various interest

Perhaps the greatest challenge facing con-

that science itself cannot ensure that biodi-

groups need science to help ensure that their con-

versity will be conserved. Progress toward effec- cerns are built into the legislation and to support

tive biodiversity conservation requires the skill-
ful infusion of science into the policy making
process. Even the best scientific information
remains inert unless it is effectively channeled

its passage through Congress; and science is needed
to assess how policies, programs, and projects are
affecting biodiversity. But how science is actually
used in these various contexts depends very much

. A N 60
and applied to conservation issues. Scientists are on the users.
reluctant, however, to enter the policy arena ) . )
because they are uncomfortable with the often At the same time, those in the policy arena
inconsistent use of scientific data. may be insensitive to the intellectual constraints

under which scientists must work and the

The early conservation movement was driven by varied, and some-
times conflicting, aims. One wing of the movement, led by forester

assumptions that delimit the appropriate use

of data. These tensions reflect underlying differ-
ences in the methods and goals of scientists

and policymakers.

Gifford Pinchot, stressed the need to provide for efficient management

and equitable distribution of natural resources
by producing sustained yields of particular
commodities - timber, forage, fish and game
animals, water, and so forth. Another wing,
led by naturalist John Muir, emphasized the
importance of protecting special wild and
scenic areas for human enjoyment and con-
templation.  Between these figures stood
Theodore Roosevelt, who catalyzed conserva-

tion during the Progressive Era. The history of r

20th-century conservation Is in large part the
story of conflict and accommodation between
these utilitarian and preservationist factions,

ana of the gradual continuing emergence of a |

new vision that emphasizes the need to com-
bine protection and sustainable management
in a manner that reinforces the restorative
capacity of the ecosystem itself.

Theodore Roosevelt (center) in Yosemite National Park with John Muir (on Roosevelt’s right) in 1903.
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Even within the scientific sector, scientists
committed to biodiversity conservation operate
under special constraints when attempting to
inform policy debates.

« The threats to biodiversity, as well as the
consequences of biodiversity loss, are often
subtle, extensive, long-term, or invisible.

¢ The inherent complexity of biodiversity sci-
ence makes it difficult to communicate
organizing concepts to the non-scientific
public and to translate findings into policy
actions. Because of its complexity, there is
also a high degree of uncertainty and
unpredictability in biodiversity science,
which could be misconstrued as a license
to adopt policies and projects based on less
complex analyses.

« As understanding of biodiversity expands
and the implications of biodiversity loss
become more widely communicated, the
political stakes become greater—increas-
ing the level to which scientific discourse is
likely to be politicized.

The key question then becomes: how can sci-
entists and non-scientists promote the responsi-
ble use of scientific information and concepts in

the policy making process? While there is no sim-

ple answer, a growing body of experience sug-
gests several critical principles that scientists and
others involved in the policy process can follow
to encourage such responsible use.

« Many stakeholders and disciplines must
participate in the policy process in order
to provide critical assessment of scientific
information and the manner in which it
is used.

« Scientists must organize and communicate
their evidence in ways that will be useful
not only to other scientists, but to others
involved in the policy process.
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 Scientists must recognize that research
does not take place within a vacuum, but is
embedded within geographical, cultural,
and political contexts. Consequently, the
policy implications of their research are
likely to vary from place to place and from
time to time.

* In order to provide useful advice, scientists
must be sufficiently aware of the legal and
policy aspects of biodiversity conservation.

Despite the daunting obstacles that we face,
there are signs that the global biodiversity crisis
is eliciting concern from a sufficiently broad and
diverse sector of the populace to forge solutions.
Scientists are expanding their efforts to survey,
assess, and monitor biodiversity in ecosystems
around the world. Policymakers are beginning to
incorporate concerns about biodiversity loss into
resource management policies. And, on a global
scale, the world’s governments came together
during the 1992 United Nations Conference on
Environment and Development to develop the
Convention on Biological Diversity, a landmark
in cooperative efforts to protect the world’s bio-
logical heritage.5!

“We need to bring nature back in. We have to stop separating politics
from the physical world—the climate, public health, and the envi-
ronment. For too long we’ve been prisoners of ‘social-social’ theory,
which assumes there are only social causes for social and political
changes, rather than natural causes, too. This social-social mentality
emerged with the Industrial Revolution, which separated us from
nature. But nature is coming back with a vengeance, tied to popula-
tion growth. It will have incredible security implications.” (Thomas
Homer-Dixon interview with Robert Kaplan, quoted in Kaplan's arti-
cle,“The Coming Anarchy,” Atlantic Monthly, February 1994)




CONSERVATION SCIENCE IN THE FUTURE

hile scientists are now charting the ways

in which their work must respond to the

urgency of this crisis, the essential work
of science remains the same:

