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An Evolutionary Basis for 
Conservation Strategies 

C ONSERVATION STRATEGIES HAVE BEEN REMARKABLY AN- 

thropocentric from their inception in the Middle Ages to the 
present (1, 2). During dynastic and feudal times, parts of 

kingdoms were set aside as hunting grounds for the aristocracy, thus 
preserving everything that dwelled therein. This, plus severe natural 
and cultural control of human populations resulted in environmen- 
tal protection for centuries. Today, with a burgeoning and expand- 
ing human population of 5.3 billion, no more than 4500 areas are 
protected globally (1); that is equivalent to a mere 3.2% of our 
planet's landmass. National parks, wildlife refuges, biosphere re- 
serves, military reserves, Indian reservations, and other forms of 
legally protected areas have been established for aesthetic, political, 
or practical purposes in the last 150 years. Many reserves in 
less-developed nations are paper parks only; many in the more 
developed are lamentably endangered by touristic herds, and certain 
wilderness parks are threatened by short-sighted national energy 
policies. 
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Today, conservation strategy is based on a perceived impending 
loss of biodiversity due to tropical deforestation or disappearing 
habitats where populations of "interesting" species, subspecies, or 
even varieties (especially in temperate areas) reside. Campaigns 
usually focus on loss of potentially usehl resources, such as plants 
with pharmaceutical properties or large animals that capture human 
interest. In practice, this results in saving fauna and flora in a few 
"available" acres where a well-known target taxon lives. Science has 
been too slow in providing inventory data to do much more; thus, 
what should be a major collective effort between conservation and 
science is often nonexistent, or in some cases, discord. 

In the past 3 billion years, more species and their natural 
assemblies with their particular interactions have come and gone 
than are now present on Earth (3). One fact of evolution is that 
species go extinct, and others come into existence. Today, because of 
unprecedented human impact, species are increasingly going extinct 
and the speciation process, which creates hture biodiversity, is 
being severely pressured through the removal of contiguous related 
biotic habitats. The pattern of continental habitats, often vast 
biomes, is being reduced to one of scattered island-like habitats and, 
just as on real islands, major extinctions are destined to occur. If this 
disruption of natural systems continues into the 21st century, we can 
expect the evolutionary process as we know it to become degraded 
and retarded. 

There is no unified scientific method behind conservation strategy 
that addresses the nature and quantity of biodiversity, nor what it 
means environmentally either to save it or lose it outside direct 
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human interest. In fact, there is little altruism or science in the fight 
to save the run  forest, the spotted owl, or the Antioch blue butterfly. 
Rather, politics and economics weigh heavily on most decisions. It 
seems that degradation and conversion of the environment is 
proceeding so rapidly that getting something preserved-anything 
at all-is acceptable regardless of the yardstick. Worst of all is that 
legitimate arguments within the scientific and conservation commu- 
nities allow decision-makers an out in politically difficult choices. In 
order to supplement positive conservation practices and provide an 
alternative to negative ones, an effort to establish a sound scientific 
underpinning must be made. Scientific rationale may transcend 
cultural changes through time, whereas economic and political 
grounds certainly will not. 

What is biodiversity? Is it important, and if so, important to what? 
Is it possible to separate contemporary human needs from what is 
really necessary for the long-term environmental health of the 
planet? How can we hope to manage 30 or more million species? 
Given the myriad of societal demands and an ever-increasing 
population, what can realistically be achieved even if a global effort 
is sustained in environmental management? Should conservation 
strategy be scientifically or culturally based? These and others are the 
tough questions with which political systems must deal. For scien- 
tists, the question is what can we provide from our science that will 
help generate a long-term, transcultural foundation on which con- 
servation strategy can be based? 

Biodiversity can be equated with species richness, that is the 
number of species, plus the richness of activity each species under- 
goes during its existence through events in the life of its members, 
plus the nonphenotypic expression of its genome. Biodiversity 
evolves through numerous processes that vary from locality to 
locality, habitat to habitat. Species richness at a site is a readily 
observable index of the number of interactions among and between 
species and how these species are grouped as a living unit at that 
slte. A species richness Index then is a reasonable and knowable 
tool that can be used in setting policy and making decisions about 
biotic conservation and management. To understand the signifi- 
cance of a biodiversity index across geography, one needs context. 
Relationships between species and a knowledge of lineages to 

Area 1 Area 2 Area 3 Fig. 1. Simple clado- 
Evolutionary front Centers of endenism ...................... .............. gram of seven species in a 

A monophyletic lineage. 
More complex lineages 
may have more than one 
evolutionarp front. 

