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Chapter 3

Status of Biological Diversity

●

●

●

A general consensus exists that biological diversity is being lost or degraded
in most regions of the world, but acute threats are largely localized. Despite
a weak knowledge base and lack of precise measurements, enough is now known
to direct activities to critical areas.
Concern over the loss of diversity have been defined almost exclusively in terms
of species extinction. Although extinction is perhaps the most dramatic aspect
of the problem, it is by no means the whole problem. The consequence is a
distorted definition of the problem, which fails to account for the various inter-
ests concerned and may misdirect how concerns should be addressed.

The immediate causes of diversity loss usually relate to unsustainable resource
development, but the root causes for such development are complex issues
of population growth, economic and political organization, and human atti-
tudes. The complexity of the causes implies a need for multi-faceted approaches
that deal with both the immediate and the root causes of diversity loss.

Since life began, extinction has always been
a part of evolution. Mass extinctions occurred
during a few periods, apparently the results of
relatively abrupt geological or climatic changes.
But in most periods, the rate of species forma-
tion has been greater than the rate of extinc-
tions, and biological diversity has gradually in-
creased. Recently in evolutionary history, the
human species has derived great economic
value from ecosystem, species, and genetic
diversity and recognized the intrinsic values
of diversity. But now that the values are being
recognized, there is evidence that the world
may be entering another period of massive re-
duction in diversity. This time, humans are the
cause, and it appears that the consequence will
be loss of a substantial share of the Earth’s val-
uable resources.

Diversity is abundant at a global level. About
1.7 million species of plants and animals have
been named, classified, and described (57). (De-
scriptions are only superficial for most of these.)
The remainder are still unidentified (figure 3-I).

It is estimated that the world contains 5 to 10
million species, and many of these have hun-
dreds or even thousands of distinct genetic
types. A recent inventory of insect species in
the canopy of a tropical forest suggests that
many more insect species may exist than pre-
viously thought, pushing the estimate for the
total of all species to as high as 30 million (14).

Understanding of biological diversity issues
has improved in recent years, in terms of know-
ing the extent of diversity and understanding
the causes and consequences of changes. Enough
information is available in all regions of the
world to intervene in the processes that cause
diversity loss.

Drastic reductions in populations of wild ani-
mals and plants are not new and have long been
recognized as consequences of over-intensive
hunting, fishing, and gathering. For example,
great bison herds of North America were de-
pleted in the 19th century, as were stocks of
various whales and bird species (52). The now
barren hills of southern China’s coasts and is-
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Figure 3-1 .—Currently Described Species
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Of the currently described species, insects make up more
than half the total. The number of flowering plants described
are less than one-third of the percentage of insects.

NOTE” Percentages rounded to nearest whole number

SOURCE Office of Technology Assessment, 19S6.

lands were deforested 1,000 years ago (22). Ero-
sion from the deforested and overgrazed Arme-
nian hills, which eventually led to the demise
of productive agriculture in Mesopotamia, ap-
parently began over 2000 years ago (21). These
kinds of changes undoubtedly caused local and
regional losses of diversity,

What is new today is the scale on which re-
source degradation is occurring and thus the
rate at which diversity is apparently being re-
duced. Fishing, hunting, and gathering beyond
the capacity of ecosystems continues today, but
the effects are being greatly exacerbated by
degradation of ecosystems and significant re-
ductions in natural areas. The decline of fish-
eries and sharp reduction of diversity in the

Chesapeake Bay over the past two decades is
an example well known to Congress, which has
supported several initiatives to improve under-
standing of the complex syndrome of overfish-
ing, pollution, and hydrologic changes related
to the region’s development.

Acceleration of resource degradation and
diversity loss is partly a consequence of popu-
lation growth, especially in rural areas of de-
veloping countries, where compound growth
rates are often more than 1 percent per year.
It is also a consequence of technologies devel-
oped over the past century that have enabled
humans to devastate natural ecosystems even
where population densities or growth rates are
moderate. For example, modern drainage tech-
niques and market conditions make accelerated
wetland drainage possible in the United States,
and veterinary drugs and modern well-drilling
machinery enable African farmers to build live-
stock herds above the natural carrying capac-
ity of their rangelands,

Accelerated loss of diversity is also caused
by modern transportation, which reduces the
effect of geographic barriers important in the
evolution of diversity. Exotic species, diseases,
and pests were for centuries carried across
oceans, mountains, and deserts by hundreds
of people traveling in ships and on foot, but now
they are carried by hundreds of thousands of
people traveling in trucks and airplanes.

Biologists and agriculturalists have thus be-
come alarmed about the scale of plant and ani-
mal resource degradation during the last two
to three decades. The alarm stems from obser-
vations of extensive reductions in habitat, cou-
pled with a growing understanding of how such
changes adversely affect diversity. (Key con-
cepts that have aided this understanding are
described in box 3-A.)

DIVERSITY

The problem of diversity loss is broader than
extinction of species because diversity occurs
at each level of biological organization.

Loss

● Ecosystem diversity: A landscape inter-
spersed with agricultural fields, grasslands,
and woodlands has more diversity than the
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Box 3-A.-Biological Concepts

Trends in changing biological diversity cannot be eqsured directly; so many species exist that
costs of inventories would be too high. Rather, trends.~~ be inferred by applying biological con-
cepts

●

●

●

●

●

●

and by observing changes in habitats. Several biological concepts ‘are relevant: -

Species-area relationship: Large sites tend to have more species than smail sites. [So] When
the areas of diverse natural ecosystems are reduced by land development or by degradation,
diversity is reduced. From analysis of many sets of empirical data, scientists have derived a
mathematical equation that can be used to predict the decrease in number of species that can
be expected following a reduction in habitat area (5).
Provinciality effect: Diversity of species and populations separated by geographic barriers, usually
increases over time. But when species or varieties are carried across these barriers, as with
the introduction of an exotic organiwn, provinciality is abruptly lost. Rapid loss of diversity
can follow if native species have no defense against a exotic pathogen or pest, or if the exotic
organism competes more aggressively for habitat (44) Examples include the introductions of
Dutch elm disease to the United States, of cattle to California, of the paperbark tree to Florida,
and of goats to many oceanic islands.
Narrow endemism: Some species recur only within very restricted geographic ranges. This
group includes many species that have evolved on islands, in mountaintop forests, in isolated
lakes or other aquatic zones such as coral reefs, in areas with Mediterranean climates, includ-
ing California, Western Australia, the Cape of South Africa, Chile, and the Mediterranean Ba-
sin countries. Areas with a high proportion of narrow endemic species contribute to global
diversity more than other areas with similar numbers of species but less endemism. Thus, bio-
logical degradation in such areas reduces diversity more than it would elsewhere.
Species richness: Some ecosystems have many more species than others. Generaily, species
richness is greatest in equatorial regions, and it decreases toward the poles. It is generaliy greater
in warmer or wetter places than in colder or drier places. Thus, the hot, wet tropical forests,
which cover only 7 percent of the Earth’s land area may have about half of the Earth’s terres-
trial plants and animals (30).
Species interdependence: Interdependence can take a variety of forms. Symbiosis occurs when
one or both of two species benefit from association. Mutualism occurs when neither species
can survive without the other under natural conditions. Commensalism refers to associations
in which one benefits and the other is unaffectad.
Natural vulnerability: Vulnerability to extinction varies with several factors. Narrow endemics
are perhaps most vulnerable. Rare-species maybe less susceptible to catastrophe if widely dis-
persed, but dispersion may lessen their chances for successful mating. Other species relatively
vulnerable to extinction include the following: top-level carnivores, species with poor coloniz-
ing ability, those with colonial nesting habits; migratory species, those that depend on unrelia-
ble resources, and species with little evolutionary experience with perturbations.

