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Summary

A major threat to biological diversity is the reduction in geographic range of species
mainly as a consequence of human overpopulation, habitat modification, and/or species
introductions. In the past, conservation biology has been influenced mainly by ecology,
but the necessity of genetic approaches has been widely recognized since 1995.
Effectively, a more insidious threat is the accompanying loss of genetic diversity, which
ranges from local extinctions within historically connected populations through the
extirpation of entire historically isolated populations. Another often suggested threat to
geographic diversity is that posed by genetic introgression following translocation.

Saving biodiversity means taking steps to protect genes, species, habitats, and
ecosystems. The best way to maintain species is to maintain their habitats. Saving
biodiversity therefore involves efforts to prevent the degradation of key natural
ecosystems and to manage and protect them effectively. The program must include
measures to maintain diversity on lands and in waters that have already been disturbed
by human uses of agriculture. A third component is restoring lost species to their former
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habitats and preserving species in gene banks, zoos, and botanic gardens.

One of the best ways to ensure that the various institutions involved in conservation are
in general agreement on priorities is to prepare a strategy that defines the basic problems
and agrees to appropriate objectives. Strategies are turned into action through a more
tactical process of planning specific activities to address the broad strategies; this often
involves the preparation of an action plan. Such a strategy, dealing with all aspects of
biodiversity, was prepared by a coalition of the World Resource Institute, the World
Conservation Union (IUCN), and the United Nations Environment Program (UNEP), in
close collaboration with the World Wildlife Fund, Conservation International, the
World Bank, the Asian Development Bank, and other key governmental and
nongovernmental institutions in both tropical and temperate nations.

1. Introduction

The twentieth century has proven as significant for changes made by humans in the
landscape—its soils, waters, atmosphere, climate, habitats, and wildlife—as for its
technological advancements. The risks as we progress through the twenty-first century
are not just with extinction or restriction of wildlife; there are serious economic
ramifications associated with the continued loss of biological diversity. As species
disappear, human capacity to maintain and enhance agricultural, forest, and rangeland
productivity decreases. And with the degradation of ecosystems, the valuable services
that natural and seminatural systems provide will be lost.

Essentially the problem involves the proliferation of human populations and associated
land conversion which is powerfully changing the form and shape of the landscape.
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Figure 1. Evolution of worldwide human population

People now constitute a pressure on the global environment that is evident everywhere.
There are no longer any unoccupied frontiers; every square centimeter of Earth’s
surface is affected by the activities of human beings. This results in insufficient habitat
for many species or situations in which habitats are isolated in separate pieces too small
or too unstable to sustain viable populations of species and thus biological diversity.
The theory of biogeography reveals that species richness is a function of land area. All
environmental variables being equal, the greater the area, the more species it supports.
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Figure 2. Number of species as a function of area

Thus, as habitats are fragmented and isolated into small islands, they lose the capacity to
support wildlife diversity. Humans have been involved and interact with fauna and flora
for many thousand years. Thus it is often difficult to separate the human impact from
the changes that have taken place due to more natural processes. However, over the last
200 years, and particularly over the last few decades, various new and intense pressures
have been applied and many species have declined in range and numbers. Some of the
more important pressures include industrial and domestic activities, acid deposition,
land use (farming and forestry), industrial development (including roads), changes in
the landscape (for example river obstruction, drainage, canalization, reservoirs), and
introduction of nonnative species.

If we consider the example of freshwater fish, the main implied factors are the
following.

Pollution and human use: The pollution of freshwaters is probably the single most
significant factor that causes major declines in the populations of many fish species.
Most pollution comes from domestic, agricultural, or industrial wastes, and can be
totally toxic, killing all the fish species present, or selectively toxic, destroying a few
sensitive species and altering the environment so that some species are favored and
others not. At present, suitable water-quality criteria are available in relation to
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freshwater species. However, heated effluents are also responsible for eutrophication,
which is thought of as a mild form of pollution, and recent acidification from
atmospheric pollution has shown that even waters far away from urbanization are not
necessarily safe. The impacts of various forms of land use on many species are
considerable. Land-drainage schemes can totally alter the hydrology of the adjacent
river systems. The type of crop grown on the land can also have a major effect,
especially with extensive monocultures. Forests of conifers have led to excessive water
loss from catchments through evapotranspiration together with increased acidification
of the water. Further, river and lake engineering have been responsible for the
immediate elimination of species in freshwater systems all over the world.

