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Chapter 5

Maintaining Biological Diversity Onsite

 Maintaining plant, animal, and microbial diversity in their natural environ-
ment (onsite) is the most effective way to conserve maximum biological diver-
sity over the long term.

● Strategies to maintain diversity onsite have evolved from strict preservation
to multiple use. More recently, attention is being given to integrating conser-
vation with development in areas outside protected zones.

● Guidelines for optimum biological design of protected areas are improving.
But decisions on design are determined more often by socioeconomic and po-
litical factors than by scientific principles.

● Techniques for restoring diversity on degraded sites are being improved as
knowledge of natural plant and animal succession increases. However, com-
plete restoration is often not feasible, and partial restoration is usually slow
and expensive.

● Opportunities for improving national and global conservation of diversity onsite
include 1) promoting an ecosystem approach to protected area establishment
and management, 2) encouraging innovative resource development methods
that treat conservation as a form of development, 3) supporting multidiscipli-
nary research on the many factors to consider when designing nature reserves,
and 4) developing training and job opportunities for experts in all these areas.

INTRODUCTION

Plants and animals can be maintained where
they are found, that is, onsite, either by pro-
tecting certain sites from change or by manag-
ing change to support some portion of the nat-
ural biota. Most biological diversity can only
be maintained in a natural condition for three
reasons:

1. For most species,
been developed to
bers of individuals

technologies have not
keep substantial num-
alive outside their nat-

ural environments.
2. For species that can be kept alive in artifi-

cial conditions, preserving genetic diver-
sity usually entails maintaining numerous
individuals from genetically distinct pop-
ulations. Such preservation is financially
and logistically feasible for only a few of

3.

the hundreds or thousands of species of
many ecosystems.

Species survive gradual changes in their
natural environments by continuous evo-
lution and adaptation—processes that are
arrested in offsite collections.

Strategies for maintaining biological diver-
sity onsite range from single-species manage-
ment to protection of complete ecosystems in
designated natural areas. The various ap-
proaches are complementary. For example, a
European nature reserve system established
with broad conservation objectives contains
some 10,000 sites of plant species that also are
useful for breeding and for research into the
chemistry of natural substances.

101



102 . Technologies To Maintain Biological Diversity

CLASSIFYING AND DESIGNING PROTECTED AREAS

Maintenance of biological diversity per se has
often not been the primary objective of pro-
tected natural areas, Instead, many such areas
have been set aside and managed for other con-
servation values, such as preservation of scenic
landscapes or protection of watersheds (11).
More recently, however, the U.S. Congress and
other policy makers have begun to authorize ac-
tions to address the maintenance of biological
diversity directly. With this new mandate, biol-
ogists, agricultural scientists, and conservation
program managers have started to develop new
ways to apply science to the problem of main-
taining biological diversity onsite.

The development of techniques for onsite
maintenance of biological diversity has so far
focused mainly on protected areas. This sec-
tion is concerned, therefore, largely with where
these protected areas should be established and
how biological principles can be used in the
design and management of protected areas. The
technologies appear to be scientifically sound,
yet too little implementation has occurred thus
far for a conclusive assessment of effect.

Even if the biological techniques are demon-
strated to be correct, the actual location, de-
sign, and management objectives for protected
areas will be determined mainly by social (in-
cluding economic and political) factors. For ex-
ample, costs will usually be a stronger consid-
eration than biological criteria in choosing
whether to have one large reserve or several
small ones, Boundaries usually reflect what
area has been made available rather than what
would provide the best habitat for flora and
fauna,

Development activities other than conserva-
tion may also take precedence in decisions to
change the boundaries of protected areas. In
tropical countries, where diversity is most
threatened, many natural areas are occupied
by farmers, hunters, gatherers, and fishermen
(see ch. 11). Strategies to safeguard biological
diversity must recognize that development of
natural resources is imperative and must incor-
porate socioeconomic and political considera-

tions. However, conservationists and resource
developers should also view conservation as
a necessary component of economic devel-
opment.

In spite of the powerful influence of social
factors, social sciences are applied less often
than natural sciences in efforts to maintain bio-
logical diversity. Development planning tech-
niques that do use social science data and prin-
ciples have been proposed, however, and used
occasionally to integrate natural resource con-
servation with other forms of economic, cul-
tural, and social development. Resource devel-
opment planning is discussed in some detail
in the OTA report, Technologies To Sustain
Tropical Forest Resources (83), A variation of
resource development planning, integrated de-
velopment planning, is described briefly later
in this chapter.

Classification Systems
Protected Areas

for

Strategies to develop a system of protected
areas typically begin by classifying and map-
ping types of ecosystems using data on plant
and animal distributions and on climate and
soil parameters. This information is compared
with the locations of already-protected areas
to approximate priorities for allocating the re-
sources available for site protection,

Descriptions of threatened ecosystems are
now adequate in every country to undertake
effective programs for conserving biological
diversity. In nearly all regions, however, con-
tinued improvements in ecosystem classifica-
tion and assessment would facilitate better de-
cisions on where protection is most needed.
Preservation priorities need to be based on
knowledge of which ecosystems:

have high diversity,
have high endemism (a high proportion of
the species having a limited natural range),
are threatened by resource development
or degradation patterns,



● are located where social and economic
conditions are conducive to conservation,
and

● are not adequately represented in existing
protected areas.

The major patterns of nature can be described
for most terrestrial areas with existing data. Sev-
eral biogeographic systems have been devel-
oped that relate data on distribution of plant
and animal species to factors such as climate
and natural barriers like oceans, deserts, and
mountain ranges. These systems classify the
Earth into zones, with each zone containing
distinctive ecosystems and life forms.

Much less information is available on aquatic
sites, such as lakes and streams, Aquatic eco-
systems are difficult to map on a large scale,
and the way to integrate them into land clas-
sifications is poorly understood. The same is
true of riparian vegetation, mountain meadows,
and other azonal ecosystems,

Classification systems take two broad ap-
proaches. “Taxonomic” methods establish land
units by grouping resources or sites with simi-
lar properties. “Regionalization” methods sub-
divide land into natural units on the basis of
spatial patterns that affect natural processes
and the use of resources (1), The two approaches
can be integrated to identify ecosystem diver-
sity in considerable detail.

The taxonomic approach is typified by the
Society of American Foresters (SAF) Cover
Type Classification system, which aggregates
similar stands of forest trees on the basis of the
kind, number, and distribution of plant species
and the dominance by tree species (19). The
basic taxonomic units—forest cover types—are
named after the predominant tree species. The
Renewable Resources Evaluation of the U.S.
Forest Service further aggregates many of the
SAF categories into 20 “major forest types, ”
which are the basis for the only map of forest
cover types available for the United States as
a whole.

The regionalization approach, on the other
hand, begins with a nation or continent and
subdivides it into progressively smaller, more
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closely related units. An example of this is the
ecoregions classification system, used exten-
sively by U.S. Federal land-managing agencies
(l). Ecosystem regions for North America are
defined as domains on the basis of climate. The
domains are subdivided into divisions, which
are subdivided into provinces on the basis of
what plant communities can be expected to de-
velop if the natural succession of species is not
interrupted by human activity. Provinces are
subdivided into sections on the basis of the com-
position of the vegetation types that eventually
would prevail. Extending this ecoregion clas-
sification system to cover the world on a scale
of 1:25 million is being considered.

A recently developed system for classifica-
tion of the world’s marine and coastal environ-
ments combines physical processes with biotic
characteristics (34). This classification system
will be used as a basis for selecting U.S. coastal
biosphere reserves (13),

Each classification system has advantages
and disadvantages for programs to maintain
biological diversity. The taxonomic approach
identifies and classifies each component, For
example, separate taxonomies are used to iden-
tify flora, fauna, and soils. This separation
facilitates location of natural areas that will
conserve concentrations of high-priority com-
ponents, such as a vegetation type or animal
species. The regionalization approach allows
scientists to determine whether the same type
of ecosystem in distinct biogeographic regions
actually represents two different ecosystems (2),

Biogeographic classification maps indicate
what ecosystems would be found under natu-
ral conditions, but the discrepancy between ex-
pected and actual features is often great because
of human intervention, Sparse grasslands may
occur where climate, physical features, and spe-
cies distribution records suggest tropical moist
forest should grow, Furthermore, the major
classification systems cover only broad zonal
features of the environment. Azonal features—
e.g., wetlands, riparian areas, and coral reefs—
cannot be included. So conservation strategies
must take a different approach to identify pri-
orities for these ecosystems. Typically, plans
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The Society of American Foresters Cover Type Map, an example of an ecosystem classification system, aggregates
similar stands of forest trees on the basis of the kind, number, and distribution of plant species

and the dominance by tree species.

for conservation of azonal ecosystems are based
on surveys that cut across the biogeographic
zones.

Biogeographic classification systems also
need to be supplemented with information on
endemism. Patterns of endemism vary among
taxa and among regions. Some species with re-
stricted distribution are quite common locally,
whereas others are extremely rare (26). On the
broadest scale, taxa may be endemic to a con-
tinent or subcontinent; on a narrow scale, many
plant species seem to be restricted naturally to
areas as small as a few square kilometers.

Identifying centers of endemism has been an
ongoing effort of conservationists, especially
tropical ecologists. An area such as an island

or a mountain forest may not have an unusually
high number of species present, but it may have
a high proportion of species not found else-
where (i.e., high endemism). Such areas are con-
sidered valuable for maintaining biological
diversity, because they contribute substantially
to diversity on a global scaIe,

In sum, a variety of ecosystem classification
systems are currently being used by many orga-
nizations with different objectives. Although
these maps do not indicate the extent of exist-
ing ecosystems (e. g., how much forest actually
remains), they do correspond roughly to the
boundaries of species distributions. Thus, they
can be compared with maps of natural areas
already protected, and planners can then choose
which sites to focus on for more detailed assess-
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ment of an ecosystem’s contribution to diver-
sity, its vulnerability, and its social and eco-
nomic significance.

Design of Protected Areas

The sizes and locations of protected areas are
determined first by political and financial con-
straints. Within those limits, the designs of na-
ture reserves have usually been based on natu-
ral history characteristics of the particular
species of greatest interest. Recently, however,
scientists have begun to develop theories for
designing nature reserves to optimize protec-
tion of biological diversity rather than protec-
tion of particular species. These theories are
still based mainly on inferences from general
scientific principles and are largely untested,
Thus, they are the subject of much academic
debate among scientists (53),

Criteria for optimum size and shape for pro-
tected areas have been based on information
from insular ecology (e.g., refs, 15,16,74,90).
These criteria, however, are widely viewed as
too simplistic, and the theories are being fur-
ther developed with information from ecolog-
ical-evolutionary genetics (24,70,73,79) and
from theoretical population dynamics (28,74,
80). These theories focus mainly on terrestrial
protected areas and probably have limited use
for the design of coastal-marine reserves, The
great dispersive abilities of marine organisms
and the interconnections of adjacent commu-
nities thus complicate decisions concerning the
proper size and spacing of reserves. (See box
5-A for discussion contrasting terrestrial and
coastal-marine systems,)

Information on the occurrence and natural
distribution of species on islands has been used
to formulate theoretical size and location cri-
teria for protected areas intended to maintain
diversity. The equilibrium theory of island bio-
geography (52) maintains that greater numbers
of species are found on larger islands because

Box 5-A.—Differences Between
Terrestrial and Coastal~Marine Systems

It is difficult to gauge the relative differences
in biological diversity in terrestrial and
coastal-marine environments. Dry land con-
tains approximately four times the number of
species found in the sea; on that considera-
tion alone, terrestrial ecosystems seem in-
herently more diverse. Differences in faunal
diversity between marine and terrestrial envi-
ronments are primarily due to insects. With-
out them, marine fauna would be more diverse
than terrestrial fauna. However, terrestrial
flora clearly exhibit greater diversity than ma-
rine flora (51).