same landscape after most of the wood-
lands are converted to grassland and
cropland.
Species diversity: A rangeland with 100
species of annual and perennial grasses
and shrubs has more diversity than the
same land after grazing has eliminated or

●

greatly reduced the frequency of the peren-
nial grass species.
Genetic diversity: Economically useful
crops are developed from wild plants by
selecting valuable inheritable characteris-
tics. Thus, the wild ancestral plants con-
tain many genes not found in today’s crop
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plants, A global agricultural environment
that includes domestic varieties of a crop
(such as corn) and the crop’s wild ances-
tors has more diversity than the same envi-
ronment after the wild ancestors are elim-
inated to make space for more domestic
crops.

The quality of information used to assess the
loss of biological diversity varies greatly for
different ecosystems and different parts of the
world. In general, both data and theories are
better developed for temperate than for tropi-
cal biology; better for birds, mammals, and
flowering and coniferous plants than for other
classes of organisms; and better for the few ma-
jor crop and livestock species used in modern
agriculture than for the many species used in
traditional agriculture.

Ecosystem Diversity

Natural ecosystem diversity has declined in
the United States historically (26), and no evi-
dence suggests that this long-term trend has
been arrested. By comparing a nationwide eval-
uation of potential natural vegetation (PNV)
with data on existing land uses from the 1967
Conservation Needs Inventory, scientists esti-
mate what portion of land in the United States
is still occupied by natural vegetation (26). This
study estimates a percent change in area for
each ecosystem type (each PNV) since presettle-
ment times.

The greatest area reduction was 89 percent
for the Tule Marsh PNV in California, Nevada,
and Utah, mainly due to agricultural develop-
ment. Twenty-three ecosystem types that once
covered about half the conterminous United
States now cover only about 7 percent. The agri-
cultural States of Iowa, Illinois, and Indiana
have lost the highest proportions of their natu-
ral terrestrial ecosystems (92, 89, and 82 per-
cent, respectively),

States with the lowest losses were Nevada,
Arizona, and New Hampshire (4, 7, and 12 per-
cent, respectively), This assessment does not
imply that 96 percent of Nevada is in the same
condition that it was 400 years ago, The study
did not assess degradation of areas still oc-

cupied by natural vegetation; rather, it indicated
the areas whose uses remain unchanged. Also,
the study was unable to consider some impor-
tant ecosystem types, such as riparian and wet-
land areas, which are not included in the PNV
categories (26).

Wetlands inventories are conducted by the
U.S. Fish and Wildlife Service, The estimated
total wetland area in the conterminous States
in presettlement times was 87 million hectares.
This amount was reduced to 44 million by the
mid-1950s and to 40 million by the mid-1970s
(figure 3-2), Thus, half the Nation’s wetland area
was lost in about 400 years, and another 5 per-
cent was lost in the following two decades.
Drainage for agricultural development has been
the main cause of wetland ecosystem loss (48).

Riparian ecosystems are generally too small
to be included as PNV types in major analyses.
However, riparian areas contribute dispropor-
tionately to biological diversity, especially in
the Western States, where they provide luxuri-
ous habitats compared with the adjacent up-
lands (9). Further, their maintenance is impor-
tant to biological diversity in the streams and
lakes they border. Natural riparian (mostly
streamside) vegetation in the United States has

Figure 3-2.—Changes in Wetlands Since the 1950s
(percentage of total)

Wetlands lost
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\
New wetlands
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SOURCE: Data from Fish and Wlldllfe Service’s National Wetland Trends Study,
1982.
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been reduced some 70 to 90 percent during the
last two centuries (46,54). In the Sacramento
Valley of California, for instance, the estimated
loss of riparian vegetation areas is 98.5 percent;
for Arizona, the estimate is 95 percent (45).

The diversity of agricultural ecosystems, or
agroecosy stems, is also being reduced. System
diversity is high in regions where agricultural
land is divided into relatively small holdings
and each farm uses a variety of crop and live-
stock species. As indicated in the preceding
chapter, such landscapes support natural ene-
mies of crop pests and are likely to contain
species and varieties that can resist disease
outbreaks and survive abnormal weather. How-
ever, on the fertile land of temperate-zone farm-
ing regions, where modern machinery and agri-
cultural chemicals are used with crop varieties
and where livestock are bred to maximize pro-
duction, farmers can achieve substantial econ-
omies of scale on large holdings that special-
ize in relatively few crops or breeds. These less
diverse agroecosy stems are more productive
and more profitable than the older systems (36).
As yet, relatively little scientific effort is being
made to determine how biologically diverse
farming could be made more profitable. Thus,
the continuing loss of agroecosy stem diversity
in the United States and throughout the world
seems to be a function of both economic devel-
opment and research priorities (10).

Time-series measurements of agroecosy stem
diversity are lacking, as is an understanding
of the advantages and disadvantages of diver-
sity. There is also a delay between the loss of
diversity and consequent increased or de-
creased profits. Therefore, it seems likely that
agricultural system uniformity may continue
to increase beyond its economic optimum.
Then, a period of restoring some diversity may
occur. This process may be underway in some
areas of the United States, where multiple crop-
ping, crop rotations, and restoration of shelter-
belts are becoming more popular practices (51).

Attempts to increase farm profits by meth-
ods that reduce diversity may fail where severe
droughts or soil erosion are common and where
hot temperatures and high rainfall have resulted
in soils with little capacity to hold nutrients.

Where such development failures occur, res-
toration of more diverse farming systems can
be difficult, because topsoil, water resources,
germplasm, or knowledge of traditional farm-
ing methods have been lost (11,25).

Most countries do not have detailed informa-
tion on changes in ecosystem diversity. The
greatest concern on a global scale is for reduc-
tion of natural areas in the tropical regions,
where ecosystems are least able to recover from
degradation. Data on deforestation from many
tropical countries indicate that the closed-
canopy tropical forests are being reduced by
about 11 million hectares each year. (The
deforestation rates are discussed in some de-
tail in ref. 54.)

Few data are available for the developing
countries on degradation of biological diver-
sity and other resources within the areas that
remain classified as forest. Nor are data avail-
able on changes in area or quality of grasslands,
wetlands, open-canopy forests, riparian and
coastal zones, or aquatic ecosystems. Never-
theless, compelling anecdotal evidence indi-
cates widespread degradation of all types of
ecosystems in developing countries. In Sri
Lanka, for example, removal of coral reefs for
production of lime has had several conse-
quences:

the disappearance of lagoons important as
nursery areas for fish,
the collapse of a fishery,
reduction of mangrove areas,
erosion of cultivated coconut land, and
salivation of wells and soil within half a
mile of the shore (41).