Habitat loss: Engineering works can also completely destroy the habitat of freshwater
species by dredging or siltation of rivers or lake beds. Rivers are repositories of
enormous amounts of human waste, including toxic industrial chemicals, acid rain,
agricultural slurries and herbicides, and domestic sewage.

Overexploitation of species: The impact of fisheries on the populations which they
exploit can lead to the virtual extinction of populations. Apart from physical and
chemical habitat alterations created by humans, there are also various biological
perturbations. The major perturbation is the introduction of alien (nonnative) species. If
these species become established, they can alter the community structure radically and
lead to the extinction of sensitive native species. The ways in which introduced species
can interact with native species can be summarized as follows: the introduced species
could (a) be rejected because there is no vacant niche or because predators eat out the
population at an early stage; (b) either hybridize with very closely related stocks
formerly adapted to the ecosystem, or eradicate or suppress a stock that is either an
ecological homologue or an easily available prey; or (c) adapt to resources that are not
fully exploited by native species and thus be able to survive as a member of the
community. Many of these pressures are linked and the final combination often results
in a complex and unpredictable situation.

Consequently, many species are endangered by different factors, such as loss of habitat.
Habitat loss is probably the most important factor causing species declines worldwide.
In the United States, the mission of the Biological Resource Division (BRD) of the US
Geological Survey (USGS) is to provide the scientific understanding and technologies
needed to support the sound management and conservation of national biological
resources. The Endangered Species Act is a species-based protection mechanism which
has evolved over time. The first endangered species legislation was the 1966
Endangered Species Preservation Act. This act established a list of animals that were
endangered by extinction, but directed federal agencies to protect species only to the
extent practical and consistent with the primary purposes of the agencies. The most
significant part of this first act was to establish the National Wildlife Refuge System for
the protection of those habitats on which endangered species depended. In 1969,
Congress passed the endangered Species Conservation Act, which extended protection
to invertebrates and extended the Lacey Act's prohibitions on commerce in fish,
wildlife, and plants to cover interstate commerce in illegally taken reptiles, amphibians,
and some invertebrates. This 1969 law called for international protection of endangered
species and an international conference to develop conventions for conserving species.
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The conference, finally held in 1973, resulted in the Convention in International Trade
in Endangered Species of Wild Fauna and Flora (CITES). In 1973, the Endangered
Species Act (ESA) was passed and is the only major US federal law that specifically
seeks both to save all US wildlife from extinction and to preserve the ecosystems on
which this wildlife depends. The US Fish and Wildlife Service (FWS; for terrestrial and
freshwater species) and the National Marine Fisheries Service (NMFS; for anadromous
and marine species) have the responsibility of implementing all aspects of the ESA;
elaborating lists, developing recovery plans, and providing consultation to other federal
agencies. In the fiscal year 1997, a budget of less than US$89 million was designated to
these agencies for implementing the ESA.

Thus it is crucial to understand the causes of habitat loss. Various methods have been
developed for the objective assessment of the conservation status of plant and animal
species (for instance, by the Nature Conservancy Council). The major classification
system used internationally for assessing the status of threat to species is that adopted by
the International Union for the Conservation of Nature and Natural Resources. The Red
Data Book categories, following, are used by the IUCN to indicate the degree of threat
to individual species in their wild habitat.

Extinct: This category is used only for species which are no longer known to exist in
the wild after repeated searches of appropriate localities and other known or likely
places. As interpreted by the IUCN, this includes species which are extinct in the wild
but surviving in captivity.