Viewed from a different perspective, in
which the number of higher taxa (particularly
animal) indicate degree of diversity, the sea
would appear more diverse because many
higher taxa (i.e., phyla, classes, orders) are ex-
clusively marine. Implicit in this view is the
notion that higher levels reflect greater genetic
differences–i.e., a single species maybe the
sole representative of an order, class, or phy-
lum, and the loss of one of these species might
cause afar greater genetic loss than would the
loss of a species in a taxon made up of several
hundred or thousand members (51).

Another difference is that many fish and in-
vertebrates that make up the bulk of marine
species pass through several life stages from
egg to adult. In many of the life stages, the
organisms seem unrelated to that of the adult
form. These different forms can live in differ-
ent ecosystems or in distinctly different niches
within the same ecosystem. Maintaining one
species may therefore require maintenance of
several different ecosystems (51).

Movement of organisms and materials be-
tween different community types—seagrass,
coral reef, and mangrove—means that terres-
trial and marine communities sometimes can-
not be defined simply by their physical bound-
aries. Effectiveness of efforts to protect one
community type may be diminished by fail-
ure to protect neighboring communities as
well as adjacent watersheds (40).
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the populations on smaller islands are more vul-
nerable to extinction. That vulnerability is due
to probabilistic nature of individual births,
deaths, occurrences of disease, and changes in
habitats. Also, islands farther from continents
have fewer species, because colonists from
large land masses are less likely to reach them.
This theory was extended from true islands to
their terrestrial analogs (e.g., forest patches in
agricultural or suburban areas), and the field
of study become known as “insular ecology”
to reflect this broader perspective. Scientists
do not concur that the theory accurately ex-
plains natural patterns of species diversity, and
research has been initiated to test the theory.
(See Gilbert (27) and Simberloff (76) for reviews
of studies that confirm or refute the equilibrium
theory.) In any case, the island analogy—that
much of the natural diversity is being reduced
and confined to small, often isolated areas—is
not in dispute,

Nature reserves serve as islands for species
incapable of surviving in human-dominated
habitats. Isolated natural areas are likely to
experience declining numbers of species when
their size is reduced by deforestation or similar
habitat changes. The analogy between islands
and nature reserves was reinforced by findings
from some of the early tests of equilibrium the-
ory. These findings led to proposed design cri-
teria for nature reserves intended to minimize
the loss of species over time (53). The designs
called for large nature reserves near each other,
to reduce the effects of small areas and dis-
tances on species survival. Other design ele-
ments not explicitly derived from equilibrium
theory but thought to maintain a greater num-
ber of species at equilibrium also exist. How-
ever, these are rather academic “all other things
being equal” principles, and on the ground,
complex habitat differences among areas should
weigh more heavily in pragmatic choices of
which sites to conserve.

The applicability of insular ecology to con-
servation is being tested by the World Wildlife
Fund’s Minimum Critical Size of Ecosystems
Project (49). Biologists took inventories of plant
and animal life in an Amazon forest area be-
fore it was fragmented by development. Vari-

ous-sized patches of forest were kept intact
through coordination with the deforestation
and development program, and biologists now
monitor plant and animal populations in each
patch. Although the project is only 20 years old,
changes in the biota are already evident (47,48).

The guidelines for optimum biological design
still have many limitations (72). Most of the rele-
vant research has focused on animals, particu-
larly forest-dwelling birds; too little research
has been conducted on plants or on other types
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of habitats. Also, the occurrence and persist-
ence of a species on any particular site may
be governed not only by the populations on that
site but also by whether groups of loosely con-
nected populations can survive in the region
(46,71). This sort of scientific question requires
long-term study, which is only beginning to be
conducted.

As the Earth increasingly becomes a patch-
work of natural and developed areas, the ef-
fects of activities on or near the boundaries of
protected areas are becoming more important.
Small areas and those with angular boundaries
have a higher proportion of boundary-to-inter-
ior than larger or more circular areas. Nature
reserves seldom have sharply defined natural
boundaries like oceanic islands. Instead they
have political boundaries that can do only so
much to prevent movements in and out. Many
species can migrate across nature reserve
boundaries, and the results of human activities
(e.g., pollution) may enter by air, water, or land.
Consequently, another theory on the optimum
design of protected areas, “the boundary mod-
el,” has been proposed. It accounts for the
boundary effects, including the effects of hu-
man activities (69).

Designated protected areas include both po-
litical and biological boundaries. Some of the
biological boundaries are the natural edges be-
tween ecosystems; others result from human
activities, most of which originate outside po-
litical boundaries. Those biological boundaries
that fit the ecological definition of an “edge”
(box 5-B) may increase local diversity as edge-
adapted species prosper. Over time, however,
survival of species in the interior may be re-
duced if edges are enlarged, because the habi-
tat for species adapted to less-disturbed condi-
tions is reduced. Poor protection at the political
boundaries generally shifts the biological
boundaries toward an area’s interior.

Zones where resource-conserving develop-
ment activities are encouraged have been tested
to buffer the boundary effect (e.g., the united
Nations Educational, Scientific and Cultural
Organization’s (UNESCO) Man and the Bio-
sphere Program). Such buffer zones can help
reserves by increasing the habitat area and min-

Box 5-B.-The Edge Effect

Natural boundaries between ecosystems,
or edges, are considered to be ecologically
diverse areas. Edges can be created by
human manipulation of vegetation in an at-
tempt to encourage maximum local diver-
sity (14). Along an edge, animals from each
of the abutting vegetation types may be
found, together with animals that make fre-
quent use of more than one vegetation type
and those that specialize on the edge itself
(41). Game animals commonly are edge-
adapted, as are animals of many urban, sub-
urban, and agricultural areas (e.g., birds) (8).

imizing the potential exposure to harm. The
idea of buffer zones is not new, but implemen-
tation has been slow; few evaluations have been
done yet to develop guidelines about the nec-
essary character and width of the zones or the
shifting nature of boundaries.

Corridors of habitat to connect nature re-
serves have been proposed for sites where re-
serve sizes are below-optimum. These corridors
should facilitate gene flow and the dispersal
of individuals between protected areas, which
should, in turn, increase the effective size of
populations and thus raise the chance of sur-
vival for semi-isolated groups (6). Also, cor-
ridors could increase the recolonization rate
if species are eliminated locally (78). Corridors,
however, are another theoretical concept, and
they may not be appropriate for all sites. As
noted earlier, geographic isolation is a cause
of genetic diversity. Thus, corridors where none
previously existed might cause locally adapted
genotypes to be lost due to gene flow. The ap-
plicability of corridors is another aspect of de-
sign theory now being actively researched.

The use of corridors and boundary zones has
been proposed for protected areas in the West-
ern Cascades region of the United States, This
area contains the largest tract of uncut forest
in the conterminous United States as well as
natural riparian habitats (32). The proposal sug-
gests surrounding islands of old-growth forest
with zones of low-intensity, long-rotation tim-
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ber harvesting and then linking the islands by
corridors of old-growth vegetation. This design
would presumably provide mobility for species
like the cougar and bobcat—far-ranging carni-
vores that would have populations too small
for survival and continued evolution if confined
to a single habitat island. Proposals like this
must be considered planning hypotheses, sug-
gested by general theory; and as such must be
subjected to close, case-by-case scrutiny before
implementation.

Genetcs

Genetic considerations are another dominant
concern in the literature on population viabil-
ity and conservation. Attempts are being made
to determine the smallest number of interbreed-
ing individuals that will enable a species to
survive indefinitely—adapting to changing envi-
ronmental conditions without suffering the neg-
ative effects of a small population size (popu-
lation instability, erosion of genetic variability,
inbreeding). Because each individual carries
only part of the genetic variation characteris-
tic of its species, the size of a population—and
thus, the amount of genetic variation—may de-
termine how much and how fast a population
can evolve.

Application of genetics to the issue of popu-
lation size and viability has led to theoretical
estimates of minimum populations for success-
ful conservation of birds and mammals. One
such estimate, known as the 50/500 rule, is that
effective population size (in genetics sense) of
50 breeding adults is the minimum needed to
sustain captive breeding programs over dec-
ades or a century (e. g., as in zoos), but a popu-
lation 10 times as large is needed to sustain a
species in its natural habitat as it evolves over
millennia to survive changing environmental
stresses (25,45),

The 50/500 rule is an approximation based
on studies of only a few species. But the effect
of population size depends on several factors
that differ for various species, such as sex ra-
tio, age structure, mating behavior, and b e -
haviors such as feeding. Thus the rule, when
applied to a particular species, could project

a need for populations larger than 50/500—
perhaps orders of magnitude larger. Empirical
or experimental evidence is lacking to deter-
mine how resilient a “genetically viable” pop-
ulation would be when confronted with other
pressures (e.g., demographic, environmental,
or catastrophic uncertainty) (72),

Population Dynamics

Scientists have long recognized that, in gen-
eral, smaller populations are more susceptible
to extinction than larger ones, because death
for individual organisms is an event determined
largely by change, and populations are collec-
tions of individuals. Models of the impact of
change on individual births and deaths were
developed decades ago (e.g., ref. 21), and these
have been applied to estimate the extinction
time for particular species under various cir-
cumstances. Models also have been developed
to evaluate the effect of chance environmental
variations and chance population-wide catas-
trophes.

Recently, more sophisticated models of sto-
chastic population dynamics have been formu-
lated specifically to investigate questions o f
population viability. These models do not give
specific prescriptions for minimum population
size to assure survival, but they are leading to
a better understanding of the role of chance in
populations. They indicate that to avoid extinc-
tion resulting from the impact of chance on in-
dividual births and deaths may require only a
few hundred breeding individuals. But larger,
perhaps much larger, population sizes are nec-
essary if the condition of the species’ environ-
ment varies, and still larger populations a r e
needed for species that are susceptible to catas-
trophes (72).

The modeling approach is useful but has sig-
nificant limitations. First, data for population
models encompassing both environmental and
genetic factors exist for only a few species. Also,
species experience the effects of chance at in-
dividual, environmental, population, and ge-
netic levels. But models that could simultane-
ously simulate all these factors would be too
complex for existing analytical capabilities,
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Even if such models were developed, they could
prove very costly to use (72).