Documents from development assistance
agencies, such as the U.S. Agency for Interna-
tional Development (AID), the World Bank, the
United Nations Development Programme, and
the U.N, Food and Agriculture Organization
abound with observations of resource degra-
dation in developing countries. Evidence of
ecosystem degradation is found in the environ-
mental profile series that AID has been pre-
paring since 1979, Usually the evidence is a
description of problems caused by resource
degradation rather than a report from careful
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monitoring of resource changes. At present,
reports are available on about 67 developing
countries, and nearly all describe ecosystem
degradation. In some places the problems are
the longstanding effects of unsustainable re-
source development; in others, the degradation
has increased dramatically over the last dec-
ade and is constraining economic development
(see box 3-B).

$pecies Diversity

Data to document changes in numbers and
distribution of species are scarce. To document
an extinction, the species must be named and
described taxonomically and accurately ob-
served at least once, then the loss must be
recorded, Most documented extinctions have
been of large terrestrial birds, mammals, and
conspicuous flowering plants in the temperate
zone and on tropical islands.

Modern taxonomic description goes back to
1753, but most recognized species were de-
scribed much more recently, and the majority
of species have yet to be described and named.
For most of the estimated 385,000 living plant
species, not much more is known than can be
discerned from one or a few pressed, dried her-
barium specimens. Nevertheless, personnel and
financial support for the taxonomic work done
in museums, herbarium, universities, and
wildlife agencies around the world are being
reduced (8).

Biologists estimate that at least two-thirds of
all species live in the tropics. For example, a
single tree in the Peruvian Amazon rain forest
was found to harbor 43 species of ant belong-
ing to 26 genera, That is a species richness about
equal to the ant fauna of the entire British Isles
(27). But two-thirds of the named species are
in the temperate zone. This disparity reflects
the historical distribution of taxonomists. In the
United States, for example, about 500 plant tax-
onomists work with 18,000 species—a ratio of
36 species to 1 taxonomist. Tropical vascular
plant species number about 190,000; about 1,500
taxonomists worldwide have expertise in trop-
ical plants, yielding a ratio of 125 to 1 (8).

Even for conspicuous species that have been
named, a considerable delay is involved in
recording an extinction. For example, the U.S.
Fish and Wildlife Service conducted a status
review in 1985 for the ivory-billed woodpecker,
whose last accepted sighting had been in the
early 1950s, Had extinction been confirmed,
then the lag between extinction and confirma-
tion of loss could have been 30 years (16). The
status of this species remains in doubt, how-
ever, because a sighting was reported in 1986
(2),

Indirect methods must be used to estimate
changes in species diversity, because complete
inventories of ecosystems would be too expen-
sive, and because little is known of many spe-
cies and the genetic attributes of populations.
Methods include:

“ preparing lists of species threatened with
extinction and monitoring those species;

● monitoring populations of relatively well-
known “indicator species” where habitats
are being changed and inferring that other
species in the same ecosystem are experi-
encing similar changes (indicator species
are commonly trees, birds, large mammals,
butterflies, or flowering plants); and

● using mathematical models of species-area
relationships to project extinction numbers
likely to result from various levels of habi-
tat reduction.

Lists of Threatened Species

Lists of threatened animal species are pre-
pared by the Species Conservation Monitoring
Unit (SC MU) of the International Union for the
Conservation of Nature and Natural Resources.
For the United States, endangered animal lists
are prepared by the Endangered Species Of-
fice of the U.S. Fish and Wildlife Service
(FWS/ESO). For both the SCMU and the
FWS/ESO, the information is better for temper-
ate than for tropical species; better for terres-
trial than for aquatic species; and better for
birds and mammals than for reptiles, amphib-
ians, fish, and invertebrates (16). Terms used
in describing the status of threatened species
are defined in box 3-C.
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.1

Box 30B.-Typicd Exmwpts From llwekp~f ‘%$abt#nce Agency Reports Addressing
l!hmironmmtul  Oev@loPm@nt; , ~ : ~.

India/Pakistan IJorder Zumds  in tk [24]
TIM predmninant  natural  tamatrhd  in tie region  ~ppears to b e  a  l o w ,  o p e n - t y p e  o f

drytropicaithmm  fo~ i n t e r s p e r s e d  D u e  t o  thelong  a n d  p e r v a d i n g  i n f l u e n c e
of man arid grazing stock, the present  is ,Sently a highly degraded form of low and
S~HW  xerophytic  scrub. } ‘t. ,.

The Indus  delta ia a cAtical area and productivity. Mangrove zone
creeks and mudflats  hold crustaeeans,ara populations, and are a fisheries center
of locaI and international  sigti-ficam%. b subject to reduced freshwater input,
increased salinity, overfisbin~,  and  en

Honduras (49) .
~ . .

Deforestation by shifting @is dmmatic  and well publicized. The
human tragedy is even more serious% fwnilies living on degraded

%$@dw&N!.  The forest cover has been peeledlmds in tie chol~t~a Vldky
back leaving a qmw pat

Mechanized farming  adversely affaatttwl  the cmvirc&&mt  through encouraging soil erosion and
dwmtification,  e s p e c i a l l y  i n  areas  & itwdm$,ia~

The P1’e$811t
,,

million hectares
ofenvironnmtal —..2%-’ !* ;,~...,.. ? Y ~ ~ . .-

The SCMU data are gathered from an inter- 3-I summarizes some of the data on threatened
national network of correspondents identified animals.
from research papers. For example, the person
compiling data on mammals has about 5,000 Since the mid-1970s, numerous lists of threat-
informants and contacts worldwide (16), The ened plant species have been prepared. Because
lists, organized by classes of animals in geo- these are so new and most tropical regions do
graphic regions (e.g., New World mammals), not have such lists, the data cannot yet indi-
are revised on roughly a lo-year cycle, Table cate rates of extinction. For the temperate zone,
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Box 3-C.-Definitions of Threatened Status
Two sets of definitions are used to classify the status of threatened species. Definitions based

on the Endangered Species Act of 1973 are used in the United States. All other countries’ lists of
endangered species follow the definitions promulgated by the International Union for Conservation
of Nature and Natural Resources (IUCN). The two sets of definitions are technically not compatible
mainly because of differences in the concept of extinction and the IUCN inclusion of taxa rather
than species.

Three technical definitions are used for classification of status in the United States:

1. An endangered species is in danger of extinction throughout all or a significant portion of its
range.

2. A threatened species is likely to become an endangered species within the foreseeable future
throughout all or a significant portion of its range.

3. Critical habitats are areas essential for the conservation of endangered or threatened species.
The term may be used to designate portions of habitat areas, entire areas, or even areas outside
the current range of the species.

The IUCN categories include five definitions:

1. Extinct taxa are species, or other taxa such as distinct subspecies, that are no longer known
to exist in the wild after repeated search of their type localities and other locations where they
were known or were likely to have occurred.