Stem 
C+D+E+F - 

Radiation of s~ec ies  

Area B  E F E E E B ? B  B E D B  B B  

Fig. 2. Cladograrn of the 
eucera sublineane of the " 

eucera sublineage genus 
A g r a  (9 ) .  
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which they belong provide that context. 
Radiation of lineages of organisms occurring on both continents 

and islands proceeds stepwise and requires contiguous habitats of 
various kinds through which sequences of phylogenetically related 
species pass as the lineage to which they belong rises to dominance 
(within the context of the occupied habitat) and ebbs to extinction 
(4, 5 ) .  Centers of endemism, or relict occurrences of organisms, are 
the last remaining footholds of past radiations. Elsewhere these 
endemic organisms have been replaced by better adapted lineages to 
an ever-changing contemporary environment. This model taken to 
its extreme, given current trends, indicates that within a few 
hundred years this planet will have little more than lineages of 
domestic weeds, flies, cockroaches, and starlings, evolving to fill a 
converted and mostly desertified environment left in the wake of 
nonenvironmentally adaptive human cultural evolution. 

What should we know to aid in countering the planet's impend- 
ing biotic destruction? Assuming that it is the species radiation part 
of the evolutionary process, the generator of biodiversity, which is 
endangered, and that is what we (altruistically) decide to protect 
through scientifically based choices rather than cultural ones, we 
need to know where lineages (not individual species) originate 
innovations in their evolution and how these become distributed 
over some part of the planet. The disciplines involved to achieve this 
are phylogenetics and biogeography, together referred to as system- 
atics. We need to use this science to tell us where the critical areas are 
that need sound environmental management-that is, where we 
need to protect the active processes of contemporary evolution. The 
most powerful tool to emerge during the past 20 years as a robust 
and comparative science, with both practitioners and theoreticians, 
is phylogenetics (6, 7) and its methods and applications (8, 9). 
Phylogenetics is well suited to provide predictions of as yet unob- 
served qualities that are directly applicable to conservation decision- 
making (10) and because its tools are now computer-based it can be 
applied in a short time to many groups for detecting congruence in 
patterns of occurrence of radiating lineages (9). Site congruence, 
which can be mapped easily, of many evolving lineages can then 
become the target of conservation activities. 

A cladogram illustrating the hypothetical phylogenetic relation- 
ships among seven known species that make up a monophyletic 
lineage of organisms is shown in Fig. 1. According to such an 
analysis, species A and B have not demonstrated radiation-that is, 
the ability to evolve into a more broadly adaptive and widespread 
lineage through time. Both are found to be geographically restricted 
endemic forms (relics) occupying small areas. Current conservation 
strategy places highest priority for protection on such areas as 1 and 
2 (11). Endemic forms such as A and B are often unusual or rare, 
and even interesting to many scientists (12), but they are predictably 
on their way to extinction. These forms carry information about past 
evolutionary flourishes; they are important to protect, but they are 
only half the picture. The relatively more recent sublineage in Fig. 1 
(stem C + D + E + F) is where phylogenetic theory predicts radi- 
ation and dynamic changes in taxa are occurring today and will 
occur in the future. Species such as C, D, E, and F are sometimes 
widespread and may even be regarded as "weedy'' species, but does 
that make them less important? Their stem has become the multi- 
species sublineage that holds the most promise for continued 
evolution of this line of biodiversity under natural conditions. For 
example, in the eucera sublineage of the carabid beetle genus Agra (9) 
(Fig. 2), current interest would focus on areas D and F, each of 
which contains a relatively primitive and rare species. The cladogram 
(Fig. 2) shows that areas B and E contain both recent radiation and 
older species of the sublineage. If the eucera sublineage were 
something of general conservation interest, then the investment for 
protection would be better put into areas B and E to maximize 
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of radiation 

Fig. 3. Future corridors 
of ecological reconstruc- 
tion between hypotheti- 
cal centers of radiation- 
for example, in the 
Amazon Basin, to allow 
species movements and 
radiation. Inset is a de- 
sign for a corridor that 
maximizes soil and habi- 
tat types in small areas. 