Endangered: This important category is defined as including taxa in danger of
extinction whose survival is unlikely if current causal factors continue operating. It
includes taxa whose numbers have been reduced to a critical level or whose habitats
have been so drastically reduced that they are deemed to be in immediate danger of
extinction. It may also cover species with populations so critically small that a breeding
collapse due to the lack of genetic diversity becomes a possibility.

Vulnerable: This group includes taxa believed likely to move into the endangered
category in the near future if current causal factors continue operating. Included here are
taxa of which most or all of the populations are decreasing because of overexploitation,
extensive destruction of habitat, or other environmental disturbance; taxa with
populations which have been seriously depleted and whose ultimate security is not yet
assured; and taxa that are under threat from serious adverse factors throughout their
range, despite abundant populations.

Rare: This group includes taxa with small populations which are not at present
endangered or vulnerable but are at risk. These taxa are usually located within restricted
geographical areas or habitats or are thinly scattered over a more extensive range.

Indeterminate: This includes taxa thought to be extinct, endangered, vulnerable, or
rare, but where there is not enough information make a more specific classification. The
primary function of this classification is to consider the status of each species over its
entire range and not specifically in any one geographic region. Thus a species could be
endangered or even extinct in one part of its range, but still not be under any significant
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threat as a whole. Normally, to be considered for conservation, the taxa concerned must
be indigenous to the geographic area concerned. The species is likely to be more
important if they are quite distinct taxonomically and are not members of a closely
related species group.

2. Aims of Conservation Biology

At present, a third of all known species have become extinct or being endangered. Many
of them have small fragmented populations whose future is in doubt. For example, 20%
of the world’s freshwater fish species are extinct or threatened.

Conservation biology studies the causes for the decline in such populations and assesses
their viability, so that they can be managed in a way that will assure their long-term
survival. This discipline was developed at the end of the 1970s in the United States.
Conservationists became aware of the increasing extinction of species, of the concept of
biodiversity, and of the problem of human overpopulation. A conference held in 1980,
titled “Conservation Biology, an evolutionary—ecological perspective,” is considered the
beginning of conservation biology. The Society for Conservation Biology was founded
in 1985. This is a multidisciplinary discipline involving not only zoology, botany, and
ecology (these three are together considered the life sciences); but also geography,
geology, and chemistry (together considered the physical sciences); as well as
socioeconomics and law (together termed the social sciences). The discipline is based
on theories based on the concepts of fragmented and isolated populations. Conservation
biology generates theoretical models which can be applied to practical situations,
assigns the same values to commercial and noncommercial species, includes
nonbiological disciplines such as economics and the social sciences, and attempts to
provide the bases needed for rational long-term management of ecosystems and their
resources while maintaining the evolutionary processes.

Conservation biology is based on two fundamental paradigms summarized in the
following two subsections.

2.1. The Paradigm of Small Populations

Small populations are affected by their restricted size on their survival. This paradigm
deals with the risk of extinction and applies to all species and is the subject of stochastic
theories.

The dynamics of a small population and its rate of increase depend on both
environmental fluctuations (which amplify the rate of population increase depending on
frequency and intensity) and demographic fluctuations (which constantly vary in
recruitment, mortality, etc.). The genetic diversity of these small populations may play a
role in the chances of survival. The genetic variability is usually estimated from the
mean heterozygosity (proportion of heterozygous genotypes). Heterozygosity varies
greatly between taxonomic groups and depends on which genetic marker is used in
evaluation. A reduction or loss of genetic variability is caused by two main factors
which are both related to population size: (a) The founder effect: a small number of
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individuals not representative of the parental population found a new population, or (b)
the demographic bottleneck: exceptional high mortality leaves only a few individuals to
continue the affected population.