The theoretical population models are yield-
ing other plausible hypotheses, some of which
have important implications for conservation.
Extinction probabilities depend critically on
population growth rates, on environmentally
induced variability in this rate, and on particu-
lar catastrophic scenarios to which the species
are subject. One recent analysis employs a sto-
chastic population model and the general rela-
tionships between body-size and population
growth rates and between body-size and pop-
ulation density to estimate the sizes of popula-
tions and habitats necessary for mammals to
have a 95 percent probability of persistence for
1,000 years.

The preliminary results from this analysis are
startling. For larger animals, the viable popu-

Since the world’s first two national parks
were established in the 1870s, some 3,500 pro-
tected areas have been set aside for conserva-
tion, covering some 4.25 million square kilom-
eters (1,050 million acres) (35). (See figure 5-1
for rate of growth.)

Growth in the number and size of protected
areas was slow at first. It accelerated during
the 1920s and 1930s, halted during world War
II, and regained momentum by the early 1950s.
The number doubled during the 1970s, but
growth has slowed over the past few years (33).
Before 1970, most protected areas were located
in industrial countries. But for the past 15 years,
the Third World has led in both numbers added
and rates of establishment.

Designation as a protected area does not nec-
essarily mean that protection is effective, of
course. The extent of actual protection in the
3,500 areas has not been determined, but anec-
dotal evidence indicates that illegal or un-
managed hunting, fishing, gathering, logging,
farming, and livestock grazing are common
problems (83). Thus, data on designated areas

lation size is smaller, but the necessary habitat
must be larger to support the requisite popula-
tions. Thus, smaller mammals can have a via-
ble population size of a million individuals but
a habitat requiring only tens of square kilome-
ters. The largest mammals, on the other hand,
may have a viable population with only hun-
dreds of individuals but may need a million
square kilometers of habitat (3).

These are preliminary analyses, But even if
subsequent work reduces the estimates by two
orders of magnitude, larger mammals may need
contiguous habitats of tens of thousands of
square kilometers to survive indefinitely, Few
protected natural areas are that large, imply-
ing that conservation strategies for certain spe-
cies should not depend as much on protected
reserves as on monitoring and managing larger
areas (24).

PROTECTED AREAS

exaggerate the scope of conservation actually
being achieved.

Acquisition and Designation

Most protected areas are established by
cial acts designating that uses of particular

of fi-
sites

will be restricted to those compatible with nat-
ural ecological conditions. At the Federal level
in the united States, designating a land area
or water body for conservation involves mak-
ing a formal declaration of intent to assign a
certain category of protection and then provid-
ing an opportunity for extensive public com-
ment on the proposed action. Other govern-
ments use similar processes, although the
extent of public participation varies.

The degree of protection depends partly on
the objectives of the acquisition or designation.
There are many different types of designations.
Kenya, for example, has national parks, na-
tional reserves, nature reserves, and forest re-
serves. The wildlife sanctuaries in Kiribati in
the South Pacific are very different in conser-
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Figure 5-l.— Growth of the Global Network of
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vation terms from wildlife sanctuaries in In-
dia. Designated national parks of the united
Kingdom are quite different from national parks
in the united States. And in Spain, national
parks, nature parks, and national hunting re-
serves indicate different types of protection.

To clarify this situation and to promote the
full range of protected area options, the Inter-

national Union for the Conservation of Nature
and Natural Resources (IUCN) provides a series
of 10 management categories (37,38). Protected
areas are categorized according to their man-
agement objectives, rather than by the name
used in their official designations (see table 5-
1). Thus, the national parks of the United King-
dom are placed under category V (protected
landscape or seascape), rather than under cat-
egory II (national parks). Standardization of the
categories also facilitates international compar-

able 5.1.—Categories and Management Objectives
of Protected Areas

1. Scientific reserve/strict nature reserve: To protect and
maintain natural processes in an undisturbed state for
scientific study, environmental monitoring, education,
and maintenance of genetic resources.

Il. Nationa/ park; To protect areas of national or interna-
tional significance for scientific, educational, and recrea-
tional use.

Ill. /Vatural rnonurnent/natura/ /andrnar/c To protect and pre-
serve nationally significant features because of their spe-
cial interest or unique characteristics.

IV, Managed nature reserve/wildli~e sanctuary: To assure the
conditions necessa~ to protect species, groups of spe-
cies, biotic communities, or physical features of the envi-
ronment that require specific human manipulation for
their perpetuation.

V. Protected /andscape or seascape: To maintain nation-
ally significant landscapes characteristic of the harmoni-
ous interaction of humans and land, while allowing rec-
reation and tourism within the normal lifestyles and
economic activities of these areas.

V1. Resource reserve: To protect the natural resources of
the area for future use and prevent or contain develop-
ment activities that could affect the resource, pending
the establishment of objectives based on knowledge and
planning.

V1l. Natura/ biotic area/anthropological reserve: To allow the
way of life of societies living in harmony with the envi-
ronment to continue.

Vlll. Mu/tip/e-use management area/managed resource area.’
To provide for the sustained production of water, tim-
ber, wildlife, pasture, and outdoor recreation, with con-
servation oriented to the support of the economic activ-
ities (although specific zones may also be designed
within these areas to achieve specific conservation ob-
jectives).

IX. Biosphere reserve: To conserve an ecologically repre-
sentative landscape in areas that range from complete
protection to intensive production; to promote ecologi-
cal monitoring, research and education; and to facilitate
local, regional, and international cooperation.

X. Wor/d heritage site.’ To protect the natural features for
which the area was considered to be of world heritage
quality, and to provide information for worldwide pub-
lic enlightenment.

SOURCE: J.W. Thorsell,  “The Role of Protected Areas in Maintaining Biological
Diversity in Tropical Developing Countries, ” OTA commissioned pa-
per, 1985
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isons and provides a framework for all pro-
tected areas.

Criteria for SeIection of
Areas To Protect

Protected areas can be located and managed
to protect biological diversity at three levels:

1.

2,

3.

at the ecosystem level: by protecting unique
ecosystems, representative areas for each
main type of ecosystem in a nation or re-
gion, and species-rich ecosystems and cen-
ters of endemism;
at the species level: by giving priority to
the genetically most distinct species (e. g.,
families with few species or genera with
only one species), and to culturally impor-
tant species and endemic genera and spe-
cies; and
at the gene level: by giving priority to plant
and animal types that have been or are be-
ing domesticated, to populations of wild
relatives of domesticated species, and to
wild resource species (those used for food,
fuel, fiber, medicine, construction mate-
rial, ornament, etc.).

Ecosystem Approach

Conserving ecosystem diversity maintains
not only a variety of landscapes but also broad
species and genetic diversity. Indeed, it may
be the only approach to conserving the many
types of organisms still unknown to science.

A strategy to maintain ecosystem diversity
generally begins with the biogeographic classi-
fication system described earlier, The system
can be used to identify which ecosystem types
need to be acquired or designated to achieve
more complete protection of biological diversity.

The extent to which diverse U.S. ecosystems
are represented within protected areas is be-
ing assessed on a State-by-State basis by the nat-
ural heritage inventory programs of the differ-
ent States (see ch, 9). Recent estimates of the
proportion of major terrestrial ecosystem types
that are not protected in the Federal domain
vary from 21 to 51 percent, depending on the

size and number of each type thought to be
needed for adequate protection (13),

The extent to which the world’s terrestrial
ecosystems are included in protected areas has
been crudely estimated using the Udvardy bio-
geographic classification system, which divides
the world’s land into 193 biogeographical prov-
inces, Since each province typically contains
many distinct types of ecosystems, the degree
to which province locations correlate to pro-
tected area locations gives only an approxima-
tion of where greater protection is needed. The
3,514 protected areas listed by IUCN are located
in 178 provinces. The coverage is patchy: sev-
eral provinces have few protected areas, which
implies that numerous unique ecosystems have
yet to be included in the worldwide network
of protected areas (see table 5-2) (33). An esti-
mate of the cost of completing this network is
$1 billion (17).

Ten provinces have fewer than 1,000 square
kilometers protected but more than five pro-
tected areas, while another 29 have more than
1,000 square kilometers but only five or fewer
separate protected areas, Determining the ex-
tent of the patchiness requires better figures
for analysis, such as accurate estimates of prov-
ince sizes. In addition, aquatic and azonal eco-
systems (e. g., wetlands and coral reefs) do not
fall easily within this system.

A U.S. effort that helps maintain representa-
tive aquatic ecosystems is the Marine Sanctuary
Program conducted by the National Oceanic
and Atmospheric Administration of the Depart-
ment of Commerce. Potential marine sanctuary
sites were listed after consultation with scien-
tific teams familiar with the different ecologi-
cal values of sections of the coastal zone (86).
All current and future designations into the ma-
rine sanctuaries will be made from the site-
evaluation list, Maintenance of community or
ecosystem diversity is not a specific objective
of the Marine Sanctuaries Program, but if all
sites on the list were designated sanctuaries,
coastal ecosystem diversity would be signifi-
cantly protected.

An international effort that contributes to con-
serving representative ecosystems is UNESCO’s
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Table 5-2.—Coverage of Protected Areas
by Biogeographic Provinces

Provinces lacking any protected areas:
Arctic Archipelago, Arctic Ocean
Argentinean Pampas, Argentina
Ascension/St. Helena, South Atlantic Ocean
Baikha, U.S.S.R.
Burman Rainforest, Burma
Greenland Tundra, Greenland
Laccadive Islands, Laccadive Sea
Lake Ladoga, U.S.S.R.
Lake Tanganuika, Africa
Lake Titicaca, Peru
Lake Turkana, Kenya
Maldives/Chagos Archipelago, Indian Ocean
Pacific Desert
Revillagigedo Island, Alaska
South Trinidad

Provinces with five or fewer protected areas and a total
protected area of less than 1,000 km2 (247,000 acres):

Aldabra, Seychelles
Amirante Isles, Seychelles
Aral Sea, U.S.S.R.
Araucania Forest, Chile
Atlas Saharien Steppe, Algeria-Morocco
Cayo Coco, Cuba
Central Polynesia, Pacific Ocean
Cocos (Keeling) Islands, Christmas Island, Australia
Comoros, Indian Ocean
East Melanesia, South Pacific Ocean
Fernando de Noronha Archipelago, Brazil
Guerrero, Mexico
Hindu Kush Highlands, Afghanistan-Pakistan
Insulantarct ica
Kampuchea
Lake Malawi, Africa
Lake Ukerewe (Victoria), Africa
Malagasy Thorn Forest, Indian Ocean
Mascarene Islands, Indian Ocean
Micronesia, North Pacific Ocean
Patagonia, Argentina
Planaltina, Brazil
Ryukyu Islands, Japan
Sichuan Highlands, China
Sri Lankan Rainforest, Sri Lanka
Taiwan, ROC
Tamaulipas, Mexico
West Anatolia, Turkey

SOURCE J. Harrison, “Status and Trends of Natural Ecosystems Worldwide, ”
OTA commissioned paper, 1985

Man in the Biosphere (MAB) Program. MAB
has established a network of biosphere reserves
in a global system of protected areas (see ch.
10). The objective is to have a comprehensive
system covering all 193 biogeographic prov-
inces, The MAB program exists in 66 countries,
and approximately 256 biosphere reserves have
been designated thus far (61).