2. Endangered taxa are in danger of extinction and their survival is unlikely if the factors caus-
ing their vulnerability or decline continue operating.

3. Vulnerable taxa are declining and will become endangered if no action is taken to intervene.
4. Rare taxa are so rare that they could be eliminated easily but are under no immediate threat

at present and have populations that are more or less stable.
5. Intermediate taxa belong in one of the above categories, but information is not sufficient to

determine exactly which one (47).
SOURCES: M.L Been. The Evolution of NationaJ Wiklfife  Law [New York: Prawer Publishers, 19S3): H. %mze, “Status and Trends of Wild

Pl&t Species,” OTA commissioned paper, 1WH5. -

however, the numbers of threatened species do
give some indication of the scope of the
problem.

Nearly all industrial countries now have lists
of threatened plant species. In Europe, all but
five countries have such lists, and four of those
five will have them soon (47), In the United
States, many lists and reports cover both the
Nation and individual States. Table 3-2 sum-
marizes some information from the endangered
plant species lists.

In North America, about 10 percent of the
plant species are listed as rare or threatened.
Many are plants endemic to small areas in Cali-
fornia. A higher proportion of species are listed
in Europe because of extensive threats to vege-
tation in the northern countries and the nar-

row endemism of many species in the Medi-
terranean countries. Data from the Soviet
Union emphasize horticultural plants and are
less complete than for Europe. For temperate-
zone Southern Hemisphere countries, the lists
are also dominated by narrow endemic plants
from the Mediterranean climate regions (47).

Oceanic islands, because of geographic iso-
lation during the millennia of evolution, typi-
cally have a very high proportion of endemic
species. These areas are particularly vulnerable,
because they are not adapted to animals and
aggressive weeds that may be introduced by
humans, Lists of threatened plants have been
prepared for many such islands, Table 3-3 in-
dicates how severe the threats are for islands
with 50 to 1,000 endemic species.
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The ivory-billed woodpecker is presumed extinct in the
United States (last  sighting occurred in 1971)
and was thought to be extinct worldwide until the

discovery of at least two specimens in the
spring of 1986 i n eastern Cuba.

Among tropical countries, Brazil has a list-
ing project under way. Lists covering parts of
India have been prepared and indicate about
900 threatened plant species. The Malayan Na-
ture Society is preparing a database on threat-
ened plants for the Malaysian peninsula. List-
ing projects are also complete or under way in
some nontropical developing countries, such
as Chile, Pakistan, and Nepal (47).

Monitoring Indicator Species
and Habitats

Inferring trends in biological diversity from
changes in the status of indicator species is a
method that relies on time-series data assem-
bled for management of economically signifi-
cant species or species of special esthetic in-
terest. For example, striped bass (known locally
as rockfish) has been a highly valued species
since precolonial times on the east coast of the
United States, and commercial harvest data
have been tabulated for areas like the Chesa-
peake Bay since 1924,

For 50 years, the trend in striped bass com-
mercial harvest was upward, from around 2
million pounds landed in 1924 to 14.7 million
pounds in 1973. Then, the trend reversed. B}T
1983, the catch had plummeted by 90 percent
to 1.7 million pounds. The decline was believed
to be due to a combination of overfishing and
chemical contamination of the species’ hahi-
tat (18]. Thus, a reduction in populations of
other species could be inferred from the striped
bass trend.

Inference from this indicator species was
confirmed in 1982 when a 7-year Environmental
protection Agency study indicated the extent
of the decline in the bay. Subaquatic vegeta-
tion had declined 84 percent since 1971. Areas
suffering from lack of dissolved oxygen had in-
creased fifteenfold since 1950, and in Baltimore
Harbor at least 450 organic compounds, mostly
toxins, were identified. Corresponding dramatic
declines were documented in native animal spe-
cies of the bay, including oysters, shad, and yel-
low perch (53).

The spotted owl is an indicator species for
diversity in old-growth forests of the Pacific
Northwest. The owl feeds primarily on flying
squirrels and other rodents of old-growth hab-
itat. Its decline in a region is considered a sig-
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 credit Chesapeake Bay  f/on

 once abundant  the Chesapeake, have been
exploited and are now endangered in many areas of the
estuary. The  in population of this highly valued
species has been attributed to overfishing and pollution.
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Table 3-2.—Summary of Data From Endangered Plant Species Lists

Rare and
Country/region Species threatened species Extinct taxa Endangered taxa

Australia . . . . . . . . . . . . . . . . . . . . . . . 25,000 1,716 117 215
Europe a . . . . . . . . . . . . . . . . . . . . . . . . . 11,300 1,927 20 117
New Zealand . . . . . . . . . . . . . . . . . . . . 2,000 186 4 42
South Africa . . . . . . . . . . . . . . . . . . . . 23,000 2,122 39 107
U.S.S.R. . . . . . . . . . . . . . . . . . . . . . . . . 21,100 653 =20 =160
United Statesb . . . . . . . . . . . . . . . . . . . 20,000 2,050 90 7
aExclydes European U.SSR , Azores, Canary islands, and Madeira
bExcludes Hawall, Alaska and puerto RICO

SOURCE S Davis et al Plants in Danger What Do We Know~(forthcomlng) as clted in H Synge, “Status and Trends of Wild Plants “ OTA commissioned paper 1985

Table 3-3.— Data on Threatened Plant Species
of Selected Oceanic islands

Number of endemic Number listed as
Island speciesa rare or threatened

Azores ... . 55 30 (55”/0)
Canary Islands ... 569 383 (670/o)
Galapagos . . . 229 150 (66”/0)
Juan Fernandez ... 118 95 (81 0/0)

Lord Howe Island . . 75 73 (97”/0)
Madeira . . .  .  .  . . . 131 86 (66”/0)
M a u r i t i u s  . ,  . . .  . 280 172 (61 0/0)

Seychelles . . 90 73 (81 0/, )

Socotra. ... ... . . 215 132 (61 0/0)

a E n d e m l c  means  the  species occurs only On the Island
SOURCE S Davis, et al P/ants  In Danger What  Do We KrIow7  (forthcoming),

as cited In H Synge ‘Status and Trends of Wtld  Plant s,” OTA com
m!ssloned  paper, 1985

nal that its prey and other species associated
with the habitat are also in decline (3).

Diversity losses due to pollution may be in-
dicated by animals’ food chains, such as the
bald eagle and other fish-eating birds. Plants
susceptible to air pollution, such as lichens, may
also be useful indicators. Extensive records of
observations on smaller animals of long-stand-
ing interest to professional and amateur biolo-
gists can also gauge diversity change, The
decline of Bay Checkerspot butterflies, for ex-
ample, is taken as an indication of decline of
many associated organisms in the San Fran-
cisco Peninsula area (13).