« to discover, identify, and classify species
 to understand the history of life

* to understand how species and other taxa
are distributed geographically and how
they have come to be distributed in that
way

¢ to understand how species interact within
ecosystems and how the behavior of organ-
isms may affect and be affected by local
biodiversity

* to understand how human cultures inter-
act with biodiversity and to apply scientific
principles in ways that promote conserva-
tion goals

* to work with other scientists and non-scien-
tists to share knowledge of biodiversity

Various scientific organizations have pub-
lished research agendas that describe priorities
for biodiversity conservation. In 1991, for exam-
ple, the Ecological Society of America produced
“The sustainable biosphere initiative: An ecologi-
cal research agenda,” which defines priorities of
broad importance to future conservation prac-
tice.62 In 1994, the world’s systematic biologists,
who provide the foundation of knowledge upon
which biodiversity conservation rests, published
Systematics Agenda 2000: Charting the Biosphere, a
comprehensive program of discovery and
research to guide their scientific work on a glob-
al basis.63

Research in support of biodiversity conserva-
tion necessarily entails many disciplines, with var-
ied approaches, tools, and techniques. The chal-
lenge of the future lies not only in redefining
research priorities within the sciences, but in
framing the methods for the studies we under-
take. The issue at hand will largely determine the

methodology required. The restoration of
degraded pastures in the Amazon Basin, for
instance, has different objectives and requires a
different mix of talents than research to assess
the long-term impacts of climate change on
island ecosystems. As Meffe and Carroll observe,
“Issue-driven research is different from discipline-
driven research because it starts with real-world
issues and then tries to determine what methods,
knowledge, and information might be available
or needed to help resolve the problem.”64

In recent years, new organizing concepts
(including the term biodiversity itself) and new
fields of applied science have emerged to bridge
interdisciplinary gaps.

» Conservation biology brings together sci-
entists from various disciplines, as well as
policymakers, economists, resource man-
agers, and educators to develop practical
models for conserving biodiversity.

» Community-based conservation places
greater emphasis on the integration of bio-
diversity conservation and community

. R
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Ecological restoration is an integral part of the Central Park manage-
ment plan in New York City. Volunteers help to remove exotic species in
the Ramble area of the park.



development goals by enlisting a broader
franchise of community involvement.

Restoration ecology applies ecological
principles to the rehabilitation of degrad-
ed habitats.

Sustainable resource management is a
unifying theme within agriculture,
forestry, and other resource management
professions.

Ecological economics brings those fields
together to explore new concepts that
might promote the development of sus-
tainable economies.

Environmental ethics enlists philosophers,
ethicists, and theologians in exploring the
intellectual and moral foundations of con-
servation actions.

New urbanism addresses environmental
problems which stem from poor urban
planning and architectural design.

These and other creative approaches to con-
servation problem-solving are still emerging.
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They are accompanied by important technical
advances, including geographic information sys-
tems, electronic databases, and improved meth-
ods of biological survey and inventory. Through
these new ideas and technologies, we are shap-
ing solutions to the biodiversity crisis that involve
all parts of the landscape and varied fields of
human endeavor.

Finally, as Jeffrey McNeely also pointed out,
science in the past was “an essential collaborator
in much of the ecological destruction” to which
we are heir.8° Science, therefore, must now
embrace a dimension which it heretofore
eschewed, at least in any systematic way: We must
evaluate the consequences of the work we do
and the work we fail to do; we must consider the
cost. In addressing this issue more than fifty
years ago, wildlife ecologist Aldo Leopold stated:

Our job is to harmonize the increasing kit of sci-
entific tools and the increasing recklessness in
using them with the shrinking biotas to which
they are applied. In the nature of things we are
mediators and moderators, and unless we can
help rewrite the objectives of science our job is pre-
destined to failure.66



IV. THE ROLE OF THE MUSEUM

serve as the principal insti-

tutions through which
knowledge of the world’s past and
present diversity is preserved,
interpreted, and presented to pro-
fessional and general audiences.
While this remains their essential
function, museums are now being
called upon to provide even
greater leadership in bringing this
knowledge to bear on all aspects of
the biodiversity crisis.

N atural history museums ; -«.‘-.'ﬁ{i-*"—‘"

THE EvoLvING MISSION
OF NATURAL HISTORY
COLLECTIONS

T he museum’s role in gather- ﬁﬁ&{‘ dog o B ':_’:;,f:"ﬂi:,&‘.-_-hﬁf. ;

ing, organizing, and main- , , , o , .y
taining information on biodi- AMNH artists making studies for the Klipspringer Group diorama, Lukenia Hills, Kenya;
versity becomes even more critical as Eastman - Akeley - Pomeroy Expedition, 1926-1927. Once a pristine environment, farms and

that diversity is lost from nature. other signs of development are now encroaching on the valley in the distance.