Species Approach

Natural areas are also selected to conserve
the habitats of rare or endangered species or
to protect areas with high species endemism.
using species presence as the criteria for pro-
tected area location and management is useful
for several reasons (62,82):

●

●

●

Certain species can be used to indicate the
effectiveness of management. If the more
conspicuous rare species cannot survive,
then the design and management of the re-
serve should be changed.
Species provide a focal point or objective
that people can readily understand.
Some species have an appeal that wins
sympathy, an important factor in raising
funds and public awareness.

Protection of an area to conserve a rare or
endangered species should be based on the best
existing evidence on its location and habitat
needs. The United States has accumulated a
great deal of such information as a result of the
Endangered Species Act and the work of The
Nature Conservancy. For other regions of the
world, information on endangered species
ranges from precise (in northwestern Europe)
to nonexistent (in the Amazon Basin). At the
international level, the IUCN’S Conservation
Monitoring Center tracks the status of species
and publishes its findings in the Red Data Books
(10).

Genetic Resources

Genetic variation within species needs to be
conserved because it enables species to adapt
to changing conditions and provides the raw
material for domestication of plants and ani-
mals and the continued improvement of already
domesticated crops and livestock.

Protected areas designated specifically to pro-
tect genetic variability of particular species are
often called in-situ genebanks. They may be
established as separate areas for particular crop
relatives, timber trees, animal species, and so
on. Or, the maintenance of genetic diversity of
important species may be one of several objec-
tives of a protected area (63).
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India and the Soviet Union have expressed
commitment to in-situ conservation of the wild
relatives of crop species (63). India has desig-
nated the first gene sanctuary, for citrus, and
some Indian biosphere reserve areas are ex-
pected to have genetic conservation as a ma-
jor objective. For example, a reserve area has
been proposed for the Nilgiri Hills area, which
is rich in wild forms of ginger, tumeric, carda-
mom, black pepper, mango, jackfruit, plantain,
rice, and millets, The Soviet Union has reportly
designated 127 reserves for protection of wild
relatives of crops and has proposed an addi-
tional 20 areas for protection. Expeditions to
a region known as the Central Asian gene cen-
ter have found 249 species of wild crop rela-
tives (63).

In East Germany, an inventory is being made
of important genetic resources within the coun-
try’s nature reserves, including 24 forage crop
species, 51 medicinal plants, and 27 fruit spe-
cies, As noted earlier, the inventory is expected
to identify about 10,000 places within the coun-
try’s reserve system where protection is af-
forded for plants relevant to breeding, breed-
ing research, and study of the chemistry of
natural substances (68).

Trade-Offs

In selecting areas for onsite maintenance of
biological diversity, trade-offs occur when any
of the above criteria are given priority. If the

strategy is to protect areas where rare and en-
dangered species are found, then the diversity
of ecosystems that exists may not be maintained
adequately because only certain types include
identified rare species. Concentrating on bio-
geographic categories for broad coverage of
ecosystem types may not protect habitats for
rare or endangered species sufficiently or for
centers of endemism. The third criterion, pro-
tecting genetic variability, includes consider-
ation of economic and social factors that may
contribute less to the objective of maintaining
maximum diversity but aid the larger goal of
conserving resource opportunities for human
welfare.

In practice, other objectives and various so-
cial and economic constraints prevail in the de-
cisions on where to locate protected areas.
Other objectives include preservation of scenic
resources, provision of recreation opportuni-
ties, and protection of watersheds, Constraints
include budgetary feasibility, competing de-
mands for use of the area, and opportunity for
local support of protected status.

The literature on conservation strategies con-
tains few objective methods to evaluate these
trade-offs, except to note that the three biologi-
cal approaches—ecosystem, species, and gene
pool—are both complementary and necessary.
Decisions are often initially made by the intui-
tive judgment of conservationists but ultimately
by the political processes that lead to the offi-
cial protected area designation.

PLANNING AND MANAGEMENT

Planning and management strategies for on-
site maintenance seek to conserve either the
species and genetic diversity within a given
area or the diversity of ecosystems across a geo-
graphic region. Planning tools range from
mathematical models that simulate how an
area’s biological resources are likely to respond
given different management options to written
plans for natural area management. Manage-
ment is concerned both with managing exter-
nal pressures affecting a protected area and
with managing the natural succession of plant
and animal communities within the area, Man-

agement activities range from no intervention
to active manipulation of an ecosystem,

Planning Techniques

Planning for protected areas can begin be-
fore designation is finalized, Biologists gener-
ally agree that plans to maintain diversity need
to begin with site surveys to determine the fol-
lowing information (65):

 the number, abundance, and distribution
of species, and the interactions between
species and community types;
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●

●

●

●

the types, extent, locations, and effects of
human uses, the degree of dependence of
local inhabitants on these uses, and the pos-
sible alternatives for activities that are
harmful to the site;
the present and potential threats from
activities outside the immediate area of
concern;
the opportunities for making the site more
useful to local inhabitants; and
the best approach for law enforcement on
the site.

Agency budgets and policies for management
planning often omit some of these surveys, con-
sidering them fundamental research rather than
pragmatic planning activities, For example, the
U.S. Bureau of Land Management’s Resource
Management Plan process does not include col-
lection of detailed site data if no deleterious hu-
man impact or other problem is known. Biolo-
gists argue, however, that the problems cannot
be fully identified without the surveys.

Historically, the specific plans to conserve
biological diversity were left to the area man-
ager to devise and implement. This approach
still prevails in many regions of the world, In
the United States, conflicts in land and water
management and the increasing need to justify
all management activities to a governing insti-
tution have resulted in specialized tools for
planning the conservation of biological re-
sources, Much of this development of planning
techniques has occurred in the Federal land
management agencies.

Modeling

A recent innovation in planning techniques
is the use of mathematical models, The models
are highly simplified versions of natural envi-
ronments. Biological data are used to develop
equations that represent assumptions about
cause-and-effect interactions between plant and
animal populations and their habitats, Numer-
ous equations interact, and the outcome pro-
jects responses of the biological resources to
different management options. The accuracy
of the projections depends on how well the
equations and the data reflect the situation in
the natural environment,

Various kinds of wildlife-habitat models have
been used, and recently, the population simu-
lation models described earlier have begun to
be used widely. These population models pre-
dict how management activities would affect
population size, structure, and recovery rate.
They can describe, for example, the probable
size of a fish population before and at various
times after a specified fishing season.

Wildlife-habitat models are built from natu-
ral history data on species distribution and
abundance in various habitats, from which
cause-and-effect relationships are deduced to
predict how wildlife populations will change
as a result of changed habitat conditions. Indi-
cator Species Models, for instance, focus on
one or a few species known to reflect broader
ecosystem qualities. Another example is the
Habitat Evaluation Procedure used by the U.S.
Fish and Wildlife Service to describe the re-
sponses of vegetation and, hence, wildlife habi-
tats to certain management options such as tim-
ber harvesting (75),

Geographic Information System models also
account for the changes in vegetation or wild-
life habitats that result from different manage-
ment options, but the output is presented on
maps, which facilitates evaluation of cumula-
tive impacts by area. A complementary tech-
nique being developed by U.S. National Park
Service personnel, the Boundary Model, is in-
tended to assess not only management activi-
ties but also the effects of human actions out-
side the protected areas (69).

Biologists warn that the accuracy of models
is constrained by the need to reduce complex,
often poorly understood interactions to assump-
tions simple enough to be represented with
mathematical equations. Often, data are too
limited to test all the assumptions. None of the
natural area models can predict all the possi-
ble ways that biological resources might re-
spond to habitat changes. Thus, models are best
used to make the assumptions and logic of sci-
entists, managers, and natural-area users ex-
plicit, so that final plans and management de-
cisions can be based on clear, thorough, and
objective understanding of all perspectives,



Management Plans

Management plans can help avoid typical
protected area problems, such as inappropri-
ate development; sporadic, inconsistent, and
ad hoc management; and lack of clearly defined
management objectives. Management planning
also serves to review existing databases, to en-
courage resource inventories, and to identify
other needed research and monitoring activi-
ties. Unfortunately, such plans do not exist for
many of the world’s protected areas, which con-
stitutes a major constraint on maintaining di-
versity (82).

Species-specific management plans identify
actions for maintaining healthy, reproductive
populations of a particular species, Often, the
species are either economically valuable or are
rare, endangered, or sensitive to certain land-
er water-management practices. The Office of
Endangered Species of the U.S. Fish and Wild-
life Service is the lead agency for recovery plans
to restore populations listed on the Federal
Threatened and Endangered Species List, For
example, two Federal agencies, two State agen-
cies, one university, and two agencies from Brit-
ish Columbia cooperated in development of the
Selkirk Mountain Caribou Management Plard
Recovery Plan, This plan provides details o n
caribou population dynamics, behavior, and
habitat in Idaho, Washington, and British Co-
lumbia, It describes past and present caribou
management activities, specifies management
goals and objectives to recover the species, in-
dicates priorities for action, and assigns these
to specific agencies (87).

Site-specific management plans outline the
options for maintaining biological resources
within given locations, commonly parts of nat-
ural areas. For example, the Bureau of L a n d
Management developed a plan to maintain re-
sources within the Burro Creek Section of the
Kingman Resource Area in Arizona (88). The
plan has clearly stated management objectives.
It describes the resources of the site, presents
the management issues pertaining to the area,
details the management practices that will be
used on the site, and indicates what other re-
source activities will be allowed (e. g., mining)
(88),
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Large-area planning documents can include
maintaining diversity as one objective to be bal-
anced with others, but they generally do not
recommend site-specific actions. Examples in-
clude the plans prepared by the U.S. Forest
Service for national forest management, plans
by the Bureau of Land Management for re-
source area management, and plans by the Na-
tional Marine Sanctuary Program for the man-
agement of marine sanctuaries. These planning
processes generally involve numerous experts
from various disciplines who identify and
weigh management options. The planning doc-
ument then describes resources, the options
available for managing those resources for vari-
ous uses, the trade-offs that would be made in
various resource-use scenarios, and finally, the
proposed management strategy.

National and subnational conservation strat-
egies (NCSS) tend to be generic documents that
may include but are not limited to conserving
biological diversity. Some 30 countries had be-
gun to develop national conservation strategies
by the end of 1985 (62) (see figure 5-2). To date,
only a few NCSS have been completed. The
United States, for example, does not have a plan
for conservation of biological diversity,

One example of a completed countrywide
plan is the Zambia National Conservation Strat-
egy, which identifies the major environmental
issues and ecological zones that need immedi-
ate attention in that country (29). Objectives of
the strategy are to maintain the essential life
support systems, maintain genetic diversity of
both domestic and wild species, promote wise
use of natural resources, and maintain suitable
environmental quality and standard of living,
To accomplish these objectives, plans and pol-
icies for sustainable management of natural re-
sources are to be integrated with all aspects of
the country’s social and economic develop-
ment. The strategy outlines schedules of action
for the major agencies and identifies necessary
interagency linkages to assure cooperation, The
official status of this plan and the extent to
which it is being implemented is not clear.

