only to biological diversity but also to
ourselves. The biodiversity that surrounds us provides us with food, fiber,
medicine and energy. The accumulation of this biodiversity has been a
very slow process when measured in
human timescales. Biodiversity is the
product of a vast history of evolutionary change - about 3.5 billion years.
The colonization of the terrestrial environment by lifeforms began approximately 500 to 600 million years ago,
and during this most recent 10% of
evolutionary history all of the diverse
forms of terrestrial life that comprise
our environment appeared. We can not
repopulate our world with species that
have been lost, nor can we expect to regain the use of lost genetic variants
within the timescale of human existence.
To gain perspective on our biological resources and to formulate wise
strategies for managing our world, we
must consider the following questions:
What do we know about the processes
that have produced the biological diversity of our world? And how have
we attempted to place a value on biological diversity through our conservation activities?

Timescales and diversity
How long does it take to acquire
the unique genetic attributes that mark
distinct species? The temporal thread
that binds generations is the transmission of the hereditary information encoded in DNA (deoxyribonucleic
acid). The preservation of form and
function depends on a highly efficient
system for the replication of DNA, so
that the information transfer from one
generation to the next is nearly errorfree. Paradoxically, some errors are essential to provide evolutionary flexcontinued on page 37
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ibility. The ultimate source of biological diversity derives from mutational
change in DNA molecules.
Owing to the powerful tools of molecular biology, our understanding of
the genetic dimension of evolutionary
change has advanced enormously over
the past decade. These tools have provided us with a direct means of studying the pattern of mutational changes
in DNA molecules among diverse life
forms. Based on comparative studies,
we now know that the error rate for
DNA replication is very low (approximately 5 x 10-9 base substitutions per
nucleotide per year) (Nei 1987). We
have also learned that a number of
mechanisms cause mutational change,
including the insertion and deletion of
DNA sequences and the transposition
of DNA sequences (e.g., with respect
to the chloroplast genome, see Clegg,
et al. 1994).
How can we learn about evolutionary time scales from the analysis of
DNA sequence differences either
among species or among individuals
within a species? If we can determine
the number of mutations that separate
different species and if the mutation
rate is constant, we can calculate the
time it took to accumulate the observed level of mutational divergence.
This notion of a molecular clock has
been widely employed in evolutionary
biology. To cite but one example of a
molecular clock argument, it is estimated from the accumulation of mutational change in molecules that the
monocotyledonous class of flowering
plants (e.g., grasses, palms, orchids)
separated from within the dicotyledonous class ( e g , cotton, sunflowers,
apple trees and so on) approximately
200 million years ago (Wolfe et al. 1989).
Let us move from these ancient
events in terrestrial evolution to the
accumulation of genetic diversity
within species. A commonly accepted
definition of species is a group of individuals that are able to breed with
each other (Mayr 1963). As a consequence, the members of a species
share a common gene pool. As the
populations that compose a species diverge from one another through time,

barriers to reproduction begin to
emerge. These include chromosomal
rearrangements, behavioral divergence and changes in flowering time.
New daughter species are born. The
essential characteristic of a species is
that the members share a common
evolutionary future.
How extensive is the genetic diversity contained within species' gene
pools? What factors control diversity
levels and how long does it take to
reach a given degree of diversity
within a species' gene pool? According
to biochemical assays of genetic diversity conducted over the past 25 years,
most of the 470-plus tested plant species have extensive levels of genetic diversity (Hamrick and Godt 1989) and
essentially the same is true of animal
species. Plant and animal breeders exploit genetic diversity to improve domesticated species. Similarly, natural
selection depends absolutely on genetic diversity to produce adaptive responses to environmental changes.
Levels of genetic diversity within
species are controlled by mutation
rates, the size of the breeding population (effective population size), and
the pattern and strength of natural selection. (Effective population size is
calculated as the harmonic mean of
population sizes taken over time.)
While mutation rates are reasonably
constant across most life forms, patterns of effective population size and
selection are highly specific and depend on the unique history of the species in question. For example, species
that have expanded from glacial refugia may have much larger current
numbers but their effective population
size is still dominated by the bottleneck imposed by the glacial era. (Refugia are areas of relatively unaltered climate inhabited by plants and animals
during a period of continental climatic
change.) Hence the time it took to
achieve a given degree of genetic diversity depends on the species.
The age of genetic variants within a
species can be estimated by coalescence theory (Hudson 1990). Coalescence theory is a recent development
in population genetics that relates mutational diversity for a particular gene
to past episodes of selection and to the
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