The lack of genetic diversity is the result of the processes that initially endangered the
species. The concept of metapopulation (literally, a “population of populations”) is
included in this paradigm and is very strongly related to habitat fragmentation. Some
habitat changes result in the fragmentation ofpopulations, which then become a
metapopulation. There are three types of metapopulation. (a) The model in which a
series of local populations originating from source patches colonize other patches. Some
local populations may disappear, but the entire metapopulation is resistant to extinction.
(b) The model in which a large permanent central population is the source for the
colonization of peripheral patches which then may disappear. (c) The source-sink
model which is similar to (a), but where there are a few source populations but many
sink populations, independent of patch size. There is therefore a random dispersion
between patches in a metapopulation which is responsible of the mixing of individuals
and therefore of exchanges of genetic information. The concept of permanent and
temporary connectivity is essential for the mixing of individuals in a metapopulation.

G
\ g

Figure 3. Principle of a metapopulation
In a metapopulation, source habitats (shaded) provide excess individuals which
emigrate to sink habitats (nonshaded). The sink habitats could be larger than the source
habitats, and may even have more animals, but because of lower habitat quality,
subpopulations in sink habitats would go extinct without an influx of animals from the
source habitats. Arrows indicate the direction of animal movements among patches of
habitat. Source: Meffe G.K. and Carroll C.R. (1997). Genetics: conservation of
biodiversity within species. Principles of Conservation Biology, second edition (ed.
G.K. Meffe, C.R. Carroll, et al.), pp. 161-201. Sunderland, MA: Sinauer Associates.
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Thus metapopulation theory has important implications for wildlife species that occur in
patchy or fragmented habitats. The persistence of the metapopulation is dependent on
the persistence of each subpopulation and the movement of individuals among
subpopulations; in fragmented habitats, subpopulations become isolated from other
subpopulations. Because the size and the quality of habitat fragments vary, some of
these subpopulations will have a fecundity rate that is higher than the mortality rate.
These habitats are called source habitats because they produce extra individuals that can
disperse and colonize other habitats. Other subpopulations will have mortality rates that
are higher than the fecundity rates. These habitats are called sink habitats, because the
persistence of these subpopulations depends upon regular influx of individuals from the
source subpopulations. Thus, the lower-quality sink habitats are drawing the individuals
from source habitats, and perhaps the entire metapopulation. The metapopulation
depends on the dynamics between the source and sink habitats. Population ecologists
believe that most subpopulations will go extinct naturally within an interval of 100 to
1000 generations. A subpopulation that goes extinct and is later recolonized is said to
“wink” on and off. As subpopulations become isolated and patches become smaller, the
probability that the metapopulation will go extinct increases.

Because many species do depend on source and sink habitats, every protection and
recovery plan for species should investigate the need to include (a) spatially distributed
populations that are linked through migration and (b) special protection of the most
stable, high-quality habitats.

According to US Endangered Species Act (ESA), listing a species as threatened or
endangered is the first step in conferring legal protection. It is the conclusion to a
decision-making process that draws heavily on ecological science, particularly in
assessing the level of risk to a species and developing priorities for listing. Species are
proposed for protection because they are thought to be in danger of extinction or at risk
of becoming endangered with extinction. There is no scientific reason why listing,
which is an administrative decision based on the available information, should require
much time or agency resources.
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Figure 4. Reasons that species are listed under the US Endangered Species Act
Species can be added to the list of endangered or threatened species for five reasons: (1)
current or threatened destruction of habitat; (2) overuse of the species for commercial,
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recreational, scientific or educational purposes; (3) disease or predation; (4) ineffective
regulatory mechanisms; and (5) other natural or human factors affecting the species
chances of survival.