Management plans vary in geographic scale
and levels of specificity. Plans at the more gen-
eral levels require less detailed information on
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Figure 5-2.—National Conservation Strategy Development Around the World, July 1985

SOURCE    (Gland, Switzerland:  1985)

the characteristics of species but greater under-
standing of larger cause-and-effect relation-
ships and of social, economic, and political
factors,

Management Strategies

Increasingly active management of factors
affecting biological diversity will be needed to
overcome the effects of human activity and the
gradual fragmentation of natural areas (89). Nat-
ural areas change over time, as various plant
and animal communities succeed one another,
and gradual change in the components and
quantity of biological diversity occurs. To sus-
tain particular components, such as game ani-
mals or songbirds, protected-area managers
therefore need to intervene in the natural proc-
esses. The interventions vary with objectives,
and conflicts may occur. For example, devel-
oping optimum habitat for a particular species
may not be compatible with maximizing the
diversity of community types.

Manipulating habitats to manage particular
species sometimes involves controlling popu-
lations of certain animals—removing an exotic
fish from a lake, for example. More often, the
intervention involves modifying vegetation. If
the target species are grazing or browsing ani-
mals such as deer, intervention might mean cut-
ting trees to prevent woodlands from evolving
to the climax stage; for prairie birds such as
cranes, it could mean burning grasslands to pre-
vent encroachment by woody plants. Certain
plants may be propagated for food or cover for
the target species. The U.S. Fish and Wildlife
Service uses such management techniques in
national wildlife refuges, which are the only
extensive federally owned lands managed chiefly
for conserving wildlife,

Management to maximize the diversity of
community types involves similar interven-
tions. Again, a basic consideration is the vari-
ety of plant succession stages to be maintained
within an ecosystem. Manipulation manage-
ment is likely to be needed to preserve com-
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munities representing early stages of succes-
sion. For example, savanna ecosystems are
maintained by fire, wildlife, and human influ-
ence. Management techniques to conserve sa-
vanna systems include regulating animal num-
bers and species and using controlled burning.
Rain forests in a mature successional stage re-
quire little intervention, but they are likely to
need active protection because they are not gen-
erally resilient if cleared in large areas (82).

Where the U.S. Forest Service manages land
with wildlife diversity as a goal, it attempts to
provide an appropriate mix of successional
stages within each plant community (84). The
approach of the U.S. National Park Service is
to maintain natural processes to the extent pos-
sible, including catastrophic changes such as
localized fire, to allow a relatively natural mix
of succession stages to occur.

Management strategies have evolved from
strict preservation and protection to multiple-
use approaches and, more recently, to inte-
grated approaches. Strict preservation strategy
entails setting aside large blocks of natural areas
where designation and protection alone would
be expected to achieve conservation objectives.
Protection would mean severely restricting the
uses of, and the changes within, an area to en-
sure the continued natural condition of its bio-
logical resources and regular policing of bound-
aries to prevent trespassing or poaching. Where
possible, fences would be erected to restrict ac-
cess by humans and livestock.

Moderate versions of this strategy maybe ef-
fective in some locations, particularly where
the land is owned by an individual or nongov-
ernmental organization. In many areas, strict
controls are impractical. It has not been very
successful in developing countries. Moreover,
neither fences nor patrols can prevent all ex-
ternal influences from damaging a protected
area. Regular patrols of a marine sanctuary
could not stop the effects of water pollution,
for example.

Strict preservation of biological diversity is
not an explicit objective of any federally pro-
tected area in the United States. The objective
closest to it is protection of “biological re-

sources” or “ecological processes” on lands in
the National Wilderness Preservation System,
which is an evolving system of public lands rela-
tively undisturbed by humans and large enough
to have potential for wilderness recreation.
(Most wilderness areas contain at least 5,000
acres, although some in the Eastern United
States are smaller.)

Other countries also have extensive areas set
aside for preservation while allowing some hu-
man access. Examples include large segments
of Antarctica and isolated parts of the Amazo-
nian forest. Some natural areas, such as Wood
Buffalo National park in Canada and Salonga
National Park in Zaire, have wardens to guard
the boundaries and prevent trespassing (61), But
increasingly, countries cannot afford to desig-
nate large areas for strict preservation. Particu-
larly in developing countries, adequate fences,
patrols, or other means to deny access to desig-
nated areas are seldom logistically, economi-
cally, or socially possible. In addition, preserva-
tion strategies have exacerbated perceived
conflicts between conservation and development,

Another strategy for protected areas is to in-
corporate multiple uses or objectives. This strat-
egy is usually based on one or two approaches:
developing an optimum mix of several uses on
a local parcel of land or water; or creating a
mosaic of land or water parcels, each with a
designated use, within a 1arger geographic area.

Developing an optimum mix of uses in an
area requires careful incorporation of each ob-
jective so that all can be met, This approach
is used by the U.S. Forest Service on national
forest lands and by most States on wildIife areas
and State forests. In national forests, the po-
tential of each subsection is evaluated for recre-
ation, grazing, timber production, wildlife or
fisheries habitat, mineral development, and
other uses. Management objectives for each site
usually include more than one use. Thus, an
area that is managed for timber production may
also provide sites for grazing livestock or forag-
ing wildlife. Sometimes, mining or another use
will be exclusive, at least temporarily.

The California Desert Conservation Area,
managed by the Bureau of Land Management,
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is an example of the second approach to multi-
ple use, in which protected areas are managed
primarily as distinct parcels with different pri-
mary uses. The conservation area is broken into
different land units and classified according
to the level of human activity allowed in each.
Research areas, wilderness areas, areas of crit-
ical environmental concern, areas of geologic
or archeologic significance, and critical habitats
of endangered or sensitive plant or animal spe-
cies are mapped and sometimes identified by
markers posted at the sites. The rest of the land
is classified for various levels of use ranging
from restricted to extensive human use and al-
teration. Management of the area evolves as
human needs for resources of the California
Desert change.

The biosphere reserve concept is another ex-
ample of multiple-use based on buffer zones that
would moderate the extent that activities affect
the core. The UNESCO Man and the Biosphere
Program (see also ch. 10) champions this idea.
An idealized scheme includes three areas:

1,

2.

3.

The core areas strictly protect ecological
samples of natural ecosystems that can
serve as benchmarks for measuring long-
term changes in ecosystems.
The buffer zones have land-use controls,
which allow only activities compatible
with protection of the core area, such as
research, environmental education, recre-
ation, and tourism.
The transition areas surround the core and
buffer zone and are usually not strictly de-
lineated. In these areas, researchers, man-
agers, and the local population are to co-
operate in rehabilitation, traditional use,
development, and experimental research
on natural resources (30).

The areas should facilitate management by re-
ducing conflicts, because the more incompati-
ble uses would be physically distant from one
another. And effectiveness of protection should
be enhanced, because conflicting uses could
be detected before they spread into the core (see
box 5-C).

This approach has not yet been implemented
sufficiently to assess its worldwide effect, but

Box 5-C Cluster Conceprt for
Biosphere Reserves

In the United States, a promising develop-
ment of biosphere reserves is the cluster con-
cept. The approach is intetidad to link com-
plementary areas administered by different
agencies so they can cooperate in monitoring
research, educational, and management ac-
tivities.

A particularly promising multiple-unit bio-
sphere reserve is emerging in the Southern Ap-
palachians. Efforts are underway to link the
existing Great Smoky Mountains National
Park, the Forest Service’s Cowaeta Hydrologi-
cal Station, the Department of Energy’s Oak
Ridge National Environmental Research Park,
and other nearby State and Federal agencies
managing natural resources to forma South-
ern Appalachian Biosphere Reserve. The ex-
istence of a permanent association of Federal
agencies and regional universities has served
as a useful mechanism to help coordinate re-
gional resaarch and management activities in-
volving the biosphere reserve.

Another promising example is on St. John,
the Virgin Islands, where the National Park
Service manages VS. National Park, A co-
operative effort involving agencies and 
 institutions from Puerto Rico, the U.S.
Virgin Islands, and the British Virgin Islands
has coordinated a major research program fo-
cused on developing a biosphre reserve on
St. John. As the only U.S. national park in a
developing region, the area provides oppor-
tunities in the transfer of research and re-
source management technologies suitable for
small islands of the region.

plans for such development now exist and await
political commitment and implementation in
several nations. One example is the develop-
ment plan for the San Lorenzo Canyon area in
Mexico (60). Multiple-use development is in-
dicated for a 225,()()()-acre chaparral and des-
ert area where watershed protection is a pri-
mary objective, The plan delineates four zones:

1, a core scientific area to be used for research
and watershed protection,
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Figure 5-3.— Design of a Coastal or Marine Protected Area
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SOURCE R V Salm, kfar~ne  and Coasta/  Protected Areas A Guide for Planners and Managers (Gland. Switzerland International Unton
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2. a primitive area to be used for watershed
protection and recreation,

3. an extensive use area for recreation and
education, and

4. a natural recovery area eventually for agri-
cultural and commercial use.

Zoned development seems an especially im-
portant concept for marine and coastal areas,
which are particularly vulnerable to events out-
side their boundaries even when they are pro-
tected. Figure 5-3 is an idealized design for a
coastal- or marine-protected area.

A more recently developed integrated ap-
proach holds potential for resolving many of
the problems that arise in onsite maintenance
of biological diversity. An example is the in-
tegrated regional development planning, which
is discussed later in this chapter.

Ecosystem Restoration

As degraded ecosystems become more com-
mon, restoration will play an increasing role
in conserving biological diversity. Underlying
most of the discussion in this chapter has been
the assumption that protected areas are desig-
nated where ecosystems are in a relatively nat-
ural condition. Another important approach,
however, is to protect and sometimes manipu-
late degraded ecosystems in order to restore
some degree of biological diversity. Restoration
techniques are being used by conservation orga-
nizations, such as The Nature Conservancy and
the Audubon Society, and by government agen-

cies, such as the National Park Service to en-
large or adjust the shape of reserves (43).

Reclamation is action intended to restore
damaged ecosystems to productive use (43).
Restoration is the re-creation of entire commu-
nities of organisms, closely modeled on com-
munities that occur naturally. Reclamation
gradually becomes restoration as more and
more naturally occurring species are used and
as natural plant and animal succession occurs.
Restoration technologies, which depend heav-
ily on the knowledge gained from reclamation
experience, attempt to accelerate natural suc-
cession processes while assuring that indig-
enous rather than exotic species dominate.

Restoration is an onsite method that provides
links with offsite activities to preserve species.
Zoos and botanic gardens conserve rare species
offsite for reintroduction onsite (see ch. 6),
Nurseries and seed facilities provide plants and
seeds for a variety of revegetation efforts, al-
though materials for most native plants still
must be gathered from the wild (42,44). Reintro-
ductions of animals from captive populations
are few but include the Arabian oryx, the golden
lion tamarin (a recent effort), and plans to rein-
troduce Przewalski’s horse in Mongolia (see ch.
6, box 6-E). A few plant reintroductions from
offsite collections also exist. The Knowlton’s
cactus (Pedlocactus knowltonii) has been
returned to the natural environment from cut-
tings by the Fish and Wildlife Service (55).