(The same also holds for other types of natural » Scientific collections provide the most reli-
history collections—herbaria, botanical gardens, able documentation of past extinctions. An
arboreta, aquaria, seed banks, and zoological obvious example is the passenger pigeon,
parks and gardens). Through decades (even, in once believed to be the most abundant
some cases, centuries) of painstaking analysis bird species on earth, with estimates of the
and correlation of data from the museum’s col- total population running into the billions.
lections, paleontologists and evolutionary biolo- Its extinction, coinciding with European
gists are able to trace the course of life on earth settlement of North America, is recorded
and understand how past extinction events in the collections that maintain the only
shaped the modern biota. Equally, the collec- remaining specimens.

tions are playing an important role in under-
standing and responding to today’s conservation
problems.

« Scientific collections record approxima-
tions of past abundance and distribution
of extant species. Museum records of high-
ly endangered species contribute to our
knowledge of the species’ historic range,
which in turn may contribute to recovery
programs involving captive propagation
and reintroduction.

« Scientific collections provide the primary
scientific evidence for the existence and
identification of different species. The
magnitude of the earth’s species diversity
requires that information gained in the

field be checked against existing collections.  Scientific collections document responses
Scientists use collections to identify new of organisms to environmental stress. In
species, clarify older classifications, substan- the 1960s, for example, ornithologists
tiate previous evaluations of diversity, and were able to trace the detrimental
determine future research priorities. impacts of DDT on birds of prey by com-
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paring the thickness of egg shells in
museum collections with specimens
gathered from the wild.

 Scientific collections provide researchers
with an historical perspective on contem-
porary biological questions. Scientists
examining, for instance, museum speci-
mens of ticks were able to verify that the
spirochete that causes Lyme disease is not
a newly evolved pathogen, but has been
present (though not so prevalent) in the
past.67

Natural history collections provide a timeline
and an historical record whose utility for future
generations is unpredictable. They hold answers
to questions that have yet to be asked.

BeEYOND COLLECTIONS

he modern museum is at once a scientif-

ic, educational, and social institution.

Museums fulfill their scientific mission in
many ways. Most directly, museums sponsor bio-
logical expeditions and surveys that document
the world’s ancient and extant diversity. They
provide identification services for scientific col-
leagues as well as for the public at large. They
organize and communicate information so that
it is useful to scientists in other institutions.
They host conferences and other meetings that
allow scientists (as well as non-scientists) to
share information and ideas.

As public institutions, museums play a lead-
ing role in providing the public with informa-
tion about nature and human cultural responses
to survival within it. Especially for urban
dwellers with limited access to the larger natural
world, museums may be the most significant sin-
gle source of personal experience of that world.
Even more sobering is the fact that many
exhibits and dioramas in natural history muse-
ums have already become historical artifacts —
the only point of perspective on species and
habitats that have disappeared.

As social institutions, natural history muse-
ums serve a unique function by linking together

research centers, schools, universities, govern-
ment agencies, civic and professional groups,
corporations, foundations, and other organiza-
tions. Museums thus have special opportunities
to communicate the importance of science to
decision-makers to develop and share databases,
build support for research and conservation
projects, stimulate local and regional interest in
conservation, and work with other institutions in
strengthening their conservation activities. The
American Museum of Natural History in partic-
ular, through its international linkages and its
research, training, and education programs, has
unique opportunities to catalyze conservation
activities globally. As the social aspects of biodi-
versity conservation become increasingly impor-
tant, these Museum activities become even more
central to its evolving mission.

< g

Relief supplies for the Crocker Land expedition leaving the Museum in
May, 1917. The last extensive dog sledge expedition to the polar regions,
the four-year Crocker Land expedition undertook work in geology,
botany, ornithology, and ethnography.



ACTIVITIES OF THE AMERICAN MUSEUM
OF NATURAL HISTORY

ince its founding in 1869, the American

Museum of Natural History has been one

of the world’s leading institutions devoted
to understanding the natural world.
Throughout its history, the Museum has been
devoted not only to the accumulation of knowl-
edge about biodiversity, but to the application of
that knowledge to conservation efforts. This tra-
dition continues in the Museum’s many activi-
ties: sponsorship of scientific expeditions;
research in its own laboratories and at its active
research stations in the United States, represent-
ing the ongoing endeavors of some 200 scien-
tists; maintenance of the Museum’s extensive
biological collections; the world’s most extensive
systematics training program; education pro-
grams that reach some three million visitors
annually; exhibits that make scientific knowl-
edge of biological diversity accessible to a broad
public; various professional and popular publi-
cations; maintenance of the Museum'’s natural
history library, the largest in the western hemi-
sphere; and support for professional meetings
and conferences.