In the language of the Act, a "species” is taken to include any subspecies of fish or
wildlife (including invertebrates such as insects, crustaceans, and mollusks) or plant (as
well as fungi). The meaning of “species” is, therefore, somewhat imprecise, but the
wording recognizes that a species is made up of an assemblage of individuals that
collectively express genetic, morphological, and behavioral variation, and that this
variation is the basis of evolutionary change and adaptation. The scientific justification
for extending protection to distinct population segments of species is that genetic
diversity provides the raw material for adaptation of a species to changing conditions. A
wide geographic range decreases the likelihood that a catastrophic event such as
wildfire, disease, or alien species introduction could wipe out an entire species. The
capacity to respond to environmental change through ecological and evolutionary
processes is enhanced by large population size, extended geographical distribution
(including spatial structure among its populations), and intraspecific genetic diversity.
Therefore, because loss of specific population segments can contribute to the decline of
a population and increase the probability of its extinction, protection of population
segments is biologically appropriate. The National Marine Fisheries Service has thus
proposed the new concept of evolutionary significant units (ESUs; which is strongly
related to the metapopulation concept, to population genetics, and to evolutionary
processes and systematics). This concept appeared in the early 1980s in the United
States when priorities had yet to be established, conservation units had yet to be defined,
and management had yet to be undertaken for the Pacific salmon as part of a
rehabilitation project under the provisions of the US Endangered Species Act. The
definition of ESUs was the following: “A population or group of populations that is
substantially reproductively isolated from other conspecific population units and
represents an important component in the evolutionary legacy of the species.” Both
genetic and ecological diversity is taken into account in this definition.

ESU 1 ESU 2

MATING SYSTEM

Figure 5. lllustration of ESUs and MUs.
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It was redefined by applying exclusively genetic criteria; he suggested that there should
be a distinction between two types of conservation unit: on one hand management units
(MUs) representing sets of populations that are currently demographically independent
and on the other hand evolutionary significant units (ESUs), which represent historically
isolated sets of populations that together encompass the evolutionary diversity of a
taxon. An ESU can include several different MUs, but a MU is not necessarily enough
distinct to constitute an ESU. Finally, in 1998, Dodson et al. defined the operational
conservation unit (OCU) as “the unit of conservation that results from the interplay
between biological requirements and socioeconomic issues. The biological requirements
are largely found within ESUs. The OCU reflects the ESU and its interaction with
socioeconomic issues. In some cases, sufficient economic resources and desire may
exist within society to preserve all ESUs and thus the ESUs become the OCUs. In most
cases, however, the OCUs may be larger than individual ESUs, encompassing several
ESUs into a single OCU.”

Given the limited resources available for endangered species protection, assigning high
priority to species that serve as protective “umbrellas” for other species makes good
ecological sense.

For example, the Florida scrub jay (Aphelocoma coerulescens coerulescens) is restricted
to scrub oak habitats on the Florida peninsula. Many rare species of reptiles, insects, and
plants inhabit, and are restricted to, those scrub habitats. Many of them benefit from the
land that is managed for the protection of the jay. Similarly, many, but not all, the
species requiring old-growth temperate rain forest will benefit if the habitat of the
spotted owl is protected. The umbrella species approach must be used carefully because
every acre of land or body of water will contain large numbers of species. Thus,
virtually any organism could be considered an umbrella species at some scale.
Moreover, an important fact about endangered species is that they rarely have exactly
the same requirements. Therefore, even when a suitable umbrella species exists, the
ecological needs of other community members must also be considered. The most
useful umbrella species are ones whose habitats harbor numerous endemic, rare species.
Thus, umbrella species should be given priority for listing, in proportion to the number
of other endemic, rare species that co-occur with them.

The species must play an especially important role in the ecosystem in which it lives. It
is why keystone species—an organism whose impact on its community or ecosystem is
large, and disproportionately large relative to its abundance—merit special attention in
the listing process.

On scientific grounds, the more evolutionarily distinct an organism is, the higher should
be its priority for protection. All things being equal, therefore, saving the sole surviving
member of a genus may have a higher priority than saving an imperiled species within a
large genus that contains many other species. Similarly, protecting full species would
normally be given a higher priority than protecting subspecies and populations.

2.2. The Paradigm of Declining Populations
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The paradigm deals with the causes of restricted population size and with methods to
remedy their restriction. This has no theoretical basis but is related to processes that lead
to species extinction.