Some States, such as Florida, require the use
of native species in reclamation, but reclama-
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tion work generally falls short of restoration.
Reclamation is generally task-oriented, and the
objective is usually to establish productive plant
cover, such as pasture or stands of trees. Rela-
tively little attention is given to species not
directly related to the objective, and relatively
few species are used. Consequently, efforts to
reclaim land have largely focused on the use
of common plant and animal species that are
easily propagated and multiply rapidly. Often
these are nonnative species; rare or difficult-
to-establish species are seldom used. It is easi-
est and most cost-effective to use those few spe-
cies that have been shown to be adequate for
particular uses, such as for stabilizing beaches.

Tree planting is one of the most frequently
used techniques for reclaiming degraded lands,
and a wealth of literature on various forms of
reforestation exists (23,84). The potential for
reforesting degraded forest land is especially
great in the tropics (83), But restoring forests
with diverse native species is seldom attempted.
Instead, most programs use one or a few exotic
species, partly because of a lack of seeds and
techniques to propagate native trees and partly
because of the cost-effectiveness of planting
fast-growing tree species known to have com-
mercial value,

The Santa Rosa National Park in Costa Rica
is one of the few forest restorations that has
been undertaken. The area was a cattle ranch
for 400 years, but since designation as a pro-
tected area, a dry forest ecosystem of native
species has been reestablished from seed
sources on nearby mountain slopes, The prin-
cipal management technique has been to stop
the human-caused fires, allowing woody spe-
cies to reinvade the pure grass pastures. The
restorative effect has now been proved and is
to be used in the proposed Guanacaste National
Park (39).

Prairie restoration offers a kind of prototype
for the development and use of ecosystem res-
toration. Restoration of prairies began early,
motivated by concerns such as diversity and
community authenticity (43). Techniques de-
veloped to restore prairies to moderately high
levels of native plant diversity borrow exten-

.4
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Planting prairie plants in a restoration project at the
University of Wisconsin-Madison Arboretum. The
purpose of the experiment is to study competition
between species by planting various combinations.
The results will be useful in developing techniques for
introducing ‘(difficult” species into prairies as they

are being restored and managed.

sively from agriculture techniques used in
prairies. One approach to restoring 2 to 40 hec-
tares recommends plowing, followed by disk-
ing at intervals of a year to reduce weeds, fol-
lowed by seeding with a mixture of prairie
species (56). In Crex Meadows, WI, restoration
of prairie plants and animals was possible with
little intervention other than protection and
controlled burning, because many native prai-
rie species had apparently continued to grow,
unobserved, for decades while the site was for-
ested, Little information on the cost of prairie
restoration is available. Up to now, much of
the effort that has gone into restoring the high-
est quality prairies has depended heavily on
dedicated volunteers (4).

Although the technology of reclamation has
developed rapidly in recent years, partly as a
result of legislation such as the Surface Mine
Control and Reclamation Act of 1977, restora-
tion has not yet become an established dis-
cipline. Restoration research and technology
development vary tremendously from one nat-
ural community to the next.

The availability of seed and plant stock for
varieties adapted to local conditions is a prob-
lem. Use of local seeds is not required by law,
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and the high cost of small, special seed collec-
tions often precludes use of local seeds in fa-
vor of cheaper, nonlocal ones of relatively few
species (3 I ,54). Western nurseries and the Soil
Conservation Service’s Plant Material Centers
have responded to the demand for more native
plants, but many species still are not available
commercially. For many that are available,
germplasm is limited to specialized ecotypes
or registered cultivars with limited value for
restoration.

The cost of reclamation varies greatly, de-
pending on the extent of disturbance, the ex-
tent of restoration, and the type of ecosystem.
The average cost of seeding for reclamation of
surface mines in seven Western States has been
estimated at $620 per hectare (in 1977 dollars)
(59). This estimate included fertilization, mulch-
ing, and irrigation (the most expensive com-
ponent), The cost of earth-moving brought the
total bill to $10,000 per hectare. Mechanical

planting of shrubs costs from $5OO to $2,OOO

per hectare in Utah, depending on whether
bareroot or containerized stock was used (20).
Hand-planting to simulate natural vegetation
patterns would further increase costs.

Establishing the same community that oc-
curred on a site prior to disturbance is often
not feasible because of the high cost and a lack
of information regarding, for example, neces-
sary conditions for seed germination and other
aspects of survival and reproduction of native
species. Although restoration technologies can-
not quickly restore the diversity that existed be-
fore degradation, they can be used to break the
cycle of resource degradation and to reestab-
lish a community of indigenous organisms.
Normal plant and animal succession may even-
tually lead to a self-sustaining and relatively nat-
ural ecosystem that provides most of the values
of biological diversity.

OUTSIDE PROTECTED AREAS

Most of the discussion thus far has dealt with
protected areas where maintaining biological
diversity is a management objective. But the
majority of biological resources are found out-
side these areas. Few strategies have been de-
signed yet for conserving diversity in nondesig-
nated areas. Various resource conservation
techniques with other objectives serve to en-
hance biological diversity, however.

Genetic Resources for Agriculture

Conservation of genetic variability outside
protected areas is especially important because
so many crop varieties and livestock species
and many of their wild relatives are not found
in areas designated for protection, In addition,
evolutionary processes, such as crop-pest and
crop-pathogen interactions, can continue. This
type of conservation occurs when farmers have
chosen to maintain traditional crop varieties
and livestock breeds.

Crop varieties with a broad genetic base and
wild relatives of crop plants are mainly located

where traditional farming practices prevail.
Large proportions of these resources (5o per-
cent or more for many species) have not yet
been evaluated or collected for preservation off-
site (5o). Germplasm collection programs focus
on the world’s major staple crops, so many spe-
cies that are not yet widely grown are unlikely
to be preserved offsite. Both these and local va-
rieties of major crops are threatened with ex-
tinction as they are replaced by modern vari-
eties, which the economics of agriculture favor.

A diverse mix of local varieties theoretically
protects traditional farmers from catastrophic
crop losses. And, with locally adapted varieties,
farmers depend less on subsidized inputs, such
as pesticides, fertilizers, irrigation equipment,
and processed animal feed. In many countries,
traditional farmers appear to be motivated more
by avoiding risk than by maximizing profit.
Nevertheless, as agricultural development oc-
curs, farmers are shifting to fewer varieties,
modern methods, and higher profits.

One response to this trend is the recently
established program to monitor the remaining



122 ● Technologies To Maintain Biological Diversity

collections of teosinte, a wild relative of maize
found only in Mexico, Guatemala, and Honduras,
The habitats for teosinte include some of Mex-
ico’s best agricultural land, where it survives
in narrow strips of untilled soil along stone
fences bordering maize fields. As land use in-
tensifies, these strips are brought into cultiva-
tion, And isolated stands of teosinte that inter-
breed with maize can be genetically “swamped”
by the maize and lose their ability to disperse
seed. Thus, teosinte populations with unique
genetic characteristics of potential value for
maize breeding are threatened with extinction.

Fortunately, the international agricultural re-
search institute that focuses on maize, Centro
International de Mejoramiento de Maiz y Trigo
(CIMMYT), is located near many of the sites
where teosinte still grows, The CIMMYT maize
staff and colleagues in the Mexican and Guate-
mala national maize research programs have
begun a monitoring program, The status of each
teosinte population is checked annually. The
intention is to take preservation action when-
ever a recognized population is placed in im-
mediate danger of extinction (9).

Another way to safeguard genetic resources
outside protected areas would be to preserve
traditional agriculture systems in selected re-
gions. To do this, farming systems must become
more productive and produce more cash in-
come. Presumably, higher productivity means
applying scientific methods for crop produc-
tion and genetic development but keeping the
local varieties and livestock breeds. Some farm-
ing systems research does attempt this. For ex-
ample, the Centro Agronomic Tropical de In-
vestigaciones y Ensenanza has consulted with
the Kuna people of northeastern Panama about
agricultural development of their 60,000-hectare,
indigenous-reserve area in the context of a park
project (91). Similarly, the International Coun-
cil for Research in Agroforestry in Africa trains
researchers to identify opportunities for mar-
ginal improvements in traditional farming sys-
tems. But such work is outside the mainstream
of agricultural development and is at best a
modest and poorly funded effort.

A complementary approach is for modern
farmers to maintain diverse varieties while rely-

ing on other income sources. They generally
must turn to off-farm income or other, more
modern areas of their farms. In developing
countries, where traditional farming is still ex-
tensive and crop and livestock diversity are
greatest, continued planting of nonprofitable
traditional varieties would probably have to be
subsidized.

Such an approach is not without precedent.
Native American farmers are paid to produce
seed of traditional cultivars in Arizona by a non-
profit organization, Native Seeds/SEARCH (58),
In developing countries, similar programs
might be administered by some of the same agri-
cultural research organizations that maintain
offsite germplasm collections. But the agricul-
tural research community has not identified this
as a priority for their limited funds. At best,
only a very small sample of diversity could be
maintained on subsidized traditional farms. It
seems that such subsidies would be as cost-
effective as marginal improvements in offsite
collections.

Conservation As A Type
of Development

Maintaining biological diversity by establish-
ing parks is becoming increasingly difficult be-
cause of demographic, economic, and politi-
cal pressures. The preservation approach to
conservation may become less common in the
future, especially in tropical developing countries
where diversity seems to be most threatened.
As a consequence, conservation organizations
and conservationists within development orga-
nizations, such as the Agency for International
Development (AID), the World Bank, and the
Organization of American States (OAS), have
begun to promote the concept that biological
diversity can be conserved where natural re-
sources are being developed if conservation is
considered a development activity.

A recently published paper of the IUCN Com-
mission on Ecology (64) supports this concept:

The idea of basing conservation on the fate
of particular species or even on the mainte-
nance of a natural diversity of species will
become even less tenable as the number of



threatened species increases and their refuges
disappear. Natural areas will have to be de-
signed in conjunction with the goals of regional
development and justified on the basis of eco-
logical processes operating within the entire
developed region and not just within natural
areas.

Conservation has long been a criterion in
carefully planned development of agriculture,
forestry, fisheries, grazing land, and other
primary-industry development. But mainte-
nance of biological diversity is relatively new
as an explicit development objective. Some
innovative approaches are beginning to be im-
plemented, including the use of conflict reso-
lution and systems analysis techniques in re-
source development planning.

Integrated Regional Development Planning
(IRDP), being used by the OAS (60,66), subdi-
vides a region into small spatial units and ana-
lyzes the sectoral interactions in each, in con-
trast to approaches that subdivide issues into
sectoral components. IRDP addresses interac-
tions, like competition for the same goods or
services by two or more interest groups, and
analyzes changes that occur in the mix of avail-
able goods and services as a result of activities
in one sector that are detrimental to another
sector.
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IRDP uses systems analysis and conflict reso-
lution methods to distribute the costs and ben-
efits of development activities throughout af-
fected populations or sectors. Integration of all
the sectors—including maintenance of biologi-
cal diversity—is necessary because individual
sectoral activities may help, but often hinder,
activities of other sectors aimed at appropriat-
ing goods and services from the same or allied
ecosystems. Decisions about which activities
are appropriate or how each can be adjusted
to reduce conflict are made through negotia-
tion by parties representing all the sectors that
are involved (67).