\ f I corridor design ( 

salvaging this kind of beetle diversity now and in the future. 
Vane-Wright et al. (13) provide a novel index for cladogram analysis 
that needs careful testing in its application to making choices in 
conservation of taxic diversity. Congruence across many groups 
with their method may be the best way to find centers of radiation 
for conservation purposes. 

Conservation strategy should incorporate methods to detect such 
contemporary evolution for the good of future maximum biodiver- 
sity. Conservation of only an accumulation of mostly nonradiating 
endemic taxa, the current conservation strategy (1 I) ,  is like saving 
living fossils, something of human interest, but perhaps not bene- 
ficial to the protection of evolutionary processes and environmental 
systems that will generate future biodiversity. 

Through analyses of diverse groups and detection of congruent 
patterns among radiating lineages (8) ,  evolutionary fronts (centers 
of radiation) can be detected and targeted for long-term protection. 
Site protection and future ecological reconstruction of natural 
corridors (Fig. 3) between important centers will be essential to 
allow continued species radiation because climatic shifts may dis- 
place species' ranges (in isolated parks great extinction will occur); 
evolution proceeds from centers of radiation outward through 

sequences of contiguous habitats latitudinally and altitudinally and 
there become disrupted from time to time allowing speciation. 

Evolutionarily dynamic lineages today create future biodiversity. 
Such lineages are the cornerstone of natural environmental health. 
Science has the philosophy and tools to detect these lineages 
through phylogenetic systematics. Conservation strategy can use the 
patterns detected in cladistic studies to defend contemporary centers 
of radiation from destruction on the premise that today's maximum 
biodiversity, as well as tomorrow's, are in and stem from such 
centers. Acceptance of a nonhuman yardstick to measure environ- 
mental health-that is, evolutionary processes-and implementation 
of a scientific approach in conservation policies will provide a 
strategy to achieve a lasting stability for global environmental health 
because the basis for conservation will not be tied to the whims of 
human culture. The goal of conservation strategy should be the 
protection of future maximum biodiversity as well as preservation of 
contemporary species of human interest. 
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Balancing 
Economic 

Species Preservation and 
Considerations 

H OW MUCH IS A SPECIES WORTH? WE GENERALLY TAKE AN 

anthropocentric view of that question. The species Homo 
sapiens, as judged by the lives and well-being of individu- 

als, is infinitely precious in our public ethic. A tiny arachnid, found 
only in the sands of Suvarov Islands, isolated in the mid-Pacific, is 
likely to get a much lower rating. The question becomes, 'What is 
the value of a given species to human society?" Once the term 
"value" is introduced, the question moves to economics and ethics, 
both of which use that construct, but in very different senses. From 
a narrow economics point of view, we need a monetary metric of a 
species value to balance benefits against costs of preservations (1). 
Viewed from environmental ethics no such direct measure is possi- 
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ble (2). These considerations apply to ecosystems as well as to 
individual taxa. We are often left trying to balance the "good" of 
ethics with the "goods" of economics. 

Some conservationists have argued for the virtue of the preserva- 
tion of almost all species (3). There are techno-optimists who 
downplay the species problems (4). Extremist advocates of artificial 
intelligence envision a silicon chip-based "life" to succeed carbon- 
based humans ( 5 ) .  Some traditional economists might argue that the 
amount we are collectively willing to expend to preserve a species is 
an appropriate utility measure. But traditional theory does not deal 
effectively with goods not exchanged in organized markets. Free air 
and water pollution are examples of this approach. One senses that 
there has been far too little dialogue between environmental biology 
and economics. 

The National Academy Forum on Biodiversity (3) devotes 30 of 
its 500 pages to economic issues, and the newly formed Society for 
Ecological Economics has begun to approach value problems. But 
one senses that there is not a full engagement of either of the 
contributing disciplines. Economics students are not required to 
study biology, and the curriculum of ecologists does not usually 
include economics. Ps noted in a recent business publication, 
"Environmental economics has been relegated unfairly to the mar- 
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