The paradigm aims at identifying the cause of the decline of well-sized populations. The
three main causes for population declines are habitat destruction and fragmentation,
exploitation (commercial exploitation, hunting, fishing), and the impact of introduced
species, at least over short timescales, although at geological timescales, climatic
changes and catastrophic natural events may be more important. The aim is first to list
the factors contributing to the decline of a species by comparing areas where the species
still occurs with those where it has disappeared.

With the progress in computers and the development of user-friendly software, there is
an increasing trend in conservation biology towards the use of computer models to
predict the future outcome of populations: the most widely known is population
viability analysis (PVA). For example, the immediate consequence of listing a species
under the US Endangered Species Act is to trigger a series of processes that can recover
the species and enable it to be “delisted.” Recovery is much more complex and difficult
than listing, and the development of a recovery plan usually requires the generation of
substantial new information in addition to the evaluation of existing information. Once a
species is listed, a “critical habitat” is designed, because loss of habitat is the cause of
endangerment of most species. Then, the scientific procedure used to estimate the
probability of survival of a population for a specified period of time is known as
population viability analysis, or PVA. Although there is no strict definition of what is or
is not included, each PVA should include an analysis of the best available information
on the focal species. Most PVA analyses combine data from field studies with
simulation modeling of the possible impacts of various extinction factors. Species with
low population densities and small geographic ranges (most endangered large
vertebrates, for example) and small geographic ranges (many plants) require a PVA that
includes analysis of the genetic and demographic factors affecting small populations. In
practice a minimum viable population (MVP) is typically defined as one that has a 90%
probability of persisting for 200 y. A PVA was performed for the Acorn Woodpecker
(Melanerpes formicivorus), a nonendangered bird which lives in small, isolated
populations in the oak woodlands of the western United States and Mexico. A
simulation model showed that most of these populations would become extinct within
20 y if they were totally isolated from one another. However, with a small amount of
migration among populations, the model indicated that most of the populations would
last more than 1000 y. Historical records indicate that local populations of these
woodpeckers have survived more than 70 y, suggesting that migration must be
important in maintaining them. Population viability can seldom be assessed by focusing
on a single patch of suitable habitat and the organisms living in it. Most organisms live
in islands of suitable habitat, among which there is an exchange of individuals
embedded in a larger landscape. Because the populations in the various patches are
linked by the movement of dispersing individuals, the fates of the populations are
interconnected. Studies of population viability of many organisms will therefore need to
consider the importance of factors that link subpopulations.

The long-term survival of metapopulations can be strongly affected by the spatial and
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temporal distribution of suitable and unsuitable habitat patches. Populations living in
high-quality habitats (referred to as “source” habitats) have birth rates greater than death
rates. The excess individuals may migrate into lower quality habitats (“sink” habitats)
where birth rates are less than death rates. The viability of metapopulations depends on
the existence of sufficient high-quality habitats, but a large fraction of the individuals
may live in the suboptimal habitats. To determine the needs of the critical habitat of
such species, identification of source and sink habitats is required, which may be
difficult. Not every rare and endangered species is patchily distributed in a spatially
structured habitat mosaic. Some species live in just a few continuous or in completely
isolated habitats. Some species have a “core—satellite” structure in which one very large
population (the core) determines the population dynamics in the small (satellite)
populations. Nonetheless, because many species do depend on source and sink habitats,
every protection and recovery plan for species should investigate the need to include (a)
spatially distributed populations that are linked through migration, and (b) special
protection of the most stable, high-quality habitats. For some species, the designated
critical habitat may need to include more than habitat actually occupied by the species.
This is especially true in cases where the quality of critical habitats is dependent on land
use in the surrounding area. Although this is a general concern, the need for a larger
scale of focus in the designation of critical habitats is most apparent for aquatic species.
If the watershed that supplies river and lake ecosystems is degraded, the critical habitats
needed by the endangered species may also be destroyed. The data available for most
candidate species will not allow for a precise determination of MVP or critical habitats.
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