Conservation necessarily embraces an aston-

ishing variety of human endeavors. Whether it
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involves field studies of endangered fish species
in Madagascar, meticulous comparison of insect
specimens in quiet collection rooms, or hands-
on training of new generations of scientists, the
human adventure of conservation is carried out
on a daily basis under the auspices of the Museum.

THE AMERICAN MUSEUM OF NATURAL
HisTOrRY CENTER FOR BIODIVERSITY

AND CONSERVATION
W mitment continues to be woven into
the work of all its departments and
programs, the Center for Biodiversity and
Conservation (CBC) strengthens these efforts
by providing new opportunities for action. The
CBC is dedicated to enhancing the use of rigor-
ous scientific data to mitigate critical threats to
global biodiversity. Drawing on the combined
strengths of the Museum's scientific, education,
and exhibition departments, as well as its exten-
sive collections and library, the CBC strives to dis-
seminate scientific information to a wide audience
and to develop viable, science-based solutions to
biodiversity conservation problems. The CBC
sponsors programs in research, training, and
outreach to scientists, students, and organizations
worldwide, to ensure that current and subse-
quent generations of scientists will be equipped
to apply their expertise to biodiversity problems.

hile the Museum's conservation com-

Research Programs

The CBC seeks to build global collaborations
that integrate the AMNH's resources with the
diverse strengths of sister institutions, conserva-
tion organizations, environmental NGOs, and
educators. A series of field-based projects is
being developed to conduct multidisciplinary
surveys of species distribution and density in
regions of the world with high concentrations
of biological diversity. A priority of these pro-
jects is to ensure that resulting data is dissemi-
nated efficiently, and in readily accessible terms,
to resource managers, decision-makers, and the
general public.



The CBC sponsors a research grants program
to provide research support to AMNH curators
whose work addresses questions of direct rele-
vance to conservation. Recently funded projects
include:

* An inventory of ants, bees, wasps, and ter-
mites in Brazil that will enable scientists to
use these insects as bioindicators,

¢ An assessment of diversity and endemism
patterns among Africa's birds and mammals.

* A study of the status of humpback whales
and other marine mammals off northeast-
ern Madagascar.

¢ The use of DNA sequence variation to
determine the migration patterns, relation-
ships, and interactions of populations of
rare and threatened species.

« A project to determine the actual status of
mammals thought to be recently extinct
on Hispaniola.

Graduate Training Program

The Graduate Training Program offers
course- and field work in systematics and biodi-
versity science to students from around the
world. Currently, the program supports students
from Ethiopia, Indonesia, Madagascar, Peru, and
the U.S., conducting research on the diversity of
often rare animals, including groups of: Asian
Heliconid butterflies, Andean mice, neotropical

high flying insectivorous bats, nocturnal predato-

ry spiders, African algae eating carp, and several
groups of birds.

Outreach
As noted earlier, biodiversity science necessar-

ily entails the involvement of many disciplines that

are called upon in response to particular issues.

In many cases, this represents a break from
traditional discipline-oriented approaches. The
Center provides expanded opportunities to inte-
grate the biodiversity sciences around specific
important issues.

The CBC is committed to integrating scientif-
ic research findings into education and commu-
nication about biodiversity conservation through
training workshops for international environ-
mental educators; conferences that convey
important topics to both the scientific communi-
ty and the general public; and the fostering of
relationships with other institutions.

The biodiversity crisis is only one of many fac-
tors redefining the traditional role of the
Museum. Natural history museums are faced
with new opportunities,demands, and technolo-
gies (as well as new fiscal realities). But if they
are to fulfill their responsibilities as scientific,
educational, and social institutions, their com-
mitment to conservation must continue to
expand. The alternative—disengagement from
the most profound environmental concern of our
lifetimes—will serve neither science nor society.

Bl by
Participants in an AMNH-Peace Corps Workshop on interpretive centers
in Madagascar,

- Ry
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V. CONCLUSION

ing the question of whether its actions will diminish or perpetuate the diversity and

evolutionary potential of life on earth. A corollary question is whether the institu-
tions that we have devised are flexible enough to anticipate and respond constructively to
this unprecedented ecological crisis. The answers that we provide will have momentous
consequences for ourselves, our society, future generations, and the living world around us.

Science, as an expression of the human capacity to reason, will play a central role in

finding conservation solutions. But it will be a different kind of scientific endeavor in which
we engage: reason will seek a partnership with other human traits—the capacity to remem-
ber, to anticipate, to moderate, to celebrate, to revere. Conservation of biodiversity implies
conservation of the world in which we evolved and to which we belong.

F or the first time in human history, a generation of human beings is consciously fac-
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