A major constraint to considering diversity
maintenance as a development activity is that
the benefits of diversity are hard to calculate.
No economic valuation techniques exist that
can capture its full value. Thus, biological diver-
sity has not fared well under the standard cost-
benefit analyses applied to development activ-
ities, Although some efforts have been made
to better account for biological diversity values,
the results have been unsatisfactory and not
widely applied. (See ch. 11 for further discus-
s on of this topic. )

DATA FOR ONSITE MAINTENANCE OF BIOLOGICAL DIVERSITY

To set priorities and to allocate funds and
other resources, decisionmakers need to know
how various ecosystems contribute to biologi-
cal diversity, how vulnerable they are to degra-
dation, how well protected they are by existing
programs, and what the social and economic
prospects are for local cooperation. Manage-
ment programs need details on the nutrition,
space, and reproductive requirements of organ-
isms. Most such information comes from tax-
onomy, biogeography, natural history, ecology,
anthropology, and sociology. For agricultural
species, information is also needed on genetics,
microbiology, seed technology, and physiology.

Generally, enough is known to improve sub-
stantially the programs for maintaining diver-

sity, But more and better data on many aspects
of this subject are badly needed, and funding
for conservation falls far short of the needs im-
plied by the apparent rates and consequences
of diversity loss (see ch. 3). So investments must
be concentrated on the most cost-effective ap-
proaches possible, which implies the need to
thoroughly understand the ecological, social,
and economic aspects of biological diversity
(77).

Uneven Quality of Information

The quality of data on biological diversity is
uneven for different ecosystems and different
parts of the world, For some places, such as
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tropical South America, data are rudimentary
and theories are very tentative. For others, such
as temperate North America, information is
well developed and theories have been exten-
sively tested. The unevenness is in part due to
data being collected for different purposes,
stored in different forms, and scattered among
different institutions.

In general, both data and theories regarding
biological diversity are better for temperate than
for tropical biology; better for terrestrial than
for aquatic sites; better for birds, mammals, and
vascular plants than for the lower classes of
organisms; and better for the few major crop
and livestock species used in modern agricul-
ture than for the many species used in tradi-
tional agriculture. Taxonomic coverage is in-
creasing, but the pace is slow relative to the
quantity of unknown organisms. Each year
about 3 species of birds, 11 mammals, up to
100 fish, and dozens of amphibians and rep-
tiles are identified for the first time (22,57). In-
sects are the largest order of organisms, and
hundreds of species are newly identified an-
nually (57); nevertheless, estimates of the num-
ber of insect species not yet identified range
from 1 to 30 million (18).

Information needed to maintain diversity is
even more limited on the ecosystem and com-
munity levels, partly because ecology is a youn-
ger discipline than taxonomy. Moreover, spe-
cies interactions within ecosystems are so
subtle that laborious, time-consuming field re-
search is necessary to understand them. For
example, the endangered red-cockaded wood-
pecker (Dezzdrocopus borealis) requires old-
growth longleaf and loblolly pine trees for nest-
ing. These pines persist in forest communities
where occasional fires destroy the seedlings of
other, more competitive species (5). Such fires
require accumulation of appropriate fuel to
carry the kinds of fires that favor the two pine
seedlings. Conservation of red-cockaded wood-
peckers, therefore, entails conserving appro-
priate species to generate the right kind of vege-
tation and litter on the forest floor.

Efforts to collect biological information have
increased during the last two decades as a re-
sult of growing awareness of the importance
of services provided by natural ecosystems and
of the need for better use and management of
natural resources. Biological data are now col-
lected and analyzed at the international, na-
tional, and local levels. Databases—the collec-
tions of data that are organized for further
analyses—can be used to make onsite diversity
maintenance efforts substantially more ef-
fective.

International databases provide overviews
that can identify potential gaps, status, and
trends of biological diversity worldwide. The
main international organizations involved in
collecting biological data are the United Na-
tions Environment Programme (UNEP); the
Food and Agriculture Organization (FAO);
United Nations Educational, Scientific, and
Cultural Organization (UNESCO); the Conser-
vation Monitoring Center (C MC) of the Inter-
national Union for the Conservation of Nature
and Natural Resources (I UCN); the World Wild-
life Fund/Conservation Foundation; The Na-
ture Conservancy International (TNCI); and the
International Council for Bird Preservation (10).
(See ch. 10 for further discussion of interna-
tional databases.)

The utility of international databases has been
limited because they are not readily available
to resource planners and other analysts who
might use them to advise development decision-
makers. To resolve this problem, the UNEP’S
Global Environment Monitoring System (GEMS)
program is establishing a computerized Global
Resource Information Database (GRID). This
program will centralize access to numerous
environmental databases and will include train-
ing in data analysis for developing-country par-
ticipants.

DaTa for Management of Diversity

Biological data needed to plan management
of diversity and other natural resources at the
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national level are collected by government
agencies, academic institutions, and research
centers. Completeness of the information varies
from country to country. Several countries,
such as Australia and Sweden, have compiled
comprehensive biological surveys of their flora
and fauna. Other countries, such as the Soviet
Union and China, and some international re-
gions, such as North, East, and West Africa,
have completed or have made significant prog-
ress toward completing surveys of their flora.
North America is the only part of the north tem-
perate zone that has neither synthesized the
data on its plant and animaI resources nor cre-
ated a national biological database (81).

In fact, the United States has abundant in-
formation on its biota at a regional or broad
ecosystem level. But data acquisition is de-
signed to serve the specific objectives of vari-
ous organizations. As a result, many of the data-
bases relevant to biological diversity are widely
scattered, are often incompatible, and are i n
effect inaccessible to numerous potential users.
The objective of maintaining biological diver-
sity has been only a tangential consideration
in most data-collection efforts. However, files
on endangered species assembled by the Smith-
sonian Institution and the U.S. Fish and Wild-
life Service do address an important aspect of
species diversity directly.

The only comprehensive nationwide infor-
mation system dealing directly with both spe-
cies and ecosystem diversity is the national
aggregation of State Natural Heritage Program
data. This system is extensively used for deci-
sionmaking on acquisition, designation, and
management of protected areas.

The heritage program inventories are contin-
ually updated through a system of information
gathering and ranking. They begin with a broad
information search of secondary sources for
rare species and ecosystems. These are then
ranked, and further search, including field
work, takes place for the rarest ones. The in-
ventory is made up of a series of manual and
computer files containing the species and eco-
system’s classification, location, site where it
occurs, land ownership of the site, and sites

located on already protected land, Inventory
data are plotted on U.S. Geological Survey maps
to analyze which lands are most important to
protect and what impacts specific development
projects will have on diversity,

In recent years a great deal of attention has
been given to the use of computers for manag-
ing biological data. Data management is facili-
tated by the flexibility of the hardware and by
the many types of software on the market today,
For example, Geographic Information Systems
(GIS) are being used by the Forest Service and
the National Park Service to integrate databases
with spatial information. This technique pro-
duces overlay maps that have great potential
to aid efforts to maintain biological diversity
(figure s-q). At present such overlay maps are
used to assess the extent to which ecosystem
diversity is being protected by combining de-
tails on ecosystem and species distribution with
information on boundaries of various types of
protected areas. International and nongovern-
ment agencies are also finding the technique
useful: GIS are a basic tool for GRID, The Na-
ture Conservancy (TNC] has recently begun
using GIS in its international program, and
IUCN’S Conservation Monitoring Center plans
to acquire a system, once funding is secured
(33).

The data on biological diversity generated at
the State level are being aggregated at the na-
tional level by TNC. The quality and quantity
of information varies from State to State, a few
States do not yet have programs, and inventory
of species and communities that are not threat-
ened is just beginning. In spite of these limita-
tions, this is the most comprehensive national
database on biological diversity, In many geo-
graphic areas, TNC is the only institution col-
lecting data on rare, sensitive, or endemic re-
sources that may require special management
to maintain their integrity as populations. In
these areas, the heritage programs help to fill
an important gap in biological data needed for
the onsite maintenance of biological diversity.

Selection among such data management tech-
nologies as the GIS depends on the financial
resources and the objectives of the organiza-
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Figure 5-4.—Representation of a Geographic
Information System Function Overlavina Several
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SOURCE. United Nations Environmental  Environment Mon-
itoring Systems,  Resource  Databases (Nairobi:
GEMS Publication, 1985).

tion sponsoring the data collection. If the ob-
jective is to provide an overview of the status
and trends of biological diversity in large areas,
then remote sensing with sample surveys on
the ground for verification and analysis with
GIS maybe the most cost-effective approach.
If the objective is to design a management plan
for a particular area, detailed field surveys are
necessary, but tools such as GIS may still prove
valuable.

For implementation of resource develop-
ment, information on biological diversity at a
local, site-specific level is most important. Yet
this is the level at which the quality of biologi-
cal information is most variable. For some heav-
ily studied areas, detailed field inventories and
analyses of ecosystem interactions have been
completed, whereas for others, especially the
remote areas, often little detail of biological
diversity is known. Development of needed site-
specific diversity data is constrained by the
common attitude of land managers that diver-
sity assessment is fundamental research that
should be limited mainly to land areas where
research is the designated major use. This is
a problem even for agencies that are sensitive
to the issue of biological diversity, such as the
U.S. Fish and Wildlife Service.

Coordination

The quantity of biological data may increase
as information becomes easier to handle and
less costly to acquire and maintain. Linking
databases developed for different purposes can
greatly increase their utility and thus their cost-
effectiveness. Data incompatibility hinders
such linking, however, making it necessary to
reenter data manually at great cost, or more
often to forgo the improved analysis that linked
databases would allow. Data sharing in the
United States among and within Federal agen-
cies frequently is constrained by a lack of stand-
ards. For example, different agencies generally
use different terminology to define ecosystem
types, This problem also exists at the inter-
national level, especially where classification
schemes used to aggregate data are not stand-
ardized.
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Coordination of data-collection efforts can re-
duce incompatibilities, lessen duplications, and
identify gaps in collection. For example, CMC
and UNESCO plan to feed information into the
GRID system. TNC’S regional databank has in-
corporated the classification system used by
CMC to improve compatibility between the two
data systems (33).

Coordination efforts at the U.S. Federal level
have involved formal interagency cooperative
agreements. (See OTA Background Paper #2,
Assessing Biological Diversity in the United
States: Data Considerations, for a description
of these Federal interagency efforts to coordi-
nate data collection and maintenance.) These
efforts have resulted in recommendations and
guidelines for standardization of databases.
Most agencies would have to invest some per-
sonnel and funding to make their databases
compatible with those of other agencies, how-
ever, which may not occur without specific con-
gressional mandates.

Social and Economic Data

Human activities are the main cause of the
accelerated loss of biological diversity, and suc-
cessful implementation of onsite maintenance
methods described in this chapter depends on
cooperation of people living on and near the
land that is affected. Collection and analysis
of social and economic data, therefore, are es-
sential to understanding the changing patterns
of biological diversity and to planning and im-
plementing conservation strategies (7).