Models of Species-Area Relationships

The scale of diversity reduction can be esti-
mated for most tropical countries only by in-
ferences from the reduction of habitat. Nearly
all attempts to estimate global extinction rates
focus on the tropical moist forests, These eco-

systems are exceedingly species-rich, contain
areas of narrow endemism, and are undergo-
ing extensive and rapid conversion to other
uses, Because they typically have erosion-prone
soils incapable of holding many plant nutrients
and occur where rain and heat are especially
intense, these forest ecosystems are highly sus-
ceptible to degradation. In fact, the undevel-
oped forests are so diverse, and the deforested,
degraded landscapes to which they are often
converted support so few species, that the
models used to estimate extinction rates gen-
erally treat the diversity of deforested land-
scapes in the moist tropics as negligible (43).

A recent projection of bird and flowering-
plant extinctions that could be caused by con-
tinued deforestation in tropical America is
based on a mathematical model of the species-
area relationship (see box 3-A). About 92,000
flowering plant species have been described for
regions where the forested area for recent
human-caused deforestation was about 6.9 mil-
lion square kilometers (43). Over the next 15
to 20 years, the forested area will be reduced
to about 3,6 million square kilometers if the rate
of deforestation remains at the level of the
1970s. The mathematical relationship between
area and species numbers, derived by analysis
of some 100 empirical data sets (5), indicates
that this reduced forest could be expected to
support about 79,000 species. Thus, a 15-per-
cent reduction in numbers of species is pro-
jected for the near future.

Deforestation is expected to continue for
more than 20 years, however, and it seems likely
that it will accelerate as the rapidly growing
human populations of tropical American coun-
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Northern spotted owl requires large tracts of Pacific
Northwest old-growth forest as habitat. If harvesting
of old-growth continues at current rate, the habitat for

this species could disappear within the next
two decades.

tries need more rapid resource development.
A “worst-case” calculation indicates that if the
forests were reduced until they covered only
National Parks and their equivalents that had
been established by 1979 (about 97,000 square
kilometers), then the final effect could be as high
as a 66-percent reduction (43).

About 704 species of land birds have been
described in the Amazon region of tropical
America. Using the same mathematical rela-

tionship as used for plants, a 60-percent reduc-
tion of the original forest area over the next 15
to 20 years could be expected to cause even-
tual extinctions of 86 bird species. The worst-
case calculation, with reduction of the Ama-
zon forest to the area of already established na-
tional parks, projected that 487 types of birds,
or about 70 percent of the species, could be-
come extinct (43).

Several assumptions tend to underestimate
extinction rates. For example, extinctions re-
sulting from reduced provinciality are ignored
in the calculations, as are effects of the narrow
endemism that occurs in several parts of tropi-
cal American forests. On the other hand, the
assumption that none of the plant and bird spe-
cies will find habitats they need after deforesta-
tion seems an exaggeration. Such projections
may be helpful in stimulating institutional re-
sponses to prevent the worst cases from occur-
ring. Many nations’ governments have begun
to take steps in the past decade to protect en-
dangered habitats. The worst-case calculations
are thus not predictions, but indications of the
direction and scale of the projected trend.

Distracting Numbers Game

Projections of alarming losses in species
diversity have attracted attention to this issue,
But discrepancies among the estimated extinc-
tion rates have called into question the credi-
bility of all such estimates. In one sense, the
numbers themselves have become an issue, con-
fusing policy makers and the general public and
possibly detracting from efforts to deal with the
causes and consequences of diversity loss (28),
This numbers game also has defined the prob-
lem of loss mainly in terms of species extinc-
tion, which may be the most dramatic aspect
of the diversity question, but it is only part of
the problem. Further, global and national data
and projections may mask the localized nature
of resource degradation, diversity loss, and the
consequences of both. Large inaccessible areas
of forest, for example, may make the global
deforestation rate seem moderate, but destruc-
tion of especially diverse forests in local areas
of Australia, Bangladesh, India, the Philippines,



Ch. 3—Status of Biological Diversity ● 7 5
—

Brazil, Colombia, Madagascar, Tanzania, and
West Africa proceeds at catastrophic rates (32).

Genetic Diversity

Ideally, concern about loss of biological diver-
sity should be focused on genetically distinct
populations, rather than on species (13,16,34).
But with so little information available about
the majority of wild species, this seems im-
practical.

For agricultural species, on the other hand,
the concern is mainly about genetic diversity.
The species do not seem to be in danger of ex-
tinction, but the variety of genes in many crops
and livestock breeds is being reduced (39).
Many distinct types are being eliminated as im-
proved breeds and varieties that are genetically
similar are gaining more widespread use. Iron-
ically, success in exploiting genetic resources
for agriculture threatens the genetic diversity
on which future achievements depend.

With livestock, the principal diversity loss in-
volves developing-countries’ breeds being
replaced by imported ones, The threat seems

greatest for those species in which artificial in-
semination is widely used, and it is particularly
a problem with cattle, for which over 270 dis-
tinct breeds exist. For farmers with only a few
cows, artificial insemination is cheaper than
keeping a bull. But developing countries lack
facilities to collect and freeze semen from lo-
cally adapted breeds, so semen is usually im-
ported from commercial studs in industrial
countries. Threatened breeds include the cri-
O11O of Latin America and the Sahiwal and sev-
eral others from Africa (see table 3-4) (15).

Llama and alpaca—as well as vicuna and
guanaco, their wild relatives—are South Amer-
ican species used for meat, as beasts of bur-
den, and for their hair and pelts. Numbers of
all four species have declined sharply since the
Spanish conquest of the Incan empire, and loss
of genetic diversity has almost surely occurred,
though it is unmeasured (15).

Poultry and swine breeds are also moving
toward genetic homogeneity, because con-
trolled breeding has been rapid and intensive
to produce varieties suitable for modern com-
mercial production. Poultry breeding has been

Table 3-4.—Endangered African Cattle Breeds
—

Breed Location Purpose

Mutura ., ., Nlgerla ‘- Meat, draft

Lagune ... . Benin, Meat
Ivory Coast

Brunede I’Atlas, Morocco, Meat
Algeria,
Tunisia

M p w a p w a  . ,  . T a n z a n i a Milk

Baria, ., . . . . Madagascar Milk, meat
Creole . . . Mauritius Milk, meat,

draft
Kuri ., . ., Chad Milk, meat

Kenana. ., . Sudan Milk

Butana . Sudan Milk

—

Reasons for decline in number

Civil war, crossbreeding, lack of
interest by farmers as tractors
become available

Crossbreeding, lack of interest by
farmers because of small mature
size (125 kg) and low milk yields

Crossbreeding to imported breeds

Lack of sustained effort to develop
and maintain new breed

Crossbreeding
Crossbreeding

Political instability, numbers
reduced by rinderpest and
drought

Crossbreeding (artificial
insemination) to imported dairy
breeds, loss of major habitat to
development scheme

Crossbreeding

Advantages

Trypanotolerant ,a hardy, good draft
animal, low mortality

Trypanotolerant, adapted to humid
environment

Adapted to arid zones

Adapted, dual-purpose

Adapted, dual-purpose
Adapted, multiple-purpose

High milk production, ability to float
and swim in Lake Chad, tolerant
of heat and humidity

High milk potential; adapted to hot,
dry environment

High milk potential; adapted to hot,
semiarid environment

aAblllty to survive Trypanosome In feet Ion (spread by tsetse fly), which normally causes African slee Ping sickness In cattle

SOURCE Adapled from K O Adenlj[ Prospects and Plans for Data Banks on Animal Genetic  Resources, An/ma/  Genetfc  Resources Conservation (Rome Food and
Agriculture Orgamzatlon,  1984) as cited In H Fltzhugh  et al “Status and Trends of Domesticated Antmals,  ” OTA commissioned paper, 1985



  

dominated by a few companies (probably fewer
than 20 worldwide) (15). These firms typically
retain a number of breeds from which to make
selections and crosses, but they do not find it
cost-effective to retain stocks that might prove
useful more than 10 years in the future (7). Mean-
while, breeds adapted to traditional farm con-
ditions are becoming rare in industrial coun-
tries, because fewer farmers want them and the
number of small hatcheries producing them has
declined sharply. Poultry breeds from indus-
trial countries are being exported to urban mar-
kets in many developing countries, but no evi-
dence exists that these have affected the genetic
diversity of poultry in rural areas of develop-
ing countries.

Hundreds of plant species have been domes-
ticated, and traditional farming systems con-

tinue to use many species. But modern agri-
culture produces most human sustenance,
plant-derived fibers, and industrial materials
from only a few species, Three-quarters of hu-
man nutrition is provided by just seven species:
wheat, rice, maize, potato, barley, sweet potato,
and cassava (31). Within the United States, the
top 30 crops account for $57.7 billion in farm
sales and imports annually, which is 60 per-
cent of the combined value of all U.S. agricul-
tural plant resources (see table 3-5) (39).

Within these 30 crops, modern varieties have
replaced traditional ones, reducing diversity
between and within agricultural sites and ge-
netic populations. The narrow species and ge-
netic base of modern agriculture generates two
distinct concerns: 1) the extinction of genes,
which reduces opportunities to produce new



Table 3-5.—Crops reported by the
United States With a Combined Annual Value of

Grown or

$100 Million or More (average 1976 to 1980)

Average annual value ‘ -

(U.S. $ millions) Crop

11,278
10,412
6,475
4,233
3,925
2,851
1,723
1,525
1,206
1,163
1,150
1,147
1,054
1,051
1,016

815
760
747
706
672
527
517
393
368
365
355
349
314
304
287
252
219
198
192
189
186
179
167
164
158
156
155
148
146
144
143
142
142
136
130
128
116
116
110
102
100

Soybean
Corn
Wheat
Cotton
Coffee
Tobacco
Sugarcane
Grape
Potato
Rice
Sweet orange
Sorghum
Alfalfa
Tomato
Cacao
Apple
Beet crops
Peanut
Rubber
Barley
Lettuce
Common bean
Sunflower
Banana
Cole crops
Almond
Peach
Coconut
Oats
Onion
Strawberry
Grapefruit
Chrysanthemum
Cucumber
Melon
Pineapple
Roses
Celery
Walnut
Peppers/c hilis
Jute
Plum/prune
Sweet cherrylsour cherry
Pear
Olive
Oil palm
Carrot
Pea
Lemon
Bermudagrass
Tea
Watermelon
Cashew
Sweet potato
Pecan
Azalea/rhododendron

SOURCE C Prescott-Allen and A Prescott-Allen, The Ffrsf Resources W//d Spe-
c~es IrI the North  Arner/can  Economy (New Haven, CT, and London
Yale Unlverslty  Press, 1986)
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varieties better suited for production at particu-
lar sites; and 2) the increased uniformity of
crops, which makes them more vulnerable to
pests and pathogens. Of these two, extinction
of genes is the greater problem. For annual
crops, uniform genetic vulnerability can be
quickly corrected as long as a high degree of
genetic diversity is maintained for the crop
somewhere. Gene extinction, however, cannot
be reversed.

Published information on status and trends
of crop diversity usually consists of impressions
by plant breeders and others on the loss of cul-
tivated varieties or threats to wild relatives of
crops, such as: “it may not be long before land-
races are irretrievably lost” or “many locally
adapted varieties have been replaced by mod-
ern varieties” (39). Such reports have been col-
lected and evaluated by the International Board
on Plant Genetic Resources (IBPGR). IBPGR’s
information has stimulated conservation action
and has helped to determine general collect-
ing priorities for protection of genetic re-
sources.

Plant breeders and germplasm collectors gen-
erally concur that crop genes have been lost
and that losses are still occurring rapidly and
widely in many crops (39), in spite of progress
with collection and offsite maintenance pro-
grams (see ch. 6). Three problem areas include:

1, crops that have low priority for IBPGR but
are of major economic importance to the
United States (e.g., grape, alfalfa, lettuce,
sunflower, oats, and tobacco);

2. crops that despite being a high interna-
tional priority still lack adequate provision
for long-term conservation (including those
maintained as living collections rather than
as seeds, such as cacao, rubber, coconut,
coffee, sugarcane, citrus, banana); and

3. wild relatives of major crops, which, ex-
cept for sugarcane and tomato, are repre-
sented in collections by extremely small
samples.

Detailed assessments of the status and trends
of genetic diversity are lacking, even for crops
whose collection is well advanced, such as rice,
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maize, potato, tomato, and bean. Such assess-
ments are needed to understand the dynamics
of crop genetic change and its relationship to
social and economic change (39).

The status of diversity conservation for eco-
nomically important timber trees lies between
that of wild plants gathered for economic use
and that of agricultural plants. Some commer-
cial tree species are protected by parks and
other protected natural areas, and the diver-
sity of some is at least partially captured in
offsite seed collections. In many extensively
managed forests, commercial tree species re-
generate naturally after logging, fire, or other
disturbances, and local genetic diversity is
maintained. However, replanting with stock
propagated from selected parents and from
tree-breeding programs is a common practice
with some trees, such as Douglas fir, and gene

pools for these species are being gradually
altered (19).

The genetic resources of commercial trees
and other economic plants and animals in de-
veloping countries are being eroded by conver-
sion of forest areas to agriculture or grazing
use. An international panel recently identified
some 300 tree species or important tree popu-
lations (presumably with unique genetic char-
acteristics) that are endangered (17), Thus, in
the United States and developing countries
where U.S. agencies provide assistance, pro-
tection of natural gene pools of commercial
trees and other nondomesticated economic spe-
cies could become an objective in development
planning (see ch. 11). At present, economic spe-
cies not used in agriculture or horticulture are
poorly represented in genetic conservation
programs.

CAUSES OF DIVERSITY LOSS

Forces that contribute to the worldwide loss
of biological diversity are varied and complex,
and stem from both direct and indirect pres-
sures. Historically, concern has focused on the
commercial exploitation of specific threatened
or endangered species. But now attention is also
being focused on indirect threats more sweep-
ing in scope (30).

Development and Degradation

Economic development usually entails mak-
ing sites more favorable for a manageable num-
ber of economic activities. Consequently, the
changed landscape has fewer habitats and sup-
ports fewer species. Habitats may be affected
by offsite development too—by pollution, for
example, or changed hydrology. Some devel-
opment, such as logging in a mosaic pattern
through a large forested area, mimics natural
processes and may result in a temporary in-
crease in diversity.