The complexity of natural ecosystems rivals
the complexity of social and economic proc-
esses that affect them. Thus, socioeconomic re-
search should be no less rigorous than the bio-
logical research. Unfortunately, social and
economic data are often the weak link in con-
servation planning.

Demography is a well-established social sci-
ence with reliable data sources, theories, and

methods to describe population patterns. The-
ories on how population growth under various
circumstances affects biological diversity are
lacking, however.

The status of biological diversity is greatly
affected by the supply and demand of raw ma-
terials, agricultural commodities, and natural
products. Natural-resource economic data and
analytical methods have been developed for
other fields of resource management, such as
forestry, fisheries, and agriculture, but appli-
cation of economics to issues of biological
diversity has hardly begun. Some biologists and
geographers have started to do economic anal-
yses, but few professional economists are in-
terested in biological diversity.

Data on technological change, especially in
agriculture and pollution-causation and abate-
ment, are sometimes assessed as part of the
environmental-impact assessment process re-
quired when Federal funding is involved in re-
source development in the United States. Im-
proved methods for such assessment have
developed in the years since the National Envi-
ronmental Policy Act became law. But meth-
ods for technology-impact assessment are sorely
lacking for other parts of the world, especially
for the tropical regions where diversity is most
threatened.

Social and political processes influencing
how biological diversity is perceived and val-
ued are probably the least well-understood and,
in the long run, the most important factors
affecting success of onsite diversity mainte-
nance. Geographers, sociologists, anthropolo-
gists, historians, and biologists who have ven-
tured outside their field of technical expertise
have developed important descriptions of so-
cial factors affecting diversity maintenance at
specific sites. But the analysis needed to de-
velop a broader understanding and theories
from which to generalize has yet to be un-
dertaken,
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NEEDS AND OPPORTUNITIES

Onsite management of natural areas has usu-
ally been focused on limiting the impacts of out-
side pressures. In multiple-use protected areas,
the technologies used to maintain biological
diversity are mainly based on manipulation of
habitats or populations to favor particular spe-
cies, These methods, many of which derive
from the fields of natural history and wildlife
management, are effective for the target spe-
cies. Biologists generally agree, however, that
broad biological diversity values are not ade-
quately served by species management alone.
This approach necessarily concentrates on spe-
cies with immediate commercial or recreational
value and lets too many others, with less obvi-
ous values, perish if they do not happen to live
in the type of environment maintained for the
target species. Thus, technologies are needed
to maintain diversity at the ecosystem level,

Onsite maintenance technologies commonly
have been developed in relatively well-known
temperate zone ecosystems. Plant and animal
communities in these ecosystems generally can
recover from moderate human disturbances if
they are protected for years or decades. But bi-
ologists are not sanguine about adapting these
technologies to tropical and other ecosystems,
such as coral reefs, that are poorly known and
that have much less natural ability to recover
from disturbances,

Although most existing onsite technologies
are focused on natural areas where develop-
ment is restricted, attention is beginning to be
directed beyond simple protected area pro-
grams. Resource development planning meth-
ods that treat conservation as an integral part
of economic and social development have been
devised and tested. These strategies hold prom-
ise, but they need to be taken from the concep-
tual stage to practical implementation.

The remainder of this chapter addresses these
and other opportunities to improve the re-
search, development, and application of onsite
technologies to maintain biological diversity.

An Ecosystem Approach

An ecosystem approach is necessary to main-
tain biological diversity onsite for many rea-
sons: 1) because the numbers of threatened spe-
cies and genetically distinct populations is so
high, 2) because so little is known about life his-
tories or even the identity of many species, and
3) because many species are interdependent.
Yet attempts to develop and implement ecosys-
tem approaches are few,

In the United States, development of onsite
maintenance technologies is largely the task of
Federal land-managing agencies, such as the
National Park Service, the Forest Service, the
Fish and Wildlife Service, and the Bureau of
Land Management. The mandates of these
agencies emphasize species- and habitat-ori-
ented technologies. A shift toward more eco-
system-oriented management would require
policy changes within the agencies. Most, for
example, consider an inventory of an area’s bio-
logical diversity and the investigation of spe-
cies interactions to be appropriate activities for
basic research programs but not appropriate
as pragmatic resource management activities.
Changes in policies to encourage an ecosystem
approach to protected areas may not occur
without a congressional mandate directing
agencies to manage lands and bodies of water
in a way that maintains ecosystem diversity.

An important strategy for maintaining diver-
sity is to safeguard representative samples of
ecosystems from changes that would reduce
their diversity. The United States lacks a com-
prehensive program for ecosystem diversity
maintenance, although some efforts are being
made through existing programs. The U. S.-
MAB program is attempting to establish sam-
ples of ecosystems in the United States. Because
the areas are identified on the basis of ecologi-
cal criteria rather than political boundaries,
various Federal, State, and private organiza-
tions must cooperate to implement the program
successfully, which may explain the sluggish
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pace. Federal agencies could be directed to give
more support to interagency and Federal, State,
and private initiatives to support the MAB
agenda.

The number and size of additional protected
areas required for ecosystem diversity mainte-
nance are unknown. Extensive inventory pro-
grams (e.g., the State heritage inventories of The
Nature Conservancy) have been initiated to de-
termine how to enhance coverage. But support
has been sporadic and progress is slow. TNC’S
State-level approach and mobilization of pri-
vate sector support has been effective, so the
Federal Government could continue to support
this and similar programs.

International organizations, led by IUCN and
the World Wildlife Fund/Conservation Foun-
dation, are promoting conservation of samples
of the world’s ecosystems. The coverage of eco-
systems, indicated by comparing protected
areas to Udvardy’s biogeographical classifica-
tion system, is encouraging but still incomplete.
The next major step will be to survey the de-
gree of actual protection in the designated nat-
ural areas. Such surveys could also identify gaps
in ecosystem protection at a finer biogeographic
level than Udvardy’s classifications, Better in-
formation is needed, especially on aquatic eco-
system types such as coral reefs, to develop and
implement strategies for international ecosys-
tem conservation efforts. A U.S. Government
interagency task force could identify person-
nel for this task and ways in which their work
might serve the objectives of international con-
servat ion,

Innovative Technologies for
Developing Countries

Many onsite technologies have been devel-
oped in industrialized, temperate zone coun-
tries, and thus, they may not be appropriate for
developing countries’ ecosystems, which are
mostly tropical and where the biological, so-
ciopolitical, and economic situations are fun-
damentally different, Hence, innovative tech-
nologies are especially needed in these areas.

The biosphere reserves concept is one such
approach that appears to merit scrutiny and

support. Continued U.S. Government support
of UNESCO’s MAB program and ways to in-
crease support for MAB in developing coun-
tries could be explored in congressional com-
mittee hearings.

Integrated land management that includes
conservation in development activities is
another approach that should be encouraged.
The OAS Integrated Regional Development
planning could provide a model for other de-
velopment assistance agencies, such as AID or
the World Bank.

Long-Term Multidisciplinary
Research

The most important problems affecting im-
plementation of biological diversity mainte-
nance efforts are not amenable to resolution
by any one field of biology, or indeed by the
natural sciences alone. Biological diversity is
so broad that its maintenance requires meth-
ods from numerous disciplines, such as natu-
ral history, population biology, genetics, and
ecology. In addition, many other factors—eco-
nomic, political, and social—contribute to de-
cisions about the sizes, shapes, and locations
of protected areas, Application of social sci-
ences to diversity maintenance, for instance,
to help communicate the issue’s importance to
decisionmakers at all levels, is probably the
most needed research area,

The formation of a discipline called conser-
vation biology is an encouraging sign of the sci-
entific community’s effort to start breaking
down traditional barriers among disciplines
and in ways of approaching problems. The goal
is to provide principles and tools for maintain-
ing biological diversity, Signs that the new dis-
cipline is gaining momentum include establish-
ment of a Center for Conservation Biology at
Stanford University, the creation of a depart-
ment of conservation biology at Chicago’s Brook-
field Zoo, and the development of programs of
study at the University of Florida and at Mon-
tana State University. More recently, a profes-
sional Society for Conservation Biology with
its own journal, conservation Bioiogy, has been
established.
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As yet, the National Science Foundation and
other research funding organizations have not
recognized the status of conservation biology
as a discipline by according it a separate fund-
ing category. Its impact on resource manage-
ment should increase as it gradually becomes
recognized, encouraged, supported, and broa-
dened to include professional social scientists.

Personnel Development

A major constraint to maintaining diversity
onsite is the shortage of personnel—taxono-
mists, social scientists, resource managers, and
technicians with adequate training, motivation,
and work experience. These individuals are
needed to plan, manage, and explain the need
to maintain biological diversity to decision-
makers. Training and institutional development
to provide employment opportunities for these
kinds of experts are sorely needed, particularly
in developing countries.

The number of plant taxonomists working in
the world today is estimated at 3,000, for ex-
ample; but twice as many would probably be
needed for an adequate study of the world’s
flora (12). Moreover, most taxonomists reside
in the temperate zone and only study species
there.

Even if money were available to train new
taxonomists, job opportunities would have to
be provided to attract people to the field. The
number of taxonomic positions in museums,
herbaria, universities, and resource-managing
agencies currently is low and may be falling,
as research funds are directed at more popu-
lar disciplines (e.g., molecular biology). It may
be time for the museums and botanic gardens
to explore innovative ways to promote the field
of systematic biology. These institutions could
help by defining systematic biology’s role in the
maintenance of biological diversity as a way
of making the discipline more appealing to po-
tential specialists.

Data To Facilitate Onsite Protection

Decisions on where and how to apply vari-
ous methods for onsite maintenance of diver-

sity need to be based on accurate data and cor-
rect  theories on the interact ions among
numerous biological and human factors. Abun-
dant data exist, especially for the temperate
zone regions of the world. The data are being
used both to develop and improve theories re-
garding biological diversity and to make spe-
cific decisions regarding resource manage-
ment. However, use of the existing information
is inefficient when data are not collected into
readily accessible databases at the scale on
which decisionmakers operate.

Thus, a significant opportunity to improve
onsite maintenance of diversity, both within
and outside protected areas, is to support ac-
celerated development of comprehensive data-
bases, which would include, for example,
TNC’S State Natural Heritage Programs and its
international conservation data center pro-
gram. It could also include development of a
nationwide description and evaluation of all
flora and fauna species in the United States,
possibly under the auspices of TNC.

Large gaps in knowledge of tropical species
and ecosystems constrain the effectiveness of
diversity maintenance efforts in developing
countries. Opportunities include increased de-
velopment assistance support to build institu-
tions and train scientists capable of accelerat-
ing progress in the fundamental sciences of
taxonomy, natural history, and ecology.

Possibly the most severe information defi-
ciencies relate to the poor understanding of
how social, political, and economic factors in-
teract with biological diversity. A great need
exists for social scientists trained and employed
to develop information on how social and eco-
nomic conditions can be made conducive to
onsite maintenance of biological diversity. Un-
fortunately, this is a need difficult for biologists
and natural resource managers to address. It
requires new levels of interest and commitment
from social science institutions.
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