But poorly planned or badly implemented de-
velopment, such as agricultural expansion with-
out investment in soil conservation, can se-
verely disrupt biological productivity, and it can

start a self-reinforcing cycle of degradation, For
example, soil erosion reduces soil fertility,
which in turn can reduce growth of plants for
cover, leading to more soil erosion and to rapid
depletion of diversity as the site becomes suit-
able, for fewer and fewer species (51). Other
causes of site degradation include grazing pres-
sures, unnatural frequency or severity of fires,
and excessive populations of herbivores (such
as rabbits) where predators are eliminated. Arid
and semiarid sites are especially susceptible to
degradation from such pressures. Species may
be reduced by one-half to two-thirds without
outright conversion of the land use (33).

Modernization of farming systems is also a
cause of diversity loss. Such systems often in-
clude many species of crops and livestock;
genetic diversity is typically high, because cul-
tivars and breeds adapted to the vagaries of site-
specific conditions are used. To achieve pro-
ductivity gains, however, traditional systems
are being replaced with modern methods. Cap-
ital inputs, such as manufactured fertilizers and
feeds, are used to compensate for site-specific
differences, Thus, it is possible to replace tradi-
tional crops and livestock with fewer varieties
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Overgrazing In Burkina Faso—one major cause of diversity loss.

bred to give high yields under more artificial
conditions.

The loss of traditional agroecosystems is not
restricted to developing countries. Native
American farming systems that interplant corn
with squash, numerous types of beans, sun-
flowers, and many semidomesticated species
are reduced to isolated areas now and continue
to be abandoned. These systems and crop va-
rieties have been described in anthropological
literature, but they are lost before being
scrutinized by agricultural scientists.

Agricultural development may cause abrupt
disappearance of traditional varieties, as with
the replacement of traditional wheat in the Pun-
jab region of India, or it may be gradual, as with
fruit and vegetable varieties in the united States
and livestock breeds in Europe, Locally adapted
varieties may become extinct in a single year
if germplasm for a traditional variety is lost be-
cause of a catastrophe or is destroyed to con-

trol a disease. Examples include traditional
grain varieties that were replaced with mod-
ern ones in Africa when seed was eaten dur-
ing the recent famine, and local swine popula-
tions that were exterminated in Haiti and the
Dominican Republic to control a disease and
then replaced with modern breeds (15).

Exploitation of Species

As noted earlier, concern with loss of biologi-
cal diversity historically focused on extinctions
or population losses that resulted from exces-
sive hunting and gathering. whales, cheetahs,
passenger pigeons, bison, the North Atlantic
herring, the dodo, and various orchids are all
examples of organisms hunted or gathered in
excess (30).

Today the direct threat to wildlife remains.
Numerous monkeys and apes are endangered
by overhunting, mainly to supply the demand
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The green turtle is an example of a species threatened
by direct factors, such as exploitation of adults and
eggs, and by indirect factors, including nesting beach
destruction, ocean pollution, and incidental catch in

shrimp trawls.

from medical research institutions. Some 108
primate species are hunted for an international
trade worth about $4 million annually (30). For
many, perhaps most of these, the capturing
process is very destructive. Apes such as the
gibbon are captured by shooting mother ani-
mals from the treetops and taking any infants
that survive the fall. Many of the infants die
while passing through the market system. Thus,
the 30,000 primates sold in 1982 (30) actually
compose a much higher number killed to sup-
port the trade.

The rhinoceros has declined more rapidly
over the past 15 years than any other large mam-
mal. From 1970 to 1985 there was an almost
80-percent decrease in the numbers of rhinos,

from 71,000 to only about 13,500 today. The
most spectacular decline has been that of the
black rhino–from 65,000 to 7,000 in the past
15 years. Whole populations of black rhino have
been almost totally eliminated over the past 10
years in Mozambique, Chad, Central African
Republic, Sudan, Somalia, Ethiopia, and An-
gola. In the past 2 years, Mozambique has lost
the white rhinoceros for the second time in this
century—a dubious achievement indeed (29),

The main reason for this catastrophic decline
since 1975 is due to the illegal killing of the ani-
mal, mostly for its horn. In the early 1980s about
one-half of the horn put onto the world market
went to North Yemen where it is used for the
making of attractive dagger handles, while the
remaining half went to eastern Asia where it
is used mostly to lower fever, not—as often
supposed—as an aphrodisiac (6).

Plant species are also subject to overharvest.
A cycad plant species was reported eliminated
in Mexico during just one year when 1,200 spec-
imens were exported to the United States (55).

Vulnerability of Isolated Species

If the range of species is restricted to a rela-
tively small area, such as an island or a moun-
taintop forest, a single development project or
the introduction of competing or exotic species
can lead to loss of diversity. Many recorded ex-
tinctions have been animals and plants from
oceanic islands (see table 3-6) (52). Some of these
areas, such as Haiti, are infamous for deforesta-
tion and rapid rates of soil erosion. It may be
inferred that diversity loss has been and prob-
ably continues to be especially severe on such
islands.

Complex Causes

Most losses of diversity are unintended con-
sequences of human activity, and the species
and population affected are usually not even
recognized (30). Air and water pollution, for
example, can cause diversity loss far from the
pollution’s source, Substantial gains in reduc-
ing these pressures have been achieved in in-
dustrial countries, particularly in the United



Table 3.6.—Oceanic Islands a

With More Than 50 Endemic Plant Species
.—

Percentage
Island Endemics endemism
M a d a g a s c a r  . . .  . . .  . . .
Cuba . . ... . . . . . . . . . .
New Caledonia . . . . . . . .
Hispaniola b . ..., . . .
New Zealand ..., . . . . . .
Sti Lanka. . . . . . . . . . . .
Taiwan. . . . . . . . . . . . .
Hawaii . . ..., ..., ..., .
Jamaica. . ..., ..., ..., .
Figi . . . . . . . . . . . . . . . . . . . .
Canary  Is lands . , . . . . . , . .
Puerto Rico . . . . .
Caroline Islands. ,...,.. .,
Trinidad and Tobago, ...,,
Galapagos. . ..., . . . . . .
Mauritius. . . ..., ..., ...,
O g a s a w a r a - G u n t o  . . . ,
Reunion.  . . . ,  . . . ,  . . . ,  .
Vanuatu. . . . . . . . ..., . . .
Tubuai ..., ..., ..., ..., . .
Comoro Islands ..., ...,
S o c o t r a  . . . ,  . . . ,  . . . ,  .
Bahamas, . . . . . . . . . . . . . .
Sao Tome . . . . . . . . .
Marquesas Islands . . . . . . .
Samoa . . . . . . . . . . . . . . . . .
Juan Fernandez ..., ...,
Cape Verde. . . . . . . . . . . . .
Madeira. . ..., ..., ..., .
Mariana Islands ..., . .
Lord How Island . . ..., ,.
Seychelles . . . . . . . . . . .

—

=9,000
2,700
2,474
1,800
1,618
=900
=900C

883
735

=700
383
332
293C

215
175
172
151C

=150
=150
S140

136
132
121
108
103

>100
95
92
86
81C

73
73

46
76
36
81

91
23

12

25

aExcludes  Australia, New Zealand, Borneo, New Gutnea,  and Aldabra
bHlspanlola comprises the natlonsof Haltl  and the Domtnlcan  Republlc
comlts  monocoyledons

SOURCE AdaptedfromA H Gentry, ‘Endemism tnTroptcal  Versus Temperate
Plant Communltles;’ Conservation f3/o/ogy,  M. Soule(ed  )(Sunderland,
MA Slnauer  Associates, lnc 1988), andH  Synge, ’’Status and Trends
of Wdd Plants’ OTA commissioned  pape~ 1985

States, since passage of the National Environ-
mental Policy Act,

Yet pollution remains a major threat to bio-
Iogical diversity, because abatement is often ex-
pensive and is sometimes a very complex or-
ganizational task, especially when it depends
on international cooperation. Acid rain is an
example. In Scandinavia, several fish species
have declined in numbers because of acidifi-
cation of lakes; in eastern Canada, a trout spe-
cies has been placed in the severely threatened
category (37), International pollution by acid
rain has recently been reported to extend far
from industrial regions into Zambia, Malaysia,
and Venezuela, for example.
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Climate change is apparently being caused
by increased carbon dioxide and atmospheric
dust, which result from fossil-fuel burning and
from the release of carbon stored in vegetation
when extensive areas are converted from for-
est to cropland or sparsely vegetated grassland.
The expected consequences include significant
changes in temperature and rainfall patterns,
Temperature rises seem likely to occur rapidly,
at least in evolutionary terms, so diversity will
probably incur a net loss during the next cen-
tury (38).

In both industrial and developing countries,
diversity is lost as land is converted from for-
est, grasslands, and savanna to cropland or pas-
ture. If the land being converted will support
permanent agriculture with relatively high
yields, the effect on diversity is contained, Mod-
erate areas of such land can support substan-
tial populations. But much of the newly cleared
land is marginal or totally unsuitable for the
cultivation or grazing practices being applied.
As a result, extensive areas must be cleared,
especially where the land is so poor that it de-
grades to wasteland and is abandoned after a
few years, which is typical in the moist tropi-
cal forest regions and in semiarid areas of both
the temperate and tropical zones (30).

The underlying causes of inappropriate land
clearing are many and exceedingly complex.
Population growth, poverty, inappropriate agri-
cultural technologies, and lack of alternative
employment opportunities are all problems far
too complex for biologists and conservationists
alone to resolve.

Population growth in itself may not seem in-
trinsically threatening to biological diversity.
In some industrial countries, such as the United
States and Japan, disruption of ecosystems has
been mitigated by urbanization, establishment
of parks, and land use regulation (30). But the
connections between affluent populations and
their impacts on biological diversity are ob-
scured by the complexity of commerce. The Jap-
anese, for example, carefully protect the diver-
sity of their own remaining forests, but they
use large quantities of timber from forests in
other countries where controls are lax. Much
has been written about the “hamburger con-
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Figure 3-3.— Past and Projected World Population
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If the current growth in population continues, by the year 2000
more than 6 billion people will inhabit the world. With this
growth, irreversible environmental degradation and loss of
biological diversity can be expected.

SOURCE World Resources Institute and International Institute  for Environment
and Development, World  Resources 1986 (New York: Basic Books,
1986)

nection” by which U.S. and European beef con-
sumers are said to be causing loss of diversity
in tropical countries where forests are con-
verted to pasture. The very difficult task of iden-
tifying, measuring, and mitigating such nega-
tive economic-ecologic links between nations
is increasingly important as the world economy
becomes more and more international (30).

The causal link between human population
size and diversity loss is clearer in developing
countries where population growth in rural
areas continues to be rapid, and land-use regu-
lations do not exist or are poorly enforced. Be-
tween 1980 and 2000, rural populations are ex-
pected to increase by 500 million in the
developing world (57) (figure 3-3). where these
people continue to rely on extensive agricul-
ture, resource degradation and diversity loss
can be expected to accelerate. The harmful im-
pacts of population growth are also likely to
be exacerbated by development programs that
encourage large resettlements of landless peo-
ple into deserts or tropical lowlands without
providing the means to sustain agricultural
productivity in such difficult sites (42).

CONCLUSION

Circumstantial Evidence The circumstantial case is based on the
knowledge that each wild species and popula-

Biological diversity is abundant for the world tion depends on the habitat to which it is
as a whole. More than 10 million species may adapted. Diverse natural habitats are being con-
exist, but after more than 2oo years of study, verted to less diverse and degraded landscapes.
scientists have only named and described some On those sites, diversity has been reduced. The
1.7 million. Many of these species contain nu- sites that remain in a natural or nearly natural
merous genetically distinct populations, each condition are often fragmented patches that will
with a different potential for survival and utility. not support the diversity of larger areas.

The abundance and complexity of ecosys- For domesticated agricultural plants and ani-
tems, species, and genetic types have defied reals, the concern is genetic diversity, which
complete inventory or direct assessment of must be maintained by active husbandry. Farm-
changes. But from events and circumstances ing systems with high genetic diversity are be-
that can be measured, it can be inferred that ing replaced by new systems with much lower
the rate of diversity loss is now far greater than diversity, so husbandry of many genetic types
the rate at which diversity is created. is abandoned. Thus, gene combinations that re-
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produce particular characteristics and took dec-
ades to develop may be lost in a single year.
The rapid rate and large scale of agricultural
modernization imply that genetic diversity
losses are great, though quantitative estimates
have not been made.

Data for Decisionmaking

In recent decades, inventories and monitor-
ing of ecosystems, species, and genetic types
have improved, and the knowledge of what ex-
ists has greatly enhanced abilities to maintain
diversity. Biologists, resource managers, and
conservationists concur that information avail-
able now is adequate in virtually every coun-
try to guide programs to maintain diversity.

The circumstantial case for diversity loss in
the United States and other industrial countries
is bolstered by abundant site-specific data as
well as by regional survey data on ecosystems
and species. This information has moved pub-
lic and private organizations to allocate sub-
stantial resources to the establishment and man-
agement of nature reserves, abatement of
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pollution, and other programs that sustain bio-
logical diversity. Opportunities to improve the
use of these data are discussed in chapter 5.

The situation is quite different in developing
countries. Circumstantial evidence of diversity
loss is compelling, and many countries have
designated parks and natural areas in recent
years. But the available data are not adequate
to support policy decisions to allocate enough
funds and other resources to maintain diver-
sity. Both money and trained personnel are
needed to develop the necessary information.

Public and private funds that might be used
for conservation are extremely scarce. There-
fore, a great need exists for good data and com-
prehensive planning, so that whatever funds
can be allocated will be used effectively. Orga-
nizations such as The Nature Conservancy and
the IUCN  are working to develop the data and
local planning expertise needed to adequately
assess the status of biological diversity and
prospects for its conservation. More concerted
support from public institutions is needed, how-
ever, both in the United States and abroad.
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